
The Preparation and Characterisation of Some Polynitro

Derivatives of l-Phenylnaphthalene and 1,1'-Binaphthyl 

Peter Golding 

YRAR81J YT!?q3V'HU MOT2QMDI 
1'- . .onaA 

I 

A thesis submitted in part fulfilment of the requirements for a CNAA 

PhD degree. 

Kingston polytechnic January 1979 

i 



IMAGING SERVICES NORTH 
Boston Spa, Wetherby 

West Yorkshire, LS23 7BQ 

www.bl,uk 

BEST COpy AVAILABLE. 

VARIABLE PRINT QUALITY 



Summary 

A study has been made of the nitration of 1,1'-binaphthyl. 

A total of fourteen nitro derivatives have been observed and of these 

eleven have been isolated and characterised. The structures of the 

isolated products have been deduced largely on the basis of spectro

scopic data and routes to the formation of the various products dis

cussed. Convenient preparative procedures for the synthesis and isol

ation of two major nitration products have been developed. 

The most highly nitrated derivative which was isolated 

during the above study is a heptanitrobinaphthyl. It has been found 

that under very vigorous nitration obndittons the extent of nitration 

of 1,1'-binaphthyl is ultimately limited by oxidation to water soluble 

products. One of these products has been isolated and characterised. 

The heptanitrobinaphthyl which has been prepared has proved to be 

relatively unstable and a decomposition product derived from this com

pound has also been isolated and characterised. 

l-Picrylnaphthalene has been prepared via an Ullmann reac

tion and the nitration of this compound has been investigated. Con

venient procedures for the synthesis and isolation of two polynitro

derivatives have been devised. In contrast to the 1,1'-binaphthyl 

system, tetranitration of the naphthyl moiety in l-picrylnaphthalene 

has been found to be relatively facile. Differences between the two 

systems have been attributed to steric factors. 

The infra red, electronic, mass and proton magnetic res

onance spectra of 1,1'-binaphthyl, l-picrylnaphthalene and the various 

polynitro derivatives obtained from these compounds, have been recorded, 

where possible, and discussed in terms of steric and electronic factors. 
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CHAPl'ER 1 

Introduction 

1.1. Purpose of Work 
In recent years the development of numerous vehicles for 

the exploration of interplanatary space has generated interest in the 

preparation of novel explosives. These explosives are required to 

meet certain highly specialised requirements which are associated with 

such spacecraft. Most noteable amongst the special qualities required 

of an explosive for space application, are the possession of a suitably 

low vapour pressure and sustained resistance to extremes of temperature. 

Thus an explosive composition for such application must not sublime 

appreciably under the high temperature and low pressure conditions 

which are sometimes encountered in the space environment.
1 

Additional

ly it may have to withstand temperatures of around l~OoC, for consider

able periods of time, whilst still operating satisfactorily at temp-
1.0 1,2 eratures, as low as -18~ C. Such extremes of temperature may 

result both directly from ambient conditions, and in the case of high 

temperatures, as a result of such factors as boundarylayer heating in 

supersonic craft,l and preflight sterilisation procedures.
2 

A number of heat resistant explosives are currently avail

able2,3 and some of these have already found application in space 

projects. For examples DIPAM (3,3'-Diamino-2,2',4,4',6,6'-hexanitro

biphenyl) and m~ (2,2',4,4',6,6'-Bexanitrostilbene) have been used 
1 

in the "Gemini" and "Apollo" space systems. There is nevertheless a 

continuing requirement for new thermally stable explosives which will 

exhibit even more desirable properties than do the existing generation 

of such compounds. The present work has therefore been directed to

wards the syntheses of new polynuclear, polynitroaromatic compounds 

in the hope that the prepared materials will ultimately prove useful 

as thermally stable explosives. 

1.2. Choice of the Systems for Study 

The purpose of the present work was to prepare polynitro-

aromatic compounds of significantly higher molecular weight than the 

conventional explosives based on a single benzenoid nucleus (eg TNT). 

Clearly this may be achieved either by coupling a number of benzenoid 

1 



nuclei together or by employing fused aromatic systems, or both. A 

considerable amount of work has already been carried out on various 

polyphenyl systems, though not all of this has been published yet in 

the open literature. The various polynitro derivatives of naphthalene 

are also well cbaracterised4a as are numerous related series of com

pounds such as the methylpolynitronaphthalenes,5 dimethylpolynitronapb

thalenes6 and polynitroacenaphthenes. 7 A survey of the literature 

revealed however that polynitro derivatives of phenylnaphthalene and 

binaphthyl had so far received little attention. These systems were 

therefore chosen for study. As there was no obvious advantage to be 

gained trom the choice of a particular isomer, 1-pbenylnaphthalene and 

1,l'-binaphthyl were selected on the grounds of availability. 

1.3, Previous Work on Nitro Derivatives of 1,l'-Binaphthyl 

1,l'-Binaphthyl 

There are few reports in the literature concerning the 

nitration of 1,1'-binaphthyl. The earliest account is that by Lossen,S 

dated ls67, which reports the preparation of a tetranitro derivative 

by the action of fuming nitric acid on the hydrocarbon. This author 

did not however assign a structure to his product. A repo~t, by Julius9 

written at about the same time, relating to the supposed nitration of 

1,l'-binaphthyl, has subsequently been proved erroneous by Schoepfle,10 

who showed that the material being nitrated was in fact dinaphthalene 

oxide and not 1,l'-binaphthyl. In the same paper (1923) Schoepfle 

describes the nitration of 'true' 1,l'-binaphthyl using nitric acid 

in acetic acid and identifies both 4-nitro-1,l'-binaphthyl and 4,4'

dinitro-1,l'-binaphthyl. The preparation of ~,~'-dinitro-1,l'-binapb

thyl was subsequently repeated. 11 There are no reports of the prep-

2 



aration of any other nitrobinaphthyls by direct nitration, earlier 
12 than that by Messers Jones and Joyner published during the current 

investigation. In their report, Jones and Joyner describe methods for 

the production of ~,~',5,5'-tetranitro-1,1'-binaphthyl by the direct 

nitration of 1,1'-binaphthyl using firstt,y. preformed acetyl nitrate, 

secondly a mixture of nitric and sulphuric acids and thirdly nitronium 

tetrafluoroborate. They also describe the preparation of this comp-
I 

ound by the nitration of ~,~'-dinitro-l,1'-binaphthyl in a mixture of 

nitric, sulphuric and acetic acids. 

A n~ber of polynitrobinaphthyls have been prepared by 

indirect methods, the most populaT meth9d b~ing.that employing the 
. 13& 6b 10 1~ UILDann reactlon •. Thus the 2,2'-, 3,3'- ~,~'-, 5,5'- and 

8,8,_15 dinitro-l,l'-binaphthy~s hay~ all been synthesised by the 
~ ,~ 

Ul~ rraction as have the 2,2',~,~I- and .. ~,~',8,8'-tetranitro-1,1'-
\ 

binaphthyls. A number of the above dinitro-1,1'-binaphthyls have also 

been prepared by other methods. 11 

No preparation of a polynitro-1,1'-binaphthyl containing 

more than four nitro groups has been reported, although at least one 

unsuccessful attempt has been made at such a preparation. This was 

an Ullmann reaction intended to prepare 2,2',~,~',5,5'-hexanitro-l,1'

binaphthyl, which was abandoned because purification of the product 

was too difficult. 

1.~. Previous Work on the Nitro Derivatives of 1-Phenylnaphthalene 

The literature contains 

several reports of the direct mono- 6 

nitration of I-phenylnaphthalene, 18-21 

but no reports of its polynitration. 

The product of direct nitration, in 

nitric and acetic acids, is generally 

acknovleged to be ~nitro-l-phenyl

naphthalene, although there is a 

single early report by Weiss and 

Woidich which a8sume~ the product , 

2' 

3' 

I-PhenylnaphthAlene 

to be 8-nitro-l-phenylnaphthalene. This latter assigaaent is how-

ever at variance with the work of other authors18,20,21 and is coo

sidered to be erroneous. 20 The preparation of ~nitro-l-phenylnapb
thalene, via tvo radical mediated coupling reactions, has also been 



~~ 

reported.~~ 

Three other mononitro-l-phenylnaphthalenes have been pre

pared using various coupling reactions. Thus l-{o-nitrophenyl)napb

thalene and l-{p-nitrophenyl)naphthalene have each been prepared via 

both Ullmann reactions (refs23,2~ and 2~ respectively) and radical 

mediated coupling reactions (refs 25,26 and 25-29 respectively). 

l-{m-Nitrophenyl)naphthalene however has only been prepared by the 

arylation of naphthalene using a benzene diazonium salt. 26,29 

Only three dinitro derivatives of I-phenylnaphthalene have 

been prepared. Two of these (2-nitro-l-{o-nitrophenyl)naphthalene 

and 1-(2,6-dinitrophenyl)naphthalene)were prepared via Ullmann reac

tions, whilst the third (~',7-dinitro-l-phenylnaphthalene) was deri

ved from ~',7-dinitro-l-phenyl-2,J-naphthalene dicarboxylic acid, 

itself prepared by heating p-nitrophenylpropiolic acid in acetic 

nh d Od 21 a y rl e. 

No higher nitro derivative of I-phenylnaphthalene had 

been prepared prior to the current work. 

1.5. Preparation of Biaryls 

1.5.1. General Methods for the Production of Polynitrobiaryls 

The preparation of polynitrobiaryls may be undertaken in 

a number of ways. The three most direct methods are:-

i) By preparing a hydrocarbon and subsequently nitrating it. 

ii) By coupling a prenitrated hydrocarbon. 

iii) By various combinations of i) and ii). 

Each of these methods is subject to certain limitations. Thus method 

i) involves the direct nitration of a complex aromatic nucleus, which 

will inevitably conta1n many possible sites for substitution. In 

consequence a mixture of many nitro aromatic products is likely to 

result and separation of this mixture may be difficult. In addition 

to this the complexity of the individual products may lead to identifi

cation difficulties - particularly with respect to differentiation 

between isomers. 

The above difficulties may, to a large extent, be over

coae by employing method ii). Thus the number of isomeric products 

obtained by this aethod can frequently be limited by suitable choice 



of reactants whilst the location of the various nitro groups should 

be evident from the structure of the reactants. Other problems may 

however arise when using this technique. Thus the presence of nitro 

groups in a substrate can effectively preclude the use of certain coup

ling reactions with thatsubstrate (see section 1.5.2.). Since the 

number of preparatively useful techniques for coupling biaryls is 

fairly small, this limitation can in practice become very restrictive. 

Ia some instances it can prove impracticable to prepare a specific 

product by the coupling of two polynitrated species (see for example 

the restrictions placed upon reactants for a mixed Ullmann reaction -

section 1.5.2.5.). 

The application of method iii) above will clearly embody 

some of the advantages and disadvantages associated with each of the 

methods i) and ii). 

1.5.2. Coupling Reactions 

The main 'classical' methods of biaryl formation are out

lined below together with some indication of their suitability for 

the present work, bearing in mind the two syst.ems which have been 

chosen for study. 

-0 
The Scholl ReactionJ 

ArH 
AICl

3 
------~Br.+~----~>~ Ar-Ar 

(Typically high temperature 10o-1400 C) 

The Scholl reaction involves the elimination of two aryl 

bound hydrogens with concomitant formation of an aryl-aryl bond 

under the influence of a Friedel-Crafts catalyst. As such it represents 

one of the simplest methods for the production of a new aryl-aryl bond. 

It is most suited to the production of intramolecular bonds since 

intermolecular Scholl reactions normally give rise to very low yields. 30 

The reaction was not therefore a very promising one for the present 

work. Further, as there are few reports of its use for the prepara

tion ot mixed biaryls (that is unsymmetrical intermolecular reactions) 

its applicability to the preparation of phenylnaphthalene derivatives 

is questionable. It is also pertinent to note that rearrangements 
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and fissions are possible during the reaction, so the structure of 
I 

the product is not always certain. This feature would be of particular 

significance in the preparation of 1,1'-binaphthyl, as this ~ompound 

i8 known to readily isomerise to the sterically unhindered 2,2'

isomer,under the influence of aluminium chloride. 30 In view of these 

points the Scholl reaction was not considered suitable for the pres

ent work. 

1.5.2.2. Radical Mediated Coupling Reactions 

There are a number of methods. for the preparation of bi

aryls which involve radical intermediates,31 but the most commonly 

used procedures are the Gomberg-Bacbmann32,33 reaction and the decom

position of aroyl peroxides. 32a&h,33 The scopes of these two reactions 

are essentially similar and both techniques involve the generation 

of aryl radicals in presence of an aromatic substrate. The two 

methods differ merely in the nature of the radical source. In both 

cases the radicals, once generated, couple with the aromatic substrate 

to produce a biaryl. 

Radical mediated coupling reactions suffer fr~m the general 

problem that, unless the substrate is totally symmetrical, a mixture 
I 

of isomers is produced because attack of the radical can take place 

at a number of different sites within the substrate. This problem 

can be resolved however, by suitable Choice of reactants. Thus if 

totally symmetric compounds such as benzene are used as substrate, 

only a single product can result. The use of such a technique however, 

must inevitably place considerable restrictions upon the synthetic 

utility of the reaction. 

The Gomberg-Bachmann Reaction32,33 

In this case radicals are generated by the decomposition 

of a diazonium salt under alkaline conditions. The overall reaction 

may be represented by the equation:-

ArN;X- + Ar' + NaOH :. Al'-Ar' + N2 + Nal: + H20 

The yields obtained from this reaction are not usually high (typically 

less than ~~), due to the large number of side reactions undergone 

by diazonium salts. (Whilst alternative procedures may give rise to 

higher yields (eg the Hey reaction32,33: ~o-7~ where the radicals 

are generated from an N-nitrosoacetylamine) these generally tend to be 

6 



less convenient than the Gomberg reaction, whilst still being subject 

to the same restrictions as to the nature of Ar' - if acc~ptable yields 

of biaryls are to be obtained.) The reaction does however function 

satisfactorily with reactants containing nitro substituents, although 

there is a paucity of data relating to its use with highly nitrated 

species. Unfortunately as the reaction generally produces very poor 

yields in solution, the use of solvents is to be avoided. 32c In con

sequence the substrate Ar' needs to be a liquid at 5-100 C. This res

triction alone therefore tends to rule out the use of highly nitrated 

substrates, at least for one component (Ar'). It would also seem to 

completely preclude the preparation of binaphthyl or any of its nitro 

derivatives by this method. 

Whilst this reaction certainly has some potential for the 

preparation of l-phenylnaphthalene and some of its nitro derivatives, 
~ 

the low yields associated with the method, coupled with the restric-

tions outlined above, made it rather unattractive for the present work. 

It was therefore not employed. 

Aroyl Peroxides32a&h,33 

In this method radicals are generated from the decomposi

tion of an aroyl peroxide. This is achieved simply be warming the 

peroxide in an appropriate aromatic solvent which also acts as the 

substrate. The reaction 

but greatly simplified33 

(ArC°2 )2 + 

is represented approximately by the overall 

equation:-. \ 

Ar'H ----3... ArAr' + ArCO~ + 

This procedure is a somewhat cleaner reaction than the Gomberg tech

nique and leads to less tarry by-products. Further the presence of 

nitro substituents is not merely tolerated in the reaction, but is 

actually beneficial for the production of biaryls.34 (Though the sit

uation is a little uncertain regarding the use of highly nitrated spec

ies because of a lack of data about the use of such compounds.) 

The production of binaphthyl or its derivatives by this 

method will clearly require the use of naphthoyl peroxides, indeed 

these would best be employed even for the preparation of phenylnaph

thalene (and derivatives), as benzene could then be used as the subs-
I 

t~ate and so a mixture of isomeric products could be avoided. The 

utility of this method is however cast in some doubt because difficult

ies have been experienced in the use of l-naphthoyl peroxide for this 

7 



f t · 35 type 0 reac 10n. Indeed the only report describing the successful 

preparation of.nitrophenylnaphthalenes by this method describes low 

product yields. 25 

A further PQint against the application of this method 

during the present work, was the fact that the desired naphthoyl per-
I 

oxides would have required synthesising, prior to actually carrying 

out the coupling reaction. This was in marked contrast with the 

UlLmann reaction, which was actually employed, as this utilised com

mercially available reactants (see later). 

In view of the various point~ discussed above, this method 

of coupling was not selected for use during the present work. 

1.5.2.3. Benzyne Mediated CouplingJ6 

In this method a benzyne is generated by the action of an 

aryl lithium on an aryl halide. Subsequent reaction of this benzyne 

with further aryl lithium results in the production of a biaryl:-

ArX + Ar'Li > benzyne (from Ar-X) 

benzyne + Ar'Li Ax-Ar' 

Whilst this procedure can certainly produce good yields of biaryls 

and is applicable to both benzene and naphthalene substrates,J6 it 

is not suitable for use with reactants which contain nitro substituents. 

Thus if there are any nitro groups present in the system, these will 

react directly with the aryl lithium,37 so detracting excessively from 

the desired course of reaction. In consequence, during the present 

work this method would have been of value only for the preparation of 

1,1'-binap~thyl or I-phenylnaphthalene •. In fact as 1,1'-binaphthyl 

was the only hydrocarbon to be nitrated, and this was available from 

commercial sources, it proved unnecessary to employ this reaction. 

1.5.2.%. Gri~ard Homo Coupling38-%O and Aryl Lithium Homo Coupling%O 
/ 

The oxidative coupling of Grignard reagents can be achieved 

by treatunc them with thallium bromide or a transition metal halide 

such as CoBr2, CrCl
3
, or CuCl2 :-

2ArMgX ----~~--~~. Ar-Ar catalyst 
Aryl lithium compounds can be dimerised in a similar 

ment with transition metal halides:-

2ArLi t 1 t" Ar-Ar ca a ys 

fashion by treat-

Although both reactions are capable of producing biaryls in high yield, 
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neither is particularly suited to the.production of unsymmetrical 

products (such as phenylnaphthalenes). Additionally the coupling of 

Grignard reagents with thal,lium bromide is restricted to sUbstrates 

which do not contain an ortho sUbstituent. 39 In the present context 

however, the main restriction placed upon the use of these reactions, 

results from the reactivity of nitro groups towards organometallics 
. d t 128 d 1 l' th . 17 • Thus as both Grlgnar reag~n s an ary 1 lum compounds react 

directly with nitro groups, it is not feasible to use either of the 

above reactions for the preparation of polynitro substituted biaryls. 

The reactions wO'\lld thus be restricted for present purposes to the 

preparation of 1,1'-binaphthyl or l-phenylnaphthalene. As neither of 

these compounds was actually prepared during the present work, the 

above coupling techniques were not employed. 

.41-44 
1.5.2.5. The Ullmann Reactlon 

The Ullmann reaction involves the coupling of aryl halides 

using copper:-

2ArI 
eu 

------------~> Ar-Ar Heat 

The reaction is of broad scope and has been used to prepare many biaryls 

- both symmetrical and unsymmetrical. Since iodo is the best ~eaving 

group the reaction is most often performed with an aryl iodide, although 

bromides and chlorides have also been used. (But note the optimum 

choice of reactants for the preparation of unsymmetrical biaryls 

below.) 

The Ullmann reaction is particularly well suited to t~e 

preparation of polynitrobiaryls. Thus a nitro substituent is found 

to be strongly activating when situatEdortho to the site of coupling, 

whilst in other positions (meta and para), though not significantly 

activating, it does not inhibit the reaction in any way. The value 

of this method for the preparation of nitrobiaryls is clearly demons

trated by the numerous reports of such reactions in the literature.41-44 

Indeed it is possible to obtain good yields of both symmetric ~d 

unsymmetric polynitrobiaryls from this reaction. 

In view of the obvious utility of the Ullmann reaction 

for the preparation of polynitrob~aryls and. also its suitability for 

the production of unsymmetrical derivatives, this reaction has been 

employed extensively during the present work. Since the reaction has 

been utilised for the production of an unsymmetrical phenylnaphthalene 

derivative it is of interest to examine in greater detail the factors 
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affecting the selection of reactants for a 'mixed' Ullmann reaction. 

Normally an unsymmetrical Ullmann reaction will yield 

significant quantities of three products:-

ArX + Ar' X' Cu/Heat > Ar' Ar' + ArAr' + ArAr 

However, it is possible by a suitable choice of reactants to obtain 

predominantly the mixed biaryl ArAr'. This is achieved~2 by employing 

one 'activated' reagent (say ArX), which contains at least one nitro 

group ortho to the halogen (in the mo+e general case other electro

negative groups may also be employed), and one 'unactivated' compound 

(Ar'X') without such a group. Additi9nally the halogen of the activated 

species (X) should be either Br or CI, whilst that in the unactivated 

species$oiLld be I (X'). The reason for this is that aryl. chlorides 

and bromides do.not undergo self condensation very readily, whilst 

aryl iodides do. Thus by using a chloride or bromide for the activated 

species, the yield of the symmetrical produ?t ArAr should be kept to 

a minUDwm. On the other hand self condensation of the unactivated 

species Ar'I is minimised by moderating the reaction temperature. 

Thus a minimum temperature is employed which although sufficient to 

promote reaction between the activated ArX and unactivated Ar'X' 

(X=I), is insufficient to promote self condensation of the unactivated 

Ar'I. (It is found experimentally~2 that an unactivated aryl halide 

will undergo reaction with another activated halide at a significantly 

lower temperature than that required for self condensation of the un

activated species.) Thus, assuming that the above conditions are 

fullfilled the major product of the reaction should be the mixed bi

aryl ArAr'. This technique has been used successfully during the pre

sent work to produce a high yield of 1-picrylnaphthalene from a mixed 

Ullmann reaction -see later-. (Picryl = 1,3,5-trinitrophenyl.) 

1.6. Preparative Nitrations of Aromatic COmpounds 

1.6.1. General Considerations 

It is possible to carry out preparative nitration reactions 

under a very wide range of conditions, the method chosen for any particu 

-lar substrate depending on both the reactivity of that substrate 

and the nature of the required product. Two problems usually encoun

tered When reacting aromatic compounds are how to effect the appro

priate degree of substitution and how to obtain the desired product 
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in good yield. Fortunately as the nitro group strongly deactivates 

the aromatic nucleus to which it becomes attached (with respect to 

electrophilic attack), the former problem is not usually severe in 

nitrations. The most obvious method for controlling the degree of 

substitution is to limit the quantity of nitrating agent present 4 

Alternatively the reaction temperature can be chosen, in presence of 

excess nitrating agent, so that further reaction of the desired prod

uct occurs only at an insignificant rate. A stmilar effect can usually 

be obtained by varying the composition of the nitration medium. On 

an industrial scale where 'mixed acid' (sulphuric and nitric acids) 

is invariably used for economic reasons this usually means diluting 

the mixture with water. However on a laboratory scale, admixture 

with an organic solvent is often preferable. This may have the ad

ditional advantage of creating homogeneous conditions. 

The second problem - that of obtaining one isomer in good 

yield - is a function of the substrate under study. Obviously in 

many cases such as in the mononitration of symmetrical hydrocarbons 

(benzene, mesitylene etc), no problem exists since by limiting the 

extent of nitration a single product is more or less guaranteed. 

However, as the substrate becomes either unsymmetrical (toluene, 

o-xylene etc) or more complex (naphthalene, binaphthyl etc) larger 

numbers of isomeric products become possible. Although the problem 

is somettmes alleviated when higher degrees of nitration are required, 

by convergence to a single polynitro compound as the major product, 

it never completely disappears as there are always quantities of iso

meric by-produc~s (eg ortho and para nitrotoluenes converge to form 

mainly 2,4,6-trinitrotoluene, but some usymmetrical isomers are also 

formed.) 

In practice therefore if a substrate has several sites 

of similar reactivity a mixture of products will inevitably result. 

The best that can usually be hoped for is to obtain a uniform degree 

of nitration so as to simplify the separation problem. 

In some cases the isomer distribution of the product can 

be changed significantly by varying the reaction conditions. This 

rarely permits a shift to one exclusive product from a mixture of 

isomers but may nevertheless be preparatively useful. An example of 

this is the use of acyl nitrates which often produce high ortho to 

para ratios with certain substrates (phenols, pbenolic ethers, aryl 
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amines) relative to either mixed acid or nitric acid alone. Thus for 

example mono nitration of anisole in a mixture of nitric and sulphuric 

acids yields mainly paranitroanisole~5 whilst nitration in acetic 

or benzoic anhydride produces mainly the ortho substituted product.~5-~7 
Other effects, highly specific to a given type of substrate, arealso 

observed in some cases. With aromatic amines, ,for example, a change 

in the acidity of themadium can lead to a change in product distribu

tion due to protonation of the amino group which effectively changes 

the activating ortho pam directing NH2 substituent into a deactivating 

meta director (NH
3
+). Normally however a change between the various 

'common' nitration media produces very little effect on the isomer 

distribution of the product. Thus toluene produces substantially the 

same ortho:para ratio in a large number of nitration media.~51 
If however a wide enough range of nitration agents are examined, very 

significant changes of isomer distribution can become apparent. 

Olah has examined the mononitration of toluene by "all presently 

known methods"51 and found in a few cases wide fluctuations in prod

uct composition. (This particular study involved the use of over a 

hundred different nitration media). 

Clearly when undertaking direct nitration of a substrate 

for the first time, it is sensible to conduct the initial experiments 

in 'common' nitration media utilising readily available reagents. 

Only if these proved unsatisfactory for any reason would a lengthy 

examination of the many other possible media(listed by Olah) become 

necessary. 

The production of .polynitroaromatic compounds is commonly 

achieved both in the laboratory and on an industrial scale by the use 

of stepwise nitration techniques. This approach provides an oppo~ 

tunity for exerting max~ control over the course of a nitration 

and may also permit isolation of inte~ediate products. Whilst con

trol of the reaction is clearly important during any nitration process, 

the latter point assumes particular significance during speculative 

nitration of a fairly complex nucleus such as 1,l'-binaphthyl. The 

reason for this is the large number of sites available for substitution 

in such a molecule, coupled with our inability to identify unambiguous

ly all the possible products, in absence of suitable comparison com

pounds of known structure. In this situation, the isolation of inter

mediate products can facilitate the stepwise nitration studies which 
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often become necessary, in order to elucidate the structure(s) of 

the final product(s). 

1.6.2. Nitration Techniques 

A number of the more common nitration techniques which are 

valuable for use with aromatic substrates are outlined below., A 

more comprehensive account of preparative nitration techniques is 

given in Methoden der Organischen Chemie. 53 As l,l'-binaphthyl was 

thought likely to have a reactivity of similar order to that of ben

zene, some indication has been given in each of the following sections 

as to the degree of nitration which can be expected when treating sub

strates of this reactivity with the various media. 

1.6.2.1. Nitration using Nitric Acid in an 'Inert' Organic Solvent 

The use of nitric acid diluted with an 'inert' organic 

solvent is common on a laboratory scale when a fairly mild nitration 

medium is required. In this context the term 'inert' is used to in

dicate that there is no chemical reaction between the nitric acid and 

solvent, although molecular complexes are sometimes formed. 52a A 

number of solvents are used for this purpose (<<her, nitromethane, 

chloroform, dioxan, acetic acid etc) but acetic acid is probably the 

most popular. Acetic acid is a good solvent for many organic compounds 

and often renders the mixture homogeneous. Reaction in acetic acid 

s~ion usually leads to mononitration in compounds where reactivity 

is similar to that of benzene. For example, mesitylene may be nitrated 

to mononitromesitylene using this medium,5~a whilst 1,1'-binaphthyl 

undergoes mononitration in each of the naphthalenic ring systems to 

yield 4,4'-dinitro-l,1'-binaphthyl.l0 

1.6.2.2. Nitration using Acyl Nitrates 

Acetyl nitrate is a useful nitrating agent which is easy 

to prepare;55 it is however highly unstable in the pure state and 

prone to explode violently even at moderate temperatures. 55 The com

pound nevertheless remains valuable for aromatic nitrations as its 

stablility is greatly enhanced by use of a suitable diluent. The'ad

dition of a diluent does not appreciably detract from its nitrating 

action. 56 Nevertheless moderate temperatures must be maintained through 

-out the reaction so as to prevent decomposition of the reagent. 57 
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Acetyl nitrate may be prepared for reaction in situ by 

the addition of acetyl chloride to a solution of silver nitrate in 

an inert solvent. However the most convenient technique for the prep

aration of this reagent in the laboratory is the addition of nitric 

acid to acetic anhydride, at room temperature. Acetyl nitrate is 

rapidly formed in the solution52b and the resultant mixture is used 

directly both as solvent and nitrating agent. The temperature at 

which the addition is carried out, evidently has considerable impor

tance as regards formation of acetyl nitrate in the reaction medium. 

Thus it has been reported by Bordwell and Garbisch that whilst a vig

orous reaction occurs between 7~~ nitric acid and acetic anhydride 

at 2o-250 C, there is little evidence of any reaction between these 

reagents at _10oC. 57 Further, as the former solution (containing 

acetyl nitrate) is a very vigorous nitrating medium whilst the latter 

'mixture' is not,57 the potency of the system must clearly depend 

considerably upon the temperature profile of a given reaction. 

Solutions containing acetyl nitrate are slightly more 

vigorous nitrating media than solutions of nitric acid in 'inert' 

organic solvents. Such mixtures typically produce monOSUbstitution 

in benzenoid compounds which are not strongly deactivated. Thus tol

uene may be mononitrated quantitatively to a mixture of ortho and para 

"t toluenes. 54b F f d" t "f "t nl ro or use rlng sys ems a maxLmUm 0 one nl ro 

group 'per ring' can be introduced using this reagent. Thus acenaph

thene may be nitrated to ~nitroacenaphthene using an equimolar quan

tity of reagent, whilst 4,5-dinitroacenaphthene is produced in presence 

of excess acetyl nitrate. 56 

Benzoyl nitrate has broadly similar nitrating properties 

to ace~nitrate althougpin some instances it has proved to be a less 

satisfactory reagent. 56 It is, however a much more stable compound 

than acetyl nitrate. Benzoyl nitrate can be readily isolated from the· 

reaction between benzoyl chloride and silver nitrate, but in practice 

it is more conveniently prepared in situ, by the addition of benzoyl 

chloride to a solution of silver nitrate and substrate in acetonitrile. 46 

Both acetyl nitrate and benzoyl nitrate can yield unusually 

high ortho/para product ratios with certain substrates, but this effect, 
52c althou31preparatively useful is not fully understood. 
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1.6.2.3. Nitrations Employing Nitric Acid as Both the Solvent and 

Nitrating Agent 

Nitric acid at concentrations ranging from fuming acid to 

dilute aqueous solution haa been widely exploited for aromatic nit

rations. In dilute aqueous solution nitric acid is only suited to 

the nitration of the more reactive compounds such as phenols and amines. 

There are however narrow limits to the usefulness of this reaction 

medium as its nitrating action on less reactive species only becomes 

appreciable at higher temperature where oxidative side reactions can 

become excessive. With compounds such as the alkyl benzenes hot dilute 

nitric acid tends to attack the side chain rather than the aromatic 

ring. Ethyl benzene for example yields oc-nitroethylbenzene in ~~% 

yield when treated with dilute nitric acid at 1050 C ( in a sealed 
tube ).5~c 

The use of fuming nitric acid permits lower temperatures 

to be used, so reducing the oxidative side reactions. Acetophenone 

has been nitrated58 to ~nitroacetophenone in this medium using temp

eratures down to _20oC. High temperatures may, however, be utilised 

for compounds which are not particularly susceptible to oxidation. 

Thus benzene may be nitrated to m-dinitrobenzene by prolonged treat

ment with boiling nitric acid. 5%d At these high temperature compounds 

containing methyl groups are likely to be oxidised to the carboxylic 

acid. 

During the course of a nitration in fuming nitric acid, 

continual dilution of the medium occurs by the water produced in the 

reaction. It is therefore necessary to use a very large excess of 

nitric acid in order to obtain satisfactory yields. This problem, 

which seriously limits the utility of the method, may be overcome by 

the addition of dehydrating agents. The most commonly used dehydrat

ing agent is sulphuric acid.(See below.) 

1.6.2.4. Nit.rations Using Mixtures of Concentrated Nitric and 

SulEhuric Acids 

Mixtures of concentrated sulphuric and nitric acids ('mix

ed acid' ) are by far the most important and widely used nitrating media 

both on a laboratory and industrial scale. The effect of the sulphuric 

acid is to produce a very high degree of ionisation of the nitric acid 

and hence a high concentration of nitronium ions (the active nitrating 

15 



· 52d ) speC1es • A number of other advantages are also associated wit4 

the use of concentrated sulphuric acid; it is an excellent solvent, 

it has a high heat capacity, and it 'binds' any water which is pro

duced during the course of the reaction. A further advantage of 

'mixed acid' is that it has diminished oxidation properties relative 

to nitric acid alone. 

'Mixed acid' is a very potent nitration medium being capable 

of producing tri-nitration in moderately adivated benzenoid compounds 

such as toluene. Its action may however be moderated for use with 

very reactive substrates or where only a limited degree of nitration 

is required, by dilution with water or an 'inert' organic solvent 

coupled with appropriate temperature control. The flexibility of t4is 

nitration system with respect to substrates of different reactivity, 

is well demonstrated by the case of toluene. Mononitrotolue~e (a 

mixture of ortho and para isomers), 2,~dinitrotoluene and 2,~,6-tri

nitrotoluene, may each be prepared in high yield59a using this medium, 

the product depending on the choice of reaction conditions. The nit

ration of benzene in mixed acid can also yield either the mono nitro 

derivative60 or the meta dinitro derivative61 according to the severity 

of the reaction conditions. Although it is difficult to produce 

trinitrobenzene by direct nitration, this compound may be prepared 

(in 71% yield) from meta-dinitrobenzene, by prolonged treatment at 

high temperature with 10~ nitric acid in oleum (6~ S03)~ (10~ 
nitric acid may be prepared by vacuum distillation of fuming nitric 

acid below OOC.) Nitration mixtures containing oleum whilst being very 

powerful, can give rise to sulphonation63 and in some instances com

pounds have been observed to react more slowly in these media than 

in those containing only concentrated sulphuric acid. 63 They may 

therefore be limited in their value as a preparative nitration medium. 

1.7. Selection of Routes for the Production of Polynitrobinaphthyls 

and Phenylnaphthalenes 

For the present work, directed at the preparation of poly

nitrobinaphthyls and phenylnaphthalenes, it was decided to undertake 

both the direct nitration of a preformed biaryl hydrocarbon and the 

coupling of prenitrated species. Of the two systems chosen for study, 

1,1'-binaphthyl seemed best suited to direct nitration because of its 

symmetrical structure. Thus it was hoped that the problems of separa

tion and identification of products would be significantly reduced if 
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many of these were of a symmetrical nature. The nitration of 1,1'

binaphthyl was also attractive because the substrate was available 

from commercial sources. (Contrast the polynitronaphthalene derivatives 

which would have been required for the alternative approach of coup

ling prenitrated species; these would have required synthesising.) 

In the case of the 1-phenylnaphthalene system the alter

native approach - that of coupling a prenitrated hydrocarbon - was 

adopted. As shown by the above survey the number of coupling reactions 

suited to the direct preparation of polynitrobiaryls is very small. 

By far the most promising method of coupling appeared to be the Ul

lmann.reaction and this was confirmed during the course of the current 

study. In practice it proved most ~atisfactoryto prepare l-picryl

naphthalene via an Ullmann reaction, then subsequently to nitrate this 

material. This choice of procedure was made partly due to restrictions 

inherent in the Ullmann reaction when used to prepare unsymmetrical 

biaryls (see above) and partly due to the availability of suitable 

reactants. It was also hoped that subsequent nitration of the naph

thyl moiety in picryl naphthalene would be facilitated by the concur

rent work on the nitration of 1,1'-binaphthyl. This did in fact 

prove to be the case. 
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CHAPrER 2 

Discussion of Results - The 1,1'-Binaphthyl System 

Abbreviations and Numbering Schemes. 

For the sake of brevity, the various binaphthyl derivatives 

discus~ed in this thesis have been assigned aJphabetical labels. These 

labels, derived from the experimental section, take the.form of capital 

letters and are di~tinguished by apostrophes thus: '!'. The contents 

list for chapter 2, Which is contained in the preface, lists both the 

alphabetical labels and the full chemical names of compounds discus

sed in the chapter. This list should therefore provide an adequat~ 

source of reference for identification of the individual compounds, 

when they are referred to by label in the text. 

Schemes, structuns and tables are numbered throughout the 

thesis as three distinct series. In all cases the first part of the 

number indicates the chapter in Which an item may be found, whilst 

the second details the individual scheme, structure or table. Roman 

numerals are used for the numbering of 'schemes' and arabic numerals 

for that of 'structures' and'tables'. The numbers relating to struc

tures are further distinguished by the use of brackets. Thus for 

example in chapter two, the first scheme becomes 2:1, the first struc

ture (2-1) and the first table 2-1. 

2.1. The Spectra of 1.1'-Binaphthyl (Designated Compound 'A') 

The spectra of 1,1'-binaphthyl have so far received little 

attention in the literature and for this reason they are presented 

in the appendix. A brief discussion of the spectra is also given 

(below) in order to highlight those features pertinent to subsequent 

discussions about the spectra of the various nitrobinaphthyls. 

2.1.1. The Infra-red Spectrum 

The infra red spectrum of 1,1'-binaphthyl (see appendix) 

shows a typical (aromatic) c-a stretching frequency at 3030cm-1 and 

bands at 1580 and 1500cm-1 corresponding to C=C stretching vibrations?4a,65 
-1 In the low frequency region there is a very strong band at 800cm 

and a doublet at 775/769cm~1 - presumably due to G-H out of plane 

deformation vibrations. 64a,65 The nature of the bands in this region 
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can provide information as to the substitution pattern present in a 

given aromatic nucleus. In the present case the bands .are· c'ons-istent 

with the presence of oc-substituted naphthalene nuclei.6~a,66,67 
Structural analysis using this region will be discussed later in some 

detail. 

It is interesting to note that there are two crystalline 

forms of 1,1'-binaphthyl; these have melting points of 1~.5-1~5°C 

and 157-9°C respectively.68 Some differ~ncies are noticeable between 

the infra red spectra of these two forms, the most striking of these 

being a band at 769cm~1 which is ev!dent in the lower melting form 

but not in the higher. 68 All the 1,1'-binaphthyl used in the present 

work'was predominantly of the lower melting form; the band at 769cm-1 

is therefore evident in its infra red spectrum. 

2.1.2. The Ultra Violet Spectrum 

The ultra-violet spectrum of 1,1'-binaphthyl ~n methanol 

(see appendix), shows two maxima at A 210nm,(7752m2mole-1, (aromatic 

'7(~7(* transition) and A 283nm, ( 1323m2mole-1, the fine structure 

on this band producing a secondary maximum at A 293nm, (12~~2mole-1 • 

In fact the spectrum of 1,1'-binaphthyl has been shown to have consider

able similarity to that of naphthalene itself69 ; the spectrum thus 

reflects the steric hindrance (and hence limited conjugation) in the 

1,1'-binaphthyl molecule. (Contrast the unhindered 2,2'-binaphthyl 

which has a' spectrum radically different to that of naphthalene69 ). 
t, . 

2.1.3. The Mass Spectrum 

The mass spectrum of 1,1'-binaphthyl (see appendix) has 

a molecular ion at mle 25~ which is also the base peak of the spectrum. 

This ion evidently expels one or two hydrogen radicals to give intense 

ions at m/e253 (M - H 93.9%) and m/e 252 (M - 2H 78.8%). The latt~ 

(2-1) 

ion possibly has a perylium type structure (2-1). An intense ion at 
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mle 126 (~5.~) corresponding to C1OH6+· may presumably be derived 

either via fragmentation of the perylium type ion or by successive 

loss of C1OH7" and HO from the molecular ion (or vica versa - see 

scheme 2:1). 

C2OH~+O 
mle 25~ 

H· :--1+ H" "] + 
-----....;~~ C2OH131 - - - - - - -> C2cP12 • 

I 
I -C .-II ° 
I 1£J7 

C ~.JIr+- - - -
1£J7 

mle 127 

ale 253 mle 252 
...... C.-H" I 

''''~ ... 1£J7 I -C _H " 
... , I 10-6 

-H· ........~ \j:::-1 . 
- - - - - - - - - - - - - - - ~ C lOH6' +. 

Scheme 2:1 
mle 126 

A continuous line indicates the presence of a metastable peak for that 
transition" 

2.1.~. The Proton Magnetic Resonance (PMR) Spectrum 

The PMR spectrum of 1,1'-binaphthyl in carbon tetrachloride 

(see appendix) comprises two complex multiplets in the aromatic region 

at'T"2.07-2.~0 (1£) and.'T"2.~G-3.12 (HE) "r 'T"1.8G-2.10 (1£) and'T'2.1o-

2.80 (lOR) in acetone). 

Whilst the spectrum is too complex to interpret by inspec

tion, its division into two multiplets representing integral groups 

of protons is significant. Thus it has been observed in a number of 

naphthalene derivatives that ~and~rotons resonate at significantly 

different frequencies. This effect tends to produce a division of the 

spectrum into 'low' and 'high' field regions which are associated 

with the bC.and ~protons respectively?2 (This basic division is of 

course modified by the presence of substituents). A similar effect 

is evident in the spectrum of naphthalene itself (for which a complete 

analysis has been performed70), in this case a difference of 20.8Hz 

at 61H1z (O.35ppm) has been reported between thet)(and~protons (in CS2). 

A similar diffe+entiation is maintained in other solvents including 
I 71 carbon tetrachloride and acetone • As the electronic effects within . \ 

a binaphthyl molecule. are likely to bear some resemblance to those 

in naphthalene itself, a similar separation might be expected between 

the 0( and (5 protons in this compound. A discrepancy is clearly evident 

however. in that 1,1'-binaphthyl contains six Kprotons and eight ~ 

protons, whilst the PMR spectrum shows multiplets (low/high field) in 

the ratio ~:10. This anomaly could be the result of interaction bet

ween the two naphthyl meieties, although as inductive interaction 

between the systems is likely to be only small and resonance effects 

are limited by steric hindrance69 neither of these factors should 
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influence the PMR spectrum very much. Nevertheless,ring currents 

associated with one naphthalenic system are likely to affect the en
vironment of protons attached to the other.. The greatest effect is 

presumably going to be felt by the 2 and a protons (the latter par

ticularly) as these are closest to the second naphthyl moiety. The 

exact nature of this interaction will probably depend upon the average 

conformation of the system - which unfortunately is not known with 

any precision. However, the UV spectrum suggests that the molecule 

is likely to be well removed from planarity69 - in this case the 8-

proton on one naphthalene system will be located somewhat above the 

plane of the second aromatic system; in consequence the 'a' proton 

could be subject to shielding by the induced magnetic field which is 

associated with the second~system. This would of course shift the 

a protons away from the (lower-field) '~' multiplet and into the high

er field '~' multiplet. In this event the spectrum would contain a 

low-field region representing four protons (4t<) and a high-field 

region representing 10 protons (a~+2~). This is exactly the ratio 

observed in the spectrum of 1,1'-binaphthyl and it is thought that 

this is the best explanation for the spectrum. However as the precise 

regions of shielding/deshielding around the binaphthyl molecule are 

rather uncertain (as indeed is the conformation of the molecule), an 

alternative possibility exists in that the protons.H2 and Ha could 

both be deshielded by the adjacent naphthyl moiety. This situation 

is most likely to develop if the molecule adopts a cis conformation 
I 

and it becomes more likely as the angle between the rings decreases 

(because the induced field around an aromatic system deshields protons 

in the plane of the aromatic r~ng). Assuming that H2 and Ha are 

deshielded, the observed spectrum is best explained by proposing a 

considerable shift of both - sufficient in fact to completely separate 

them from all the other protons. Thus the low-field multiplet would , 
be assigned exclusively to the protons H2, H2',Ha and Ha. This 

explanation however, would require the high-field multiplet to be 

composed of both ()( and fo protons - which seems unlikely as there is 

no subdivision of this multiplet (due to the different shifts ofOcand 

~protons). In fact the low-field multiplet in binaphthyl does not 

appear to be significantly shifted (downfield) from the expected value 

for ex: protons; thus in naphthalene the eX protons resonate at". 2.15 

(CC14
71 ,7

2
). This fact is further confirmed by the spectrum of 1-
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phenylnaphthalene73 which produces two distinct multiplets (assign

able to 0< and ~ protons) at very similar chemical shifts to those 

observed in 1,1'-binaphthyl:-

1,1'-Binaphthyl: 'T'2.07-2.40 (411), 'T'2.4~3.12 (1m) 

l-Phenylnaphthalene: or 2.05-2.45 (:Jl), 'T' 2.45-2.S0 (911) 
(3 0(. protons) (4 (6 + 5 phenyl protons) 

(In this case it is clear from the integration that the low-field 

multiplet is not due to the protons 2 and S alone.) In fact the pre-

dominance of a 'cis coplanar' conformation in 1,1'-binaphthyl is thought 

rather unlikely, as the chemical shifts observed in this compound are 

fairly close to those of.1,8-diphenylnaphthalene - in which the phenyl 

rings must be truly perpendicular to the naphthyl moiety:-

1,8-Diphenylnaphthalene: 'T' 2.1~2.2S (2H) .,. 2.45-2.S2 (4H) 
(4 ~ - the phenyl protons.) 
(resonate at.,.3.15 (1m).} 

This conclusion therefore ties in with the UV evidence69 which also 

suggests that the molecule is well removed from coplanarity. In con

sequence, substantial, deshielding of the protons H2 and HS seems 

unlikely; thus the best explanation for the spectrum of 1,1'-binaphthyl 

is that given earlier which assumes shielding of the protons HS by 

the second naphthyl moiety (this explanation is also found to be con

sistent with the spectra of the various picryl naphthalene derivatives 

- see chapter 3.) 

2.2. Nitration of l,l'-Binaphthyl 

A two stage process comprising initial use of a fairly 

mild nitration medium followed by treatment with a mixture of concen

t~ated sulphuric and·nitric acids was adopted for the nitration of 

1,1'-binaphthyl. By this means it was hoped a) to minimise losses 

due to oxidation and charring and b) to isolate and identify some of 

the intenaediate nitration products. Since Schoepfle had already 

established10 that the nit~ation of 1,1'-binaphthyl in,glacial acetic 

and nitric acids produced 4,4'-dinitro-l,1'-bin~phthyl, this technique 

was employed as one method of mild nitration, when a known pattern of 

substitution was required. However the use of nitric acid in acetic 

anhydride was also examined in view of the possibility that a dif

ferent substitution pattern and/or a higher degree of nitration might 

be achieved. 
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2.2.1. The Products of Nit~ation in Acetic Anhydride/Nitric Aci~ 
The product mixture resulting from the reaction of 1,1'

binaphthyl with nitric acid in acetic anhydride was found to be resol~ 

vable by thin layer chromatography (TLC) into eleven distinct species. 

During subsequent separation and purification of this mixture two fur

ther components were detected. Nine of the species were identified 

as nitro derivatives of 1,1'-binaphthyl and two as oxidatio~ products. 

A trace of unreacted 1,1'-binaphthyl was also detected but the thir

teenth component was not identified. The nine nitrobinaphthyls are 

listed below. . Designated as:-

4,4'-Dinitro-1,1'-binaphthyl ' B' 

4,8'-Dinitro-1,1'-binaphthyl (probable structure) 'C-l' 

4,4',8-Trinitro-l,1'-binaphthyl (probab~e structure) 'C-2' 
, 

4,4',5-Trinitro-l,1'-binaphthyl 'D' 

A trinitro-l,l'-binaphthyl } Unknown structures 'E' and 
A tetranitro-l,l'-binaphthyl 

4,5,8'-Trinitro-l,1'-binaphthyl (probable structure) , F' 

4,4',5,5'-Tetranitro-l,1'-binaphthyl 'H' 
4,5,x,y-Tetranitro-l,1'-binaphthyl 'I' 

The evidence available as to the 'structure of the various nitrobinapb

thyl is presented in the follo!,ing sections. 

2.2.1.1. 4,4'-Dinitro-l,l'-binaphthyl 

This material was isolated in small quantities (about 2%) 
from the nitration of 1,1'-binaphthyl in a mixture of acetic anhy

dride and nitric acid. However the quantity of this material present 

in the final product mixture could be reduced to insignificant pro

portions by modifying the reaction conditions. 4,4'-Dinitro-l,1'

binaphthyl can also be prepared by the nitration of 1,1'-binaphthyl 

in a mixture of acetic and nitric acids. This method yields around 

5~ of the dinitrobinaphthyl and was originally reported by Schoepfle,10 

Who also established the structure of the compound by synthetic methods. 

Although this compound has been previously prepared10•17 

none of its spectra have been reported in the literature; for this 

reason and also to aid the interpretation of spectra from other nitro

binaphthyls,the ultra violet, infra-red, proton magnetic resonance 

and mass spectra of the compound have been recorded in the course of 

the present work and are presented in the appendix. All the data is 
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consistent with the structure assigned by Schoepfle. The salient 

points of the spectra are summarised below; various aspects will be 

considered in greater detail elsewhere, by comparison with the spectra 

of related compounds. 

The Infra-red Spectrum 

The IR spectrum of 4,4'-dinitro-1,l'-binaphthyl shows a 

band at 3000cm-1 due to aromatic C-H stretching vibrations. It also 

has two intense bands at 1520 and 1JJOcm-1 which correspond to the 

nitro (N-O) stretching vibrations; as would be expected there is no 

indication of any other functional groups. 

The Ultra Violet Spectrum 

The UV spectrum of 4,4'-dinitro-1,l'-binaphthyl in methanol 

shows two distinct maxima at ~216D1D, (926Qn2mole-1 (Ar ~ ~'X*) and 

X J5Onm, (152(82mole-1.· In addition to these there is a well defined 

shoulder at A 255nm, (22JQn2mole-l (the 'aromatic nitro band' - see 

later); this h~s not been completely resolved from the intense band 

at~216nm. Each of the bands therefore shows a slight bathochromic 

shift relative to OC-nitronaphthalene (A21Onm, (580Qa2mOle-~ ~34Onm, 
E:30(D2mole-l and ~245nm, (70am2mole-1 respectively (methanol)74.) 

This is to be expected due to the increased conjugation compared with 

the naphthalene system - the shift is not large however due to the 

stericbmdrance of the 1,l'-binaphthyl system - this prevents exten

sive conjugation~9,75 
The Mass Spectrum 

The mass spectrum of 4,4'-dinitro-l,1'-binaphthyl shows 

a molecular ion at m/e ~ which is also the base peak of the spectrum. 

The expected fragment ions produced by sequential loss of two nitro 

radicals are observed at m/e 298 (4.6~) (M - N02 ) and m/e 252 (50%) 

(M - 2N02). In addition to these there are peaks of low intensity 

corresponding to the loss of 0·, NO·, and (NO· + CO) from the molecular 

ion. Such losses are characteristic76 of nitro aromatic compounds and 

presumably occur via isomerisation of the nitro group to the nitrite. 77 

A scheme showing the major fralBentation pathways for the compound is 

presented later, along with those of other dinitro-l,l'-binaphthyl. 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 4,4'-dinitro-l,1'-binaphthyl in D
6
-

benzene (see appendix) comprises the follOWing signals: Tl.5 double 

doublet (211) J=8.8Hz, J'=1.<IIz; T2.32 doublet (211) J=7.8Bz; T2. 75-3.24 



multiplet (6B); 'T'3.35 doublet (2B) J=7.8Bz. These signals are in the 

normal region associated with protons in aromatic nitro compounds. 

The double doublet at 'T'1.5 may be assigned to the protons B5 which 

are coupled to H6,H7 (and BS). J H5,6= S.8Bz, J H5 ,7=1.OUz,JB5,S is 

too small to be resolved but is evident as line broadening of the 

double doublet. These coupling constants are fairly typical of those 

observed in other naphthalenic systems. (eg ortho coupling ~ 8Bz, 

meta coupling ~ 1Hz para coupling < 1Hz?0-72,78-83 

The low field at which these protons resonate is due to 

the combination of two effects - firstly they are oC-protons and 

secondly they are sited 'peri' to a nitro group. The first effect 

has been previously mentioned with regard to the spectrum of 1,1'

binaphthyl itself; the second is evidently a direct 'proximity' ef

fect and has been observed elsewhere. 70,71,78 Thus for example in 

the methyl nitro naphthalenes the presence of an ~-nitro group is 

reported to produce a downfield shift of O.79ppm on the adjacent peri 

proton78 (in CC14 ). 

N0
2 

4,4'-Dinitro-l,l'-binaphthyl 

The doublets at 'T' 2.32 and 'T'3. 35 constitute an AB quartet wi th JAB 

= 7.8Hz. These doublets may be attributed to the protons B3 and B
2

; 

since B3 will be deshielded by the adjacent ortho nitro group it should 

resonate at lower field than H2 and may therefore be assigned to the 

signal 'T' 2. 32. In consequence H2 JDUst give rise to the signal at 

'T' 3.35. 

It is pertinent to note at this point that the coupling 

between ortho related protons can vary slightly between different 

naphthalenic systems,8t invariably however the numerical value of J~~ 
is found to be greater than that of J~ (usually by something of the 

d f 1H ) 70-72,78-S3 Th· b . . or er 0 z. 1S 0 servat10n prov1des useful confirm&-
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tion of the above assignments, thus the larger coupling constant (S.SHz) 

is assigned to an b(~ interaction (between H5 and H6 ) whilst the 

smaller coupling constant (7.8Hz) is attributed to the ~~ interac

tion (between H2 and H
3

). 

The remaining protons H6, H7 and HS must be assigned to 

the complex multiplet at 7'2.75-3.24. 

Although the PMR spectra of various nitronaphthalene 

derivatives have been analysed in considerable detai1 71 ,72,78 it is 

not possible to make a useful comparison of chemical shifts between 

these and the nitDobinaphthyls because the various spectra have been 

recorded in different solvents. The reason for this is that large 

fluctuations of chemical shift can be produced - by a change of solvent 

- particularly if a specific solute solvent interaction occurs. 71 ,72,78,84 

(eg one such interaction occurs between acetone and 1,4-dinitronapb

thalene~5) This type of effect has been clearly demonstrated during 

the present work using 4,4t-dinitro-1,1t-binaphthyl. Thus substantial 

differencies are evident between the spectra of this compound in ben-

zene and in DMSO (see appendix). In fact the differencies are so 

great that it is difficult to relate the DHSO spectrum with the as

signments presented above for the spectrum in benzene. 

In order to clarify the situation a series of spectra 

have been recorded in mixed solvent systems containing DMSO/benzene 

in various ratios. A selection of these spectra are shown in figure 1; 

they illustrate the changes produced in the PMR spectrum, as DMSO is 

added dropwise to a solution of 4,4t-dinitro-l,lt-binaphthyl in benzene. 

It is evident that the addition of DMSO causes a downfield shift on 

the AB quartet, which is initially sited (10~ benzene) at'T'2.J2/J.25 

(H
3
/H2). The two doublets are not equally affected however, the high

er signal (H2 ) being subject to a greater shift (O.99ppm) than the 

other (H
J 

- O.76ppm). The addition of DMSO to the benzene solution 

vas continued until all resolution had been lost (due to the precipi

tation of sample) but throughout this addition the AB quartet continued 

to move downfield. When however the spectrum was run in 10~ DMSO 

the lover-field doublet (due to H
J

) was no longer visible, it is there

fore assumed that this doublet becomes coincident with that due to 

the protons H5 (in 100% DHSO). Integration of the spectra. (in 100% 
JJ.fSO) supports this view as the t doublet t at'T' 1. 56 represents four 

protons, compared with that at '1"1.50 in benzene, which represents 
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only two protons. 

The change of solvent evidently has only a minimal effect 

upon the doublet assigned to H5 (Tl.50 - benzene); it is interesting 

to note however that this doublet seems to move upfield very slightly 

(by about O.6ppm - benzen~DMSO). On the other hand the multiplet 

atT2.75-3.2q (benzene) due to the protons H6, H7 and HS is seen to 

move downfield with the change of solvent so that it occurs atT2.05 

-2.72 in 10~ DMSO. This multiplet is however too complex to be an

alysed by inspection. 

The precise nature of the interaction between DMSO and 

q,q'-dinitro-l,l'-binaphthyl is not fully understood. Presumably 

one effeet of adding this highly polar solvent to a solution of the 

nitrobinaphthyl in benzene, will be to enhance solvation of the nitro 

groups; this action should result in an increased charge separation 

within the nitro groups and consequently greater electron withdrawl 

from the aromatic ring. Whilst this effect should produce a downfield 

shift of both H2 and H3 ' it would be anticipated that the protons 

ortho to the nitro groups (H
3

) would be subject to the greater shift 

- contrast the effect actually observed in the spectrum - where H2 

seems to be affected more than H
3

• In fact it seems likely that in 

this system some type of specific solvent - solute interaction will 

also occur. In analagous systems such interaction has been described 

in terms of the formation of weak 'hydrogen bonds,.Sq Consider for 

example the spectrum recorded in 10~ benzene; in this solvent system 

some form of weak bonding might be expected between the solute mol

ecules and the benzene, as the latter is a 'n- type' donor.
Sq 

In 

consequence a prefered molecular orientation between solvent and 

solute molecules should result, such that those protons in the solute 

molecule which become 'bonded' to the solvent, are located 'above' 

the benzene ring and therefore in a shielded environment
8q 

(see fig2). 

H 

H---() 
Fig 2 
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Possibly it is the displacement of benzene as the 'bonding' donor 

which is responsible for the downfield shift of the spectrum, when 

DMSO is added to a solution of ~,~'-dinitro-l,l'-binaphthyl in benzene. 

Thus if a new prefered orientation of solute molecules is adopted 

relative to DMSO (fig 3), the solute protons should be partially re

moved from their previous association with benzene. In consequence 

they will no longer be shielded by the aromatic ring currents and 

will therefore move to lower field. 

2.2.1.2. ~!8'-Dinitro-l!1'-binaphthyl (Probable Structure) 

Designated Compound 'C-l' 

This material was isolated in small quantities (about ~fr) 

when 1,1'-binaphthyl was nitrated with nitric acid in acetic anhydride. 

It has not been prepared by any other method. The compound analyses 

correctly for a dinitrobinaphthyl and shows a molecular ion in its 

mass spectrum at m/e 3~~.078~ - corresponding to C2QH1~20~ (calculated 

m/e 3~.0797). The infra-red spectrum has bands consistent with nitro 

stretching frequencies, and indicates no other functional groups. 

The compound is clearly therefore a dinitrobinaphthyl, however, its 

spectra do not facilitate an unambiguous assignment of structure. 

Thus whilst distinctive features are visible in the spectra to suggest 

the presence of an 8 nitro group, there are no clear cut indications 

of a ~ nitro substituent. It is nevertheless most likely that the 

compound is ~ substituted, because the most reactive sites in 1,1'

binaphthyl, towards nitration, are the ~ positions. This is clearly 

demonstrated by the high yields of 4-nitro-l,l'-binaphthyl and ~,~'

dinitro-1,1'-binaphthyl which can be obtained under relatively mild 

nitration conditions10 and is further supported by the product distri

bution observed for nitrations in acetic anhydride and nitric acid 

during the present work. Thus the main bulk (wt%) of products isolated 

from the nitration of 1,1'-binaphthyl in the latter medium have been 

found to contain ~,~I- substitution. 

Given the reactivity of the ~ position in 1,1'-binaphthyl, 

nitration of the compound in acetic anhydride and nitric acid seems 

likely to produce only a very small proportion of products without 

a ~ nitro substituent. This follows, because even if initial nitr&

tion were to take place to a small extent at some other site within 

the molecule, subsequent attack would still be most likely at the 
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4 position. This assumes that a) the presence of a nitro group in 

one naphthalenic system will sufficiently deactivate it to direct sub

sequent attack to the other, and b) that this nitro group will not 

significantly modify the substitution pattern obtained in the second 

naphthalene system. Both of these assumptions seem reasonable since 

~nitro-1,l'-binaphthyl may be nitrated in high yield to 4,4'-dinitro-

1,l'_binaphthyl.10 Thus as two dinitrobinaphthyls have been isolated 

from the nitration product in acetic anhydride and nitric acid - in 

approximately equal quantities - and one of these was 4,4'-dinitro-

1,l'-binaphthyl, it seems reasonable to propose that the second com

pound also contains 4 substitution. The spectra certainly appear 

consistent with this assumption. The various data are discussed below. 

The Infra-red Spectrum 

The infra-red spectrum of~l' (see appendix) shows a weak 

band at 3000cm-1 due to aromatic G-H stretching vibrations. There are 

also two very strong bands corresponding to the nitro (N-O) stretching 

vibrations. The most~worthy feature of the spectrum however, is 

a pronounced splitting of these nitro bands, to produce a distinct 

double max~ in each case. The effect is most noticeable for the 

symmetric absorption which comprises bands at 1335 and 1365cm-1 ; 

the asymmetric frequencies are 1530/1525cm-1• Such variations of 

frequency reflect the different environments of the two nitro groups 

and quite wide variations of stretching frequencies are known - be

tween different nitro aromatic compounds - according to the nature of 

th " b t"t t 64b,86a Th ff t t d t b "" any 0 er r1ng su s 1 uen s. ese e ec s en 0 e maX1m1S-

ed when a substituent is para to the nitro group unless steric inter

action occurs, as in the case of a bulky substituent ortho to the nit

ro group. 

In the present system the only 'substituent' is a nitro

naphthalene moiety. If this has a profound effect on the frequency 

of the nitro stretching vibration it would be expected that a large 

deviation would occur between the frequencies observed in 4,4'-dinitro-

1,1'-binaphthyl (nitro naphthalene moiety para to the nitro group) 

and 5,5'-dinitro-l,1'-binaphthyl (no substituent para to the nitro 

group). This does not in fact occur; both systems have asymmetric 

stretching frequencies close to 1520cm-1 and symmetric stretching 

frequencies close to 1330cm-1 (see appendix). 

Since there are no other substituents in the compound 

30 



'e-1' the explanation of the double nitro stretching frequencies must 

be a steric one. The only two sites at which a nitro group is likely 

to experience substantial steric interaction in the binaphthyl nucleus 

are the 2 and 8 positions. At either of these sites a nitro group 

* will be unable to lie coplanar with the aromatic ring to which it is 

attached - due to the close proximity of the adjacent naphthalene 

system. This twisting of the nitro group away from the plane of the 

aromatic ring results in reduced conjugation and hence a rise in fre

quency.86a Multiple bands due to this effect have been observed in 
6qb 87 

other systems. ' 

It is difficult to justify the selection of one site -

either the 2 or the 8 position - in preference to the other, indeed 

the location of this substituent is rather uncertain. It is thought 

however, in view of all the available data, that the 8 position is 

the most likely - this point will be further discussed later. 

Assuming that this dinitrobinaphtbyl is in fact q,8'

subsi, itute(l , the 4-nitro group would be expected to produce bands 

in its infra-red spectrum close to 1520 and 133Ocm-1 ie the frequencies 

observed in ~,~'-dinitr0-1,1'-binaphthyl. On the other hand the 8 

nitro substituent being substantially twisted from the plane of the 

aromatic ring should absorb at rather higher frequency. This is in 

fact the case, the frequencies being ~530/1525 and 1365/1335cm
1 

respec~ively. The rather smaller effect of twisting on the .symmetric 

vibration is consistent with findings in other systems where steric 

effects do not cause this band to rise above 1530cm-1 even in o-nitro 
. . .. 86a 

-tertiarybutylbenzene. 

* The crys~AI structure of 1,5-dinitronaphthalene has been investigated 
by Trotter who deduced that whilst the naphthalene ring system was 
planar, an angle of ~90 existed between this and the nitro groups. 
Such an observation clearly suggests that in a nitrobinaphthyl - such 
as 'e-l' - even a 4-nitro group may be substantially removed from co
planarity with the ring system. This twisting of the nitro group is 
probably significant even in solution - thus the PMR downfield shift 
produced by a naphthalenic peri nitro group - on a proton sited ortho 
to it - is significantly less than that produced by an 'unhindered' 
nitro group78 (by about O.lppm). In view of this evidence the various 
references in the present text to the 'coplanar' nitro group must in 
practice refer to the 'most nearly coplanar' nitro group. 
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The use of infra-red spectra in assigning substitution 

patterns to the phenyl nucleus is a well known and widely used tech

nique. As the method is also applicable to a number of polynuclear 
. t 65,67,89 . 1 d' hth 1 d' t· aromat~c sys ems , ~nc u 1ng many nap a ene er~va 1ves, 

it is worthwhile examining it in some detail. 

There are three main regions for this type of assigment; 

the first:200G-1660cm- 1 usuall~ gives the most definite assigment 

of substitution in the phe~~l system64a,but there is little data avail 

-able on the applicability of these absorptions to the naphthalenic 

system. Bellamy6~a concludes that the patterns resulting from the 

combined effects of two rings differently substituted, will invalidate 

this region for identification ,purposes. The second region for study 

is: 125G-l000cm-1 and comprises fairly weak bands; consequently this 

is used only for confirmation of assignments from other regions. The 

third region: 100o-650cm-1 is widely used and fairly reliable for 

the benzene nucleus. Absorption bands in this region, assigned on 

the basis of the number of adjacent hydrogen atoms present in a 

nucleus are applicable to both benzene6~a and naphthalene66,67,9G-2,(6~a) .. 
nuclei although a somewhat wider tolerance must be used in the latter 

case when searching for a characteristic band in a specific region. 

There seems no good reason for discounting these rules in the binaph

thyl molecule, although of course, there will be overlapping bands 

due to each of the four aromatic rings. The results may thus be very 

complex and the bands rather weak - since more substitution (fewer H's) 

leads to weaker bands. Even in naphthalene the presence of substi

tuents in both rings can make identification difficult and may some

times lead to errors.6~a Cencelj and Hadzi report90 that generally 

the number of bands observed in a particular naphthalene derivative 

considerably exceeds the number predicted by the normal rules -

based on the number of ad·jacent H's (as s~rised eg by Bellamy6~a).· 
They regard this as a serious limitation to the use of these correla

tion rules in determining substitution patterns. Cannon and Suther

land65 also regard the spectra of naphthalene derivatives as being 

too complex for useful interpretation (although their data remains 

consistent with the usual correlations6~a for C-H deformation vibra

tions). Cencelj and Hadzi90 conclude that whilst the presence of a 

particular band is not a sufficient. proof of the presence of the 

corresponding group of H atoms, the absence of a band does tend to 
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exclude a particular pattern of substitution. These observations 

must be highly pertinent to the spectra of the binaphthyl derivatives 

_ which are necessarily more complex than those containing only a 

single naphthalene nucleus. 

The major difficulty of the method, however, when applied 

to the current work, is the nature of the substituent, since nitro 

groups can have a profound effect on the spectrum. Thus in general 

terms they move bands to higher frequency than normal, the extent of 

shift being roughly related to the degree of substitution. Indeed 

for highly nitrated materials these effects can be sufficient to move 

a particular band completely outside the expected region.6~a 
An additional ( and serious ) complication however, is 

the normal presence of strong absorptions in the low frequency region 
-1 near 850 and somet~es 750cm ,which are a feature of nitroaromatic 

6~b compounds. Thus as these bands fall in the same region as those 

due to the e-H out of plane bending modes, they inevitably complicate 

interpretation of the substitution patterns. It is unclear however, 

precisely which vibrational modes give rise to these bands. Thus al

though it has been suggested93 that the band at 850cm-1 is due to the 

e-N stretching frequency, there is some doubt about this9~,95 and it 

may alternatively .result from symmetric N02 deformation. 96 Never

theless there remains no doubt that a band exists around 850cm-1 

in most nitroaromatic compounds and that it is probably associated 

with the e-N02 grouping. The origin of the band observed near 750cm-1 

in some nitroaromatic compounds is similarly uncertain; thus bands 

in this region have been described both as in plane rocking vibrations 

of the nitro group97 and as ~identified ring vibrations. 98 The 

appearance of a band at this frequency is, however, much less predic

table than that at 850cm-1 which further complicates analysis of 

this spectral region. In view of the various points discussed above 

it seems unlikely that a conclusive and reliable assignment of subP. 

stitution for 'e-l' (or any other nitrobinaphthyl) could be made on 

the basis of its infra-red spectrum ~lone. Nevertheless '0-1' provides 

a useful illustration of the problems invol~ed - particularly as the 

infra-red spectra·oof two other dinitrobinaphthyls of known substitu

tion (~,~,- and 5,5'-) are available for comparison. The low freq

uency region in the spectrum of '0-1' is therefore discussed below. 

Since the spectrum shows two very intense doublets at 
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770/780cm-1 and 835/8~5cm-1 the first problem is to establish which 

of these is due to the presence of the e-N02 grouping. As indicated 

above most nitroaromatic compounds produce a band near 850cm-1 so 

it appears likely that the 835/8~5cm-l doublet in 'e-1' is at least 

partly due to the e-N02 grouping. Presumably however, the steric fac

tors which cause doubling of the N02 (N-O) stretching frequencies in 

'e-l' will similarly affect the e-N vibrations. (Although in this 

case, as conjugation with the Tt-system tends to increase the e-N 

bond order, its loss when one of the nitro groups is twisted 'out 

of plane' should result in a shift of the vibration to lower freq-
.. -1" uency.) If therefore the 850cm band is due to the e-N stetching 

vibration,93 the single band normally observed in nitro aromatic 

compounds could well become a doublet for 'e-l'. Thus both of the 

I -1 ( bands at 835 8~5cm could well be due to the C-N02 grouping. It is 
" -1" possible that the 850cm band would double even if it was derived 

from some other vibrational mode.) 

/ 
-1 Assignment of the bands at 770 780cm are even less cer-

tain. Thus if a band is produced in this region due to the rocking 

vibrations of the nitro groups it might conceivably be doubled by the 

non planarity of one of the nitro groups. On the other hand the band 

may be due simply to unidentified ring vibrations. 98 In this context 

it is pertinent to note that 1,1'-binaphthyl itself has an intense 

doublet at 765/780cm-1 (see appendix) which clearly cannot be due 

to e-N02 vibrations. The possibility also exists that either ( or 

both) of the doublets in.' e-l' arise from partial coincidence of (say) 

e-N0
2 

stretching vibrations, with bands of different origin eg C-H 

out of plane defonDation. An unambiguous assignment of all four 

bands is clearly impossible. 

The bands in the low frequency region of the spectrum of 

'e-l' will now be considered with reference to those expected due to 

e-H out of plane bending vibrations. 

the 

the 

In aromatic nuclei containing four adjacent hydrogen atoms, 

out of plane e-H deformation vibrations are normally observed in 
. -1 6~a reg10n 77Q-735cm. A large number of spectra are available 

to substantiate this range for the appropriate naphthalene deri"a

tives. 65 ,66,9Q-92 (Although the frequency range is inevitably a lit

tle wider.) 

In the case of 'e-l' there is no band between 770 and 
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735cm-1, but it probably occurs at a slightly higher frequency - com

pare for example unsubstituted naphthalene in which the corresponding 

band occurs at the unexpected~y high frequency67 of 885cm-1
• 99 

Additionally the presence of a nitr~ substituent in the adjacent ring 

system may tend to increase th~_ frequency of the vibration. Unfor

tunately in this higher region the vibration may well be partially 

coincident with the ~ 750c.-1 • band discussed above, this could there-

/ 
-1 fore offer an explanation of the doublet at 770 ?BOcm • 

The spectrum of ~,~'-dinitro-1,1'-binaphthyl is similar 

in having no reasonably strong band in the lower part of the range, 

but a very strong absorbance at higher frequency (765cm-1 ). In this 

case the band is not separated into a doublet, this may simply be due 

to the different siting of the second nitro groups within the mole

cule. Both dinitrobinaphthyls also have a slight shoulder (750cm-1 ) 

on the main band and a very weak band at 730cm-1• 

Each of these compounds also contain two adjacent hydrogens 

in the ~substituted ring system; consequently they should show the 

characteristic absorbtion lines due to deformation of these. The 

frequency range normally quoted for such hydrogens (o-H out of plane 

deformation) is 86o-800cm-1 • 6~ Presumably this should be extended 
. . 

to higher frequency in view of the nitro substituent. Therefore in 

'0-1' the range should cover not only the bands at 835/8~5cm-l but 
-1 also a rather weaker band ~ZOcm • I 

The spectrum of %,%'-dinitro-l,l'-binaphthyl also has three 

bands in this region, at 835~ 850 and ~85cm -1. The first two of these 
\ 

however are much weaker than the third. Since there are two adjacent 

hydrogens in each half of the molecule the band due to their out of 

plane deformation should be relatively strong; of the three, the 885cm-1 

band seems to be the.most likely assignment for this vibrational mode. 
-1 The corresponding band in 'e-l' is presumably that at 870cm ; once 

again the differencies in frequencies might be attributed to the change 

in position of the nitro group in the second naphthalene nucleus. 

Although these two spectra are consistent, examination 

of the spectrum of5,5'-dinitro-1,l'-binaphthyl reveals a closely 

~imilar band at 880cm-1
• In this case however the molecule does not 

contain (only) two adjacent hydrogens, so the band cannot be due to 

their characteristic c-H out of plane deformatfon. (The three adjacent 
t 

hydrogens present in the 5,5'-isomer would be e'xpected to produce a 
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band within the region 8iO-750cm- i • 64a) Even if the assignment in 

4,~'-dinitro-i,1'-binaphthyl is changed from the 885cm- i band to one 

of the others in the appropriate region (835/850cm- i ) the result would 

remain ambiguous as the 5,5'~ isomer also has a weak band at 8~Ocm-i. 
(Additional 'inappropriate' bands in the region aS,sociated with two 

adjacent H's have also been observed in 1,8-dimethylnaphthalene and 

related polynuclear compounds?7) .. . 

Attempts to assign the o-H out of plane bending mode for 

'C-l', in the other half of the molecule (three adjacent hydrogens) 

are even more futile, as the normal range of 8iO-750cm- l 64a - suit

ably broadened for naphthalene derivatives and extended to higher 

frequency to allow for nitro substitution - could cover all four major 

bands at 770/780 and 835/845cm-1 (partly due to Ar-N02?) plus three 

minor bands. Further the model compound S,8'-din~tro-1,1'-binaphthyl, 

ideally required for· comparison, is not available. Thus, whilst it 

is conceivable that two appropriate bands are present in 'C-i' (due 

to the two differently substituted ring systems), positive assignment 

is impossible. 

As mentioned above, for a complex system such as binaphthyl, 

even a negative result could be of considerable value, as it would 

exclude the possibility of a particular substitution pattern. In the 

present case the absence of o-H deformation bands corresponding to 

a single isolated hydrogen, could preclude the possibility of 6 or 7 

substitution in the system. Unfortunately the uncertain intensity 

of such a band, and its variable position66 - even if it existed -

prevents it from being of much value. Thus the band is of only medium 

intensity even in the phenyl system6~a and in the present case would 

still be due to only one hydrogen atom despite the much more complex 

system under consideration. Thus within .. the appropriate region of 

about 92O-S60cm- l (allowing for a nitro substituent) there are two 

very weak bands which could conceivably be assigned to such a vibra

tion- though it seems that little purpose is served by such specula

tion. Clearly no firm conclusions can be drawn as to the substitution 

pattern of '0-1 1 on the basis of o-H deformation vibrations. 

The Ultra Violet Sp~~trum 

The ultra violet spectrum of '0-1' in methanol (see ap

pendix) shows two maxima at X 217nm, (823(b2mole-1 (Ar 7<-+X*) and 
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2 -1 ( * * ) X353nm, (103Qn mole N02 n-+'7(' or ?( -7C ? - see below. In ad-

dition there is a rather flat shoulder at X 255nm, ( 200(D2mole -1. 

This compound therefore exhibits a slight bathochromic shift relative 
. 2 -1 2 
to oc -nitronaphthalene (Xca 21Onm, (580CD mole , X ca 24:5nm, ( 700m 

mole-1, Xca 34,Onm, ( 30Om2mole-1 - methanoI74:); this is to be expected 

due to the increased conjugation of the binaphthyl molecule. The change 

should not be large however due to the considerable steric hindrance 

in the 1,1'~bi~aphthy1 system. 69,75 

According to Gillam and Stern the N02 group exhibits two 

* absorbtion bands in the UV region; one is a7C"~?C. band around 200nm 
* 100 and the other an ~1C. band close to 27Onm. In the present case 

the former band is completely obscured and the latter partially over

* lapped by the intense aromatic 1< -+'7( transition. This is normal 
. 101 

for aromatic nitro compounds. Nevertheless useful qualitative in-

formation relating to the orientation of the nitro group may some

times be deduced from the UV spectra of aromatic nitro compounds 

provided that the 270nm band is not completely obscured -. Thus the 

presence of a sufficiently bulky substituent ortho to a nitro group 

can produce a twisting of the nitro group out of the plane of the 

aromatic ring; this twisting~su1ts in a loss of conjugation with the 

. c.ons.equence that the aromatic nitro band - around 270nm - is reduced 

in intensity and shifted to shorter wavelen~hs; a number of examples 
. 102-106 are available from the l~terature. 

In the case of the compound 'e-l1 a sterica11r hindered 

8 nitro group has been proposed. If this nitro group is prevented 

from lying coplanar with the aromatic ring to which it is attached, 

there will be a loss of resonance which should cause the band near 

270nm to be of lower intensity than the same band in either 4:,4:'- or 

5,51- dinitro-1,1'-binaphthy1. There may also be a shift to shorter 

wavelength. The spectra ?f the'three compounds are given in the ap

pendix. In both 4:,4:'- and 5,51- dinitro-1,11-binaphthyls the shoulder 

at 255nm is distinctly curved although the maxima .are not quite resolved 

due to overlap with the intense aromatic band near 216nm. In the case 

of 1e-1' a definite flattening of the curve is apparent around 255nm 

so that the spectrum betwe.en 24:3 and 273nm is practically a straight 

line. The difference between the curves is consistent with either a 

reduction of intensity for the band at 255nm in 'e-l' or a shift to 

shorter wavelength'of the same band (or both). Both of these possibi1i-
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ties are consistent with the proposed structure of 'e-l'. To place 

the comparison on a quantitative basis some values of ( for different 

wavelengths are given in table 2-1. 

~l Probable 
Assignmen 

Aromatic 

Amax 2 ( -1 
nm m mole 

216 9620 

218 10600 

217 8230. 

'A,B 

nm 

24:0 

24:0 

24:0 

Table 2-1 

'Aromatic nitro' 

I 

( Amax ( 

2 -1 2 -1 m mole nm m mole 

2710 255 (sh) 2230 

264:0 255 (sh) 2150 

2730 255 (sh) 2000 

I~omer 

4:,4:'-

5,5'-
4:,8'
('e-l') a= part of the 255nm shoulder 

Amax ( 
2 -1 nm m mole 

350 1520 

34:0 1260 

353 1030 

UV Spectral Data for the Dinitro-l,l'-binaphthyls 

The changes are not very dramatic but this is to be expected 

since one of the nitro groups remains substantially coplanar and there

fore in extensive conjugation with the aromatic ring. Thus any changes 

in the spect~ will be partially masked by a residual absorbtion of 

this coplanar nitro group. The combined effect of a 'static' and a 

'shifting' aromatic nitro band offers a reasonable explana~ion for 

the flattening of the curve between 24:3 and 273nm in 'e-l'. Although 

small the changes shown in the table are in the expected directions. 

Thus the original shoulder at 255nm reduces in intensity in going 

frolll the 4:,4'- and 5,5'- ,isomers to 'e-1', whilst the value of ( at 

slightly s~orter wavelength (24:00m) increases. This is consistent 

with a shift of one aromatic nitro band to shorter wavelength. 

Quantitative comparisons of extinction coefficients are 

necessarily difficult, due to the overlapping nature of the bands in 

this region and it might be argued that the reduction of ( at 255nm 

(in going from the 4:,4:'- and 5,5'- isomers to 'e-l') might simply be 
* . 

due to the reduction of intensity in the aromatic~-+7( band (at 

216nm) which partially overlaps the region of interest. In view of 

this argument it seems preferable to examine the shape of the shoulder 

at 255nm rather than its absolute intensity. It should be noted how

ever that if the change in ( were solely due to fluctuations of the 

216nm band, the intensity of absorbtion at 24:00m in 'e-l' should also 



be lower than in the other isomers - contrast the apparent increase 

of ( Which is actually observed. 

In addition to the points discussed above some significance 

may be attached to the actual wavelength of the band at 255nm in the 

. spectrum of 'e-l'. Thus the position o~ this band provides useful 

evidence in support of the theory that '0-1' contains only peri sub

stituted nitro groups. This is because truely unhindered nitro groups, 

that is 3,6 or 7 substituents, would be expected to absorb at longer 

wavelength. This point is discussed later in relation to the UV spec-, 

trwm of ~,~',5,5',7,7'-hexanitro-l,1'-binaphthyl (section 2.2.2.1.). 

At this stage it is pertinent to note an alternative po~ 

sibility for assignment of the band at 255nm in this compound. Thus 

Nagakura and coworkers have attributed a band near 260nm in nitroben

zene to intramolecular ~harge transferl07, a similar explan~tion 
might be postulated for the 255nm band in '0-1'. Such an assignment 

does not however affect the qualitative result of having a 'twisted' 

nitro group, since loss of resonance will still decrease the observed 

intensity of t~e band and shift it to shorte~ wavelength. 107 These 

workers have also assigned the 340nm band in nitrobenzene to the 

* N02 moiety - ~s an ~iC transition - a similar conclusion was reached 

by Kiss and HorrathlO8 , although the latter workers consider the 
. * 

2~Onm band to be a 1'\ ~ 7\ isype transition. Clearly in either case 

a reduction of resonance due to the twisting of a nitro group out of 

the plane of the aromatic ring should lead to a decrease of intensity 

in this band. Thus in '0-1' the rather lower intensity of the (pre

sumably) analogous band near 35Onm, as compared with either ~,~'- or 

5,5'-dinitrobinaphthyl could be consistent with the presence of an 

8 substituted nitro group. There is however a paucity of data in the 

literature relating to the influence of steric factors on this band. 

In general it has been rather difficult during the present work to 

consider wavelength shifts of this band, because it is very broad in 

the various binaphthyl deri atives studied and this makes accurate 

determination of its ,,~. ye~ difficult. 

It is interesting to note that the reduced intensity of the 

aromatic band at 216nm in 'e-l', compared with the %,%'- and 5,5'

isomers, may itself reflect the presence of an 8 substituent. Thus 

an 8 nitro group will tend to prevent coplanarity of the two naphthalen 

-ic ring systems, so reducing conjugation and hence the intensity of 
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the band at 216nm (this type of effect has been observed in the bi-
1(6) phenyl system • 

In summary it may be concluded that the UV spectrum of 'C-1' 

is consistent with the proposed structure and offers tentative confir

mation for the presence of an 8 substituted nitro group. 

The Mass Spectrum 

i) The Spectra of Compounds related to 'C-1' 

In order to analyse the fragmentationpattem of the compound 

'C-1' it is useful firstly to examine the mass spectra of some related 

compounds. The mass spectra of both the mono and dinitro naphthalenes 

have been described in the literature. 109, 110 These are interesting 

because in addition to the fragmentations normally associated with 

aromatic nitro compounds it has been observed that a number of the 

compounds lose neutral CO from their molecular ion. 109 This elimina

tion of CO is peculiar to 1-nitronaphthalene and those dinitronapb

thalenes with a 1-nitro substituent, provided that they are also un

substituted in the 8 position. Thus although of only moderate inten

sity (less than 20%), the resultant ion is potentially valuable for 

detecting the presence of a single peri substituted nitro group in 

related systems. 

Beynon,Job and Williams have proposed109 two mechanisms to 

account for this distinctive loss of CO; these are reproduced in the 

schemes 2:11 and 2:111. The first scheme has also been proposed (in

dependently) by Hartley-Mason, Toube and Williams. 111 Both the mec

hanisms require initial remova~ of a hydrogen atom, with a bonding 

electron, from the 8 carbon atom, it has therefore been suggested109 

that an electron deficiency at this site would hinder the loss of CO. 

Beynon, Job and Williams have thus relate~ the extent to which the 

different compounds lose CO from their molecular ions, to the elec

tron density at the 8 position109 - the most extreme case being that 

of 1,5-dinitronaphthalene Where a high electron deficiency results 

in a zero loss of CO from the molecular ion. 1,3-Dinitronaphthalene 

is anomalous in their series as it loses less CO than expected on the 

basis of electron den~ity calculations. This has been explained109 

through the possible sharing of positive charge between the 1 and 3 

nitro groups. In the latter case neither of the schemes 2:11 or 2:111 

could be initiated and hence CO could not be lost. 

A slightly modified view has been put forward by Brittain, 
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Wells, Paisley and Stickleyll0 Who consider that the schemes 2:11 and 

2:111 may operate competetively - though one would.be expected to 

predominate in a particular case. The observation that the spectrum 

of. l~3-dinitronaphthalene shows intense peaks corresponding to the 

loss of QH' and HONO from the molecular ion, leads these authors to 

conclude that this isomer fragments to an appreciable extent via the 

analogue of species (2-2) (scheme 2:11). Conversely as the majority 

of the dinitronaphthalenes do not show such losses to any significant 

extent, they conclude that the remaining isomers fragment predominantly 

via the analogue of species (2-3) (scheme 2:111). These authors fur

ther suggest that loss of CO from the molecular ion of 1,3-dinitro

naphthalene may also occur via the species (2-3) (scheme 2:111), so 

that its anomalous position - When rel~ting the degree of CO expulsion 

from the molecular ion, to electron density at the 8 position - may 

be explained in tenDs of two competing fragmentation routes. They 

also observe that the fonaation of a species such as (2-2) (the dinitro 

derivative) appears to be more mark~dlY,dependent on the electron den

sity at the 8 position than does the fonaation of a species analogous 

to (2-3) (the dinitro derivative), ~ence it is only for the 1,3-di

nitronaphthalene that fragmentation via a type (2-2) species becomes 

important, since this isomer has the highest electron density at the 

8 position. Such an observation is of particular significance in the 

binaphthyl system as the presence of a second naphthalene moiety is 

likely to result in an increase of electron availability at the '8' 
position (position % according to the binaphthyl numbering system). 

The views of Brittain et al could ,therefore lead to the prediction 

that a binaphthyl nucleus containing a % or 5- substituted nitro group 

would fragment primarily via the analogue of species (2-2) and con

sequently have an M - CO ion of reduced intensity but enhanced OB 

10s8 (as in the case of 1,3-dinitronaphthalene). (This contrasts 

with the original proposal of Beynon et al Where the sole effect of 

increased electron density at the 8 position (position % in the binaph

thyl numbering system) would have been to enhance the CO loss.) 

There are ~wodinitro-l,l'-binaphthyls of known structure 

available for consideration - the %,%'- and 5,5'- isomers. The frag

mentation patterns given below (schemes 2:1V and 2:V summarise the 

most intense ions of their respectivej spectra. Bar diagrams and 

lists of relative intensities are given in the appendix. 



Scheme 2&IV 

Fragmentation Pattern for the Mass Spectrum of ~t~'-Dinitro-ltl'-binaphthyl 

-II· 
e laII12 +. - - - - - - - - - - ~ 
m/e228. (3.6,&) 
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I-CO 

C1r!120+· 

m/e256(2. 7'~) 
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I -NO· 

I -N02• 
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m/e239( ~5."~) 
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I -<II + • 

C2rP-120 • - - - - - - - - - - - - - - - - - - -

-II· 

Continuous lines indicate the presence of a metastable to support the proposed 

transition. 43 



Scheme 2:V 

Fra;mentation Pattern for the Mass Spectrum of ',5'-Dinitro-1,l'-binaphthyl 

I-NO· 
I 

ClifIl~203+· 
m/e316(O.6~) 

A_co 
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I 

-co I-NO' 
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-H' 
C1 -.lI + - - - - - - - - - -::.. C II +. s-11 \ 18 10 
m/e227(7.J%) m/e226(15.2%) 

A-:.co 
I 
I _OII' 

c2OH120+' - - - - - - - - - - - - - - - - - -

C2cJI12 +. 

m/e252(~1.2%) 

-H' 

Continuous lines indicate the presence of a metastable to support the proposed 

transition. 



Both ~,%'- and 5,5'-dinitro-l,1'-binaphthyl show very small 

peaks in their mass spectra due to ions at mle 316 (1.8% and 0.6% 

respectively). These are the M - CO ions. Whilst this is to be 

expected if fragmentation of the molecular ion does occur via the an

alogue of species (2-2) (scheme 2:11) , in a fashion analagous to 

that operative for 1,3-dinitronaphthalene, the alternative possibility 

that the ion at m/e 316 simply fragments more readily than its analogue 

in the dinitronaphthalenes, must also be considered (see below). 

The spectra of both t~e dinitrobinaphthyls differ significantly how

ever, from that of 1,3-dinitronaphthalene, in that the ions corres

ponding to M - OR occur only with very low probability. (Metastables 

are evident for each isomer, to substantiate the loss of a hydroxyl 

radical, from the molecular ion, in a single step.) As the dinitro

binaphthyls can presumably fragment in each of the naphthalenic systems 

by similar routes, losses of 2OH· and 2HONO should also be considered. 

The intensity of some relevant ions are summarised in table 2-2. 

Table 2-2 

Data from the Mass Spectra of the Dinitrobinaphthyls 

Isomer 

~,~t_ 5,5'-

Relative Abundance Possible 

m/e ~ ~ 
Assignment 

327 1.8 0.6 M-OO 

310 5.5 0.6 M-200 

297 18.2 %.8 M - HONO 

~O 6.% 1.8 M - HONO - 00 
250 57.3 97.0 M - 2HONO 

Although not obviously indicative of fragmentation via 

an analogue of (2-2) (scheme 2:11), these figures do not preclude 

such a possibility. Thus it may simply be that the intermediate ions 

at _/e 327, 310, 297 and ~O are relatively unstable and consequently 

decay rapidly - presumably to the ion at mle 250. If this is so the 

change in stability between the naphthalene and binaphthyl deriva

tives might be e%plained in terms of the electron density distribu

tions within the ions (2-~) and (2-5).109 Thus in cbanging from 
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x = N02 to X = N02C1~6 the electron density at the 1-posiion should 

increase for both the ions (2-lj,) and (2-5). As expulsion of NO 

from the species (2-5) clearly involves loss of the C-N bonding elec

trons with the neutral molecule, this step ahould be facilitated by 

the increase of electron density at the 1-position. It is thus pos

sible that the expulsion of NO from (2-5) occurs much more readily 

in the dinitrobinaphthyls than the dinitronaphthalenes and in conse

quence the interim ions occur with much lower probability. 

A simi~ar argument to the above .ay also be applied to 

the M- 28 ion in each of the dinitrobinaphthyl spectra. Thus the very 

low intensity of this ion need not preclude significant loss of CO 

from the respective molecular ions as the M - 28 species may simply 

be unstable and therefore barely observed. Indeed if the species 

(2-lj,), X = N02C1~6 does lose CO via (2-6) to (2-7) according to 

Beynon's mechanism, the enhanced electron density at position 1 in 

(2-7) due to the presence of a nitronaphthyl moiety (as opposed to 

X = N02), should facilitate loss of NO from this species. It appears 

, Loss of 
----~7 NO· 

in fact that this step is sufficiently favourable for the loss of CO 

and NO to occur simultaneously, thus a metastable is observed in both 

spectra for the transition:-

C2OB12N2°lj,+· ) C19H12N°2+ + 

lj,6 

CNO • 
2 

* M = 237.8 
(Intense) 



{Though possibly this metastable is more suggestive of fragmentation 

via a cyclic '(2-3) type' transition state (SCheme 2:111) than it is 

of a '(2-2) type' species (scheme 2:11) - see below.) This fragmen

tation taken in conjunction with the losses of (00· + NO·) - via 

scheme 2:11 - in the 'other half' of the binaphthyl system, presumably 

accounts for the considerable intensity of the ions at mle 239 (M -

BONO - CO - NO) in the spectra of both dinitrobinaphthyls. (The loss 

of CO and NO may of course occur via the isomerisation of a nitro 

group to the nitritef~3 but the intensity of both the metastable at 

237.8 and the 'final' ion at mle 239 seems rather greater than would 

be expected on the basis of this isomerisation alone.) 

By analogy with the case of 1,J-dinitronaphthalene the 

dinitrobinaphthyls might also be expected to lose CO via the mechanism 

in scheme 2:111. The effect of substituting Cl~6N02 in this scheme 

is analagous to that in the case above (scheme 2:11). Thus electron 

density should increase at the carbon attached to nitrogen and conse

quently loss of NO should be facilitated relative to the case of the 

dinitronaphthalene - in consequence an interim M - CO ion of low intensity 

would be expected but the 'final' ions should be intense. 

In view of the above discussion-it seems reasonably likely 

that fra~entation of the dinitrobinaphthyls could occur, to an ap

preciable extent by mechanisms similar to those proposed for the nitro 

and dinitronaphthalenes. Unfortunately hovever as neither of the 

known dinitrobinaphthyls produce M - 28 ions of significant intensity, 

the potential loss of CO from the molecular ion of an unidentified 

nitrobinaphthyl, does not present a practicable means for detecting 

the presence of a single peri substituted nitro group. 

Finally it is pertinent to note that there is at least 

one other route by which a stable (M - 2HONO) ion may be formed in 

the binaphthyl series, thus the molecular ion may simply expel tvo 

nitro radicals, followed by two hydrogen radicals. In the present 

case if two such losses of U· occurred, say from the 8 positions, a 

ring closed perylium type structure might be formed. Whilst such an 

ion could veIl contribute to the considerable intensity of the ion 

at _Ie 250, it c~uld not readily account for ions such as that at 

mle 281 (M - NO - DB) etc. Indeed the spectra of both ~,~'- and 5,5'

dinitro-l,l'-binaphthyls show a broad and intense metastable centred 

at mle 2~9.5 which it is difficult to assign to any logical frag-



mentation observed within the spectrum. One possible explanation 

of this peak is that both the transitions:-

* C2JI12 ) C2cPU + H· M = 250.0 
* and C2JIl1 ) C2JI10 + H' M = 2~9.0 

are accompanied by intense metastable peaks which, because of their 

close proximity, overlap to produce a single 'pseudo metastable' 

midway between the two real values. Unfortunately the spectrum is 

not sufficiently clear to be unambiguous. 

ii) The Mass Spectrum of 'C-1' itself. 

The mass spectrum of 'C-1' is given in the appendix as 

both a bar diagram and a list of relative intensities. The most in

tense ions in the spectrum are summarised in the scheme 2:VI. It 

should be noted that a number of ions of only low intensity, such as 

M - 0, M - NO etc, have been omitted from the scheme for the sake of 

clarity - although they are included in the list of relative intensi

ties. (Such ions are similarly omitted from all of the fragmentation 

schemes presented in this thesis.) Whilst these ions have relatively 

low abundance they are nevertheless of considerable importance because 

they are typical76,77 of nitroaromatic compounds; as such however they 

warrent no further discussion. 

In general the spectrum of 'C-1' follows the same overall 

pattern as those of the ~,~'- and 5,5'- dinitro-1,1'-binaphthyls, 

but with some interesting variations of intensity. The most striking 

feature is the reduced intensity of the molecular ion and occurrence 

of the base peak at m/e 281. Such differences are consistent with 

the proposed structure and may be explained by the close proximity 

of the 8 nitro group and adjacent naphthalenic ring system. Thus 

under the highly energetic conditions of mass spectrometry a rearrang

ment of the type (2-8).-+(2-9) seems quite likely. Such an isomeris&

tion is rather similar to that proposed both for o-nitrobiphenyl112 ~ 
and picryl naphthalene (see chapter 3) to explain. the p~esence of an 

M - on ion in their respective spectra. Whilst the spectrum of 'e-1' 

has a metastable at 310.8 to confirm that a hydroxyl radical is lost 

in a single step from the molecular ion, such a loss may occur via 

at least two mechanisms: ie via (2-8)-){2-9) or'through the Beynon 

type mechanism (scheme 2:11). The former case might reasonably be 

expected to lead to a ring closed structure (2-11). This species 



Scheme 2:VI 

Fragmentation Pattern for the Mass Spectrum of Compound 'C-1' 

(4,8'-Dinitro-1,1'-binaphthyl) 

-HO 

C1aHU+- - - - - - - - - - - ~ C1aH10~~ 
m/e227(9.4%) m/e226(14o~) 

Cl~12+· 
m/e~O(25.6%) 

I 
,-CO 
I -OHo 

C2OH120+
e

- - - - - - - - - - - - - - - - --

-HO 

I 

I -Ho 
I 

I 

Continuous lines indicate the presence of a metastable to support the proposed 

transition. 



(2-8) 
m/e 344 

(2-13) 
I m/e 251 

'* + 

(2-13' ) 

Scheme VII 

(2-12) 
m/e 281 

-DB" 

( 

(2-10) m/e[7 
N02 

'" 

(2-11) 

might then lose an N02 radical, so generating an ion (2-12) at m/e 281; 

this transition is supported by the presence of a metastable at m/e 

265.0. The ion (2-12) should be relatively stable as further frag

mentation would involve the breaking of two bonds, hence it is not 

unreasonable that it should become the base peak of the spectrum. Loss 

of the 4- nitro group may of course precede the rearrangement 

~ (2-9); indeed there are metastables for the transitions:-

C2cJ11~204 ) C2cP1~02 + N02" 
m/e344 m/e298 

C2o"1ZN02 ) C2oP11NO + OB" 

m/e298 m/e281 
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(2-8) 

* M = 258.2 

* M = 265.0 



An alternative fra~entation is however possible for the 

species (2-9) in that it may lose N02• then NO· (or vica versa). Just 

such a fra~entation is suggested by the rather greater intensity, in 

'e-l', of the ion at m/e 268 (M - N02 - NO) (~~.~) as compared with 

either ~,%'- or 5,5'- dinitro-l,I'-binaphthyl. (18.3% and 7.J% respec

tively). Loss of an hydroxyl radical from the io~ at m/e 268 would 

produce the species (2-13) at m/e 251. (Alternatively loss of CO 

from the 2 hydroxy substituent would produce the ion at m/e 2%0 - cf 

reference 112.) A metastable at m/e 22%.2 shows that this ion (m/e 251) 

may also be produced from that at m/e 281 by loss of neutral NO (2-12) 

~(2-13). The considerable intensity of the ion (2-13) is consistent 

with a relatively stable structure possibly of the type (2-13'). 

If the proposed structure of %,8'-dinitro-l,I'-binaphthyl 

is correct the molecular ion might also be 'expected to lose HONO by a 

mechanism similar to that proposed for the %,~'- and 5,5'-, dinitro-l,l'

binaphthyls. Such a loss would occur in addition to the fra~entation 

discussed above and the final 'distinctive' ion resulting would be that 

at m/e 250 (ie M - 2HONO). The considerable intensity of this ion 

(59.~) would tend to support the occurence of such a fra~entation, 

although the ion may conceivably arise via loss of two nitro radicals 

and two hydrogen radicals. (cf That discussed above for the isomeric 

dinitrobinaphthyls.) In the present case such a loss seems considerably 

less likely since the presence of an 8 nitro group renders it necessary 

to expel only one hydrogen radical from the (M - 2N02) ion (at m/e252) 

in order to obtain a ring closed peryliu. ion. This latter process 

may contribute significantly to the intensity of the ion at m/e 251. 

In view o~ the abov~ one puzzling feature of the spectrum 

of 'C-l' is a broad metastable peak at ./e 2~9.5, similar to that ob

served in the spectra of %,~'- and 5,5'- dinitro-l,l'-binaphthyl. As 

explained earlier such a peak might be attributed to the overlap of 

two metastables at m/e 250.0 and 249.0 respectively. However, in the 

present case such'an explanation would seem to be at variance with the 

anticipated expulsion of a single hydrogen radical. It may therefore 

be that the earlier explanation in terms of ring closure, represents 

an over simplification of the fragmentation. 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 'C-1' in DHSO is given in the appendix. 

It comprises two complex mul tiplets at "'1.%7-1. 90 (4H) and.,.1. 92-2. 72 

51 



(88). Whilst the signals fall in the normal region associated with 

aromatic protons the spectrum is too complex to be interpreted by i~ 

spection. As a full analysis is not possible the following discussion 

is intended merely to rationalise the spectrum with the proposed ~,8'

substitution. 

The different chemical shifts associated with ~ and IS 
protons have already been discussed with reference to 1,1'-binaphthyl; 

in view of these differences it would be expected that the protons 

H
5
, H~' and H5' in 'C-1' would each resonate at lower field than the ~ 

protons, the proton HS bein~ once again shielded by the adjacent naph

thyl moiety. In fact the situation is modified by the presence of nitro 

groups, as a JB proton sited ortho to a nitro group is normally suf~ 

ficiently deshielded to make it coincide with the lower-field '0<

multiplet,.72 Thus the PMR spectrum of 'e-I' might have been expected 

to yield two multiplets in the ratio (low/high field) 5:7 - the low

field signals corresponding to H3, H5, H~" H5' and Hi'. The most 

likely reason that this is not observed is the severe steric hindrance 

associated with the 8 nitro group. Such hindrance must inevitably re

duce the tendency of this substituent to deshield H7' - because it re

sults both in a loss of resonance and a reduction in the effect of the 

anisotropic magnetic field which is associated with the nitro group.78 

Presumably in this particular case the deshielding of H7' is insuf

ficient to remove it from the high-field multiplet. The protons H
3

, 

H
5

, H~' and H,' are then assignable to the multiplet at~I.~7-I.90 

the remainder producing the multiplet at T1.92-2.72. 

The chemical shifts of the two multiplets in Ie-1' are 

quite close to those observed in 4,~'-dinitro-I,1'-binaphthyl (also 

in DMSO); thus the protons H2/ 2, and H5/5 1 in the 4,4'- isomer resonate 

atT1.51, whilst the remaining protons form a multiplet atT2.0I-2.72. 

This correlation of chemical shifts is to be expected in view of the 

st.ilarity of structure between these two compounds. 

FUrther Nitration of ~,8'-Dinitro-l,I'-binaphthyl(?) Compound Ie-1' 

Whilst all the available spectroscopic data for 'e-I' has 

been found consistent with this compound being ~,8'-dinitro-I,1'-bi

naphthyl, it is by no means conclusive. In view of this uncertainty 

an attempt has been made to obtain additional data from the compound 

by further nitrating it. Unfortunately as the compound 'e-I' was not 

isolated in very high yield, it proved necessary to carry out the sub-
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sequent nitrations onan extremely small scale. This has lead to dif

ficulties in purifying the products.and in consequence the results of 

the nitrations are not very clear cut. 

The product distribution obtained from the nitration of 

1,1'-binaphthyl in nitric acid and acetic anhydride, soon established 

that next to the % positions the most reactive sites in the 1,1'-bi

naphthyl nucleus were the 5 positions (see on). In consequence when 

only two dinitrobinaphthyl were isolated from the action of acetic an

hydride and nitric acid on binaphthyl, and one of these was found to 

be %,%'-dinitro-1,1'-binaphthyl, it was initially thought quite likely 

that '0-1' would turn out to be %,5'-dinitro-l,1'-binaphthyl - it was 

known to be dissimilar to 5,5'-dinitro-1,1'-binaphthyl. The nitration 

of 'e-1' was therefore undertaken in order to confirm this supposition 

ie by converting it to %,%',5,5'-tetranitro-1,1'-binaphthyl (this com

pound is discussed later). The nitration was duly carried out under 

conditions suitable for the preparation of a tetranitrobinaphthyl 

(nitric acid, in excess acetic anhydride with sulphuric acid catalyst) 

and the resulting product examined by TLC. This product produced 

(predominantly) two spots on a thin layer chroma~ogram, both of which 

had Ri's rather greater than that of the %,%',5,5'-teta but rather less 

than that of the %,%',5-trinitro- 1,1'-binaphthyl. It was therefore 

concluded that '0-1' was unlikely to be %,5'-dinitro-1,1'-binaphthyl. 

Ideally at this stage the two nitration products of 'e-1' should have 

been separated and examined in order to facilitate identification of 

the dinitrobinaphthyl. It was felt however that the isolation of these 

products would have been of little value as they were aLmost certainly 

tri- or unsymmetrical tetranitro- derivatives of 1,1'-binaphthyl and 

as such were unlikely to be identifiable merely on the basis of their 

spectra. (At this time no compounds with these Rf's had been identified 

- so there was no chance of comparing spectra with other materials). 

Thus the only means of identification was likely to involve stepwise 

nitration of the different products to higher nitrobinaphthyls which 

possibly could be identified via their spectra. Regrettably this ap

proach was impo8~ible due to the very small quantity of 'C-1' used for 

the original reaction, thus there would have been insufficient of the 

two individual products - after separation - to utilise for further 

nitration. 

Rather than abandon the reaction at this stage (particularly 
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as there was no more of the compound 'C-1' available), it was consid

ered worthwhile to further nitrate the crude mixture in the hope that 

the two products would converge to a single polynitrobinaphthyl -

which would possibly be simpler to identify. The original crude nitra

tion product of 'C-l' was thus further nitrated without purification, 

in mixed acid. Only one product was finally isolated from the reaction 

mixture, but there was insufficient of this material for it to be 

satisfactorily purified. Because of this, only an infra red spectrum 

of rather poor quality could be obtained from the product and in con

sequence it has not been positively identified. Nevertheless the spec

trum does show some similarity to that of a compound believed to be 

2,4,4',5,5',7,8'-heptanitro-l,l'-binaphthyl (compound 'R'), whilst on 

the other hand it could not reasonably be assigned even to an impure 

sample of 4,4',5,5',7,7'-hexanitro-l,l'-binaphthyl (compound 'Q'). 
Since the nitration of binaphthyl in mixed acid produces predominantly 

4,5,7- substitution (see on), the isolation above of a major product 

which was not 4,4',5,5'~7,7'-hexanitro-l,1'-binaphthyl, tends to s~g

gest the presence in 'C-l' of a nitro substituent at some site other 

than the 4,5 or 7 positions. This appears consistent therefore with 

the proposed structure for 'e-l'. Indeed as 4,8'-dinitro-l,1'-binaph

thyl should be a precusor to 2,4,4',5,5',7,8'-heptanitro-l,1'-binapb

thyl ('R'), the tentative identification of the nitration product as 

this compound further supports the structural assignment of compound 

'e-l'. 

A positive identification of the structure in 'e-1' will 

ultimately have to be achieved by synthesising the material from ap

propriate nitronaphthalene derivatives; of known structure, via a suit

able coupling reaction (eg the Ullmann). This work has not been car

ried out during the present project however, due to a shortage of time. 

2.2.1.3. 4,4',8-Trinitro-l,1'-binaphthyl (Probable structure) 

Desisnated Compound 'e-2' 

This material was isolated in extremely small quantities 

(about 0.2%) from the nitration of 1,1'-binaphthyl in acetic anhydride 

and nitric acid. It was also prepared in small yield (about 1%), by 

the nitration of 4,.'-dinitro-l,l'-binaphthyl in the same medium. 

The compound has not been prepared by any other methods. 

The mass spectrum of this compound shows an intense ion at 



mle 389 and a fragmentation pattern consistent with that of a trinitro

binaphthyl. The infra-red spectrum shows bands corresponding to nitro 

stretching frequencies but indicates the presence of no other functional 

groups. The compound is therefore thought to be a trinitrobinaphthyl. 

As this material can apparently be prepared by nitration of ~,~'-.i

nitro-l,l'-binaphthyl, it seems likely that it contains ~,~'- subs

titution. Whilst this assumption is not indisputable (due to the low 

yield obtained from the nitration of ~,4'-dinitro-l,1'-binaphthyl), 

it certainly appears consistent with the known reactivities of the 

~ and ~, positions in 1,1'-binaphthyl. However whilst the spectra of 

the compound are consistent with 4,~'- substitution there are no suf

ficiently distinctive features to confirm unambiguously the presence 

of such a structure. Indeed it is difficult even to establish the 

position of the third nitro group in 'G-2' from the spectroscopic 

data alone. 

Since a nitro group is powerfully deactivating towards 

~J.ectrophilic attack, the 3 nitro substituents in 'C-2' are each likely 

to occupy different 'rings' wi~hin the binaphthyl system. Given that 

two of the substituents occupy the ~ and ~, positions the third must 

be 5,6, 7 or 8 substituted. Of these the 5 position can be excluded, 

since an authentic sample of 4,4',5-trinitro-l,l'-binaphthyl has been 

prepared and shown to be dissimilar to the compound 'C-2' (see below). 

If however the substituent is in the 8 position the spectra should 

provide some indication of steric interaction as in the case of 'G-l'. 

On the other hand to distinguish between a 6 and 7 nitro substituent 

is likely to be rather more difficult. The spectra of 'G-1' are con

sidered in detail below. On balance it is thought most likely that 

the third nitro group occupies an 8 position, but such an assignment 

is by no means certain. Once again the only satisfactory way to un

ambiguously establi~h the structure of this compound, will be to pre

pare it from th~ appropriate nitronaphthalene derivatives of known struc

ture, via a suitable coupling reaction. This work has not been carried 

out due to a shortage of time. 

The Infra-red Spectrum 

The infra-red spectrum of 'G-2' (see appendix) shows a weak 

band at 3100c.-1 corresponding to aromatic G-H stretching vibrations. 

There are also two very strong bands corresponding to nitro (N-O) 

stretching vibrations. Although less striking than in the case of 

'e-l' both of these nitro bands appear to be split; thus in the case 

of the asymmetric band there is a shoulder on the side of the main peak, 
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whilst the symmetric stretching frequency is just resolved into two 

/ -1 /-1 maxima •. The bands occur at 1530 1515cm and 1350 1330cm • These 

frequencies appear consistent with the proposed structure (4,4',8-

substitution). Thus two bands (at 1515/133Ocm-1 ) occur at frequencies 

close to those observed in 4,4'-dinitro-1,1'-binaphthyl (1520/1330cm-1) 

whilst the others (1530/1350cm-1) are at higher frequencies - as would 

be expected due to twisting of the 8 nitro group out of the aromatic 

plane. (It is assumed in comparing these frequencies with those ob

served in the dinitro derivative that the third nitro group in 'C-2' 

will have a minimal effect upon the frequencies of the other two nitro 

groups.) A suprising feature of the spectrum however, is that the shoul

der occurs in each case on the low frequency side of the band,that is 

the high frequency band is the stronger of the two. The reverse might 

have been expected with 4,4',8- substitution as there sho~ld be two 

planar nitro groups but only one twisted out of the aromatic plane. 

the precise reason for this is unclear, although the intensity of nitro 

stretching bands tends to be unpredictable. 64b Possibly the influence 

of the 8 nitro group upon the stretching frequencies of the 4 nitro 

substituent is not negligible. Thus if it caused an increase of stret

ching frequency for the 'planar' ~ nitro group ( in the disubstituted 

naphthalene nUCleus) the band due to this substituent might then tend 

to overlap the higher frequency band resulting from the non coplanar 

nitro group~ The exact magnitude of any such interaction between nitro 

groups in different rings of the naphthyl moiety is however rather 

uncertain. 

The low frequency region of the IR spectrum is not very 

helpful, thus there are a large number of bands present and it is 

difficult to assign even those associated with the aromatic nitro vib

rations. There are in fact bands which could be assigned to C-H out 

of plane bending vibrations for any number of adjacent H's from five 

to one. 

The Ultra Violet Spectrum 

The ultra violet spectrum of 'C-2' in methanol (see ap

pendix) shows two resolved maxima at "-211mm, (82HD2.0Ie-1 (aromatic 

'1<~7C*) and "'35Onm, ~ 132(D2mole-1 (N0
2 
~7'C* or 7'('~i\* 107,108). 

Both of these bands show a slight bathochroJllic shift relative to the 

nitronaphthalenes74 (and 1,5-dinitronaphthalenel13), once again reflec

ting the increased conjugation of the binaphthyl system. In addition 
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to the above maxima the spectrum of 'C-2' has a shoulder at~25Onm, 
2 -1 ( *) (294(8 mole N02 ~ 7< • A comparison of this spectrum with that 

of 4,4'-dinitro-l,1'-binaphthyl shows that the shoulder has moved to 

shorter wavelength and increase~ in intensity as would be expected87 

due to the introduction of a third nitro g:roup. As the shoulder is 

fairly broad and flat it could well represent the ~nvelope of two bands 

arising from 'planar' and 'non planar' nitro ~roups (cf 'C-l'). (In 

the present case however, as there ar~ two 'planar' nitro groups and 

only one 'non planar' the longer wavelength band should have the great

er intensity. The shoulder thus forms an apex at 250nm in contrast 

to the spectrum of 'C-l', where the two bands (of approximately equal 

intensity) combine to form practically a straight line. Any~.conclusions 

as to the presence or otherwise of an 8 nitro group based on this spec

trum must however be highly tentative, as the spectra of other tri

nitrobinaphthyls in which all the nitro,groups are coplanar are not 

available for a detailed comparison. The only compounds which are 

available (see below) contain 'non coplanar' nitro groups. The posi

tion and intensity of the bands in all the trinitrobinaphthyls isolated, 

is however very similar, although the main shoulder in 'C-2' is at sligh

tly longer wavelength than in the other compounds. As outlined above 

this observation is consistent with the presence of two 'planar' nitro 

~roups in 'C-2' which are apparently lacking in the other compounds 

(see below). 

The Mass Spectrum 

The mass spectrum of 'C-2' (see appendix) shows a molecular 

ion at mle 389 and a breakdown pattern broadly typical of a nitro aro

matic compound - see scheme 2:V1II. The loss of three intact nitro 

groups is thus observed in addition to peaks of low intensity due to 

typical76 ,77 fragmentation of the nitro groups. (eg M - 0, M - NO etc.) 

In addition to the above ions there are many others due to expulsion 

of NO·, CO and QH' in various combinations; these presumably occur 

through mechanisms similar to those discussed for the dinitrobinaphthyls 

(but see below). 

If the compound 'C-2' is in fact 4,4',8-trinitro-l,1'

binaphthyl, certain similarities woul~ be expected between its mass 

spectrum and that of 'C-l' - at least in respect of the fragmentations 

attributable to the 8- nitro group. Assuming that the explanation of

fered for 'C-l' is correct, regarding the intense (M - N02 - OH) ion, 
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Scheme 2:VIII 

Frag!entation Pattern for the Mass Spectrum of Compound 'C-2' 

(4,4',8-Trinitro-l,1'-binaphthyl) 

• I _H o 

I 

C WI + • • Jo 
Continuous lines indicate the presence of a metastable o 



it follows that a similar ring closed structure could occur for the 

trinitro derivative and hence a particularly intense (M - N02 - OR) 

ion (or possibly (M - 2No2 - OH) ion) might be expected. The spectrum 

of '0-2' in fact shows an, (M - N~2 - OR) ion (at m/e 326) Which is of 

much lower intensity than that of its analogue in '0-1'(m/e281)-

32.2%:100% respectively. It is however ~f conB;derably greater inten

sity than the equivalent ion i~ ei~her %,%'- or 5,5'- dinitro-l,l'

binaphthyl. l,t is clear from the spectrum of 'C-2' that this ion at 

m/e 326 is formed in a, two stage process (just as in 'e-l' ),that is, 

by initial loss of an OR radical followed by loss of a nitro radical 

(or vica versa); this is shown by the presence of the following meta

stable peaks:-

C2cPllN306 
m/e 389 

C2cP1rf305 
m/e 372 

or 

C2cPllN306 
m/e 389 

C2cPl1N20% 

) C2cPlcP305 + 
m/e 372 

> C2cPlifl203 + 
m/e 326 

> C2cPl1N20% + 

m/e 3%3 

----~) C jI .-N 0 + 
"'It jlt-) 20-10-'2 3 .. It~l" 

OR' 

NO • 
2 

NO • 
2 

OR' 

* M = 355.7 

* M = 285.7 

* M = 

* 

302.% 

M = 309.8 

The variation of intensity observed between '0-1' and 'C-2' for the 

(M - N02 - OR) ion, must in part be due to the presence of the additional 

nitro group in the latter,_which inevitably creates new fragmentation 

pathways - some of which must be followed at the expense of the (M -N02-

OR) ion. Thus for example, ,the ion at m/e 3%3 instead of losing an 

hydroxyl ,radical to give the (M - N02 - OR) ion, might expel a nitro 

radical to produce the ion at m/e 297 (3%o%~). However if this loss 

represented a simple expulsion of the 'additional' ~ substituted nitro 

group, one might argue th~t the 8- nitro group could still rearrange 

[(2-8~(2-9) (scheme VII,pg 50)] leading to loss of ORO and production 

of a relatively stable ring closed ion at m/e 280 (M - 2N02 - OR) -

there seems however to be little evidence for this in view of the low 

intensity of the ion at m/e 28~ (%o%~)o 

The reduced intensity of the (M - N02 - OR) ion in 'C-2', 

compared with 'C-l', might alternatively be explained by the ability 

of the former ion to expel a nitro radical - a potentially facile 

loss Which is clearly impossible in ~he case of the 'C-1' ion. Such 

a loss should yield an ion at mle 280, but as has just been pointed 

out this ion occurs with only low intensity, which is hardly consis

tent with the stable ring closed structure which it is expected to have. 
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Evidently if the compound is ~,~',8- substituted, the in

fluence of the 'additional N02 group' must extend beyond the simple 

effects considered above (though doubtless these do lead to reduced 

intensity of the (M -N02 - OH) ion). One point which is worth consider

ing is that of electron withdrawalby the 'additional' nitro group; 

this effect may well be significant as the rearrangement proposed for 

'G-2', that is (2-8' ~(2-9'), (as also for 'C-l' ie (2-8}-+.(2-9») is 

rather similar to that proposed by Beynon et al for the nitro/dinitro

naphthalenes; thus it could well procede by a similar mechanism:-

N02 
(2-8" ) 

N02 
. (2-9' ) 

Clearly an electron deficiency at the 2 position should hinder the 

rearrangment of (2-8' )-+(2-8") just as in Beynon'smechanism. Since 

the 'additional' nitro group in 'C-2' is in fact sited at the ~ position 

mesomeric electron withdrawalby this group from the 2' position should 

be possible - structure (2-1~). 

(2-1~ ) 

Doubtless such interaction is limited by the relative oscillation of 
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the two ring systems but it coul4 well reduce the tendency of the ion 

(2-8 1 ) to rearrange t~(2-9') as .compared with (2-8) rearranging to 

(2-9) for '0-1'. Further as the 8 nitro group is the most sterically 

hindered, it might, in absence of a rearrangement, be lost preferen

tially as a nitro radical; this would of course preclude any subsequent 

rearrangement of the type (2-8' H(~9'). If this were so it could 

explain the low intensity of the i~n at.m/e280 (above). 

It is interesting to note that i"somerisation of the 8 nitro 

group in this type of compound may be viewed in terms of two competing 

mechanisms s~ilar in essence to the p~oposals of Brittain et al110 

for the dinitronaphthalenes. Thus the mechanism (2-8' )-+(2-9' ).is an

alagous to scheme 2:11 (pg %0) in the nitro/dinitronaphthalenes, whilst 

an alternative rearrangement (2-15~(2-17) is comparable with scheme 

2:III (pg %0). 

Whilst the former mechanism app~rently predtiminates in 'C-l' (hence 

the intense (M - N02 .- .OH) ion) t~e lower intensity of the analagous 

ion in '0-2' could reflect predominance of the alternative mechanism 

(2-15~(2-17). The situation would thus appear comparable with the 

dinitronaphthalenes in that an electron deficiency at the 2 position 

could favour fragmentation via a cyclic structure. Participation of 

the latter mechanism could explain the fairly intense ions at m/e 

267, 269 and 239 - if expulsion of CO and NO from a species such as 

(2-17) did not occur until after loss of the two pendant nitro. groups. 

Since '0-2' is 4,4'- substituted it should be possible not 

only to 108e OR and NO radicals via the mechanism (2-8' ~(2-9' ) as 

outlined above, but a180 through Beynon's mechanism as discussed for 

the dinitronaphthalenes. The latter mechanism however cannot alone 
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explain the intensity of the (M - N02 -OR) ion, as this intensity 

considerably exceeds that of the analagous ion in ~,~'-dinitro-l,l'

binaphthyl. (32.~:6.~% respectively). In fact on the basis of Beynon's 

mechanism alone the opposite would be expected, as the third nitro group 

in 'C-2' should reduce the electron density at the 5 position (in one 

ring at least) and so also reduce the tendency to lose OH·(cf the 

dinitronaphthalenes). As this is clearly not the case it seems reason

able to propose an alternative rearrangement [(2-8'4(2-9')] which 

could operate in addition to Beynon's mechanism and so enhance the in

tensity of the (M - N02 - OR) ion. The presence of an 8 nitro group 

is of course fundamental to the operation of this mechanism. 

It would be much more difficult to rationalise the spectrum 

of 'C-2' if the presence of an 8 nitro group were to be excluded, that 

is if the alternative structures of 4,4',6 or 4,4',7- trinitrobinaphthyl 

are considered. The problem is to account for the relatively intense 

ions (such as mle 326) which involve loss of OH· (or HONO), as these 

are not normally expected to be very probable losses for nitro aromatic 

compounds. Thus as explained above, Beynon's mechanism alone cannot 

readily explain the intensity of such ions and would in fact predict 

them as being lower than those observed in ~,4'-dinitro-l,1'-binaphthyl 

_ not higher. With 6 or 7 substitution the problem is that of finding 

an alternative mechanism whereby DB· (or BONO) can be lost, because 

neither of the sites is now orientated favourably, relative to a hydro

gen atom, so as to promote the loss. Thus the sites are not located 

'peri' to a hydrogen atom, neither are they sufficiently close to the 

second naphthyl moiety that interaction with it could be anticipated. 

It therefore seems most satisfactory to assume an 8 nitro group in the 

compound 'C-2', as it is then possible to explain all of the major ions 

in the spectrum (in terms of 4,4'8-· substitution) and also to reconcile 

the spectrum with that of 'C-i' and the 4,4'-/5,5'- dinitrobinaphthyls. 

This assignment of structure however, cannot be regarded as conclusive 

and it would be desirable to have several more closely related model 

compounds in the 1,1'-binaphthyl series with which to compare the spec

trum of 'C-2'. 

The Proton Magnetic Resonance Spectrum 

There was insufficient of the compound 'C-2' to obtain a 

satisfactory PMR spectrum. 
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2.2.1.4. 4.4'.5-Trinitro-l,1'-binaphthyl Designated Compound 'D' 

This compound was isolated in 24.8% yield from the nitra

tion of 1,1'-binaphthyl in acetic anhydride and nitric acid. It was 

also prepared from the nitration of 4,4'-dinitro-l,1'-binaphthyl (8%). 
The material analyses correctly for a trinitrobinaphthyl and shows 

a molecular ion in its mass spectrum at m/e 389.0647 corresponding to 

C2OB11N306 (calculated 389.0648). The infra red spectrum has bands 

consistent with nitro stretching frequencies and indicates no other 

functional groups. The c,ompound is clearly therefore a trinitrobinapb

thyl. The structure of this compound has been quite well established. 

The evidence relating to the assignment of structure is given below. 

Since the most useful spectroscopic evidence is derived from the mass 

spectrum this will be considered first. 

The Mass Spectrum 

The major ions in the spectrum of 'D' are indicated in the 

scheme 2:IX. A full list of relative intensities and a bar diagram 

are given in the appendix. Whilst the spectrum shows many ions typical 

of a nitroaromatic compound (M - N02,M - 2N02, M - 3N02 and interim 

ions of low intensity corresponding to M -0, M - NO etc) there are also 

a number of unusual and noteworthy features which can be of consider

able value in assigning a structure. 

Probably the most significant points are the great intensity 

of the M - ~6 ion and the somewhat reduced intensity of the molecular 

ion. These features can be rationalised by reference to other systems 

and are most probably indicative of the presence of adjacent peri sub

stituted nitro gro~p~i~,the compound 'D'. Compare for example the 

spectra of the dinitronaphthalenes where the 1,8- isomer is unique in 

possessing a very intense M - 46 ion - coupled with a molecular ion of 

somewhat reduced intensity~10 (The spectrum of 1,8-dinitronaphthalene 

also differs from those of its isomers in having , relatively intense 

(M - N02 - NO) and (M, - N02 - NO, - CO) ions and a relatively weak 

(M - 2N02 ) io~.) The distinctive features in the spectrum of 1,8-

dinitronaphthalene are clearly associated with the presence of adjacent 

peri substituted nitro groups, thus it is apparently interaction bet

ween these groups that promotes fragmentation of the molecular ion and 

so accounts for its somewhat diminished intensity. (A further example 

of the "adjacent peri" effect has been reported in the 2,3-dimethyl

naphthalene system; thus in 1,6,8-trinitro-2,3-dimethylnaphthalene 
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Scheme 2:IX 

Fragmentation Pattern for the Mass Spectrum of 

%.%'.5-Trinitro-l,l'-binaphthyl (Compound 'D') 

+. 11' C _H + 
C1flil0 ~- _-tt - - - 1S-11 
m/e226{26.~) 

'-H' , 
'¥ + 

C1rP9 
m/e225{8. ~) , 

• -H' 
C ~ +. 
18~ 

m/e22%(10.~) 

389.061t6 

237.0703 

239.0056 

C2<PUN306 

Cl~9 
C1cj110 

C1cj111 

389.0648 

237.0704 

238.0782 

239.0061 

-H' 

Continuous lines indicate the presence of a metastable to support the proposed 
transition 
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the (M - N0
2

) ion represents the base peak of the spectrum whilst in 

1,5,7-trinitro-2,}-dimethylnaphthalene the molecular ion is the base 

peak!l~) Explanation of the intense M - ~6 ion may be made either in 

terms of its easier formation from the molecular ion or by proposing 

a different fragmentation route for it in the 1,8- compound - as co~ 
. .. . 110 

pared with the other isomers. It has been suggested that the low 

intensi:t;y of the o.t - 2N02)peak i~ 1,.8-dinitronaphthalene is signifi

cant in this respect, as metastables in the other isomers show this 

ion to be derived directly from the(M - N02)ion by loss of a nitro 

radical. Thus it appears that this loss is hindered in the case of 

1,8-dinitronaphthalene and that an alternative fragmentation route 

must operate. Brittain, Paisley, Stickely and Wells110 have rational_ 

ised the situation by proposing that fragmentation of 1,8-dinitronaph

thalene takes place predominantly via the scheme 2:X. Thus after facile 

-NO • 
2 

) 
-NO • 

2 + -------~C.Jt • . 1(,6 

(M - 2N02 ) 

0+ • .. r'\. .. :o_J..L-~N=O: 
~,~ 
VV~ 

(2-19 ) 

1 -co 
Ccj16 + 

(2-20) 

-NO' 

( 

(2-18 ) 

Scheme 2:X 

loss of a nitro radical from the molecular ion, rearrangement occurs 

via the species (2-18) such that NO and CO may be readily expelled 

+ 

from the ion. This scheme therefore accounts for each of the anomalies 

detailed above - including the relatively intense (M - N02- NO) and 

(M - N02 - NO - CO) ions (2-19) and (2-20) (It should however be 

noted that these ions occur to a small extent in all the isomers -
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being formed presumably vi~ isomerisation of the nitro group to the 

"t "t 77) nl rl e. 
If the above scheme operates for 1,B-dinitronaphthalene 

to produce the distinctive features outlined above, it seems reason

able to assume that a similar mechanism could function in a binaphthyl 

derivative containing two adjacent peri ~ubstituted nitro groups. 

This assumption has been verified during the current investigation (see 

later). Thus according to the above scheme! if 'D' does contain ad

jacent peri nitro groups (as the intense M - 46 ion and reduced inten

sity molecular ion would suggest) its spectrum should also show strong 

(M - N02 - NO) and (M - N02 - NO - CO) ions (and a relatively weak 

(M - 2N02 )ion). Complications are inevitably introduced by the presence 

of a second naphthyl moiety which is differently substituted, but apart 

from a simple modification due to this unit the predicted features 

are observed. The effect of the additional nitro naphthalene nucleus 

is evidently to 'insert' the loss of HONO into the sequence of events 

anticipated from the scheme. Thus the ions at m/e 266 (M - N02 - HN02 -

NO) (61.7%) and m/e 238 (M - N02 - HN02 - NO - CO) (73.)%) are quite 

intense whilst that at m/e 250 (M - 2N02 - HN02 ) is only of low inten

sity (4.~). Evidelltly loss of RONO.· (as OR· and NO·) occurs immediately 

after expulsion of the first nitro group, as is indicated by the rel

atively strong ion at m/e 296 (M - N02 - HONO) (30.0%) and metastables 

for the transitions indicated below:-

C2cPllNj06 ) C2cPilN204 + NO • 
2 M * = 302.4 

m/e 389 m/e 343 

C2cPllN204 ) C2cPlcP203 + OH· * M = 309.8 
m/e 343 m/e326 

C2rP1r!203 > C2UIlcP°2 + NO· * 268.8 M = 
m/e 326 ./e 296 

The expulsion of QH. and NO· as indicated above is itself 

significant in determining the structure of compound 'D' since this 

type of loss could be consistent with the presence of a single peri 

substituted nitro group in the 'other' (monOSUbstituted) naphthyl moiety. 

That is, 108s of HONO could occur via Beynon's mechanism as discussed 

above for the dinitrobinaphthyls. Indeed as 'D' is a major product of 

the nitration of 1,1'-binaphthyl, in acetic anhydride/nitric acid, 

and the 4 and 4' positions are apparently the most reactive sites in 

this compound towards nitration
10

; 4,4'-substitution might logically 
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be expected in this product. Therefore the structure of 'D' can be 

tentatively assigned as ~,~'5-trinitro-1,1'-binaphthyl on the basis 

of the mass spectrum, although of course the spectrum could equally 

well fit ~,5,5'-tr~nitro-1,1'-binaphthyl. 

The Infra-red Spectrum 

The infra red spectrum of 'D' (see appendix) shows a weak 

band at 3100cm-1 corresponding to aromatic C-H stretching and also has 
-1 two very strong bands at 1355 and 1535cm corresponding to the symmet-

ric and asymmetric nitro stretching ,vibrations. Whilst these bands 

fall within the expected frequency range it is notable that neither 

of the bands appears to be split. This is surprising as a doubling 

of the frequencies might have been anticipated in ~,~',5-trinitro-

1,l'-binaphthyl due to steric interaction between the ~ and 5 substitut 

-ed nitro groups (which must prevent' both of them from~uming coplan

arity with the naphthalene ring system). Thus it would have been 

predicted that the isolated (~,) nitro group would produce bands close 
, ,-1 " ' 

to 1330 and 1520cm (ie close to the stretching frequencies of ~,~'-
, , ' 

dinitr~l,l'-binaphthyl) whilst the adjacent peri substituted (~ and 5) 

nitro groups would vibrate at higher frequency due to reduced conjuga

tion with the naphthalenic system. (The anticipated figures for these 

bands would be 1350 and 15~Ocm-1, ie the frequencies observed in the 

spectrum of ~,~',5,5'-tetranitro-1,1'-binaphthyl--see below). 

Although the absence of multiple bands in the spectrum 
. ,,' . 

of 'D' might throw some doubt on the structural assignment given above, 

step~ise nitration studies have confirmed that 'D' is in fact ~,~',5-

trinitro-1, l'-bin~phthyl (see below). .Evi.dently therefore, the ad

jacent ~ and 5 substituted nitro groups in 'D' have stretching freq

uencies very close to those anticipated (observed: 1355/1535, 'expected': 

1350/15~Ocm-1) whilst the 'isolated' .~,- nitro group is sufficiently 

above the expected frequencies of i330/152Oc.-1 to be unresolved from 

the 1355/1535c.-1 b~d8. This rise in fre,9.Uency relative to' ~,~'-di
nitro-1,1'-binaphthyl is difficult to explain as the 'affected' ~'

nitro group is spacially remote from the 'extra' 5 nitro group. Thus 

only minimal interaction should occur between the two substituents 

and it seems quite probable that any such interaction would have to 

be predominantly indirect, occurring via the steric effect of the ad

ditional 5 nitro group. Thus the close proximity of the adjacent peri 

(~ and 5) nitro groups must distort both from coplanarity with the 
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aromatic ring, so reducing conjugation. Since this conjugation, par-

* ticularly of the 4- nitro group, must extend to some degree to the 

second naphthalenic ring system, a small effect on the frequency of 

the %'-nitro group might be expected. It is however the magnitude of 

the observed shift which is unexpectedly high. Possibly the unsym

metrical nature of the compound necessitates a slight twisting of the 

~'-nitro group out of the aromatic plane, in order to minimise the 

energy of the crystal lattice. (The IR spectrum was recorded as a 

K8r.disc). (A similar effect is observed in, other compounds such as 

2,%,6-trinitrotoluene and 2,2',%,4',6,6'-hexanitrostilbene. Thus the 

nitro groups in both of these compounds are twisted out of the aromatic 

plane, in the crystalline solids, although there'is no obvious steric 

reason for a lack of coplanarity.) 

~s with the compounds previously discussed the C-H out of 

plane deformation vibrations for the compound 'D' do not provide an 

unambiguous indication of strUcture - the low frequency region of the 

spectrum is generally ,rather too complex to be of value. 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 'compound 'D' in DMSO comprises two 

complex multipletsat .,.1.29-1. 76 (411) and '7"1.81-2.92 (7H) (see appendix). 

Whilst the spectrum is too complex to interpret ful~y, it is possible 

to assign protons to either the high~ or lo~~ield multiplets according 

to their 'type' (bGorJb) and their location relative to the nitro groups. 

Thus (assuming %,4'5- substitution) the protons H
3

, H3" HS' and H6 

can be assigned to the low-fieldmultiplet because HS' is an l>!. proton 

(also sited peri to a nitro group) whilst H
3

, H3' and H6 are all sited 

ortho to nitro groups. The high-field multiplet then corresponds to 

the protons B2, B2', B6, H7, H7', H8 and Ha' the first five of these 

being f.) protons whilst the last two are be prot~ns each of which are 

shielded by an adjacent naphthalene system (cf bina~hthyl etc). 

The above chemical shifts are quite close to those obser

ved in the spectra of both %,%'-dinitro-1,1'-binaphthyl and 'e-l', 

which is to be expected in view of the proposed similarity of structure 

between these compounds. 

It has previously been noted that a peri nitro group has 

* As the extent of conjugation between the two naphthalenic systems in 
1,1'-binaphthyl is itself relativelysmall due to steric hindrance69; 
it might thus be expected to remain small in the various 1,1'-binaphthyl 
derivatives. 
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a substantial proximity effect upon a proton in an adjacent peri 

position. Thus, provided ~he nitro group is (substantiall~ unhindered 

a considerable downfield shift of the proton results. 71 ,72,78 If 

however the nitro group is forced out of the aromatic plane this prox

imity effect becomes reversed72,78 and can actually lead to a net shield

ing of the proton. 72 For example in ~methyl-1-nitronaphthalene the 

effect of the nitro group on H8 has been estimated as +0.27ppm (com

pared with a naphthalene cl proton) whereas in absence of the 2-methyl 

substituent it is _0.37Ppm.72 'In view of this effect it seems unlikely 

that the ~ nitro group of the compound 'D' is perpendicular to the 

aromatic system in solution. Thus consider the two cases: i) the ~'

nitro group of 'D' is roughly planar with the aromatic system. In 

this case H5' should resonate near ~o 1"'1. 51 that is the chemical shift 

observed for H5 in ~,~'-dinitro-l,l'-binaphthyl (DMSO). ii) The ~'

nitro group of 'D' is roughly perpendicular to the aromatic system. 

In this event H5' should resonate at higher field than occurs in case 

i). The extent of the change may be estimated by reference to the meth

yl/dimethyl nitronaphthalenes where the difference between having a 

'planar' and a 'perpendicular' nitro group is around 0.6-0.7ppm.72,78 

Thus H5 would be expected to resonate at around 1'" (1. 51 + 0.6/0.76) 

=T2.11-2.27. If thisoccured H5 would be coincident with the higher 

field multiplet in 'D'. and the integrated ratio of the two mul tiplets 

would become 3:8. This is not observed. It thus seems likely that 

in solution the ~'- nitro ,group in ~,~',5-trinitro-1,1'-binaphthyl ('D') 

is roughly coplanar with the aromatic system and that it only becomes 

substantially distort~~in the solid phase possibly due to crystal 

lattice effects (hence the observed IR spectrum). It must be noted 

however that the spectra of the methyl/dimethylnitronaphthalenes were 

recorded in dimethyl acetamide/carbon tetrachloride - not DMSO; the 

figure of 0.6-0.7ppm quoted above for the shift due to a change in the 

orientation of the nitro group may therefore be somewhat inaccurate in 

DMSO. Nevertheless with such a large separation between the multiplets 

in the spectrum of 'D' it would be nec.s~ary to propose a shift of 

less than O.15ppm due to twisting of the nitro group, in order to 

reconcile a 'perpendicular' %'-nitro group with the spectrum of 'D'. 

This seems unlikely. 

The Ultra Violet Spectrum 

The UV spectrum of 'D' in methanol (see appendix) has two 
,. 6 2 -1 ( * resolved maxima at ,,215nm, ( l1<m mole Ar 7< -+ 7\.. ) and X 3%5nm, 

69 



2 -1 * * 107 lOB) € 90<D mole (N02 n47C or?:'~X ' • In addition there is 
. ',\ 2 -1 ( * a single well defined shoulder at ",.238nm, € 279<D mole N02 n~?C ); 

these wavelengths are therefore quite close to those observed in 'C-2'. 

A comparison of the spectrum with that of ~,%'-dinitro-l,l'-binaphthyl 
* however, shows that this ~1t band has increased its intensity and 

. . 8 
shifted to shorter wavelength as would be expected 7 due to the pre-

sence of a third nitro group. The wavelength of this shoulder is close 

to that of a band in %,%',5,5'-tetranitro-l,l'-binaphthyl (233nm) 

which must be due to 'out.of plane' nitro groups (see below). (Similar 

shoulders have been noted in 'C-2' (23Onm) and a number of other com

pounds containing 'out of plane' ,ni~~o groups - see below.) The spec

trum is therefore consistent with the presence of adjacent peri subs

tituted nitro groups which are necessarily rotated well out of the plane 

of the aromatic nucleus. (The position of the shoulder is presumably , 

determined largely by the non-coplanar nitro groups as there are two 

of these and only one 'planar' nitro group.) 

Stepwise Nitration Studies for Structural Confirmation of the Compound 'D' 
As outlined above the spectroscopic evidence clearly sug

gests that 

binaphthyl. 

compound 'D' is either 4,%'5- or ~,5,5'- trinitro-l,l'-

Such an interpretation has been confirmed by the further 

nitration of this material. Thus it has been shown that the compound 

'D' can be nitrated to %,%',5,5'-tetranitro-l,l'-binaphthyl in 65% 

yield (see experimental). 

Although it is difficult to distinguish between %,%'5-

and %,5,5'- substitut~on on the basis of the spectroscopic data alone, 

the considerable yield of comp~~d 'D' which is derived from the nit

ration of 1,l'-bi~aphthyl, renders it more likely to be the former 

isomer, because of the greater reactivity of the ~ and 4' positions. 

This supposition,has in fact been confirmed by synthetic methods, in 

that it has been shown that compound 'D' can be prepared by the nitra

tion of 4,%'-dinitro-l,1'-binaphthyl, but not by the nitration of 5,5'

dinitro-l,l'-binaphthyl (see experimental section). 

2.2.1.5. %,5,8'-Trinitro-l,1'-binaphthyl (Probable Structure) 

Designated Compound 'F' 
This material was isolated (16.%~) from the reaction of 

1,l'-binaphthyl in acetic anhydride/nitric acid; it has not been pre

pared by any other method. The compound analyses correctly for a tri

nitrobinaphthyl and shows a molecular ion in its mass spectrum at 

389.0637 which corresponds to C2~11N3?6 (calculated 389.06%7). The 
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infra-red Rpectrum haH bands consistent with nitro stretching freq

uencies and indicates no othe.r functional groups. The compound is 

therefore clearly a trinitrobinaphthyl. Although it seems quite likely 

that the compound is 4,5,8'-trinitro-1,1'-binaphthyl, the evidence is 

by no means conclusive. Once again an unambiguous determination of 

structure could best be acllieved by synthesising the compound from 

appropriate nitronaphthalene derivatives of known structure - via a 

suitable coupling reaction. Such a preparation has not however been 

completed due to lack of time. The various data available for this 

compound is considered below. 

The Mass ~pectrum 

The major ions in the spectrum of 'F' are indicated in the 

scheme 2:XI. A full list of relative intensities and a bar diagram 

are given in the appendix. The spectrum shows a fragmentation pattern 

typical of a nitro aromatic compound (M - N02, M -2N02, M - 3N02, 

with interim ions of low intensity corresponding to M - 0, M - NO, etc) 

although some of the ions are of unusua~ly low intensity (see belOW). 

The most informative aspect of the spectrum with respect 

to structure determination is the relatively low intensity of the mol

ecular ion (11.4%) and the high intensity of the M - 46 ion (69.0%). 

This feature suggests the presence of adjacent peri substituted nitro 
110 groups and has been previously discussed for the compound 'D'. 

; 

The secondary features associated with such a grouping (ie those anala-

gous to the intense (M - N02 - NO) & (M - N02 - NO - CO) ions and the 

weak (M - 2N0
2

) ion which are observed in 1,8-dinitronaphthalene) are 

also evident in the spectrum, although the losses have been modified 

by the presence of an additional nitronaphthyl moiety, (as in the case 

of compound 'D' ). In the present case however a nitro radical is 

, inserted' into the anticipated sequence of losses - in contrast to 

the spectrum of 'D' where it is HONO that is 'inserted'. Thus the 

final ions to be observed at relatively high intensity are those at 

m/c 267 (M - 2N02 - NO), (19.)%) and m/e 239 (M - 2N02 - NO - CO) (100%) 

whilst the ion at mle 251 (M - 3N02) is of only low intensity (7.2%). 

The expulsion of a nitro radical in the present compound 

(rathf'r than 1I0NO) is itself of interest in establishing the structure 

of '1"', because expUlsion of HONO has already been associated with 

the prcsp.nce of an 'isolated' peri nitro group. Thus if the presence 

of such a group leads to the loss of HONO via Beynon's mechanism, the 
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Scheme 2:Xl 

Fragmentation Pattern for the Mass Spectrum of Compound 'F' 

(4,5,8'-Trinitro-l,l'-binaphthyl) 

*High Resolution mcasurements 

Measured Formula Calculated 

389.0637 C2c}l I1N306 389.0647 

239.0055 Ct91111 239.0860 

238.0752 C1911 10 238.0782 

237.0692 C l cjl9 237.0704 

-HO 

Continuous lincN indicate the presence of a metastable to support the proposed 
tran~ition 
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absence of such a loss in 'F' must tend to suggest that the third nitro 

group in this compound is not situated in the 4'- or 5'- positions. 

(Tho former site may be discounted anyway as with adjacent peri subs

tituted nitro groups in the 4 and 5 positions, the presence of a 4' 

nitro group would render the compound identical with 'D' - which is 

clearly not the caee.) 

The main fragmentation pathway in 'F' (as indicated by the 

most intense ions in the spectrum) thus involves consecutive loss from 

the molecular 'ion of the following particles:- N02·, NO·, N02·, CO, 

ll', and II'. Most of these transitions are supported by metastable peaks 

and between them they account for the most intense ions in the spectrum. 

As with previous compounds it is uncertain from precisely which sites 

the hydrogen radicals are lost, 

~1ilst the mass spectrum clearly indicates the presence of 

4,5- substitution, it is not sufficiently distinctive to permit precise 

identification of the isomer; thus the position of the third nitro 

group cannot really be ascertained from the spectrum. The best eviden

ce as to the site of the third nitro group comes from the result of 

further nitrating the compound (see below). In fact it appears most 

likely that the third nitro group is in the 8 position. The spectra 

of 'F' are therefore considered hereafter in terms of the (most prob

able) 4,5,8'- substitution pattern. 

'fwo other compounds believed to contain an 8 nitro group 

have already been described ('C-l' and 'C-2'). The mass spectra of 

both these compounds show (M - N02 - OR) ions of considerable intensity 

and these have been explained in terms of a rearrangement of the 8 

nitro group. The spectrum of the compound 'F' differs from those of 

'C-J' and 'C-2' in that the (M - N02 - OH) ion is vanishingly small. 

The cause of this anomaly appears to be the presence of adjacent peri 

substituted nitro groups in 'F', as these apparently provide the mol

ecular ion with a more favourable fragmentation pathway than is avail

able in the compounds 'C-l' and 'C-2'. Thus the 4,5-substituted nitro 

groups preferentially fragment - via the mechanism discussed above -

and so effectively suppress the intensity of ions due to the rearrange

mcnt of the 8 nitro group. In fact breakdown of this structural feature 

is so favourable, that the resulting ions dominate the spectrum of 'F' 

and also tcnd to 'drown out' the more 'usual' ions (eg M - 2N02, M - 3N02) 

{A Aimilar ~frect is observed in other compounds containing adjacent 
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peri substituted nitro groups.) 

In summary therefore the mass spectrum of 'F' provides 

strong evidence in favour of 4,5- substitution, but gives little indica

tion as to the position of the third nitro group, other than confirming 

that it is neither ~- nor 5'- substituted. 

The Infra-red Spectrum 

The infra-red spectrum of 'F' (see appendix) has two very 
-1 -1 

strong bands at 1535cm and 1355cm corresponding to the asymmetric 

and symmetric nitro stretching frequencies. The high frequency band 

is 'split' and shows a secondary maximum at 1520cm-1; this is not the 

case for the low frequency band which comprises a single max~ (at 

1355cm-1). This fact is significant as it has been observed both in 

the current work and elsewhere,86a that the changes in nitro stretch

ing frequencies which accompany a twisting of the nitro group, are 

more pronounced for the symmetric stretching vibration than for the 

asymmetric vibration. Thus if the bands at 1520/1535cm-1 in 'F' 

resulted from a 'planar' and a 'non planar' nitro group respectively, 

the symmetric ~tching frequency should also be split into two maxima, 

but with an even greater separation than that observed for the asym-_ 

metric band. The absence of such splitting suggests that the double 

maxima at 1535/1520cm- 1 result from some other cause, for example 

a simple overlap of the nitro stretching vibration with another, pos

sibly due to aromatic C=C stretching.
64a 

The spectrum of 'F' is thus in accord with the proposed 

structure of 4,5,8'-trinitro-1,1'-binaphthyl, because in this compound 

all three of the nitro groups must be twisted out of the aromatic plane 

due to steric considerations. In consequence all the valence stetch

ing bands should be shifted to 'higher frequency' - where they would 

presumably coincide. Thus the bands due to the 4,5- substituted nitro 

groups should lie close to 1535 an~ 1355cm-
1 

(ie the observed values 

in 4,4',5-trinitro-l,1'-binaphthyl) whilst those due to the 8 nitro 

group should occur near 1530 and 1365-1350cm-1 (ie the values observed 

in 'C-I' and 'C-2'). These figures clearly embrace the bands observed 

in compound 'F'. It must however be noted that since 'D' produces 

single 'nitro' bands despite the presence of (presumably) both planar 

and non pl&lar nitro groups, the lack of splitting in such bands for 

the compound 'F' does not conclusively signify the existence of an 8-

nitro group in this compound. 
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As with the compounds previously discussed, the low fre

quency region in the spectrum of 'F' is too complex to provide useful 

information as to the substitution pattern of this compound. 

The Proton Magnetic Resonance Spectrum 

The ~~ spectrum of 'F' is too complex to interpret fully 

by inspection and for this reason the following discussion is aimed 

merely at rationalising it with the proposed structure (ie 4,5,8'-tri

nitrobinaphthyl). 

The spectrum, in DMSO, comprises two complex multiplets 

at -r1.58-2.03 (411) and-r2.03-2.68 (7H) (see appendix); this division 

of the spectrum into 'low' and 'high' field regions, reflects once 

again the different environments of the various protons. Thus the , , 
low-ficldmultiplet (48) represents theel protons H4 and H5 plus the 

tvo f..., protons 113 and "6 - which are each sited ortho to a nitro group. 

The remaining protons must therefore contribute to the high-field 

multiplet; this suggests both that H8 is shielded by the second naph

thyl moiety (cf 1,1'-binaphthyl), and that H7' is very little affected 

by the adjacent 8' nitro group. Presumably the severe steric hindrance 

of the 8- nitro group is responsible for this effect; a similar ab-o 

sence of deshielding, due to steric hindrance, has already been pr~ 

posed in the spectrum of 'e-l'. 
The observed chemical shifts in 'F' are fairly typical of 

aromatic nitro compollilds and relate quite well to those of both 4,4'

dinitro-l,l'-binaphthyl and 4,4',5-trinitro-1,1'-binaphthyl ('D'). 
This is only to be expected. as the compounds have reasonably similar 

structures. 

The Ultra Violet Spectrum 

The UV spectrum of 'F' in methanol (see appendix) shows 

tvo resolved maxima at A 22Onm, (632QI?mole-1 (Ar,?('~7C.*) and A 343nm, 

( 122o.2.o1e-1 (nitro ~'"J(* or'7(-+"'( 107,108). The wavelengths of 

these maxima are quite similar to those observed in the other trinitro

binaphthyls ('0-2' and '0'); thus once again the bands exhibit a slight 

bathochrolDic shift relative to both D(-nitronaphthalene 74 and 1,8-

dinitronaphthalene74• In addition to the above resolved maxima, the 
'\ 2 -1 ( spectrum of ,}o" also has a shoulder at 1\ 243ma, (284<D mole N02 

* ~ X). The apex of this shoulder occurs at a slightly shorter wave-

length than that in the compound 'e-2'. This is to be expected it 

'P' is 4.5,8'- 8ubRtituted as none of the nitro groups are then coplanar 
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with their respective aromatic rings. 

absorb at shorter wavelength than the 

in 'C-2'. (The position of the band at 

In consequence they should all 

('coplanar') 4-nitro groups 

250nm in 'C-2' is most likely 

determined by the 'coplanar' 4-nitro groups as there are two of these 

as compared with one (potentially) non coplanar group.) 

Further Nitration of %,5,8'-Trinitro-1,1'-binaphthyl(?) (Compound 'F') 

Nitration of the compound 'F' under conditions suitable 

for the preparation of a tetranitrobinaphthyl (nitric acid in excess 

acetic &rulydride with sulphuric acid catalyst), produced as major 

product a material which is believed to be %,%',5,8'-tetranitro-1,1'

binaphthyl (compound 'p'). Since the nitration of 1,1'-binaphthyl 

itself under similar conditions has been shown to lead primarily to 

%,5- substitution (see later), it seems likely that the ~-substituent 

was already present in the substrate. This result taken in conjunction 

with the spectroscopic data discussed above, tends to suggest that the 

compound 'F' is in fact 4,5,8~trinitro-l,1'-binaphthyl. 

2.2.1.6. q,4',5,5'-Tetranitro-1,1'-binaphthyl Designated Compound 'H' 

During the course of the present work this material was 

first isolated by the action of acetic anhydride and nitric acid on 

1,1'-binaphthyl. Product yields using this reaction medium, ranged 

from 8.~ to 62.1%, depending upon the conditions employed. The com

pound'n' has subsequently been prepared by directly nitrating Q,4'

dinitro-l,1'-binapbtbyl, 5,5'-dinitro-l,1'-binaphtbyl and 4,%',5-tri

nitro-l,l'-binaphthyl (see experimental); in view of this there can be 

little doubt of its structure. 

Tbe preparation of %,%',5,5'-tetranitro-l,1'-binaphthyl 

has also been reported during the course of the present work by Jones 

and Joyner. 12 These authors have described tbree methods for its 

production from binaphtbyl using:- i) preformed acetyl nitrate (prod

uct yield 50%), ii) a mixture of glacial acetic/nitric and sulphuric 

acids (product yield 5)%) and iii) nitronium tetrafluoroborate (prod

uct yield %~). In general these workers employed much more vigorous 

nitration conditions for the preparation of this compound than were 

found necessary during the p~esent work. Indeed when an attempt was 

made. during the present work, to reproduce method ii) above, complete 

carbonisation of the substrate resulted. Thus ultimately it proved 

necessary to reduce both tbe temperature and duration of this nitration 
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in order to isolate ~,~',5,5'-tetranitro-l,1'-binaphthyl from the reac

tion. The reason for this discrepancy is unclear although possibly 

the smaller scale employed during the present work influenced the out

come of the reaction. 

Whilst Jones and Joyner assigned their product the struc

ture of ~,4',5,5'-tetranitro-l,1'-binaphthyl and prepared a derivative 

to confirm this assignmen~they did not provide very detailed spectro

scopic data for it. Nevertheless the information which is reported 

appears consistent with the data obtained from compound 'll' during the 

present investigation. The spectroscopic data obtained from the com

pound 'H' ~s discussed below. 

The compound 'll' analyses correctly for a tetranitrobinaph

thyl and shows a molecular ion in its mass spectrum at 434.0~95 which 

corresponds to C2OH1ON408 (theoretical ~34.0499). The infra-red spec

trum has bands consistent with nitro stretching frequencies and indicates 

no other functional groups. The compound is thus clearly a tetra

nitrobinaphthyl. The best evidence as to the structure of 'H' comes 

from its mass spectrum, this is therefore the first spectrum to be 

considered. 

The Mass Spectrum 

A fun list of relative intensities and a bar diagram for 

the mass spectrum of 'll' are given in the appendix; the major peaks 

in the spectrum are summari~din the scheme 2:XII. Intense ions are 

Qvident at m/e 388 (80.7%) and m/e 342 (34.4%) (M - N02 and M - 2N02 

respectively), however the ions at m/e 296 and m/e 250 (ie M - 3N02 
and M - 4N02) only occur with low probability (1.6% and less than 1% 

respectively). As has been previously discussed, a disproportionately 

intense M - ~6 ion can signify the presence of adjacent peri substituted 

nitro groups in the parent molecule. In the present case the appear

ance of two relatively intense ions at m/e 388 and m/e 342 might 

reasonably be interpreted in terms of two sets of adjacent peri .sub

stituted nitro groups. Such a hypothesis is supported by the fragmen

tation pattern observed below m/e 342, as the spectrum is dominated 

in this region by peaks apparently produced by successive lOBS of 2NO· 

and 2CO from the m/e 342 ion. This is exactly the type of fragmenta

tion which would be predicted by Brittains' 110 mechanism (scheme 2:X 

pg 65) if the molecule did contain two independant sets of adjacent 

peri suhRtituted nitro groups. 
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Scheme 2:XII -
Fragmentation Pattern for the Mass Spectrum of q,ql ,5.51-Tet!~itro-l.11-binaphthyl 
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The main fragmentation pathway of 'H' thus comprises R9quen

tial loss of 2N02·~ 2NO· and 2CO from the molecular ion; each of these 

transitions being supported by a metastable peak - see scheme 2:XII. 

The ion at mle 226 presumably loses one or two hydrogen radicals to give 

the intense ions at mle 225 and mle 224. The first of these transitions 

is also supported by a metastable peak. 

The mass spectrum thus supports the presence of two sets 

of adjacent peri substituted nitro groups in 'H' and hence also the 

proposed structure for the compound - 4,4',5,5'-tetranitro-1,l'-binaph

thyl. 

The Infra-red Spectrum 

The infra-red spectrum of 'H' (see 'appendix) has a weak 

band at 3010cm-1 corresponding to aromatic C-H stretching, it also 
-1 shows two intense bands at 1540 and 1350cm corresponding to the asym-

metric and symmetric stretching frequencies of the nitro group. Both 

of these bands occur at rather higher frequencies than those observed 

in It:,4'- (or 5,5'-) dinitrobinaphthyl; this is consistent with the 

presence of adjacent p~ri substituted nitro groups - as it is clearly 

impossible for such groups to remain coplanar with their respective 

aromatic ring systems. Further as all the nitro groups are likely to 

form similar angles with their respective aromatic systems there should 

be no 'splitting' of the N0 2 (N-O) stretching bands, this is in fact 

the case and none is observed. As with previous compounds the low freq

uency region of the spectrum is complex and proves to be of little 

value in confirming the structure of compound 'H'. 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 'H' has been recorded both in acetone 

and DMSO (see appendix). Whilst the differences between the spectra 

are relatively small the pattern produced in acetone is marginally bet

ter for interpretation; this spectrum is therefore considered below. 

The most clearly discernable feature in the spectrum of 
I 

'II' is an AB quartet which occurs, in acetone, at "'1.~O, doublet, 

J=7.7Hz (211), "'1.95, doublet, J=7.7Hz (2H); this is readily assignable 

to the protons H2/ 2, and H3/3,. Presumably the latter protons will 

resonate at lower field than the former because they are sited ortho 

to the ni tro groups, thus the signal at 7' 1.lt:O may be attributed to the 

protons H3/3 , and that at 7'1.95 to H2/2 ,. The observed coupling con

stant of 7.~]z is typical of ortho coupled aromatic protons 115 and 
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correlates well with that observed in ~,~'-dinitro-l,l'-binaphthyl 

(7 .SHz). 

In addition to the above quartet it is possible to extract 

a double doublet (atTl.57) from the spectrum of 'H' (although there 

is some overlap of this signal with the doublet atTl.~O). This double 

doublet (at ".1.57 - 2H) may be assigned to the protons H6/ 6,; thus 

J n6/
7 

= 7.7Hz , J H6/ S = 1.7Hz. The remaining portion of the spectrum 

comprises a multiplet at T 1.90-2.50 (1.n); whilst this multiplet is 

difficult to interpret by inspection it is clearly assignable to the 

protons II
7
/

7
, and HS/ S'. This assumption is confirmed by comparing 

the spectrum of 'H' with that of 3-nitro ortho-xylene. 116 Thus the 

pattern of the high-field multiplet in 'H' mirrors that produced in 

the xylene by the protons H5 and H6, although the chemical shifts are 

rather different. (The similarity between these two is a little less 

obvious when the spectrum of 'H' is run in DMSO.) The spectrum of 

3-nitro ortho-xylene also has a double doublet downfield of the main 

multiplet which is due to H~. This signal therefore correlates with 

the double doublet attributed to H6/ 6, in the spectrum of 'IJ'. 
The chemical shifts observed in the spectrum of 'H' fall 

in the normal region for nitroaromatic compounds. However as the spec

trum of ~,~'-dinitro-l,l'-binaphthyl has not been recorded in acetone 

(because of its low solubility), a comparison of chemical shifts 

between 'Ht and the dinitrobinaphthyl is best carried out in DMSO. 

Using this solvent the observed shifts in 'H' are as follows: AB 

quartet:"'1.~5 (H
3

/
3
,) /2.07 (H2/ 2,), double doubletr1.59 (H6/ 6,) 

and multiplet: "'2.13-2.53 (H
7

/
7

, and HS/ St ). 

A comparison of the spectrum of 'H' with that of ~,~'

dinitro-l,1t-binaphthyl shows that the chemical shift of H3 is very 

similar in the two compounds (r1.~5 and "'1.51 respectively - DMSO); 

this is to be expected in view of their closely related structures. 

The slightly lower field at which the proton resonates in 'H', is pre

sumably a reflection of the decreased electron density in this compound 

due to the presence of additional nitro groups. 

The chemical shifts for the protons H2/ 2 , are also quite 

similar in the two compounds; thus in 'H' these resonate at T 2.07, 

whilst in ~,~'-dinitro-1,l'-binaphthyl they resonate atr2.22. Once 

again the signal occurs at lower field in the case of the tetranitro

binaphthyl; whilst this is presumably due to the presence of additional 
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nitro groups, it is unclear wby these should have a greater effect on 

the resonance of H2 than they do on that of H
3

• 

It is not possible to make a detailed comparison of chemical 

shifts for the remaining protons - due to the complexity of the res

pective multiplets. It is clear however that H
7

/
7

, and H8/ 8 , must 

have approximately similar shifts in the two compounds because the mult

iplets cover approximately similar regions ('H' :.,.2.13-2.53, 4,4'~ 

dinitro-1,1'-binaphthyl: T2.01-2.71). Further it is evident from these 

figures that the multiplet in ~,~'-dinitro-1,1'-binaphthyl extends to 

higher field than that in the compound 'H'; this is once again to be 

expected because the additional nitro groups in 'H' will tend to de

shield all the protons which contribute to this multiplet. 

The Ultra Violet Spectrum 

The ultra violet spectrum of 'H' in methanol (see appendix) 
'\ 2 -1 ( * shows three resolved maxima at", 21Onm, (651Om mole Ar""~ ~ ), 

2 -1 (_*) 2 -1 ( A 233nm, ( 5040m mole N02 n-+ 1\ . and A 333nm, ( 1760m mole N02 
* * ~ ~ or ~ ~ it' c f re f s 107, 108 ). 

Once again all the bands show a bathochromic shift relative 
. . (66 2 -1 2 -1 to 1,8-dlnl tronaphthalene 202nm, (~ Om mole , 231nm, ( 2580m mole 

and 31~, (66Om
2
mole-1 - methanol 74 ) as would be expected due to the 

increased conjugation of the binaphthyl system. It is interesting to 

note however that the n-+T(* band in 'H' (at 233nm) is subject to a 

* much smaller shift than is the Ar ~~1< band; this probably results 

from reduced conjugative interaction between the nitro groups and 

aromatic system and is presumably due to their mutual non-coplanarity. 

The spectrum of 'H' differs from those of the binaphthyl 

derivatives considered so far, in that the two longer wavelength bands 

are more clearly defined. This presumably reflects a tendency for all 

the nitro groups to absorb at ~imilar wavelength, which is to be expec

ted since they are all 'peri' substituted and will most likely have 

similar angles of inclination to their respective ring systems. 

Comparison of the spectrum of 'H' with those of the tri-

* nitrobinaphthyls shows that the nitro ~~ transition·has moved to 

shorter wavelength~and appears with increased intensity. This is to 

be expected87 due to the introduction of another nitro group. A sim

ilar effect is observed on the long wavelength band (at 333nm); this 

is consistent with assignment of this band to a nitro transition. 107,108 

In conclusion therefore, it is evident that, all of the spec

troscopic data for compound 'H' can be readily explained in terms of 

the compound being 4,4',5,5'-tetranitro-l,1'-binaphthyl. 
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2.2.1.7. %,5,x,y-Tetranitro-1,1'-binaphthyl Designated Compoun~ 'I' 

Traces of this compound (less than 0.1%) were isolated 

from the reaction of 1,1'-binaphthyl with nitric acid in acetic an

hydride, it has not been prepared by any other method. 

Due to tbe very small quantity of this material which was 

isolated only a mass spectrum could be recorded. In consequence a full 

identification of the compound has not been possible. The mass spec

trum shows a molecular ion at mle 434 and a fragmentation pattern 

consistent with that of a tetranitrobinaphthyl (see appendix). The 

compound'.is therefore assumed to be a tetranitrobinaphthyl. The mol

ecular ion in this spectrum was only wea~whilst the base peak occured 

at mle 388 ~I ~ 46). As has been previously discussed this combination 

of weak molecular ion and intense ~- N~)ion can indicate the presence 

of adjacent peri substituted nitro groups. If these are in fact present 

in the compound 'I' the molecular ion would be expected to fragment 

via sequential loss of N02 ', NO', 2N02 ' and CO to yield an ion at mle 

238. Whilst this ion is undoubtedly intense (62.~) the lack of 

any strong peaks in the interim region between mle 388 and mle 238 

renders it difficult to establish the fragmentation sequence with any 

certainty. Unfortunately there is also a lack of information regard

ing metastable peaks due to the presence of impurities in the sample. 

Thus, as a clear spectrum ofthetetranitrobinaphthyl only occured tran

siently, repeat scans at high multiplier setting, to detect metastables, 

were not possible. The only metastable peak to be assigned from the 

low multiplier scan is that at mle 236.0 which apparently supports the 

transition: Cl 9"10 ) Cl 9H9 + H' 

Most of the ions in the spectrum may however be assigned in terms of 

fragmentation pathways previously discussed for other nitrobinaphthyls. 

The most probable of these are summarised in the scheme 2:XIII. 

In summary the compound 'I' is probably a tetranitrobinaph

thyl and may well be %,5,x,y- substituted. There is however very lit

tle information available about this compound. 

2.2.1.8. %,%',5,8'-Tetranitro-l,l'-binaphthyl (Probable Structure) 

Designated Compound 'P' 

This material was isolated in small yield (l.y~) from the 

nitration of 1,1'-binaphthyl in nitric acid and acetic anhydride. It 

was also prepared by the treatment of both %,%'-dinitro-l,l'-binaphthyl 
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Scheme 2:XIII 

Fragmentation Pattern for the Mass Spectrum of 4,5,x,y-Tetranitro-l,l'-binaphthyl (Compound 'I') 
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and compound 'F' (~,5,8'-trinitro-1,l'-binaphthyl) in the same reaction 

medium (product yields 1.1% and 17.9% respectively). 

This compound analyses correctly for a tetranitrobinaphthyl 

and produces a molecular ion in its mass spectrum at mle ~3q.O~95 
corresponding to C2QR1QN~08 (calculated ~3q.O~99). The infra-red 

spectrum has bands consistent with nitro stretching frequencies and 

indicates no other functional groups. The compound is therefore clearly 

a tetranitrobinaphthyl. 

As the compound 'P' can apparently be prepared by the nit

ration of ~,~'-dinitro-1,l'-binaphthyl, it seems likely that it con

tains ~,~'-substitution. Although this assumption is not indisputable 

(due to the low yield obtained from the nitration of ~,~'-dinitro-l,l'

binaphthyl) it is nevertheless quite likely in view of the known reac

tivity of the ~ and ~, positions in 1,1'-binaphthyl. Whilst the spectra 

of 'P' are certainly consistent with the presence of q,q'- substitution, 

they are not sufficiently distinctive to provide unambiguous confirma

tion of this structure. The spectroscopic data available for this com

pound is considered below. 

The Mass Spectrum 

The major ions in the mass spectrum of 'P' are indicated 

in the scheme 2:XIV. A full list of relative intensities and a bar 

diagram are given in the appendix. The spectrum shows a fragmentation 

pattern fairly typical of a nitro aromatic compound: (M - NO;), (M - 2NO;), 

(M - 3N02) and (M - ~O;) with interim ions of low intensity correspond

ing to (M - 0', (M - NO·) etc. The spectrum also exhibits the distinc

tive pattern of ion intensities associated with adjacent peri substitut

ed nitro groups: that is, a weak molecular ion but a strong M - q6 ion 

( in this case the base peak of the spectrum). Subsequent fragmenta

tion of the M - q6 ion, as indicated by the most intense ions in the 

spectrum, apparently involves sequential loss of NO·, 2N02 • and CO 

(see scheme 2;XIV) to form ultimately the ion at mle 238 (34.Yfo). 

(Most of these transitions are supported by the presence of metastable 

peaks.) In the present case therefore, the fragmentation sequence 

differs from that observed in 1,8-dinitronaphthalene in that two ad

ditional nitro radicals are expelled prior to a molecule of CO. This 

presumably reflects the presence of an additional dinitronaphthyl moiety 

and as such appears consistent with the spectrum of 'F' in which just 

one 'extra' nitro radical is lost. (The difference presumably reflects 
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Scheme 2:XIV 

Fragmentation Pattern for the Mass Spectrum of Compound 'PI 

(~,~, ,5,8'-Tetranitro-l,l'-binaphthyl) 

*Confinned by high 
resolution measurement 
Measured Formula Calculated 

Continuous lines indicate those transitions which are supported by the 
presence of a metastable peak. 
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the fact that 'F' is a trinitrobinaphthyl whilst 'P' is a tetranitro

binaphthyl. ) 

Since the presence of %,%'- substitution has already been 

assumed (above) the evidence of adjacent peri (%,5-) substitution deriv 

-ed from the mass spectrum, leaves only the position of the fourth 

nitro group to be established. Unfortunately it is difficult to deter

mine the position of this group from the spectra. In fact the best 

indication of its location comes from the further nitration of compound 

'PI (see below). The results of this nitration suggest that the fourth 

nitro group is most likely sited at the 8 position. The spectra of 

'P' are therefore considered hereafter in terms of the most likely sub

stitution pattern: %,%',5,8'-tetranitro-1,1'-binaphthyl. 

When considering the mass spectra of other compounds the 

presence of either an 8' nitro group or a %' nitro group (if sited peri 

to a hydrogen) has been associated with a distinctive loss of OR rad

icals. Although both of these structural features are thought to be 

present in 'P', any such expulsion of OR radicals is likely to become 

supresscd (as with compound 'F'), because the adjacent peri nitro groups 

provide an alternative and particularly facile fragmentation route -

as outlined above. Nevertheless, the M - %6 ion in 'P' appears to frag-

ment to some extent by an alternative route - that is via expulsion of 

NO· OR· and NO· - to give the ion at mle 295 (18.2%). The first of 
2 ' 

these transitions is supported by a metastable peak at mle 301.5:-
* ------~) C2rJI1cf204, + N02• M = 301.5 

m/e342 
Whilst in this pathway expulsion of the hydroxyl radical might conceiv

ably occur by rearrangement of either the 8' nitro group (as in 'C-1'), 

or the %' nitro group (as in nitronaphthalene); the latter possibility 

seems rather unlikely, as the 8' nitro group must greatly reduce 

electron density at the 5' position and so inhibit operation of the 

Beynon type mechanism (ie scheme 2:11 pg 40). The ultimate fate of 

the ion at mle 295 may possibly involve the expulsion of NO· and CO 

to form the species C1~I9+ (m/e 237); this ion however is also likely 

to arise by the expulsion of a hydrogen radical from the ion at mle 

238 - a transition which is supported by the presence of a metastable 

peak at 236. O. 

In summary therefore, the mass spectrum of 'P' clearly 

indicates the presence of adjacent peri substituted nitro groups but 
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is insufficiently distinctive to permit full identification of the 

isomer. The spectrum is however consistent with the proposed struc

ture of ~,~',5,8'-tetranitro-1,1'-binaphthyl. 

The Infra-red Spectrum 

The infra red spectrum of 'P' (see appendix) has a weak 

band at 30~Ocm-1 corresponding to aromatic G-n stretching, it also 

shows two very strong bands at 1535 and 1360cm-1 corresponding to 

the asymmetric and symmetric N02 stretching frequencies. It is however 

noticeable that neither of the bands appears to be split - a fact 

which is a little surprising in view of the proposed structure (~,~',-

5,8'- substitution). Thus the ~'- nitro group should lie roughly co

planar with the aromatic system to which it is attached, whilst the 

remaining three nitro groups would be twisted well out of the aromatic 

plane (due to steric interaction). In consequence the ~'- nitro group 

would be expected to produce bands at lower frequency than the others, 

as it is more fully conjugated with the aromatic system. The antici

pated values would be: ~'- N02 about 1520/1330cm-1 (ie at frequencies 

close to those observed in ~,~'-dinitro-1,1'-binaphthyl), .~and 5-

NO's about 15~O/1350cm-l (cf ~,~',5,5'-tetranitro-1,1'-binaphthyl) 
2. 

and.8'- N02 about 1530/1365-1350cm-1 (cftC-l' and 'C-2t). Evidently 

in 'Pi the ~, 5- and 8'- nitro groups have stretching frequencies 

close to the anticipated values whilst the bands due to the ~'- nitro 

group occur at higher frequencies than expected. In consequence all 

the bands are coincident. The situation is thus analagous to that ob

served in tD' with the 'isolated' ~ nitro group producing bands at 

an unexpectedly high frequency. Once again, as the spectrum was re

corded in the solid phase, it is possible that crystal lattice effects 

influence the orientation of the nitro groups (cf compound ID'). As 

a lack of nitro (N-O) band splitting has already been observed in the 

compound 'D', for which the structure (~,~',5- substitution) is quite 

certain, the occurrence of this phenomenon in the spectrum of 'PI 

cannot really cast doubt on the proposed structure of this com-

pound. 

As with the various other compounds which have been dis

cussed, the G-n out of plane vibrations do not provide an unambiguous 

indication of structure. The low frequency region of the spectrum is 

in fact too complex to be of value. 

88 



The Proton Magn~tic Resonance Spectrum 

The PMR spectrum of 'P' in DMSO shows two complex multi

plets at '7"1.22-1.74: (lM) and'7"1.7lj,-2.36 (6H). These signals fall in 

a region typical of nitroaromatic compounds and correlate quite well 

with the spectrum of 4:,4:',5,5'-tetranitro-1,1'-binaphthyl ('7" 1.4:5-

2.53 in DMSO). 

Whilst the spectrum is too complex to interpret by inspec

tion its division into two multiplets in the ratio 1j,H:6H is consistent 

with the proposed structure of 4:,4:' ,5,S'-tetranitro-l,1'-binaphthyl. 

Thus the low-field multiplet is attributable to the ~-proton H5' 

plus the three IS-protons H
3
/

3
, and H6 each of which is adjacent to 

a nitro group. The remaining protons are all attributable to the high

field multiplet; of these only one is an ~-proton (HS) - this must 

be shielded by the adjacent naphthyl-moiety (cfl,l'-binaphthyl etc) 

so that it resonates at 'high' field, the rest (H2 , H2', H6', H7 and 

H7' ) are all ~-protons. _Although H7 is adjacent to a nitro group 

it appears once again that the steric hindrance of this group prevents 

substantial deshielding of the proton. In consequence H7 remains in 

the 'high'-field multiplet. This result is consistent with the spec

tra of both 'e-l' and 'F'. 

The Ultra Violet Spectrum 

The UV spectrum of 'P' in methanol shows three maxima at 
2 -1 ( *) '\ 2 -1 ( * X 212nm, ( 533<h mo leAr "J1' -+ 7'< , I'- 237nm, ( 322<h mo Ie N02 ~ ~ ) 

2 -1 ( * _* 107 100) and A 34:7nm,( 12SOm mole N02 n-+ ~ or -r( .... 1'\ ' • The aromatic 

* 7<-+~ band thus occurs at slightly longer wavelength than that in 

either 1,8-dinitronaphthalene or 1,5-dinitronaphthalene ~ = 202nm74: 
max 

(methanol) and 205nm113 (ethanol) respectively); this bathochromic 

shift presumably reflects the increased conjugation of the binaphthyl 

system. It is also interesting to compare the 212nm band*in 'P', with 

the analagous absorbtion in 'H' (4:,4:',5,5'-tetranitro-l,l'-binaphthyl); 

thus although the bands appear at similar wavelengths, the one in 'P' 

is rather less intense. This difference probably results from the ster 

-i~ hindrance associated with the S nitro group in 'P'. The molecule 

is thus effectively prevented from adopting anything like a planar 

configuration and in consequence must lose resonance between the two 

naphthalenic systems. This loss of resonance presumably accounts 

for the lower intensity of the band in 'P'. 

A comparison of the spectrum of 'P' with those of the 
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* trinitrobinaphthyls ('C-2', 'D' and 'F') shows that the nitro n-+~ 

band has moved to shorter wavelength and increased in intensity, as 

would be expected 87 due to the introduction of an additional nitro 

group. The band at 237nm in 'PI is however less clearly defined than 

the analagous one in ~,~' ,5,5'-tetranitro-l,1'-binaphthyl. This dif

ference presumably reflects the less symmetrical nature of 'PI, as 

the various nitro groups will absorb at slightly different wavelengths 

depending upon the extent of their conjugation with the aromatic system. 

Thus for example the ~'- nitro group being the least subject to steric 

hindrance should absorb at longer wavelength than the others - so 

'spreading' the absorbtion to longer wavelength. However as this ex

planation must imply the existance of greater conjugation between the 

~'- nitro group and aromatic nucleus than exists for any of the other 

nitro groups it would seem to be at variance with the infra-red spec

trum which shows no splitting of the nitro valence stretching bands. 

The explanation for this anomaly could simply lie in the fact that 

the spectra were recorded in different phases - the possible influence 

of crystal lattice structure on the infra-red spectrum has already 

been noted. 

Further Nitration of ~,~' ,5,8'-Tetranitro-l,l'-binaphthyl (1) 

(Compound 'p') 

Nitration of the compound 'PI in mixed acid, produced a 

product (designated as compound 'Y') which is believed to be 2,4,4',-

5,5',7,8'-heptanitro-l,1'-binaphthyl (ie identical with compound 'R'). 

However, the small scale of this reaction prevented the material from 

being fully purified. Thus although the IR spectrum of the product 

is indistinguishable from that of the compound 'R', the melting point 

of 'Y' (195-80 C) is significantly lower than that of the heptanitrobi

naphthyl 'R' (206.5-8.5°C). The presence of impurities in 'Y' is con

firmed by the mass spectrum which although somewhat similar to that 

of the compound 'R' (see appendix) indicates the presence of some 

contamination. For example, one peak which is obviously anomalous 

with respect to the spectrum of 'R' is that at m/e~78. As this ion 

has a moderate intensity in the spectrum of 'Y' but not in that of 'R', 

it seems reasonable to attribute this ion to the presence of a trace 

impurity - possibly a hexanitrobinaphthyl (the precursor to 'R'?). 

If such an impurity is present then the ion at mle ~78 would represent 

its (M - N02 ) ion. Such an impurity could also account for the greater 
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abundance of fragment ions below mle 523, which are evident in the 

spectrum of 'Y' as compared with that of compound 'R'. In spite of 

these discrepancies it is thought most likely that the compound 'Y' 

is identical with the compound 'R' and that this is therefore the major 

nitration product of the compound 'P'. 

It is also pertinent to note that when the residues left 

from the isolation of compound 'Y' were examined by TLC, only a single 

spot was observed - at the appropriate Rf for the compound 'R'. Thus 

%,%',5,5',7,7'-hexanitro-l,1'-binaphthyl (compound 'Q') was not detec

ted in the product although the solvent system used to elute the sample 

should have separated the compounds 'R' and 'Q'. This observation is 

therefore consistent with the assumption above, that the major nitra-

tion product of compound 'P' is the heptanitrobinaphthyl 'R' not the 

hexanitrobinaphthyl 'Q'. Thus bearing in mind the fact that nitration 

of 1,1'-binaphthyl in mixed acid is known to result primarily in %,5,7-

substitution (see later), the above results strongly suggest that the 

compound 'P' already contains an 8'- nitro substituent. It thus seems 

most likely that compound 'P' is %,%',5,8'-tetranitro-1,1'-binaphthyl. 

2.2.2. The Products of Nitration of 1,1'-Binaphthyl in Sulphuric and 

Ni tric Acids 

2.2.2.1. %,%',5,5' ,7,7'-Hexanitro-1,1'-binaphthyl 

(Designated Compound 'Q') 
This material was prepared in up to 5~fo yield by the nit

ration of 1,1'-binaphthyl in two stages - using i) acetic anhydride 

and nitric acid and ii) concentrated nitric and sulphuric acids. Al

though alternative nitration procedures also produced the compound 'Q', 
they all gave inferior yields to the above method. Thus the use of 

a mixture of nitric and acetic acids as the preliminary nitration 

medium led to a %%% yield of the hexanitrobinaphthyl, whilst a two 

stage reaction employing i) acetic and nitric acids and ii) acetic, 

nitric and sulphuric acids produced only 3~ of the compound 'Q'. 
%,%',5,5' ,7,7'-Hexanitro-l,1'-binaphthyl has also been 

prepared by the nitration of %,%',5,5'-tetranitro-l,1'-binaphthyl in 

mixed acid (yields ranged up to 37.J%). Although of little preparative 

value this procedure was of value in interrelating the structures 

of the compounds 'H' and 'Q'. 
The spectroscopic data available for the comRound 'Q' is 
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quite adequate to establish its structure, the data is considered below. 

The compound 'Q' analyses correctly for a hexanitrobinaph

thyl and shows a molecular ion at mle 524.0208 in its mass spectrum 

corresponding to C20HSN6012 (calculated 524.0200). The infra-red 

spectrum shows bands consistent with nitro stretching frequencies but 

indicates the presence of no other fuctional groups. The compound is 

therefore clearly a hexanitrobinaphthyl. The best structural evidence 

comes from the mass and PMR spectra, these are therefore considered 

first. 

The Mass Spectrum 

The major ions in the mass spectrum of 'Q' are indicated 

in the scheme 2:XV. A full list of relative intensities and a bar 

diagram are given in the appendix. Whilst the spectrum shows many fea

tures typical of a nitroaromatic compound (M - N02' M - 2N02 etc and 

interim ions of low intensity corresponding to M - 0, M - NO etc) 

the most significant feature of the spectrum is the weak molecular ion 

(10.0%) and the particularly intense M - 46 ion (the base peak of the 

spectrum). As has been previously discussed this feature is indicative 

of the presence of adjacent peri substituted nitro groups. However in 

the spectrum of 'Q' not only is the M - 46 ion intense, but so is the 

M - 92 ion (m/e 432:~0.~~). An examination of the spectrum reveals 

that the fragmentation pattern is consistent with the presence of two 

sets of adjacent peri substituted nitro groups (ie 4,4',5,5'- substitu

tion). Thus, on the basis of the most intense ions in the spectrum, 

the molecular ion appears to fragment via sequential loss of 2NO~·, -2NO·, 2N02 • and 2CO to give an intense ion (C 1SRs+O) at mle 224 (47.~~). 
(The identity of this ion has been confirmed by high resolution measure

men~) This species may subsequently expell one or two hydrogen radicals 

to produce ions at mle 223 (C 1SR7+: 39.1%) and mle 222 (C 1aH6+ o
: 32.?~), 

(see scheme 2:XV for metastable peaks). (Both of these ions have also been 

confirmed by high resolution measurements.) As would be expected the 

ions attributable to (M - 3N02), (M - 4N02 ), (M - 5N02 ) and (M - 6N02) 

occur with very low probability (1.~/o, O.~, 1.4% and O.~ respectively). 

The fragmentation sequence of 'Q' is thus very similar to that observed 

in ~,~' ,5,5'-tetranitro-i,1'-binaphthyl, except that in the former com

pound the two !additional' nitro groups are lost just prior to expulsion 

of carbon monoxide. In this respect therefore the spectrum is similar 

to those of both 'F' and 'pt. All three compounds thus exhibit the 
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Scheme 2:XV 

Fragmentation Pattern for the Mass Spectrum of ~,~',5,5'L7L7'-Hexanitro-l,1'-binaphthyl (Compound 'Q') 
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basic fragmentation pattern characteristic of adjacent peri nitro groups, 

(cf 1,B-dinitronaphthalene), but in each case the spectrum is modified 

by the loss of the additional nitro groups - prior to the expulsion 

of neutral carbon monoxide •. The spectrum of 'D' is once again essen

tially similar, but, as discussed earlier it involves expulsion of the 

'extra' nitro group as Oll· + NO· rather than as N02•• It thus appears 

that all the compounds isolated so far - which contain adjacent peri 

substituted nitro groups - produce rather similar primary fragmentation 

sequences in their mass spectra. 

Based on the forgoing discussion the main inference to be 

drawn from the mass spectrum of 'Q' is that the compound contains 

~.~' ,5,5'- substitution. This is consistent with the fact that 'Q' 

can be prepared by the nitration of ~,~',5,5'-tetranitro-1,1'-binaphthyl. 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 'Q' has been recorded in both acetone 

and DMSO (see appendix), whilst there are significant changes of chem

ical shift between the two solvents, the coupling pattern remains un

changed and is clearly discernable in both. Thus the spectrum comprises 

two AB quartets with coupling constants of 2.0 and 7.7Hz respectively:

Acetone. 

'1"0.95 doublet, J = 2.(JIz (2EI); '1"1.07 doublet, J = 2.<IIz 

(2EI); '1"1.13 doublet, J = 7.7Hz (2II); '1"1.63 doublet, J = 7.7Hz (2H). 

DMSO 

7"1.01 doublet, J = 2.mz (2EI); 7" 1.21 doublet, J = 7.7Hz 

(2II); "'1.~~ doublet, J = 2.mz (2H); '1" 1.90 doublet, J = 7. 7Hz (~f). 

Assignment of a structure to 'Q' is quite straightforward 

because the positions of four substituents are already known (ie 

~,~',5,5'-). Thus as coupling constants of around 8Hz are-normally 

associated, in aromatic systems, with ortho coupled protons, whilst 

those of about 2Hz are associated with meta coupled protons115 ; there 

is only one possible structure for the compound 'Q' - it must be ~,~',-

5,5' ,7,7'-hexanitro-l~1'-binaphthyl. 

6 

O~ 

~,~, ,5,5' .7.7'-Hexanitro

l,l'-binaphtbyl 

9~ 



The protons 1I2/3 are thus assigned to the doublets at ""1.13/1.63 (ace

tone) (J = 7.7Hz) whilst the protons H6/ 8 produce the doublets at 

..,. 0.95/1.07 (J = 2.OHz). It seems probable that the 3- substituted 

protons will resonate at lower field than the 2-substituted protons 

because they are sited ortho to a nitro group. Thus H
3
/

3
, should give 

rise to the doublet at ..,.1.13 and H2/ 2 , to that at ..,.1.63. Also as 

the protons IT 6/6 , are each sited 'inbetween' two ortho nitro groups, 

they are likely to resonate at lower field than HS/ S' (which are 'ortho' 

to just one nitro group and 'para' to.another). Thus the doublet at 

..,. 0.95 may be assigned to the protons H6/ 6, and that at Tl.07 to HS/ S" 

It is pertinent to note here that all,the pro tans which are sited ortho 

to a nitro substituent. form a group at low fie l~ - as would be expect

ed - whilst II2/ 2, (with no ortho nitro substituents) resonate at sig

nificantly higher field. 

Comparison of the spectrum of 'Q' with that of ~,~',5,5'

tetranitro-l,l'-binaphthyl ('H') shows that the quartet due to the 

protons H2/
3 

has moved downfield (by about 0.3ppm), which is reasonable 

in view of the presence of additional nitro groups. The coupling con

stant of these protons however, remains essentially unchanged - between 

the two compounds - as would be expected in view of the similarity of 

their structures. The protons H6/6 1 in 'Q' resonate about O.Sppm down

field of the analagous protons in the tetranitrobinaphthyl; this is 

consistent with the substitution of a second nitro group 'ortho' to 

these protons. A shift of similar order is evident for the protons 

H
S

/
S

' and this may also be attributed to the introduction of an 'ortho' 

nitro group. 

The spectrum in DMSO may be assigned using the same consider

ations as those employed above; in this case the protons ll2/2' reson-

ate at T1.90, H3/ 3, atT1.21, H6/61 at Tl.01 and HS/ S' atT1.~~. A 

comparison of this spectrum with that of ~,~',5,51-tetranitro-l,1'

binaphthyl (in DMSO) shows essentially the same variations that are 

evident in acetone although the change of solvent has some effect on 

the magnitude of the shifts observed between the two compounds. 

The Infra-red Spectrum 

The infra-red spectrum of 'Q' (see appendix) shows a weak 

band at 3100cm-1, which corresponds to aromatic C-H stretching, it also 

has very strong bands at 1550 and 13~5cm-l due to the asymmetric and 

symmetric nitro stretching frequencies. The high frequency nitro band 
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-1 
shows a secondary maximum at 1530cm ,but no such splitting is evident 

in the low frequency band. Since the changes of nitro stretching 

frequencies, which are associated with a twisting of the nitro group 

out of the aromatic plane, are more noticeable for the symmetric than 
86a for the asymmetric band, the above data suggests that the 'double' 

1550/1530cm-1 band is not the result of differently orientated nitro 

groups. Such a conclusion is surprising in the present case, as the 

~ and 5 nitro groups are sterically hindered, whilst the 7 nitro groups 

are not. (This is clearly supported by the UV spectrum - see below). 

It appears that the lack of splitting in the symmetric band of 'Q' 
is anomalous, although it is not without precedent; thus whilst the 

IR spectrum of o-dinitrobenzene produces two maxima for its symmetric 

nitro stretching vibration (at 1368/1350cm-1 ), that of 1,2,~trinitro
benzene only produces one {at 13~cm-1).87 Explanation of these anoma

lies may lie in the fact that the symmetric nitro stretching vibration 

is subject to coupling effects.6~b,86a Thus in aromatic compounds, 

where such coupling probably involves some ring modes,86a a change of 

ring substitution (which modifies the latter) is likely to affect the 

symmetric 

the force 

If 86a 
se • 

nitro stretching frequency - even if there is no change in 

constants or electronic arrangements of the nitro group it

Since coupling through resonance effects will be more pronoun-

ced for an unhindered nitro group than for a hindered one, the freq

uency changes produced in each should be different. Whilst the nature 

of these changes tends to be rather erratic,86a in 'Q' they presumably 

narrow the frequency difference between the 'hindered' and 'unhindered' 

nitro groups; in consequence the two bands are not resolved. (There 

is some evidence to suggest that adjacent peri nitro groups form a smal

ler angle with the aromatic system than do 8- nitro groups (see the 

PMR spectrum of 'R'). If this is the case the difference of frequency 

between a 'hindered' and an 'unhindered' nitro group in a compound such 

as 'Q' might be considerably smaller than that observed in compounds 

containing an 8- nitro substituent. However since the PMR spectrum 

of 'R' was recorded in solution whilst all of the IR spectra were 

recorded in solid phase, this may not be a fair comparison. Thus 

the nitro stretching frequencies in other compounds eg 'H' suggest 

that deviation from planarity of adjacent peri substituted nitro groups 

is considerable - in the crystalline phase. 

The low frequency region in the spectrum of 'Q' is fairly 
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complex and proves once again to be of little value for structure det

ermination. 

The Ultra Violet Spectrum 

The UV spectrum of 'Q' in methanol'(see appendix) shows 

five maxima at ~ 21Onm, (657(82mole-1 (Ar)"( ~ Tf*), ~23Onm (sh), 
2 -1 ( *) 66 2 -1 ( -*) ( 506cm mole N02 n-+ '7'{ , ~ 2 nm, ( 3820m mole N02 ~ 1\ , 

2 -1 () 2 -1 ( * ~ 326nm, ( 155(8 mole and ~358nm sh, (133(h mole both N02 ~~ 

or~ .... ~* 107,108). It is immediately evident that in this spectrum 

there are two absorption maxima in the region normally associated with 

* the nitro~?( transition. This feature is readily explained how-

ever in terms of steric hindrance. Thus whilst the adjacent peri nitro 

groups are unable to assume coplanarity with the aromatic system - for 

steric reasons - there is no such restriction upon the 7- nitro groups. 

In consequence the 4 and 5 nitro substituents (suffering reduced con

jugation with the aromatic system) absorb at shorter wavelength than 

those in the 7 positions. The anticipated wavelength for the adjacent 

peri nitro groups is about 233nm (ie the measured value in 4,4',5,5'

tetranitro-1,1'-binaphthyl). The observed position of 230nm presumably 

reflects a slight hypsochromic shift due to the presence of additional 

nitro groups.87 Since the 7- nitro groups are expected to absorb at 

longer wavelength than this, they can reasonably be assigned to the 

band at 266nm. It is evident however that this band occurs at a 

longer wavelength than has been observed for any of the nitrobinaphthyls 

discussed above. The spectrum therefore provides positive evidence 

that (peri) nitro groups in the binaphthyl system are significantly 

twisted out of the aromatic plane (as suggested earlier). Consider 

for example the case of 4,4'-dinitro-l,1'-binaphthyl which produces a 

* band due to the nitro n-+t< transition at 255nm. Whilst this band 

is clearly at longer wavelength than that observed for the hindered 

nitro groups in either IQ' or 4,4',5,5'-tetranitro-l,1'-binaphthyl 

(230/233nm respectively), it is clearly at shorter wavelength than the 

band due to unhindered nitro groups in IQI (266nm). This suggests 

therefore that the nitro groups in 4,4'-dini~ro-l,1'-binaphthyl are 

twisted significantly out of the aromatic plane, but not so drastically 

as occurs for the compounds with adjacent peri substituted nitro groups. 

The various assignments made above correlate well with the 

spectra of the nitronaphthalenes, thus the, unhindered nitro group in 

* fo-nitronaphthalene produces a nitro ~7< band at about 260nm (meth-

anol)74 whilst the partially hindered c><-nitronaphthalene has the same 
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band at 2~5nm.7~ In the case of 1,8-dinitronaphthalene the band shifts 

to 231nm.7~ 
The long wavelength maximum in the spectrum of 'Q' is very 

ill defined (X about 326nm) but presumably corresponds to the 
max 

333nm band in ~,~',5,5'-tetranitro-l,l'-binaphthyl. That is,it proD-

* ably arises from the sterically hindered nitro groups (N02 n-+TC or 

](-+7<* 107,108). If this is correct it is logical to expect the un

hindered 7 nitro groups to produce a secondary band at longer wave

length. The spectrum does in fact have a shoulder at 358nm which ap

pears to be too sharply defined to simply represent the decline of the 

333nm band (cf the spectra of the other nitrobinaphthy~. If this 

shoulder is due to a completely unhindered 7- nitro group it should 

occur at longer wavelength than the bands in any of the nitrobinaphthyls 

discussed above. This is in fact so (eg ~,~'-dinitro-l,l'-binaphthyl 

produces a band at 35Onm). 

Once again the assignments correlate quite well with the 

spectra of the nitronaphthalenes; thus the 'unhindered' nitro group 

in ;S-nitronaphthalene produces a band at 355nm whilst the band in 

«-nitronaphthalene occurs at 3~Onm. In the case of 1,8-dinitronaph-

thalene X is even shorter at 31~. max 
In view of the foregoing discussion further evidence is 

now available regarding the structures of the various nitrobinaphthyls 

detailed above. Thus in several cases where the structure of a co~' 

pound is unce~tain ('e-l', 'C-2', 'F' or 'p') it is now possible on the 

basis of the UV evidence to rule out the presence of a truly unhind

ered (ie 3,6 or 7 substituted) nitro group. If such were present 

they would be clearly evident by the presence of a 'long X ' nitro 

* n-+~ band in the UV. The absence of any such bands in the various 

UV spectra, necessarily restricts the possible sites of substitution 

to peri positions; in each case such an interpretation is consistent 

with the structures which have already been proposed. 

C!ystallisation of the Compound 'Q' from Toluene 

One interesting fact which was observed during the isola

tion of ~,~' ,5,5 ' ,7,7'-hexanitro-l,l'-binaphthyl was that crystallisa

tion of this compound from acetone/toluene (a particularly good method 

of purification), yielded colourless needles of 'Q' , which were apparent 

-ly contaminated with toluene. (Contrast the dark brown crystals which 

form from acetic acid.) Thus after drying for about one hour at 900 C 
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these needles were shown (by PMR)to contain about 0.69 moles of toluene 

per mole of hexanitrobinaphthyl. This toluene was held quite tenacious 

-ly, as after an additional 24hrs at 160
0 c (under reduced pressure) 

the ratio was only reduced to 0.65 moles of toluene/mole of hexanitro

binaphthyl. The bestmethod for removing the toluene was found to be 

via recrystallisation of the material from acetone/acetic acid. 

The melting point of crystals containing toluene is con

siderably lower (21O-2200 C - phase change at 194-198
0
C) than that of 

the pure hexanitrobinaphthyl (271.5-275°C) and it is pertinent to note 

that the former material dissolves only slowly in acetone, which is 

in marked contrast to the pure material (crystallised from acetic 

acid) which dissolves instantly in the same solvent. 

At the present time it is unclear whether the retention 

of toluene by 'Q' is due to occlusion of the hydrocarbon within the 

crystal lattice of the hexanitrobinaphthyl, or whether it results from 

the formation of an addition compound. 

2.2.2.2. 2,q,q',5,5',7,8'-Heptanitro-l,1'-binaphthyl (Probable structure) 

(Designated Compound 'R') 

This material has been isolated (approx ~) from the two 

stage nitration of 1,1'-binaphthyl using i) acetic anhydride and nitric 

acid and ii) fuming nitric acid and concentrated sulphuric acid boil

ing under reflux. It has also been isolated in small yield from the 

treatment of q,q',5,5',7,7'-hexanitro-l,1'-binaphthyl in fuming nitric 

and concentrated sulphuric acids at high temperature. In the later 

case the compound is thought to be derived from an impurity present 

in the original substrate (see below). (The main bulk of the hexanitro

binaphthyl is slowly oxidised to water soluble products under these 

conditions.) 

The mass spectrum of 'R' appears to have a molecular ion 

at m/e 569.0042, corresponding to C2dff?N701q (calculated 569.0052). 

The IR spectrum shows bands consistent with nitro stretching frequen

cies, but no evidence for the presence of any other functional groups. 

It therefore seems likely that the compound 'R' is a heptanitrobinaph

thyl. The analysis of compound 'R' is however incorrect for a hepta

nitrobinaphthyl, as the analytical figures fall inbetween those cal

culted for a heptanitrobinaphthyl and a hexanitrobinaphthyl. Never

theless, the compound 'R' is thought to be a heptanitrohinaphthyl 
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and the anomalous analytical data is attributed to decomposition of 

the material prior to analysis and/or the presence of impurities in 

the sample of 'R'. 

Since the compound 'R' was prepared at one stage from the 

nitration of 4,4',5,5\7,7'-hexanitrobinaphthyl it was originally assum

ed that it contained 4,4',5,5' ,7,7'- substitution and that the seventh 

nitro group would probably occupy a 2 position. It now appears that 

this is not the case. As the PMR spectrum of 'RI is particularly sig

nificant in establishing this fact, this spectrum is the first to be 

considered. 

The Proton Ma~etic Resonance Spectrum 

The PMR spectrum of 'R' (see appendix) in acetone comprises 

one singlet at'TO.69 (m) and three sets of AB quartets: 1"0.71 doublet, 

J = 108Hz (rn), 'T 0.92 doublet, J = 108Hz (m), ". 1.15 doublet, J = 8.3Hz 

(m), 'T 1.71 doublet, J = 8.3Hz (rn), 'T 1.23 doublet, J = 8.3Hz (m), 

'T 1.62 doublet, J = 8.3Hz (rn). 
There are considerable changes in the chemical shifts of 

the various protons when the spectrum is recorded in DMSO, but the 

splitting pattern remains unaltered. The spectrum is as follows:-

'T 0.62 singlet (m), 'T 0.70 doublet, J = 108Hz (m), ".1.14 doublet, 

J = 108Hz (m), 'T 1.11 doublet, J = 8.3Hz (m), 'T 1. 18 doublet, J = 8.3Hz 

(m), 'T 1.54 doublet, J = 8.3Hz (m), 'T 1.83 doublet, J = 8.3Hz (m). 

Whilst the various signals fall in the anticipated region 

for a polynitroaromatic compound, the observed splitting patterns do 

not appear consistent with 4,4',5,5',7,71 ,x- substitution. Thus if 

the 'x' substituent was in either the 2- or 3- positions, two dissimilar 

'meta' coupled AB quartets should be evident, due to the protons 

H6/ 8 and H6y8 ' • 

-++--+-- N0
2 

4,4' ,5z5',7,7',x-heptanitro-

1,1'-hinaphthyl 
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In fact this is not observed and only one 'meta coupled' AB quartet 

is evident. Although it seems unlikely, an exact coincidence between 

the two sets of signals is concei~able; this event must be ruled out 

however by the integration, which clearly shows the meta coupled 

signals to be due to just two hydrogens not four. In any event if x 

was the 2 or 3 position it would not be possible to explain the two 

sets of 'ortho' AB quartets which are 'observed in the spectrum. The 

possibility of ~,~',5,5',7,7',~substitution with x = 2 or 3 can 

therefore be eliminated. 

If the compound 'R' is a derivative of ~,~',5,5~7,7'

hexanitro-l,l'-binaphthyl the only remaining possibilities are that 

x corresponds to the 6 or 8 positions. Substitution at either of these 

sites might theoretically account for the observed splitting pattern 

in the PMR spectrum,but both possibilities appear unlikely on other 

grounds. Thus th~ 6 and 8 positions are the most deactivated sites 

in the molecule - towards electrophilic substitution - and both are 

subject to severe steric hindrance. Further, the presence of ortho 

nitro groups in the compound 'R' would be incompatible with the struc

ture of its decomposition product'S' (see later). It is thus unlikely 

that the compound 'R' contains ~,~',5,5',7,7'- substitution. The spec

trum is therefore consistent with the view expressed above that 'R' 

is not a nitration product of-'Q', but arises instead from the nitra

tion of an impurity in the original substrate. An alternative possibil

ity is that the heptanitrobinaphthyl 'R' is formed'via the rearrange

ment of compound 'Q'. Whilst such a route seems feasible it is ~hought 

less likely, in the light of experimental evidence, than the production 

of 'R' via nitration of an impurity. Thus the yields of 'R' which 

were obtained from 'nitration' of 'Q' varied somewhat erratically and 

showed no apparent correlation with the reaction conditions (see table 

~~ pg193). In contrast it appears significant that the greatest yield 

of 'R' (7.~) was obtained when least purification of the substrate 

was carried out, whilst in a reaction utilising a specially purified 

sample of 'Q', it proved impossible to positively identify any of the 

compound 'R' (table ~~). 

Whilst it is possible, by consideration of all the avail

able evidence for 'R', to narrow the various possibilities down to a 

single 'most likely' structure there is insufficient data available 

at the present time to provide unambiguous identification of this com

pound. The various pieces of evidence relating to the structure are 
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presented in the next few sections. Since the PMR spectrum of 'R' 

could fit several different structures, it is convenient to consider 

it in the light of some other evidence - which will be discussed more 

fully at a later stage. The first piece of evidence in this category 

is derived from the structure of compound'S' - which is believed to 

be a decomposition product of 'R' • Thus as the compound 'S' apparently 

contains two sets of adjacent peri substituted nitro groups (see later), 

it is likely that its precursor - the compound ' R' - also contains 

these groupings. The second piece of evidence comes from the mass 

spectrum of 'R' which has been interpreted as supporting the presence 

of 2,8'- substitution (see below). It thus seems probable that the 

compound 'R' contains 2,4,4',5,5',8'- substitution; in this event there 

is only one possible site for the seventh nitro group, if the compound 

is to fit the PMR spectrum - that is the 7- position. The proposed 

structure for 'R' is therefore 2,4,4' ,5,5' ,7,8'-heptanitro-l,1'-bi

naphthyl. This structure seems compatible with the PMR spectrum both 

in terms of splitting pattern and the observed chemical shifts. Thus 

the singlet at TO. 69 (acetone) may be assigned to the uncoupled proton 

2,4,4' .5,5',7,8'-Heptanitro-

1t1'-binaphthy!. 

H
3

, which resonates at very low field primarily due to deshielding by 

the two ortho nitro groups. (Inter-ring coupling is too small to be 

resolved on the spectrometer used for the present work.) Since elec

tron withdrawl from this site is also possible (mesomerically) by the 

5 and 7 nitro groups, these substituents should also contribute to the 

overall deshielding of the proton. 

The AB quartet at ". 0.71/0.92 is readily assigned to the 

protons H6/8 as it has a coupling constant (1.alz) of the order as

sOCiated115 with meta coupled aromatic protons. The low field at which 

these protons resonate is consistent with their positioning orth%rtho 
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and ortho/para to two nitro groups. The shifts for these protons also 

correlate fairly well with those observed in ~,~',5,5',7,7'-hexanitro-

1,1'-binaphthyl - for the analagous meta coupled protons H6/ 8 (rO.96/ 

1.12,J = 1.8Hz). There is howevEra small downfield shift (in 'R' ) 

as would be expected due to the presence of four nitro groups in the 

naphthyl moiety of 'R', compared with only three in that of the hexa

nitrobinaphthyl. Since the deshielding of H6 is likely to be greater 

than that of He due to its closer proximity to the 5- nitro group, 

this proton should produce the signal at r o. 71 and the 8- proton that 

atrO.92. 
The remaining two sets of AB quartets in the spectrum of 

'R' (r1.15/1.71 andr1. 23/1.62) may be assigned to the protons H2" 

H " H6, and EL,. In each case the coupling constants (8.3Hz) are 
3 I 115 

of the order expected for ortho coupled aromatic protons. These 

values of J are a little greater than those observed in ~,~',5,5',7,7'

hexanitro-1,1'-binaphthyl, but this presumably reflects the different 

substitution of the binaphthyl moiety. (Small changes in the coupling 

constants of naphthalene have been observed with the introduction of 

various sUbstituents.81 ) The chemical shifts of these protons however 

correlate quite well with the shifts observed for H2 and H3 in the 

hexanitrobinaphthyl (r1.1~/1.63), (small changes are to be expected 

due to the different patterns of substitution in the two compounds). 

A tentative assignment of the various doublets to specific 

protons in 'R' can be made by correlating the observed chemical shifts 

with the anticipated electron densities at various sites in the mole

cule. Thus as the protons H3' and H6' are both sited ortho to a nitro 

group and are also subject to mesomeric electron withdrawl by the 

second 'peri' nitro group - structure (2-21), it seems likely that 

these protons will account for the doublets at r 1.23/1.15. As there 

-O"-N ........ O-

+ 

(2-21) 

are two nitro groups in the ring containing H6' but only one in that 

containing H3" the resonance atr1.15 is most likely attributable to 

the former proton, whilst that atTl.23 probably comes from the latter. 
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It is pertinent to note that as neither of the peri nitro groups can 

be completely coplanar with the aromatic system their capacity for 

mesomeric electron withdrawl must be somewhat reduced. Nevertheless 

adjacent peri nitro groups can still produce considerable deshielding 

of a proton sited ortho to one of them. Thus for example in 1,8-di

nitronaphthalene the protons H2 and H7 resonate at T 1. 70ppm (acetone )71, 72 

Which represents a downfield shift of O.79ppm compared with naphthalene 

) 71 72 itself (H fo = T 2.49, acetone. ' 

The remaining doublets in the spectrum of 'R' (T 1. 62 

and '1" 1. 71) must be assigned to the protons H7' and H2'. Presumably 

the signal at lower field is due to H7" as this proton is sited ortho 

to a nitro group; the resonance at '1" 1. 71must then be due to H2, • 

Since this doublet (at '1"1. 71) occurs at higher field than any other 

signal in the spectrum, its assignment to H2,is entirely logical 

because this proton is the least subject to deshielding by neighbouring 

nitro groups. The assignment of the signal at T1.62 to H7' however 

appears rather less satisfactory, as this is about 0.4-0.5ppm upfield 

of the protons H3'j6' which are similarly sited 'ortho' to a nitro 

group. The explanation for this presumably lies in the severe steric 

hindrance of the 8~nitro group which must force it to orientate almost 

perpendicular to the aromatic system. In consequence the group pro

duces less deshielding of H7' because the effects of both resonance 

and its anisotropic magnetic field are reduced. 78 It is interesting 

to note that this assignment suggests the presence of greater steric 

hindrance for an 8- nitro group than is present for adjacent peri sub

stituted nitro groups. This could indicate that the latter groups 

form a significantly smaller angle with the aromatic system than do 

the former. (Such a conclusion would be consistent with other data 

and could help to explain the absence of splitting for the N0
2 

stret

ching bands in the IR spectrum of compound 'Q'.) Consideration of the 

steric factors involved - using molecular models - suggests that this 

is a reasonable conclusion to draw, although it should be noted that 

a number of other factors (eg specific solvent interaction) can also 

influence the chemical shifts of individual protons. 

The spectrum of 'R' in DMSO may be analysed in an essential 

-ly similar fashion to that applied above. This leads to the following 

assignments: "'0.62 singlet: H
3

, TO.7 doublet: H6 , '1"1.11 doublet: H6" 

'1" 1.14 doublet: H8 ,T1.18 doublet: H3','1"1.54 doublet: H7', '1"1.83. doub-
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let: H
2
'. In general the correlation of chemical shifts noted above 

between 'R' and 4,4' ,5,5' ,7,7'-hexanitro-1,1'-binaphthyl are also main

tained in DMSO - although there are some small variations in the fig-

ures. 

The Mass Spectrum 

The mass spectrum of compound 'R' (see appendix) is dom

inated by a single very intense ion at mle 523 (M - N02 ) (10~). 

This single peak dwarfs all the remaining ions in the spectrum - none 

of which exceeds a relative intensity of about 12%. The major ions 

in the spectrum are summarised in the scheme 2:XVI. The intense 

M - 46 ion, but weak molecular ion (O~~), are clearly reminiscent of 

the pattern resulting from adjacent peri nitro groups. Indeed the 

various data relating to 'R' makes it difficult to envisage any struc

ture for this compound which does not contain two sets of adjacent 

peri nitro groups (see particularly the structure of compound'S' 

later). The mass spectrum however is not readily compatible with 

two pairs of such groups, as the ion at mle 477 (M - 2N02 ) is of ex

tremely low abundance (0.4%) whilst that at mle 417 (M - 2N02 - 2NO) 

has an intensity of only 1.~fo. (This contrasts eg with the spectrum 

of 'H' in which both the corresponding ions have quite high intensities 

(M - 2N02 ) : 34.4% and(M - 2N02 - 2N0) : 35.~.} Nevertheless the 

'anticipated' fragmentation pattern (sequential loss of 2N02·, 2NO·, 

3N02· and 2CO) probably does occur to some extent to yield finally 

the ion at m/e223 : 8.6% (which presumably expels a hydrogen radical 

to form the ion at mle 222 : 11.6%). 

It is possible that the unexpected pattern of intensities 

which is observed is the result of differences in relative stability 

between the two sets of adjacent peri nitro groups (with respect to 

the explulsion of a nitro radical). This could be brought about by 

the dissimilar patterns of substitution present in the two naphthyl 

moieties. However an alternative explanation for the spectrum is that 

another sterically crowded pair of nitro group~ is present in 'R' 
which can expel a nitro radical even more readily than the adjacent 

peri nitro groups. In fact this explanation is considered the more 

likely - particularly in view of the formation of compound'S' from 

'R' (see later). Consider for example the presence of both 2 and 8' 

substituents in a binaphthyl nucleus; clearly extensive interaction 

must occur between these groups and this interaction would become par

ticularly severe under the energetic conditions of mass spectrometry. 
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Scheme 2. :XVl 

Fragmentation Pattern for the Mass Spectrum of 2'~2~'5,5'!7!8'-Rep~anitro-ltl'-binaphthyl (Compound 'R') 

* C ! +~ _-£0_ C j 0+ * C j +. High resolution measurements 1 7 1 7 1 6 
Measured Formula Calculated m/ e211 (10. 2O.k) m/e239(5. ~.k) 

~ 
m/e~2(11.6%) 

569.0042 C2<fI-f7014 569.0052 ,-co ' -H' 
222.0468 Cl~6 222.0469 ' + * '+ 

C It/702 C1f1i7 
223.0546 C1f1I7 223.0548 m/e267(4.4%) m/e2~(8.&.k) 

~ 

'-eo ,-CO 
+ _~ I + I + 

C2cPf05 • )C 2cP703 C1<!70 

* +. 
C2cP'7014 
m/e569(0.5%) 

m/e3~1(6.?.k) m/e295{3. 20fo) m/e251(2.7%) 

T 
If' ~ 

-NO' ,-NO' I-CO 

+. -r-ro..: + -NO; I +. _~ I + 
C2JI'308 ~2cP'206 - - - ~C2JIfO~ - - - ~ C2cP702 

m/e417(1.~) m/e371(3.20fo) m/e325(3.Yfo) m/e279(2.~) 
~ i ~ ~ ,-NO' -NO'. I-NO' I-NO' 

+. -~t...... I + -I'JO; ,"" +. -~ '+ -"'lIi ~ I +. 
C2cP'5011 - - 7C2cPf409 - - - - """'2cPf307 - - ~ C2cPf205 - - - 7 C2cPf03 
m/e493(7.~) m/e~~7(O.?fo) m/e401(1.Yfo) m/e355{2.Yfo) m/e309(O.~) 

r ~ ~ ~ ~ 
-NO' I-NO' I-NO' I-NO' I-NO' 

. +. I + . I +' I m' , 
-~ )C2cP'6012 -NO). )C2cPf5010 ._ ~=- ~2cP'408 -N()~ )C2cPf306 +'--- 1;.. ~2cPf20~ +. 

m/e523(100.~) m/e~77(O.~%) m/e431(O.~fo) m/e385(O.&fo) m/e 339(O.20.k) 

.... 
~ 

Continuous lines indicate those transitions which are supported by the presence of a metastable peak. 



In consequence a molecular ion containing such substitution might well 

be expected to expel one of these nitro groups very readily - and in 

preferance to any other. It is thought that 'R' does in fact contain 

2,8'- substitution and that it is precisely this effect which leads 

to the intense M - 46 ion. Whilst it is possible to propose other 

substitution patterns that might give rise to a similar effect (eg 

the presence of two 'ortho' nitro groups) the structure of product'S' 

(obtained from the decomposition of 'R') suggests that these are unlike 

-ly (see later). 

In view of the above discussion it seems likely that the 

M - 46 ion in 'R' will have predominantly a structure of the type 

(2-22). It is interesting to note that a rearrangement of this struc

ture could occur (2-22}-+(2-24) leading to the subsequent expulsion 

of NO· and CO, in a fashion reminiscent of that observed in 1,8-dinitro

naphthalene (although the rearrangement would be less favourable in 

the present case as the donor oxygen in (2-22) is not rigidly held in 

close proximity to the positive charge). In this event there would 

be three pairs of nitro groups in'R', each of which could fragment 

through initial loss of a nitro ~adical followed by explusion of NO' 

and CO. These fragmentations could thus explain the formation of the 

ion at m/e211 (10.2%) which presumably forms via the sequential loss 

from the molecular ion of 3N02·, >NO· N02 ' and JeO (cf the fragmenta-, 
tion sequence observed for compound 'Q'). Expulsion of NO' and CO 

may also occur via isomerisation of the nitro groups to the nitrite77 

NO-
2 

O~ 

N02 

(2-24) 

l 
Loss of CO 

but it seems unlikely that this route could, alone, account for the 

intensity of the ion at m/e 211. Thus although of low relative abundance 

this ion is in fact the third most intense ion in the spectrum. 
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The Infra Red-Spectrum 

The infra-red spectrum of 'R' (see appendix) shows a fairly 
-1 well defined band at 3030cm corresponding to the aromatic C-H stret-

ching frequency. The spectrum also shows two ver,y, strong absorptions 

due to N02 (N-O) stretching vibratioDS; of these the higher frequency 

(asymetric stretching) band is split into two maxima (at 1550/1535cm-1) 

whilst the symmetric band produces only a single maximum at 1350cm-1• 

In view of the proposed structure of 'R' this lack of splitting in the 

symmetric band seems surprising, as the molecule should clearly contain 

both 'planar' and 'non-planar' nitro groups. The situation seems anal

agous however to that already discussed for the compound 'Q'; thus if 

splitting of the assymetric band in 'R' is attributed to differently 

orientated nitro groups, the absence of splitting in the 'symmetrical' 

band might once again result from coupling of this vibration with the 

various ring modes. 

The low frequency region of the spectrum shows bands in 

the anticipated regions for both one and two 'adjacent substituted 

6 -1 . 6~a) hydrogens' (900-S60 and S o-SOOcm respect~vely • There are how-

ever no bands of even moderate intensity in the region normally associat 

-ed with the presence of three adjacent hydrogens (750-S10cm- 1). 

Whilst both of these observations correlate well with the proposed struc

ture of the compound, it is uncertain how reliable the evidence is 

from this region of the spectrum - thus rather erratic variations some

times occur, as discussed earlier. In fact in the present case it is 

impossible even to exclude the presence of four adjacent hydrogens 

(on the basis of the IR spectrum alone) - as there is a strong band 
-1 at 7~Ocm • Nevertheless the absence of a specific band, in the spec-

trum of a complex molecule, is likely to be more reliable for struc

tural determination than is its presence; in the present case however, 

the point is of little consequence as it is almost inconceivable that 

there could be three or four adjacent hydrogens in the compound 'R'. 

The Ultra Violet Spectrum 

The UV spectrum of 'R' shows five maxima at ~21lmm, E: 5090 
2 -1 ( T{*) '\ 2 -1 ( _3'< mmole Ar~~ ; 1\ 23Onm, E: 1:t:59<D mole N02 n-.+n); ~265nm(sh), 

2 -1 ( *) '\ 2 -1 E: 3500m mole N02 n -+ ~ ; 1\ 323nm, E: 155(D mole and ~ 355nm (sh), 
2 -1 ( * * 107 108 E: 12~<D mole both N02 """ ~ 7f or ~~ , ). These bands are 

in very similar positions to those observed in 1:t:,1:t:',5,5' ,7,7'-hexa

nitro-1, l'-hinaphthyl (~max 210, 230, 266, 326 and 358nm), though 

they arc not so well defined - presumably due to the less symmetrical 
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nature of this compound. The various absorptions are readily assigned 

in terms of 'hindered' and 'unhindered' nitro groups simply by compari

son with thepexanitroderivative. Thus as the q,q',5,5'- and 8'- nitro 

groups are all subject to steric hindrance, these are assigned to the 

'short wavelength' bands at 230 and 323nm; on the other hand the 7-

nitro group is unhindered (as in 'Q') and should therefore contribute 

to the bands at 265 and 355nm. The position of the 2- nitro group is 

a little less certain; construction of models suggests that it is 

much less subject to steric hindrance than is the 8- nitro group and 

might (depending on the conformation of the system) assume coplanarity 

with the ring. This fact combined with the intensity of the bands 

at 265 and 355nm suggests that the 2- nitro group can be regarded as 

substantially 'unhindered'. Thus although a linear relationship does 

not necessarily exist between the extinction coefficient of a band 

and the number of nitro groups contributing to that band; it would 

seem a little unreasonable to assign the maxima at265/355nm to a single 

nitro group and those at 230/323nm to six nitro groups, when there is 

only a relatively small difference in their extinction coefficients. 

This conclusion would seem to be substantiated by a comparison of the 

data with that derived from the spectrum of 4,4' ,5,5',7,7'-hexanitro-

1,1'-binaphthyl (see table 2-3). Thus it is evident from the figures 

that, for a given type of nitro group (hindered/unhindered) the extinc

tion coefficients are broadly similar between the two compounds. This 

would only be expected if the number of nitro groups contributing 

to each band was approximately the same in each compound - a situation 

which would only occur if the 2- nitro group in 'R' remained substan

tially unhindered. (In both of the above compounds the lower abso~ 

tion 'per hindered nitro group' - as compared with the 'unhindered' 

ones is readily explained by loss of conjugation between such hindered 

groups and the aromatic system,) 

It ~s interesting to note that although 'R' contains more 

nitro groups than the bexanitrobinaphthyl, all its spectral maxima have 

lower extinction coefficients than the analagous bands in the hexanitro

derivative. This result is surprising but may be attributed to two 

factors (in .addition to any structural differencies). Firstly as a 

really pure sample of 'R' has never been obtained, inaccuracies are 

inevitable in preparing a 'standard' spectroscopic solution. Secondly 

it is possible that 'R' may decompose in solution. Thus when dissolved 
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Table 2-3 

UV Maxima and Extinction Coefficients for the Bands Attributable to the Nitro Groups 

in the Hexanitrobinaphthyl 'Q' and the Heptanitrobinaphthyl 'R' 

q,q',5,5',7,7'-Hexanitro-1,1'-binaphthyl 

Amax {nm} 

230 

326 

266 

358 

( 

( 2 -1) m mole 

5060 

1550 

3820 

1330 

i) Hindered Nitro Groups 

Number 
of NO groups 
contrThuting 

to the 
band 

q 

q 

2 

2 

ii) Unhindered Nitro groups 

The Heptanitrobinaphthyl 'R' 

Amax (nm) 

230 

323 

265 

355 

( 

( 2 -1) m mole 

q590 

1550 

3500 

12qO 

Number 
of N0

2
groups 

proposed as 
contributing 
to the band 

5 

5 

2 

2 



in spectroscopic grade methanol the compound 'R' immediately produced 

a faint orangy-pink colouration (which is not observed in 'GPR' grade 

methanol); although the cause of this colouration is uncertain a par

tial decomposition of 'R' cannot be ruled out. Both of these factors 

would tend to reduce the 'true' molarity of the standard solution -

below that assumed in calculating the extinction coefficients; in con

sequence the true erli.nction coefficients may be somewhat greater than 

those given above. 

The various spectra of 'R' thus appear to be consistent 

with the proposed structure of 2,4,4',5,5',7,8'-heptanitro-l,1'-binaph

thyl - although they clearly provide insufficient evidence to assign 

any structure to this compound unambiguously. 

Crystallisation of the Compound 'R' from Tolue~~ 

It has been found that when the heptanitrobinaphthyl 'R' 
is crystallised from toluene the resultant crystals retain some of the 

hydrocarbon even after prolonged drying. In this respect therefore 

'R' is similar to the hexanitrobinaphthyl 'Q' (see earlier). Thus when 

a sample of 'R' was crystallised from toluene, it was found (by PMR) 

to retain about 0.24 moles of toluene, per mole of heptanitrobinaphthyl, 

even after it had been dried for five hours at 110
0 C under reduced pres

sure. In the present case however the melting point of the sample 

seems little affected by the presence of the toluene. Thus the crys

tals 'with toluene' melt at 206-207°c whilst the 'pure' (1) sample melts 
o 

at 206.5-200.5 C. 

As with the hexanitrobinaphthyl 'Q' it is uncertain whether 

the toluene is retained by occlusion in the crystal lattice of the hepta 

-nitrobinaphthyl, or by the formation of an addition complex. (Also 

in common with the hexanitrobinaphthyl, the toluene is best removed 

from 'R' by recrystallising it from acetone/acetic acid.) 

2.2.3. The Decomposition of 2,4,~' ,5,5',7,8'-Heptanitro-l,1'-binaphthl! 

(Compound 'R') 

2.2.3.1. Isolation of a Compound of Uncertain structure 

Designated Compound'S' 

When a sample of the heptanitrobinaphthyl 'R' was heated 

in aqueous dimethyl sulphoxide, the bulk of the material decomposed, 

only a few percent of the heptanitrobinaphthyl being recovered unchanged. 

Whilst the product apparently comprised a mixture of compounds, only 
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one material was actually isolated - by column chromatography. This 

compound crystallised from acetone as brilliant orange crystals and 

was designated as compound 'S1'. When this material was recrystallised 

(again from acetone), dull orange crystals 'S2' were obtained. It 

was thought at this stage that the darkening of the crystals might 

indicate a partial decomposition of the product, the compound 'S2' 

was therefore characterised without further purification; the spectra 

of this compound are presented below. An attempt was also made to 

recover the 'decomposition product' (1) of 'S1', by a fractional crys

tallisation (acetone/acetic acid) of the residues which remained from 

the recrystallisation of 'S1'. This process yielded some dark brown

ish-black crystals 'S3' - which became orange on grinding up. 

The infra-red spectra of 'S1', 'S2' and 'S3' are each pre

sented in figure ~; whilst the spectra of 'S2' and 'S3' appear identi

cal, there are small differences between the spectra of 'S1' and 

'S2'/'S3'. It is at present uncertain whether these differences result 

from the presence of impurities in one of the samples, or whether they 

indicate an actual change of composition between the compounds. Fur

ther work will be necessary to clarify the situation. 

As the compound 'S1' was only isolated in fairly low yield 

(1~~), there must either be partial decomposition of this product 

under the reaction conditions, or alternative decomposition routes for 

the heptanitrobinaphthyl, which do not yield the compound 'S1'. 

Before considering the possible conversion of 'R' to's' it is neces

sary to discuss the structure of the compound'S'; the spectra of this 

product are therefore considered below. In fact, only the spectra of 

'S2' are available for consideration because of the decomposition (1) 

of 'S1' (above). 

2.2.3.2. T~e Spectra of Compound 'S2' 

The most useful evidence for establishing the structure 

of 'S2' is the mass spectrum; this is therefore the first to be exam-

ined. 

The Mass Spectrum 

The most abundant ions in the mass spectrum of 'S2' are 

indicated in scheme 2:XVII. A full list of relative intensities and 

a bar diagram are given in the appendix. 

The spectrum shows a molecular ion at mle ~93 (3q.~~) 
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The Infra-red Spectra of Compowl~I 
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Scheme 2:XVII 

Fragmentation Pattern for the Mass Spectrum of Compound 'S2' 

N02 N02 

Proposed structure for 'S2' 

C ..lI + ( -CO C _H 0+ 
17-7 1~-7 

m/e211 m/e239 
(76.6%) (48.,) 

l-co 
+ 

C1cjl702 
m/e267 
(61.1~) , 

-N02 ' '-CO 
C2(JI,05+'- - - - - - - - - - ~2<P703+ 
m/e341(100.~~) m/e295 

r (IS.!) 
-NO' I • 

-NO • -NO • -NO 
+. 2 + 2 '+. 

C2cP'30S - - - - - - - - - ~C2cJI'206 - - - - - - - - - - ~2<Pf04 
m/e4~(6.¥~) m/~371(55.~~) m/e~5(4.~~) 

I-NO' -NO' I -NO' , f I 

+./ -N02 ' I + -NO 2 , +. -NO 2.' 1 + 
C2cPf5011 )C2cP'409 ) C2J1f307 - - - - - - - - ~ C2cP'205 
m/e493(34.~~) m/e447(6.~~) m/e401(76.6%) m/e355(3.Q%) 

Continuous lines indicate those transitions which are supported by the presence of a metastable peak. 



which corresponds to C2dIJN5011 ; it thus seems that the binaphthyl 

nucleus has remained intact in '82' and (if the compound is derived 

from 'R') it means that there has been an effective loss of 'N20
3

' 

from the original molecule. Fragmentation of the molecular ion in 

'82', as reflected by the most intense ions in the spectrum, appears 

to involve the sequential loss of 2N02·, 2NO·, N02• and )CO. Meta

stable peaks are evident to support most of the transitions implicit 

in this sequence of fragmentation - see scheme 2:XVII. 

The overall pattern of losses in '82' bears considerable 

similarity to that observed for a nitrobinaphthyl containiug two sets 

of adjacent peri substituted nitro groups (eg 'H' o~'Q'). Thus both 

show facile loss of two nitro radicals followed by loss of two NO· 

and ultimately two CO. It is evident however that in addition to these, 

'82' expels a fifth nitro radical and a third molecule of CO. The frag

mentation pattern of '82' can thus be explained by the presence of five 

nitro groups in the molecule - of which four are located in peri posi

tions (as two adjacent pairs); there must also be an oxygen function 

present which is ultimately lost as the 'third' molecule of carbon mon

oxide. It is pertinent to note that in this scheme the 'fifth' nitro 

group (ie the one which is not part of an adjacent peri pair) is expel

led only after the primary fragmentation of adjacent peri nitro groups 

has occurred (ie after the loss of 2N02• and 2N0·). In this respect 

the sequence of fragmentation is similar to that observed in the nitro

binaphthyl 'F', 'PI and 'Q' (eaCh of which contain 'extra' nitro group(s) 

_ that is groups in addition to those constituting the adjacent peri 

pairs). 

There is however one significant difference between the 

spectrum of 'S2' and those of the various nitrobinaphthyls which con

tain adjacent peri substituted nitro groups. Thus in the case of '82' 

the (M - N02 ) ion occurs with only low intensity, whilst in the nitro

binaphthylsthe corresponding ion invariably 9ccurs with very high inten

sity. Nevertheless the spectrum of '82' has a very strong (M - 2N02 ) 

ion (m/e 401, 76.6%) and in addition there are quite intense metastables 

for the transitions:-
+. ~ 

C2dI~5011 -----~) C2rJI-t409 + 

.. mle '*93 m/e 447 
Jr ~. 

C2cJl-t409 ), C2rJ1-t307 + 

mle 447 m/e 401 
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NO • 
2 

NO • 
2 

* M = 405.3 

* M = 359.7 



It thus appears that the low abundance of the (M - N00 ) ion in '82' ... 
may be the result of a particularly facile fragmentation of this ion 

-probably via expulsion of a second nitro radical. 

Thus on balance it appears most likely that the compound 

'82' does contain two sets of adjacent peri nitro groups - particular

ly as there is no evidence of alternative fragmentation pathways (eg 

loss of QH' or HN02 ), Such fragmentation might be expected, by analogy 

with the spectra of q,q'-dinitro-l,l'-binaphthyl, 5,5'-dinitro-l,1'

binaphthyl and q,q',5-trinitro-1,1'-binaphthyl, if the molecule contain 

-ed an 'isolated' peri nitro group (ie a nitro group peri to a hydrogen). 

Identification of the oxygen function in 'S2' is best made 

by reference to the infra-red spectrum, which shows no evidence of 

either a hydroxyl or carbonyl grouping, (The absence of a hydroxyl func

tion is further supported by the mass spectrum which shows no evidence 

for the loss of OR'), It therefore appears most likely that the oxy

gen is present in the fonn of an ether linkage; this explanation is 

also the most satisfactory for interpretation of the mass SP0ctrum. 

The proposed structure for 'S2' is that shown below:-

o Proposed structure for 

compound 'S2' 

Since expUlsion of the 'etherial oxygen' (as CO) involves the breaking 

of four bonds, this structure explains wpy the loss occurs only after 

expulsion of the peripheral nitro groups~ The location of four nitro 

groups in the q,q',5 ~d 5' positions has already been discussed; the 

position of the fifth nitro group cannot however be established with 

any certainty, on the basis of the mass spectrum alone. At this stage 

therefore the siting of this nitro group is primarily based upon the 

assumption that this compound is derived from the heptanitrobinaphthyl 

'R'. The possible conversion of 'R' to's' is discussed later. 
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The Infra-red Spectrum 

The infra-red spectrum of 'S2' (see appendix and fig 4) 

shows a weak band at 3100cm-
1 

corresponding to the aromatic C-H stret

ching frequency. There are also two very strong bands due to the nitro 

(N-O) stretching vibrations; of these the higher frequency (asymmetric 

stretching) bruld is clearly split into a double maximum at 1550/1535cm-1, 

the symmetric band however produces only a single maximum at 1355cm-1 

-1 
although there is a shoulder at 13~5cm • (The frequencies of these 

bands are extremely close to those observed in 'R' itself - 1550/1535 

and 1350cm-1 respectively.) The bands may be rationalised by essential 

-ly similar arguments to those applied to the heptanitrobinaphthy1 

('R'). Thus if splitting of the asymmetric band is attributed to the 

presence of differently orientated nitro groups in 'S2', the absence 

of such splitting in the symmetric band could once again be due to coup

ling of this vibration with the various ring modes. Since the change 

of structure proposed between 'R' and 'S2' , might reasonably be expec

ted to modify the vibrational modes of the ring, it is interesting to 

note the ap!·~arance, in the spectrum of 'S2', of a shoulder at 13~5cm-l 
(on the synunetric NOt) stretching band). Thus it appears that the two ... 
symmetric stretching frequencies may just be visible in 'S2' whereas 

they are not in the compound 'R'. Presumably in this case the modified 

ring vibrational modes of 'S2' lead to enhruIced frequency separation 

(as compared with 'R'), between the symmetric stretching vibrations of 

the differently orientated nitro groups. (The nature of the frequency 

variations which are produced due to coupling with the ring modes, 

tends to be rather erratic.86a ) 

The spectrum of 'S2' also shows a strong band at 1270cm-1 

which is presumably due to the presence of the ether linkage. The band 

corresponds to the C-O stretching vibration and the observed frequency 

. t t "th th b t " tho I" k b' 64c is conS1S en W1 e car on a om 1n 1S 1n age e1ng unsaturated. 

The frequency of this band is quite close to that normally found in 

aryl ethers and is therefore consistent with the location of this link

age in a six membered ring; thus the strain in a ring of this size is 

not normally sufficient to produce large deviations of frequency from 
6~c those observed in the acyclic ethers. 

The low frequency region of the spectrum is once again 

rather too complex to be of value. 

The Proton Magnetic Resonance Spectrum 

Considerable difficulties were encountered in recording 
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the PMR spectrum of 'S2', due to the extremely small quantity of mat

erial which was available (much of the sample was lost in recrystallis

ing 'S1'). In consequence the spectrum is of rather poor quality. 

Further, it is evident from the spectrum that the sample is contaminated 

by a relatively large quantity of aliphatic material. Whilst the pre

sence of thislnaterial should not interfere with the aromatic region of 

the PMR spectrum, it is important to note its presence because the UV 

spectrum of 'S2' was recorded after the PMR spectrum. Thus, as there 

was insufficient sample to recrystallise, the UV spectrum of 'S2' had 

to be recorded, using this impure sample; in consequence the UV spectrum 

must be regarded as being of somewhat doubtful value. 

The PMR spectrum of 'S2' (acetone) comprises the following 

signals: '1" -0.12 doublet, J = 1.95Hz, '1" 0.89 doublet, J = 1095Hz,' 

'T' 1.lO-1.~1 multiplet and '1" 2.28 doublet, J = 8.79Hz. 

'S2' 

The doublets at ". -0.12/0.89 constitute an AB quartet 

with coupling constants of the order normally associated with meta coup

led protons;115 this quartet may therefore be assigned to the protons 

Hb and Hc. Since the proton Hb is sited ortho to two nitro groups in 

a 'trinitrated' naphthyl nucleus, it would be expected to resonate at 

roughly similar field to the protons H6/ 6, in the hexanitrobinaphthyl 

'Q' (ie close to '1" 0.95). The signal at 'T' 0.89 may therefore be assig

ned to this proton. In consequence the proton H must produce the sig-
c 

Dal at '1"-0.12. The extremely low field at which this proton resonates 

is consistent with the combined effects of two nitro groups (ortho 

and para to the proton) and the adjacent naphthalene system; thus as 

the molecule must be almost planar, the proton H will be held in close 
c 

proximity to and in the same plane as, the second naphthyl moiety. In 

consequence it will be subject to strong deshielding by the induced 

magnetic field associated with this aromatic system. 
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Since the doublet at T 2. 28 occurs at rather higher field 

than the rest of the spectrum it is relatively straightforward to as

SiWl. Thus the only protons likely to resonate at (relatively) high 

field are lig and IId - because all the other protons 

to a nitro group. Further as the proton lid must be 

by the adjacent naphthyl moiety (cf II ), the signal c 

are sited 'ortho' 

strongly deshielded 

at l' 2.28 is most 

likely to arise from the proton H. The observed coupling constant 
g 

for the doublet (8.79Hz) is consistent with the 'ortllo' coupling which 

would be expected for this proton. 

The remaining protons must all contribute to the multiplet 

at 1'1.1o-1.'!1. This assignment seems reasonable because the protons 

H , Hand Hf would all be expected to resonate in a similar region; 
a e 

thus each of these substi tuents is a /!:r-proton, sited ortho to a nitro 

group. (Presumably the deshielding of lid by the adjacent naphthyl moiety 

is just sufficient to bring this proton into resonance at similar field.) 

In fact the region spanned by the mul'tiplet compares quite favourably 

with the chemical shifts observed in the nitrobinaphthyls; thuH for 

example Ii3 in q,q',5,5',7,7'-hexanitro-l,1'-binaphthyl resonates at 

l' 1.13 whilst in q,q'.5.5'-tetranitro-l,1'-binaphthyl the figure is 

T 1. qQ. 

An analysis of the multiplet at T 1.10-1. ql can be made 

in the spectrum of 'S2', although a lack of fine resolution in the spec

trum causes the assignments to be somewhat tentative. A prime feature 

of the multiplet which is quite clearly discernable, is a doublet, cen

tered at 1'1.37 with a coupling constant of 8.:ilz. Whilst this value 

of J seems to differ from that of the doublet at l' 2.28 (by 0, 49Hz), 

this variation is not considered to be significant. Thus when the spec

trum was recorded for a second time a coupling constant of 9.:ilz was 

attributed to the doublet at l' 1.37, (whilst a figure of 8,~lz was 

determined for the doublet at l' 2.28). The rather large deviation of 

coupling constants here - between the two spectra - presumably results 

from the fairly high level of background noise present in both. It 

thus appears probable that the signals at ". 1. 37 and T 2.28 constitute 

an AB quartet (with J~8. 3Hz). Since the doublet at "'2.28 has already 

been assigned to Hg the signal at T 1. 37 must be attributed to lIre 
The remaining lines in this multiplet must be interpreted 

in terms of an AB quartet (due to lId/e) and a singlet (from Ha ), if 

the spectrum is to fit the proposed structure of 'S2'. Al though it is 

difficult to distinguish these features due to overlap (and noise) 
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they arc nevertheless thought to be present. Since the mul tiplct (T 1. 10-

1.401 covers only a fairly small range (O.3ppm), Hd and lIe must resonate 

at quite similar frequencies. This fact explains why the quartet, al~ 

ticipated for these two protons, is not readily visible; thus as the 

resonant frequencies of these two protons become more similar, the in

tensity of the central lines in the quartet will increase at the expense 

of the outer lines. 117 The limiting case will occur if both protons 

have identical chemical shifts - in this case the spectrum would col

lapse to a singlet 117 (an 'A2' spectrum). Two interpretations are there

fore possible for the multiplet. Case (i) Hd and He happen (coinciden

tally) to have identical chemical shifts and therefore produce a single 

line at T 1. 26. In this case the singlet at T 1. 20 would be assigned 

to lI
a

• Case (ii) lId and He have quite close (but not identical) chem

ical shifts. In this case the central lines of the quartet would be 

larg~ (and close together) whilst the outer lines would be small and 

could easily be lost in the baseline noise. As the two lines at T 1.20 

and 'T" 1. 26 are of unequal intensity a coincident singlet at T 1. 26 

(due to Ha) is implicit in this explanation. 

It is possible to calulate for case (ii) the approximate 

intensities of the four lines (due to Hd/ e ) by assuming a value for the 

coupling constant JHd/ e ; - a typical value would be about 8.5Hz. The 

intensity 01 the various lines in an AB quartet (see fig 5) is given 

by the following equations:_ 117 

Line Relative Intensity 

1 1 - Sin 2g 

2 1 + Sin 29 

3 1 + Sin 2e 

~ 1 - Sin 2Q 

Line: 1 2 3 

, 

JAB , JAB 
r 

Energy: #+C -~+C iu-c -iJ-c 
Fig 5 

Where C is a positive quantity and e an angle (between 0 and -r< ) which 

are together defined by the equations :_117 
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C cos 2Q = tvcS 
C sin 2Q = # ................. ( 1 ) 

where v<,S' = the difference between the resonant frequencies of the 

two protons in Hz. Since it is possible to measure the separation of 

the two centre lines in the proposed quartet in 'S2' (ie between the 

lines at r 1. 20 and 'T" 1. 26) it is possible to calculate the value of 

sin 29. Thus as the separation of these two lines in 'S2' is 5. 3Hz 

it follows that:-

2C - J 

Hence c = J 

= 
+ 
2 

5.3 
5.3 

Since J has been estimated as 8.5Hz, C becomes equal to 6.9. But from 

equation (1):-

Sin 29 = ~ -
C 

Therefore Sin 2e = 0.62 

Hence in 'S2' the lines will have intensities of:-

Line: 1 

Intensity: (1 - 0.62) 

ie a ratio of: 1 

2 

(1 + 0.62) 

4,.3 

3 
(1 + 0.62) 

4.3 

(1 - 0.62) 

1 

Further as it is assumed that J = 8.5Hz the outer lines in 'S2' should 

be observed at r 1.12 and 'T" 1. 34,. A small peak is in fact visible 

at 'T" 1.12 (although it is not sufficiently large to be distinguishable 

with certainty from the baseline noise). Any signal at r 1. 31i however, 

must be largely coincident with the doublet at 'T" 1.37 (J = 8.3Hz). Thus 

it is interesting to note that in this doublet the line at 'T" 1.33 is 

rather more intense than that at 'T" 1.41 (Whereas the opposite would be 

expected due to the normal 'roofing' effect - if this doublet ( 'T" 1. 37) 

is coupled to that at 'T" 2.28). This suggests that there could indeed 

be a coincidence of two signals here. A comparison of intensities 

is rather difficult due to a drifting baseline, but the ratio of the 

peaks at r 1.12/1.20 has been estimated at 1 : 5.1 ; whilst this is 

reasonably close to the calculated value of 1 : 4.3, the value cannot 

be regarded as particularly accurate - due to the high noise level in 

the spectrum. To summarise case (ii) therefore, the protons H
d

/
e 

would be assigned as an AB quartet r 1.16 doublet, J:;::;:'8.5Hz, 'T" 1.31 

doublet, J ~8. 5Hz, whilst the proton H would give rise to a singlet a 
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at '1"1.26. It is not clear from the available data which of the explan

ations (i) or (ii) is correct, both of the interpretations are however 

consistent with the proposed structure of 'S2". 

The Ultra Violet Spectrum 

The UV spectrum of 'S2' is reproduced in the appendix; there 

is however no doubt that this spectrum was recorded using an impure sam

ple of the material. Some evidence for this has been noted above from 

the PHR spectrum and the fact has been confirmed by the very low extinc

tion coefficients observed in the UV spectrum. As there was insuffic

ient material to permit purification of this sample it has not been 

possible to record an accurate spectrum of the compound. The various 

maxima visible in the spectrum of the impure 'S2' are given belew, it 

does not however seem worthwhile to discuss this spectrum in detail. 

X 213nJD, (1147m2mole- 1, (Arn' ... r<*), X 251nm, (967m2mole- 1, X 277nm(sh), 
2 -1 2 -1 2 -1 

E: 577m mole , X 318nm, E: 374m mole , X 37Onm, E: 281m mole , X 454nm, 
2 -1 ( 289m mole • 

2.2.3.3. The Conversion of 'R' to's' 

The compound 'R' has been assigned the stlucture 2,4,4',-

5,5',7,8'-heptanitro-1,l'-binaphthyl; if this structure is correct the 

feature most likely to render this compound less stable than the other 

nitrobinaphthyls, is the presence of two para substituted nitro groups. 

Thus in general the location of nitro groups either para or ortho to 

one another, renders a molecule highly succeptible to nucleophilic at

tack, because each nitro group activates the other towards nucleophilic 
118 displacement. In consequence such compounds may be readily hydrol-

ysed. Thus for example 2,3,4,6-tetranitrohydroxybenzene118 and N,2,3,-

4,6-pentanitro-N-methyl aniline119 may be hydrolysed simply by boiling 

with water (to form 2,4,6-trinitroresorcinol and 3-hydroxy-N,2,4,6-

tetranitro-N-methylaniline respectively). 

A compound such as 'R', though possibly less sensitive to 

hydrolysis than the above compounds - due to the presence of fewer nitro 

groups 'per ring' - is nevertheless likely to undergo hydrolysis under 

suitable conditions. In fact this reaction is likely to be facilitated 

by the presence of DMSO. Compare for example the case of 1,2,3,6,8-

pcntanitrocarbizole. This compound normally requires to be boiled with 

water, in order to achieve a fairly rapid hydrolysis; however, the same 

reaction can be achieved at room temperature in only a few minutes 

if the material is dissolved in (wet) DM.SO. 120 In consequence it seems 
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very likely that hydrolysis of the compound 'R' will occur, when it is 

dispersed in aqueous DMSO - at around 70oC. Of the two para nitro 

groups in 'n' the 8'- substituent should be the most susceptible to nuc

leophilic attack because this group is activated by both the 4'- and 

5'- nitro groups - structures (2-25) and (2-26). 

O~ o 

(2-26 ) 

Thus hydrolysis of 'R' would be expected to lead to the compound 'T'. 

O~ 

(1 ) 

'T' 'S2' 

Since it is actually the compound 'S2' which is isolated after the de

composition of 'R', it seems reasonable to postUlate a conversion of 

the compound 'T' to 'S2' via elimination of a molecule of nitrous acid. 

Unfortunately the compound 'T' has not been characterised, although in 

retrospect it seems that there may be some tentative evidence to supp

ort its existence. Thus as indicated earlier the analysis of the 

compound 'R' proved unsatisfaotory - the figures falling between the 
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calculated values for a hexa and a hepta nitrobinaphthyl. However, 

if a comparison is made between the analytical figures obtained for the 

compound 'u' (C:44.3~~; H:1.8%; N:15.6%) and those expected for the com

pound 'T' (calculated: C:44.4%; H:1.~~; N:15.6%) the two are seen to 

be very similar. Thus it may be that the attempts to purify the hepta

nitrobinaphthyl 'U' have simply resulted in its hydrolysis (so that 

it was the compound 'T' which was analysed and not the compound 'U'). 

This possibility evidently passed unnoticed at the time of isolation, 

due to an error - whereby no spectra were recorded from the batch of 

'R' ('T'?) which was actually submitted for analysis (see experimental). 

Thus it is possible that a chance to characterise the compound 'T' 

was lost. It is worth noting however, that even if this material was 

the compound 'T', its rather pale yellowish appearance would suggest 

that it differed (at least superficially) from the compound 'Sl' (which 

was a brilliant fluorescent orange colour). Thus if a chemical dif

ference does exist between the compounds 'Sl' and 'S2' its exact nature 

still remains obscure. 

Further work will clearly be necessary in order to clarify 

the various decomposition products of the heptanitrobinaphthyl 'R'. 

2.3. Preparation of a Pentanitrobinaphthyl of Uncertain Structure 

Designated Compound 'U' 

The nitration of 4,4' ,5,5'-tetranitro-1,1'-binaphthyl in a 

mixture of nitric and sulphuric acids to form 4,4' ,5,5' ,7,7'-hexanitro-

1,1'-binaphthyl has already been described. Nitration of the same sub

strate under similar conditions, but for a shorter period of time, has 

led to the isolation in 3.6% yield of a pentanitrobinaphthyl, designated 

compound 'U'. (Some 4,4'.5,5' ,7,7'-hexanitro-l.l'-binaphthyl is also 

formed.) At the time of isolation it was assumed that the compound lUI 

was 11:,4' ,5,5', 7-pentanitro-l,1'-binaphthyl, subsequent work has however 

thrown some doubt upon this conclusion; the data is considered below. 

The Compound 'U' 

The m'a.ss spectrum of lUI shows a molecular ion at mle 479.03483 

corresponding to C2dff9NS010 (calculated 479.03493). Its infra-red 

spectrum shows bands consistent with the presence of nitro groups,but 

shows no evidence of any other functional groups. The compound thus 

appears to be a pentanitrohinaphthyl. However, an examination of the 

UV and mass spectra of this compound reveals some unexpected features 
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with respect to the anticipated structure. These features together 

throw some doubt upon the expected structure of q,q',5,5',7-pentanitro-

1,1'-binaphthyl and will be discussed in some detail below. The anoma

lies may howeva' be rationalised by assuming that the compound 'U' does 

not contain q,q' ,5,5'- substitution, but instead has just one set of 

adjacent peri substituted nitro groups and an 8- nitro substituent. 

Although at first sight this assumption may seem rather unlikely as 'U' 
was ostensibly prepared from 4,q',5,5'-tetranitro-l,1'-binaphthyl, there 

is additional evidence in support of it. Thus the further nitration 

of 'U' does not yield any detectable quantity of q,q',5,5',7,7'-hexa

nitro-1,1'-binaphthyl, despite the fact that this compound is the log

ical nitration product of q,q',5,5',7-pentanitro-1,1'-binaphthyl. In 

fact the product obtained from the nitration of compound 'U' seems likely 

to be an 8- substituted nitrobinaphthyl - although this assiwnnent is 

by no means conclusive (see below). It is thus thought that the com

powld 'U' may be derived from an impurity in the original substrate; 

this could of course explain the very low yield of the product (3.6~~). 

Such an explanation is thought to be the most satisfactory in view of 

the overall pattern of results obtained from the nitration of the 1,1'

binaphthyl system. It is however possible that rearrangement of q,q:5,5'

tetranitro-1,1'-binaphthyl could lead to the production of compound 'U'. 
The most likely impurity to be found in q,q' ,5,5'-tetranitro-

1,1'-binaphthyl is the compound 'PI (q,q',5,8'-tetranitro-1,1'-binaph

thyl), because this is a known by-product in the preparation of 'H' 
and is in fact quite difficult to remove from the compound 'H' by 

crystallisation. Thus it seems likely that if 'U' is 8- substituted, 

it could arise from the nitration of the compound 'Pl. In this event 

it must be assumed that the desired product (q,q',5,5',7-pentanitro-

1,1'-binaphthyl) - if formed - was never separated from the hexanitro

binaphihyl 'Q' which was also isolated from the reaction. This appears 

quite reasonable in retrospect, as considerable difficulty was experienced 

in separating the compound 'U' from q,q',5,5',7,7'-hexanitrobinaphthyl 

(either by chromatography or by crystallisation). Thus it might be ex-

pecLcd that q,q', 5, 5', 7-pentanitro-1, 1 '-binaphthyl which is more 

similar in structure to the hexanitrobinaphthyl than is 'U' would 

be even more difficult to separate from it. In consequence this penta

nitrobinaphthyl could have passed unnoticed in admixture with the hexa

nitrobinaphthyl (which although identified via its IR and mass spectra 
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was not further analysed}. 

The various spectra of the compound 'U' will now be consid

ered in detail in order to establish the most probable structure(s} 

for this material. 

The Proton Magnetic ReRonance Spectrum 

'l'he PMR SP(~ctrum of 'U' (in acetone) is given in the appendix 

and in figure 6. The spectrum comprises the following signals:-

T 0,92 doublet, J = 2.Ulz, T 1.14 doublet, J = 7.ffilz, T 1.24 doublet, 

J = 2,(JJz, T 1.35 doublet, ,J = 7.8Hz, T 1.53 double doublet, J = 6.8Hz 

J' = 105Hz, T 1. 70 doublet, ,J = 7.8Hz, T 1.85 doublet, J = 7.8Hz, 

T 1. 94 double doublet, .J = 7. 7Hz, ,p = 1. 5Hz 7" 2.23 double doublet, 

J = 7./llz, J' = 6.8Hz. Analysis of the spectrum may be readily accomp

lished in terms of an ABC system and three AB quartets. Evidently two 

of these quartets (comprising the doublets 7" 1.14, 1.35, 1.70 and 1.85) 

arc due to 'ortho coupled' protons (as iudicated by the magnitude of 

their coupling constants 115 - about 8Hz - whilst the third quartet 

must result from a pair of meta coupled protons (in this case J is only 

2Hz) • 

In fitting the spectrum to a specific structure it is per

tinent to note that there must be at least one pair of adjacent peri 

substituted nitro groups jn the molecule (see below - the mass spectrum). 

Allowing for this fact tlle structures (2-27 H 2-29) provide the be·st 

fit for the FHR spectrum. (For the sake of clarity the spectrum is 

reproduced in fig 6 with the various assignments indicated.) (The only 

other structures which could fit, would preclude the existance of 

4,41- substitution in lUI and also require the presence in this compound 

of nitro groups orientated either ortho or para to one another. Both 

of these possibilities are discounted because all the likely precursors 

to IU' should contain 4,4'- substitution, whilst the compound lUI it-

o 

( 2-27) 

1 ')'" -, 

N02 

(2-28 ) 

N0
2 

N02 

(2-29) 



self hus shown JlO ~ip;n of the iustability normally associated with a 

compound cont.aining 'ortho' or 'para' nitro groups.) Although all three 

structurps (~-!27~(2-29) would be expected to produce t.he basic pattern 

observed in che ~pectrum of 'U' (an ABC multiplet plus three All quar

tets). it is Ill'Cf'l4Sary, in order to ascertain the most sui table struc

ture for the compound 'U', to estimate the chemical shifts in each. 

Con~.;ider eg the fltructure (2-27). As part of this structure resembles 

'half a molecule' of q,q',5,5',7,7'-hexanitro-l,l'-binaphthyl('Q') 

whilst the remainder is similar to 'half a molecule' of ~,ql,5,5'

tetranitro-t,l'-binaphthyl, the chemical shifts in this structure may 

be p:-:t.imatcd by analogy with the spectra of the above compounds. The 

figures anticipated 011 this basis are given in table 2-4 together with 

the shiHs actually observed in the spectrum of 'U'. It is quite clear 

from this tahle that the two sets of data match up quite well, thus the 

structurf' (2-~n) is considered to be a 'good fit' for the PMR spectrum 

of compound 'll'. 
Table 2-1* 

A Smmnury of PMH Data for structure (2-27) 

Anticipated 
Compound from 

Observed 
ProLons Shift 

which anticipated Protons 
Shift in 'U' 

T 
shift is derived T 

fig 1.63/1.13 ' Q' 2/3 1. 70/1.14 

h/i 1.12/0.96 ' Q' 6/8 1. 2q/O. 92 

e/d 1.90/1.qO 'H' 2/3 1.85/1. 35 

c 1.57 'H' 6 1. 53 

7/8 * 2.23/1.94 b/a 2.5-1.9 'H' 
il'fhis multiplet actually extends over the region T 2.3-1.89 

'l'hl' sl)('ctrum anticipated for structure (2-28) is substan

tially :-!imi lar to that predicted for structure (2-27); indeed the only 

feature which is likely to change significantly between the two spectra 

is ttl.' chf'micul Hhift of lI a • Thus although this proton is para to a 

Ringle nitro ~roup in both structures, it is probably shielded by the 

adjacent naphthyl moiety in (2-27), but deshielded by the adjacent 

I peri' ni tro p;roup in structure (~28). Unfortunately even this dif

If'rcntiation i~ ullcertain because it has been noted71 that when the 

Rpectrum of 1. Ja-dinitronaphthalene is recorded in acetone. the down

field ~hi ft of O<:-prot.oTls du(' to the adjacent peri nitro groups seems 
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abnormally low. Thus, in acetone, a substantial shift of Ira - between 

the structures (2-27) and (2-28) - cannot be relied upon, (In auy event 

it is di fficul t to estimate the chemical shift of Ha, because a full 

analysis of the ABC multiplet in q,q',5,5'-tetranitro-1,1'-binaphthyl 

is lacking.) It therefore seems probable that the structure (2-28) 

could provide an adequately good fit for the PMR spectrum of 'D'. 
A very similar argument applies in comparing the spectra 

for structures (2-27) and (2-29). Thus the only significant difference 

expected between these two is in the chemical shift of the proton Hh. 

Once again shielding of this proton would be expected in structure (2-27), 

but deshielding in structure (2-29). However, as the extent of this 

deshielding is uncertain - in acetone - (see above), it is probable that 

the structure (2-29) could also provide a reasonable 'fit' for the PMR 

spectrum of 'D'. 
It thus appears that all three of the above structures are 

reasonably consistent with the ~rn spectrum of 'U'; in consequence an 

alternative method will have to be found to distinguish between them. 

The Mass Spectrum 

The most intense ions in the mass spectrum of 'U' are sum

marised in scheme 2:XVIII; a full list of relative intensitieH and a 

bar diagram are given in the appendix. The spectrum is in some respects 

typical of a nitroaromatic compound, as it shows ions which logically 

correspond with sequential loss of five nitro radicals from the molecu

lar ion. The intensity of these ions is however very small in some 

cases - as would be expected due to the presence of adjacent peri 

substituted nitro groups. It is nevertheless possible to identify the 

interim ions of low intensity - (M - 0), (M - NO) etc - ~lich are 

characteristic77 of isomerisation and fragmentation of the individual 

nitro groups. 

It is quite clear from the mass spectrum of 'U' that the 

compound does in fact contain q,5- substitution. Thus although the 

molecular ion is small, the M q6 ion is the base peak of the spectrum. 

It is pertinent to note however that the M - 2N02 ion is of only low 

intensity (q.~4) and it is this feature which seems anomalous with 

respect to q,q',5,5'- substitution, that is structure (2-27). Thus 

the presence of two sets of adjacent peri substituted nitro groups 

would be expected to result in the facile expUlsion of two nitro groups 

and h('llel~ intense ions corresponding to both (M - N02) and (~1 - 2N0
2

) 

(cf both ll,q' ,5.5'-tetranitro-1,1'-binaphthyl and q,q' .5,5',7, 7'-hexa-
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Scheme 2:XVI II 

Fragmentation Pattern for the Mass Spectrum of Compound lUI - a Pentanitro-l,l l -binaphthyl 

C _H \= :~ C _H + 
Hr-s 1~9 

m/e22q m/e225 
(100.~~) (qO.~) 

I~O 

1+ 
C1cjl90 

m/e2~(lq"2%) 

C1cJI7 
+ 

m/e225(5. S%) 

'-H' 
I 
I 

C ..JI +. 
1~ 8 

m/e~6(5.S%) 

,-co' '-H' , , 
+. -NO~ , + 1+ 

C2d19NO q - - - - ~C2cP902 C1cJI9 
m/e31Z(12.~~) m/e2S~(16.?~) m/e2~7(5.~~) 

I -NO' '-NO' '-CO' , , , 
, + -~; '+. - rroi. I + 

C2rP9N205 - - - - ~2JI9N03 - - - - ~2JI90 
m/e35.7(4.~fo) m/e311(q.~fo) m/e265(2.5%) 

;K '" ~ 
I -NO' '-NO' I-NO' 
t I , 

~.o· .",,' I ., • I • + 1-.... :I. + -NUl. + -N'C~ + -N{), + -N'()l.... + 
C2cJI9N5010 • - - ~ C2cP9NqOS )C2cJI9N306 .! - - - ~2JI9N20q - - -1-~C2cJI9N02 .: - - -,C2cJI9 
m/eq79(4.2%) m/e433(100.~fo) m/e387(q.2%) m/e3ql(10.S%) m/e295(1.~) m/e2q9(1.7%) 

Continuous lines indicate those transitions which are supported by the presence of a metastable peak. 



nitro-l,l '-binaphthyl). It is important to note however that this 

anomaly doe~ not totally exclude the possibility of 4,4',5,5'- subs

titution aH it may simply be that the ~ - 2N02)ion fragments very read

ily. Indeed as there is a fairly intense metastable peak at mle 345.9, 

it is possible that the expUlsion of a nitro radical from the (M - NOt) .... 
favourable process:-

* 
ion is a very 

+ 
C2 cJI9N408 ------~) C2J19N306+' + NO • 

2 M = 345.9 

m/e433 mle 387 

Thus it may simply be the facile nature of this fragmentation which 

leads to the low observed intensity of the ~ - 2N0 2) ion. Indeed the 

most intense ions in the remaining'part of the spectrum are best as

signed by assuming subsequent fragmentation of the (M - 2N0 2 ) ion 

(see schome 2:XVIII). The overall breaxdown pattern of this compound 

is in fact quite similar to those of other ni trobinaphthyls which are 

known to contain 4,4',5,5'- substitution, thus the main fagmentation 

pathway in JUt, as indicated by the most intense ions, seems to involve 

the sequential loss from the molecular ion of 2N02 ', 2ND', N02 ' and 

2CO. However whilst the spectrum of 'u' could certainly be consistent 

with the presence of 4,4',5,5'- substitution - at least with respect 

to the overall fragmentation pattern - there is no indication why (in 

the event of such substitution), the (M - 2N02 ) ion should differ from 

its analo~le in compounds such as 'H' and 'Q' by undergoing a particular 

-ly facile fragmentation. 

It may therefore be concluded that whilst the presence 

of 4,5- substitution in 'u' seems reasonably certain, the'presence of 

4,4' ,5,5'- substitution is not. In consequence it is impossible either 

to verify or disprove the structure (2-27) on the basis of this spectrum, 

The situation is rather different when the alternative 

structures (2-28) and (2-29) are considered, because each of these con

tain just one pair of adjacent peri substituted nitro groups; thus neit

her of these structures would be expected to produce an intense (M - 2N0
2

) 

ion. In absence of 4,4' ,5,5'- substitution however, an alternative ex

planation must be found for the main fragmentation pathway (outlined 

above), because this apparently involves the loss of two NO' and two 

CO. 'rhus whilst the presence of 4,5- substitution would be expected 

to lead to the loss of N02 ' , one molecule of NO' and one molecule of 

CO, the apparent expulsion of a second molecule of both NO· and CO 

must be attributed to some other cause. (The isomerisation77 of nitro 
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groups to the nitrite would not be expected to yield particularly abun

dent fragments and does not therefore provide a satisfactory explanation.) 

This particular fragmentation can in fact be quite reasonably explained 

in terms of the 8-. subsituted nitro group. Thus inter-ring rearrange

ment of an 8- substituted nitro group has already been suggested, whilst 

considering the mass spectra of other nitrobinaphthyls. Of particular 

significance here is the possibility (first mentioned with respect to 

the compound 'C-2') that fragmentation of the 8-nitro substituent migllt 

occur via two competing mechanisms, that is, by rearrangements anala-

gous to those depicted in structures (2-8' ~(2-9f) and (2-15}-+(2-17) 

(pages 60/61). The first of these would result in the expulsion of OlI" 

and NO' whilst the second would produce loss of CO and NO' • In tile 

case of 'C-2' it was suggested that the cours~ of this rearrangement 

mi~lt have been dependant upon the electron density at the 2- position; 

or specifically that an electron deficiency at this site would favour 

a cyclic transition state and hence the expulsion of NO' and CO, rath~r 

than NO' and OU· • Since there are several nitro groups in the reI event 

naphthyl ring for both structures (2-28) and (2-29), it seems consistent 

with earlier reasoning that fragmentation of the 8- nitro group in 'U' 

should involve expulsion of NO' and CO (via the cyclic transition state). 

Further as the spectrum of 'C-2' suggests that the expulsion of NO' 

and CO - due to this rearrangement - occurs only after expulsion of the 

other nitro groups, it might reasonably be expected that the 8- nitro 

group in lUI would also be the last to fragment. Thus fragmentation 

of the molecular ion via initial loss of 3N02 ' followed by 2NO' and 

2CO might in fact be the most favoured sequence; - this could therefore 

explain why the ion at mle 3~1 (M - 3N02) is reasonably intense (10.8%). 

(Contrast the situation if ~,~',5,5'- substitution is assumed, as in 

this case the (M - 3N0
3

) ion would be much more intense than its analogue 

in either 'IJ' or 'Q' - without any apparent explanation). 

It is thus assumed that fragmentation of the 8- nitro group 

in 'U' occurs via the expulsion of NO' and CO - at the expense of the 

alternative pathway involving expulsion of NO' and OH' - (cf 'C-2'). 

In consequence the ions such as (M - N02 OB) and (M - 2N0
2 

- OH) are 

practically non-existent. (It should be noted that the alternative 

mechanism for the loss of on' - via the Beynon type mechanism - will 

also be suppressed, as in both of the structures (2-28) and (2-29) 

the hydrogen sited peri to a nitro group also has another nitro group 



located para to it.) In view of this discussion therefore the mass 

spectrum of 'U' is thought consistent with either of the structures 

(2-28) or (2-29) - although it is impossible to distinguish hetween 

them at the present time. 

The overall conclusion to be drawn from above is that the 

spectrum is probably better explained by the structures (2-28) and 

(2-29) than by the structure (2-27); such a conclusion however, must 

be regarded as rather tentative,. 

The Infra-red Spectrum 

The infra-red spectrum of 'U' (see appendix) shows a weak 
-1 band at 3020cm corresponding to the aromatic C-H stretching frequency. 

There are also two very strong bands due to the nitro stretching vib

rations; of these the higher frequency (asymmetric stretching) band 

is clearly split into a double maximum (at 1550/1535cm1) whilst the 

symmetric stretching band produces only a single maximum at 1355cm-1• 

These bands may be rationalised by essentially similar arguments to 

those applied for the hexanitrobinaphthyl 'Q'. Thus if splitting of 

the asymmetric band is attributed to the presence of differently orien

tated nitro groups in 'U', the absence of such splitting in the sym

metric band could once again be due to coupling of this vibration with 

the various ring modes. 

The actual frequencies of the two 'uitro' bands in 'U' 

are quite close to those observed in the other nitrobinaphthyls (eg 'H', 

'Q' and 'R'); it does not appear possible however, to use these freq

uencies in distinguishing between the structures (2-27)-+(2-29). (At 

least not without a much more accurate spectrometer.) 

The low frequency region of the spectrum is once again of 

very little value for structural assignment. 

The infra-red spectrum of 'U' thus appears consistent with 

eacb of the structures (2-27~(2-29) but does not provide any informa

tion as to which of these structures is the correct one. 

The Ultra Violet Spectrum 

The ultra violet spectrum of 'U' in methanol (see appendix) 

shows five maxima at X 21Onm, ( 527(m2mole-l (Ar"l'{-.+"'f{'*), X 234nm, 
2 -1 ( *) '\ ( ') 2 -1 * ( 4:43Om mole N02 ~~ , ,,268nm sh, ( 2250m mole (N02~;()' 

X 326nm, (144(B2mole-1 and ~ 355nm (sb), ( 108(m?mole-1 (both N0
2 

~~* or rt'~'f(* 107,108). 

The first point of interest in this spectrum is that the 

* aromatic 1f ~ 7\ band has a significantly lower extinction coefficient 
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than in either ~,~',5,5'-tetranitro-l,1'-binaphthyl ( ( 651Om2mole-1) 

or ~,4',5,5',7,7'-hexanitro-l,1'-binaphthyl «( 657Om2mole-1). In fact 

it is this feature which suggests the presence of an 8- nitro substituent 

in 'U'. Thus the presence of an 8- nitro group should increase the steric 

hindrance between the two naphthalene systems and reduce the conjugation 

between them. In consequence a decrease in the extinction coefficient 
* . 

of the aromatic X' .... ~ transition would be expected. This effect is 

demonstrated quite clearly in compounds such as ~,~',5,8'-tetranitro-

1,1'-binaphthyl('P') and 2,~,4',5,5',7,S'-heptanitro-1,1'-binaphthyl 

( 'R') which ~ach have extinction coefficients for the aromatic 7( ~ ~* 
band (5330 and 509Om2mole-1 respectively) which are significantly smal

ler than those of either ~,~',5,5'-tetranitro-1,1'-binaphthyl('H') 

or ~,~',5,5',7,7'-hexanitro-l,1'-binaphthyl('Q') (6510 and 657Om2mole-1 

respectively). The rather low extinction coefficient for the aromatic 

band in 'U' would thus tend to favour one of the structures (2-2S) or 

(2-29) for this compound, because the structure (2-27) (which does not 

contain an 8- nitro substituent) cannot offer any explanation for the 

relatively weak aromatic band. 

Assignment of the remaining bands is quite readily achieved 

by comparison with the spectrum of ~,~',5,5',7,7'-hexanitro-l,1'-binaph

thyl. Thus the bands at 234/326nm and 26S/355nm may be assigned respec

tively to the 'non planar' and 'planar' nitro groups. (The positions 

of these maxima are clearly very close to those observed in the hexanitro

binaphthyl.) It is also of interest to compare the extinction coef~ 

ficients of these bands with the analagous bands in the hexanitrobinaph

thyl 'Q'. Thus whilst the short wavelength bands (hindered nitro groups) 

have quite similar extinction coefficients in both compounds the longer 

wavelength bands (unhindered nitro groups) do not. In fact the bands 

at 266nm (hexa)and 268nm (penta) have extinction coefficients in the 

ratio of 1.7 : 1 (ie roughly 2 : 1). Such a difference might reason

ably be expected as there are two unhindered nitro groups in the hexa

nitrobinaphthyl but only one in the pentanitrobinaphthyl. (Although 

a linear relationship does not necessarily exist between the extinction 

coefficient of a band and the number of nitro groups contributing to 

i~ this comparison seems udeful as a rough guide). Nevertheless a com

parison of the bands at 358nm (hexa) and 355nm (penta) is much less 

convincing than the above - as the extinction coefficients are in the 

ratio of 1 : 1.~ (although the band in the hexanitrobinaphthyl is still 

the most intense). 
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In conclusion the UV spectrum of 'U' appears consistent with 

the proposed structures for the compound and specifically favours the 

presence of an S- substituent - that is structures (2-28) and (2-29), 

it does not however provide any positive indication as to which indivi

dual structure is the correct one. 

Conclusions as to the structure of compound 'U' , 
On the basis of the spectroscopic evidence it seems reason

able to assume that the compound 'U' has one of the structures (2-27) 

~ (2-29). The evidence overall seems to favour structures (2-28) and 

(2-29) rather then (2-27), which suggests that the compound is indeed 

a by-product of the desired ni~ration - produced by the reaction of an 

impurity in the original substrate. It is impossible however, on the 

basis of the spectroscopic evidence, to distinguish reliably between 

the structures (2-28) and (2-29) - at least at the present time. 

2.4. Nitration of Compound 'U' - Preparation of a Hexanitrobinaphthyl 

of Uncertain Structure - Designated Compound 'V' 

It is clear from the above data ~hat the spectra of 'U' are 

ambiguous and do not provide sufficient information to permit full struc

tural identification of the compound. In view of this the further nit

ration of 'U' was undertaken (in mixed acid) in order to facilitate its 

identification. Although only a very small quantity of substrate was 

available for this nitration (which made purification of the product 

very difficult), a product 'V' was nevertheless. isolated, and some spec

tra recorded from it. The various spectra of this compound are consid

ered below. 

The Compound 'V' 

Analysis of the mass spectrum of 'V' is slightly complicated 

by the presence of a trace impurity (a heptanitrobinaphthyl) but is seems 

reasonably certain that the molecular ion is at m/e 524 corresponding 

to C2dffSN6012. The infra-red spectrum shows bands consistent with nitro 

stretching frequencies and indicates the presence of no other functional 

groups. The compound is thus thought to be a hexanitrobinaphthyl; this 

assumption is confirmed by the PMR spectrum which cannot reasonably be 

assigned to a heptanitrobinaphthyl (and is certainly not the same as 

that of the starting material). 

The Infra-red Spectrum . 

The infra-red spectrum of 'V'(see appendix) shows a weak 
-1 

band at 3050cm which corresponds to the aromatic C-H stretching 
-1 frequency. There are also two very strong bands at 1545cm and 

1355cm-1 corresponding to the nitro (N-O) stretching vibrations r 
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The overall pattern of the spectrum is e~remely similar to 

that of ~,~',5,5',7,7'-hexanitro-1,1'-binaphthyl, but there appears to 

be a small difference between the nitro ~tretching frequencies in the 

two compounds. In general howeveralaek of resolution in the spectrum 

of 'V' makes it impossible to determine with any certainty whether other' 

subtle differences exist between the two spectra. 

The Proton Magnetic Resonance Spectrum 
i 

The PMR spectrum of 'V' is reproduced in the appendix and 

in figure 7; the first point of interest is that the spectrum is not 

that of ~,~',5,5',7,7'-hexanitro-1,l'-binaphthyl, indeed no trace of 

this compound is evident in the spectrum. Since the method used for 

isolation of 'V' should have detected any of this hexanitrobinaphthyl 

if it was present, it seems rather unlikely that the compound 'U' is 

~,~',5,5',7-pentanitro-1,1'-binaphthyl - that is structure (2-27). 

An alternative possibility does exist in that the 'expected product' 

(~,~',5,5',7 -pentanitro-1,1'-binaphthyl) could undergo an 'anomalous' 

nitration to yield 2,~,~',5,5',7-hexanitro-1,1'-binaphthyl, which may 

be 'fitted' to the PMR spectrum of 'V'. Such a possibility seems remote 

however on two counts: i) direct nitration in the 2 position of the 

binaphthyl nucleus does not seem 'normal' in mixed acid unless there 

is already an S- substituent present - possibly for·steric reasons (see 

later), ii) even if an anomalous nitration did occur, there should still 

be some of the 'normal' product ('Q') produced - which should have been 

detected. 

The high noise level which prevails in the spectrum of 'V' 
(and its overall complexity) makes a full analysis of this spectrum rat

her difficult; nevertheless an interpretation is given below - although 

it must be emphasised that the various assignments are not absolutely 

certain. Thus the spectrum appears to comprise one singlet, two AB 

quartets (one 'meta' coupled and one 'ortho' coupled) and an ABC multi

plet. On this basis the signals may be assigned as follows:-

~ 0.75 singlet (Hd ), T 0.85 doublet, J = 1.95Hz (Hi), ~ 1.09 doublet 

J = 8.3Hz (Hg), T 1.13 doublet, J = 1095Hz (Hh)' T 1.31 double doublet, 

J = 7.8Hz, J' = 1095Hz (Hc), T 1.65 doublet, J = 8.~z (Hf), '7"1.88 

double doublet, J = 8.:Jlz, J' = 105Hz (Ba), '1"2.00 double doublet,.J = 8.:iJz 

J' =_7.8IIz (Bb). The assignments are indicated schematically in figure 

7. Since the structure (2-27) has been discounted for compound 'U' 
(above), the precursor to compound 'V' must have a structure correspond-

ing to either (2-28) or (2-29). Further as nitration of either of these 
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species is likely to occur in the disubstituted rather than the tri

substituted naphthalene system, there are only two possible structures 

for the oompound 'V' - which will also fit the PMR spectrum. That is 

the structures (2-30) and (2-31). 

(2-30) 

Whilst both of these structures will obviously fit the basic pattern 

of the PMR spectrum (ie one singlet, two AB quartets and an ABC multi

plet), it is clearly desirable to compare the 'expected' chemical shifts 

in each structure with those actually observed. Consider for example 

the structure (2-30); it is possible to make a fair estimate of the shifts 

for Hf, Hg, Hi and Hh in this compound, by a comparison with 4,4',5,5'-

7,7'-hexanitro-1,1'-binaphthyl as there should be little difference 

between analagous protons in these two compounds. However. in the case 

of the protons Ha, Hb, Bc and Hd it is only possible to say that these 

should resonate at lower field than their analogues in 'U' or 'H' (and 

in the case of Hd - much lower field). The various figures have been 

collected together in table 2-5 and it is evident from these that the 

observed shifts in 'V' correspond well with those anticipated for the 

structure (2-30). Hence the structure (2-30) seems to provide a satis

factory fit for the PMR spectrum of 'V'. It follows from this that the 

structure (2-31) will also provide a satisfactory 'fit', as only minor 

differences a!e likely between the spectra of (2-30) and (2-31). In 

fact the only change of any significance expected between these struc

tures is in the chemical shifts of Ha and Db - as these protons will 

be deshielded/shielded, depending upon whether they are 'peri' to a 

nitro group, or a naphthyl moiety. As in the case of lUI the magnitude 

of these differences (in acetone) is rather uncertain; however, they 

may be rather less than would be expected on the basis of work done in 
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other solvents. In consequence it is not possible to distinguish reliably 

between the structures (2-30) and (2-31) on the basis of the PMR spectrum. 

Table 2-5 

PMR Data for the Compounds 'U' and 'V' 

Anticipated}Derived r- Observed Shift~ 
Protons Shift from (Protons) in 'U' in 'V' 

". ". 'r 
fig 1.63/1.13 'Q' 2/3 1. 70/1.14 1.65/1. 09 

h/i 1.12/0.96 ' Q' 6/8 1.24/0.92 1.13/0.85 

d well downfield of: 1.40 'H' 2/3 1.85/1. 35 0.75 

c downfield of: 1.57 'H' 6 1.53 1.31 

b/a 7/8 * 2.23/1.94 2. Cl3/1.88 downfield of: 2.5-1.9 'H' 
*This multiplet actually extends over the region 'r 2.3-1.89 

The Mass Spectrum 

The mass spectrum of 'V' is given in the appendix as both 

a bar diagram and a list of relative intensities. The molecular ion in 

this spectrum is thought to be at m/e 524 - corresponding to a hexanitro

binaphthyl, it appears however that there is a trace impurity present 

in the compound - probably a heptanitrobinaphthyl. Thus at high mult

iplier settings it is possible to detect an ion - of extremely low in

tensity - at m/e 569 (the intensity of this ion is insignificant in 

comparison with the 'molecular ion' at m/e 524). Nevertheless the pres

ence of such an impurity may well be significant, as the more intense 

ions from its spectrum are likely to distort the spectrum of compound 

'V'. Thus for example an ion is visible at m/e 523 (5.2%) which though 

unlikely to arise from a hexanitrobinaphthyl, is very likely to arise 

from a heptanitrobinaphthyl - particularly if it has a pair of adjacent 

peri substituted nitro groups (the M - N02 ion). The intensities of 

the various ions in the mass spectrum of 'V' must therefore be regarded 

with some caution, as the identity of the impurity (and hence its break

down pattern) is not known. 

In general the spectrum of 'V' has great similarity to that 

of 4,4',5,5',7,7'-hexanitro-1,1'-binaphthyl (although the two are clearly 

not the same). Indeed a fragmentation scheme has been drawn up for 'V' 
based primarily upon that of the compound 'Q'. (See scheme 2:XlX which 

seems to provide a reasonable fit for the most intense ions in the spec

trum of 'V'.) The most obvious difference between the spectra of these 
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two compounds lies in the ratio of intensities observed between their 

repective (M - N02 ) and (M -2N02 ) ions. Thus although the M - 46 

ion is the base peak in both spectra, the M - 92 ions have intensities 

of 40.9% ('Q') and 12.9% ('V'). This feature emphasies the non-equiv

alence of the two spectra and also seems to indicate either the presence 

of just one pair of adjacent peri substituted nitro groups in 'V', as in struc

ture (2-30), or the presence of 2,8'- substitution as in structure (2-31) 

~ompare with the fragmentation observed in 'R'). Indeed the main seq-

uence of fragmentation in 'V' (sequential loss of 2N02·, 2N0· and 2CO) 

is compatible with either of the structures (2-30) or (2-31). Thus in 

both cases the loss of one molecule each of ~02·' NO· and CO would be 

expected due to the presence of one pair of adjacent peri substituted 

nitro groups, whilst the loss of a second molecule each of NO· and CO 

could be attributed to interaction between the 8- nitro group and the 

adjacent naphthyl ring. In the case of structure (2-30) this rearrange-

ment would b.e exactly as that in 'U' whilst for structure (2-31) the 

interaction would be similar to that in. compound 'R'. In either event 

the fragmentation pattern is explained satisfactorily. 

Since the precise intensities of the various ions in the 

spectrum of 'V' is a little doubtful. - due to the presence of an i~ 

purity, a more detailed discussion of this spectrum does not seem worth

while. 

Conclusions about the Structures of Compounds 'V' and 'U' 
On the basis of the above data it is concluded that the 

compound 'V' is either 2,4,4',5',7',8- or 2,4,4',5,6',8'- hexanitro-

1,1'-binaphthyl. There is however insufficient evidence to distinguish 

reliably between these two possibilities. It follows from the above 

conclusion that the compound 'U' is either 4,4',5',7',8- or 4,4',5,6',8'

pentanitro-1,1'-binaphthyl. (ie on the basis of this nitration evidence 

it seems relatively unlikely that 'U' is 4,4',5,5',7-pentanitro-1,1'

binaphthyl). 

It must therefore be assumed that the compound 'U' is deriv

ed from an impurity present in the original substrate (4,4',5,5'-tetra

nitro-1,1'-binaphthyl). Further it seems very likely that this impurity 

was in fact 4,4',5,8'-tetranitro-1,1'-binaphthyl (compound 'p'). 
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2.5. Isolation of an Oxidation Product of 4,4'.5.5'.7,7'-Hexanitro-1,1'

binaphthyl the Structure of Which is Uncertain - Designated Compound 'Z' 

It has been clearly demonstrated during the course of the 

present work that when 4,4',5,5',7,7'-hexanitro-1,1'-binaphthyl is treat

ed for prolonged periods in mixed acid at high temperature the substrate 

becomes substantially oxidised to water soluble products. As the fate 

of the hexanitrobinaphthyl under these conditions was of interest, 

an attempt was made to isolate the main water soluble product from 

a suitable reaction. Thus a sample of highlypurifiedhexanitrobinaphthyl 

was treated in a mixture of fuming nitric and concentrated sulphuric 

acids until most of the substrate (96~%) had been converted to water 

soluble products. On work up of the water soluble portion from this 

reaction, a material 'Z1' was isolated as pale yellow c~stals. When 

dried under reduced pressure (lOOoC) this material was converted to 

a white powder 'Z2' (yield 49% on the hexanitrobinaphthyl). Whilst 

no spectra are available for the compound 'Zl', because of its conver

sion to 'Z2', several spectra have been recorded for the latter material. 

These are presented in the appendix. 

Unfortunately positive identification of the compound 'Z2' 

cannot be made at the present time on the basis of the available data. 

Nevertheless it is suggested that 'Z2' may have the structure (2-32); 

although not completely satisfacto~ this explanation is the best avail

able at the present time. The data is considered below. 

(2-32 ) 

The Compound 'Z2' 

Proposed Structure for 

Compound 'Z2' 

(Molecular Weight 403) 

Analysis of the compound 'Z2' gave the following results:

C : 45.6%; H : 2.6%; N : 10.~. Although these figures deviate sig

nificantly from the expected values for structure (2-32) (C : 44.7%; 
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H : 1.2%, N : 10.4%) it should be noted that the analysis corresponds 

to an empirical formula of C16H11N3(011) (= 421). Such a formula seems 

unreasonable both in view of its high hydrogen content and its incon

sistency with the mass spectrum. It is therefore concluded that the 

analytical figures are inaccurate - possibly due to contamination ef 

the sample. 

The Infra-red Spectrum 

The infra-red spectrum of 'Z2' (see appendix) shows a 

band at 3100cm-1 due to aromatic C-H stretching and two intense bands 

at 1550 and 1350cm-1 corresponding to the nitro (asymmetric and symmetric) 

stretching frequencies. In addition to these absorbtions there are 
-1 two intense bands at 1810 and 1720cm , the latter also having a shoul-

der at 1730cm-1• It is assumed that two of these absorbtions are due 

to the anhydride carbonyls in structure (2-32), although the frequen

cies are possibly a little lower than expected in view of the strain 

which is associated with a five membered ring. 64d The reason for this 

is unclear, but the close proximity of the 4-nitro substituent to the 

anhydride grouping, is likely to influence the carbonyl stretching 

frequencies.
86b 

As the two carbonyl frequencies produced by an an

hydride are normally separated by about 60 wavenumbers,64d the absorb-
-1 tions at 1810 and 1730cm are most likely due to the anhydride func-

tion. The band at 1720cm-1 is therefore assigned to the free carboxy

lic acid group. Although this band occurs at rather higher frequency 
. ( 6 -1 64e) than is normally quoted for aryl carboxylic aClds 1700-1 80cm , 

such a shift is only to be expected in view of the presence of two nitro 

groups in the same aromatic ring. 

Since the spectrum of 'Z2' was recorded from a pressed disc, 

it is impossible to identify a band due to the OB grouping. Thus the 

OB stretching frequencies of carboxylic acids are anomalous in showing 

no absorbtion when the free acid is examined in the solid state. 64e 

There seems to be little additional evidence to be derived 

from the spectrum of 'Z2' due to its overall complexity. Thus the various 

other bands which are normally associated64d/ e with the anhydride/ 

carboxylic acid groupings, cannot be identified due to the presence 

of several overlapping bands. For example the C-O stretching vibration 

for both classes of compound, normally falls in the range 1320-1210cm-1, 

64d/e however, the spectrum of 'Z2' has several overlapping bands in 

this region which prevents assignment of the individual absorbtions. 
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The Mass Spectrum 

The mass spectrum of 'Z2' is given in the appendix as a 

bar diagram and a list of relative intensities. The molecular ion in 

the spectrum is apparently very weak and is therefore difficult to 

identify with certainty. Nevertheless it is believed to be a peak at 

m/e 403 (O.~), this would be consistent with the proposed structure 

for 'Z2' (2-32) M+ = C1jH~3011+·. There is a weaker peak~t m/e 415 

(0.1%) but this is attrubuted to an unidentified impurity. Indeed'-

as the intensity of some peaks varies with repeated scanning of the 

spectrum, the sample must contain an impurity. Thus a detailed analy

sis of the spectrum is not worthwhile, although it is pertinent to note 

that by considering the most intense ions in the spectrum, it is pos

sible to construct two fragmentation pathways each involving the expul

tion of 3N02 radicals, 2 molecules of CO2 and one of CO from the mol

ecular ion (see scheme 2:XX). Such a fragmentation pattern would clearly 

correlate well with the proposed structure (2-32). 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 'Z2' in DMSO (see appendix) comprises 

two sets of AB quartets as follows:-

T 0.57 doublet, J = 1.9Hz (1H), T 0.91 dou~let, J = 1.9Hz (1H), T 1.27 

doublet, J = 8.6Hz (lH), T 1.76 dou~let, J = 8.6Hz (1H). 

The relatively simple pattern of the spectrum considerably narrows the 

structural possibilities for the compound 'Z2'. The structure (2-32) 

however, seems to provide a reasonable fit for the spectrum. Thus 

the doublets at T 1.76 and 1.27 are assigned to the 'ortho coupled' 

protons Ba/b, whilst the doublets at T 0.91 and 0.57 are assigned to 

the protons Hc/d. Since Ha is sited ortho to a nitro group it should 

give rise to the signal at T 1.27 whilst Hb should produce the doublet 

at T 1.76. A comparison of these protons with the 'analagous' ones 

in say %,%'-dinitro-1,l'-binaphthyl (H
3

/ 2 : T 1.56/2.26 respectively) 

shows that they resonate at much lower field, as would be expected due 

to the 'replacement' of a benzenoid ring with an electron wi~drawing 

anhydride grouping. In fact a somewhat greater shift is observed for 

Hb than for Ha and this presumably reflects the influence of the strongly 

electron withdrawing dinitrobenzoic acid moiety - which is much closer 

to the former proton than the latter. 

In the case of the 'meta coupled' quartet, the doublet at 

T 0.57 is assigned to the proton Hc, because a nitro group produces 

greater deahielding of an adjacent proton than does a carboxylic acid 
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Scheme 2:XX 

Fragmentation Pattern for the Mass Spectrum of Compound 'Z2' 
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group~21 These protons may be compared say with H6 in compound 'Q' 
( T 1.01) as this proton is also flanked by two strongly electron with

drawing groups. In fact both Hc and Hd resonate at lower field than 

does H
6

, but this is explicable because unlike 'Q', 'Z2' contains three 

strongly electron wit~drawing groups in a single benzenoid ring. 

The Formation of 'Z2' 

Since it is known that nitro (and dinitro) phthalic acids 

are formed as by-products in the nitration of naphthalene,~a it seems 

reasonable to propose that the binaphthyl system, could be oxidised to 

a dinitro-biphthalic acid such as (2-33). This species could possibly 

undergo further nitration to yield the compound (2-3~). Decarboxylation 

and dehydration of (2-3~) could then yield (2-32), the ortho and para 

nitro groups producing preferential decarboxylation at the 3- position. 

Thus if compound 'Z2' is assigned the structure (2-32), then 'Zl' 

may well have the structure (2-3~) or (2-35). It must be assumed in 

this scheme that deactivation of the species (2-3~) is sufficient to 

prevent the dinitration of both rings under the prevailing reaction 

conditions. 
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2.6. Conclusions 

2.6.1. The Course of Nitration in 1,11-Binaphthyl 

The present work has confirmed the observations of Schoepfle10 

that nitration of l,l l-binaphthyl under relatively mild conditions 

(nitric/acetic acids) yields primarily ~,~'-dinitro-1,l'-binaphthyl. 

Thus all the data available for the products of this reaction is con

sistent with the proposed structure. It has further been shown that 

the use of more vigorous reaction conditions (acetic anhydride/nitric 

acid) produces substitution primarily at the 5- positions - leading 

ultimately to the preparation of ~,~',5,5'-tetranitro-1,11-binaphthyl. 

The latter observation is consistent with recent work by Jones and 

Joyner,12 although these authors recommend much harsher conditions 

for the preparation of this compound than were found necessary during 

the present work. The main product obtained from the reaction of 

1,11-binaphthyl in mixed acid has been shown to be ~,~',5,51,7,7'

he~nitro-1,ll-binaphthyl, however, all attempts to further nitrate 

this material have resulted merely in oxidation of the substrate to 

water soluble products. 

In addition to the main ~,5- substituted products produced 

by the nitration of binaphthyl in acetic anhydride/nitric acid, small 

quantities of other products have been isolated which are thought to 

contain an 8- nitro substituent. The proposed structures of these 

compounds: ~,8'-dinitro-1,l'-binaphthyl ('e-l l ), ~f~',8-trinitro-1,11-

binaphthyl ('0-2'), ~f5,8'-trinitro-1fl'-binaphthyl ('F'), and ~,~',5,81-

tetranitro-l,l'-binaphthyl (Ip') suggest that they constitute a second 

series of nitration products which are related by the common precursor 

of ~,8'-dinitro-1f11-binaphthyl: scheme 2:XXI. 

~,~',8-Trinitrobinaphthyl 

~,81-Dinitrobin~thYl ~'~'~8'-TetranitrobinaPhthYl 
~ 5,8' -Trini trobinap~l 

Scheme 2:XXI 

Further, under more vigorous reaction conditions the compound IP' will 

become further nitrated and may possibly form the heptanitrobinaphthyl 

'R'. This possibility is supported by the fact that a purified sample 

of 'P' apparently nitrates to the compound 'R' (see experimental). 

However, only one of the earlier nitration steps (above) has been con

firmed in a similar fashion, that is, the conversion of ~,5,8'-tri-
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nitro-1,1'-binaphthyl to ~,q',5,8'-tetranitro-1,1'-binaphthyl. Thus 

a purified sample of compound 'F' has been nitrated to the compound 

'P' using nitric acid in acetic anhydride (see experimental). 

As it seems likely that the pentanitrobinaphihyl 'u' also 

contains an 8- nitro substituent, it would appear logical to also in

clude this in the general nitration scheme for the 'minor' products. 

Apossible sequence of nitration for the various 8- substituted nitro

binaphthyls is outlined in scheme 2:XXII. It should be noted that 

the compounds (2-28) and (2-36),which are shown as possible precursors 

to 'R', have not been isolated and positively identified, although the 

structure (2-28) is equivalent to one of those proposed for the penta

nitrobinaphthyl 'U'. 

Whilst it is possible to assign the structure (2-28) to 

the pentanitrobinaphthyl 'U' and thereby make it fit neatly into the 

overall scheme of products, such a conclusion is not necessarily cor-

rect. Thus the nitration of 'U' has been shown to produce a compound 

'V' which is believed to have either structure (2-30) or (2-31). Both 

of these structures are obviously dissimilar to (2-36) and further 

they are incapable of being nitrated to the compound 'R'. The evidence 

would therefore seem to suggest that 'U' does not nitrate to the 

compound'R'. It is however possible that during the preparation of 

compound 'V' another hexanitrobinaphthyl such as (2-36), or indeed the 

heptanitrobinaphthyl 'R', was formed but not isolated. Thus the additional 

products may have been lost during crystallisation of the compound 'V'. 

This seems a very real possibility because one method of purification 

for the compound 'R', is to retain it in a solution of toluene/acetone 

whilst impurities are crystallised out. Tms it is likely that if 

any of the compound 'R' was produced from the nitration of 'U' it would 

have remained undetected, in the supernatent liquid, after crystallisa

tion of 'V'. Indeed this was the object of the crystallisation process, 

as it was originally believed that traces of 'R' were the cause of the 

impurity peaks ,in the mass spectrum of 'V'. The hexanitrobinaphthyl 

(2-36) could presumably have been lost in a similar fashion, if it was 

formed during the reaction. In consequence it is uncertain whether 

'U' can be nitrated to the heptanitrobinaphthyl 'R' and it therefore 

remains impossible to distinguish ,between the structures (2-28) and 

(2-29) for the pentanitrobinaphthyl. 

In view of the foregoing discussion it appears likely that 

the compounds 'C-I', 'C-2', 'F' and 'P' are precursors of the compound 



A Possible Nitration Sequence for the 8- Substituted Nitrobinaphthyls 
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'R' • In this event the isolation of compound 'R' from the nitration 

of a 'purified' sample of ~,~',5,5',7,7'-hexanitr0-1,1'-binaphthyl 

seems best explained by the presence of an impurity in the substrate 

_ possibly the compound (2-36). The fact that 'R' was detected at all 

in such reactions must largely be due to the greater stability of this 

compound over 'Q' with respect to oxidation in the nitration medium. 

Thus during prolonged nitration reactions the hexanitrobinaphthyl 'Q' 
became completely oxidised to water soluble products whilst the compound 

'R' survived. Since the only water insoluble product remaining at the 

end of the reaction was the compound 'R', this product was readily iso

lated despite its. very low yield. The reason for the greater stability 

of 'R' under these conditions is unclear. Certainly the presence of 

one 'extra' nitro group in the compound 'R' should tend to deactivate 

it with respect to oxidation - as compared with 'Q' - but it seems 

surprising that a single nitro group should have such a great effect. 

Possibly any differences between the average molecular con

formation prevailing in the two compounds, could influence the relative 

ease of oxidation of these materials. 

Whilst the presence of a severly sterically hindered nitro 

group has been established from the spectroscopic data for each of the 

compounds 'C-l', 'C-2', 'F', 'P' and 'R', it is more difficult to make 

a definative assignment of position for this substituent. Certainly 

the most reasonable explanation for the observed hinderance is loca

tion of the substituent at either the 2- or the 8- position, but there 

is little evidence to distinguish reliably between these two sites. 

On the basis of molecular models it appears very likely 

that an 8- nitro substituent would be subject to severe steric hinderance 

Whilst a 2- nitro substituent would be much less restricted. The models 

further suggest that an 8- nitro substituent would be incapable of as

suming coplanarity with the aromatic system without gross deformation 

of bond angles. This contrasts however with the 2- substituent which, 

subject to the predominance of a favourable molecular conformation, 

would appear able to closely approach coplanarity with the aromatic 

system. Such an interpretation is found consistent with the UV spec

trum of 'R' which, if it is assumed that the 8- nitro group is hindered, 

suggest that the 2- nitro substituent lies substantially coplanar with 

the aromatic system. 

It is also pertinent to note that in the case of the comp

ounds 'C-2' and 'P' the presence of a 2- nitro substituent would involve 
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the dinitration of one aromatic ring whilst another remained unsubs

tituted. As this possibility seems extremely unlikely the presence 

of a 2- nitro substituent in these compounds can effectively be dis

counted. Furtheras the compound 'F' can be nitrated to the compound 

'P', a 2- nitro substituent may also be discounted in 'F'. Unfortun

ately however, this argument cannot be carried back to the compound 

'C-1' because no purified sample of this material has ever been nit

rated to 'C-2'. (or 'F'). In fact selection of the 8- position in bi

naphthyl as the site of the 'hindered' nitro group, seems a fairly 

reasonable hypothesis because the peri positions are normally the most 

reactive sites towards nitration in the naphthalene nucleus. Thus 

the mono-nitration of naphthalene itself leads primarily to the pro

duction of o<-nitronaphthalene~ whilst dinitration produces a mixture 

of predominantly the 1,5- and 1,8- isomers in the ratio of 1:2.~a,122 
(ThiS result is little affected by the presence of acetic anhydride,123 

although the conditions used here are somwhat dissimilar to those ap

plied in the present work.) This analogy must be tempered by the fact 

that the 2- positions of the binaphthyl molecule are activated by meso

meric interaction between the two naphthalenic systems, the extent of 

such interaction is not likely to be large however, because resonance 

between the two systems is limited by steric factors. 69,75 (Compare 

for example the case of biphenyl,12% where there is evidence to suggest 

that activation of the 2- and ~ positions is severly limited by non

coplanarity - even though the molecule is not obviously hindered.) 

In fact it would appear, in view of ,the reactivity toward nitration 

of the peri positions in naphthalene, that the yields of 8- substituted 

nitrobinaphthyls obtained by direct nitration are surprisingly low. 

It is thought that the reason for this is most likely the steric hind

erance prevailing at the 8- position, which must render this site less 

available to an attacking electrophile than either the ~ or 5- posi

tions. In consequence only minor yields of the 8- substituted products 

are obtained. 

In view of the various points discussed above it is con

sidered most likely that the 'severly hindered' nitro group in each 

of the compounds 'C-l', 'C-2', 'F', 'P' and 'R', occupies an 8- position. 

Whilst all the available data is consistent with this conclusion it 

will be necessary to synthesize the above compounds by unambiguous routes 

if their structures are to be established conclusively. 
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It is of ineterest to note that despite several attempts 

to prepare a higher nitro derivative from ~,~',5,5',7,7'-hexanitro

l,l'-binaphthyl, no such product could be isolated. This result is in 

clear contrast with that obtained from the various 8- substituted nitro

binaphthyls, as.these compounds evidently yield the heptanitrobinaphthyl 

'R' without undue difficulty. One possible explanation for this anoma

lie lies in the steric characteristics of the binaphthyl molecule. 

Thus it is possible that a crucial factor governing the course of reac

tion,may be the accessibility of the 2- position to an attacking elec

trophile. Such accessibility viII clearly be dependant upon the pre

ferred conformation of the molecule and as the presence of an 8- nitro 

substituent would be expected to modify this conformation, it might 

reasonably be expected that this substituent would also influence the 

'reactivity' of the 2- position. {The effect of the 8- nitro substit

uent on molecular conformation is reflected in the UV spectra of the 

various compouds, by reduced conjugation between the aromatic systems 

* of 8- substituted species. Thus the aromatic'T( -+-~ band in an 8-

substituted nitrobinaphthyl, is observed to have a lower extinc~ion 

coefficient than that of its isomeric analogue without such a substit

uent. Compare for example ~,~'- (or 5,5'-) dinitro-l,l'-binaphthyl 

with 'C-i'; 'D' with 'F' and 'H' vith 'P'.) 
It is thus proposed that once an 8- nitro substituent is 

present it so modifies the conformation of the binaphthyl molecule 

that access to the 2- position is facilitated for an attacking electro

phile. In fact the presence of an 8- substituent seems likely to 

result in a roughly perpendicular arrangement of the two naphthyl moieties. 

It is pertinent to note that it is precisely this conformation which 

is most likely to pe~it the 2- nitro group in 'R' to adopt coplanarity 

with the naphthalene system to which it is attached. That is, in this 

conformation the 2- nitro group is subject to the least steric hind

erance (note discussion of the UV spectrum of 'R'). 
In view of the above conclusions it might be expected 

that a compound such as i-picrylnaphthalene would undergo nitration 

at the 2- position more readily than does 1,1'-binaphthyl because 

the 2- position in i-picrylnaphthalene should be less sterieally hind

ered than the analagous site in l,l'-binaphthyl. This possibility has 

in. fact been verified and it has been shown that a 2- nitro derivative 

can beprepared from l-picrylnaphthalene, in mixed acid, without undue 

oxidation (see chapter 3). 
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2.6.2. A SummaEY of Preparative Nitration Methods for 1,1'-Binaphthyl 

As a result of the present work it is now possible to 

identify simple nitration procedures for the preparation of several 

symmetrical nitrobinaphthyls, these are summarised in scheme 2:XXIII. 

Scheme 2:XXIII 

A SummaEY of Preparative Nitration Routes for 1,1'-Binaphthyl 

* Glacial 

Acetic 
nitric 

sulphuric 

i) Acetic anhydride/ 
nitric acid - 25+40

0
C 

ii) Sulphuric/nitric acids -

anhydride6' 
acid - 40 C 
acid catalyst) 

> 
(2) 

* The minor nitration products produced in this reaction medium have 

not been identified. 
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Unsymmetrical (8- substituted) nitrobinaphthyls can only 

be isolated with some difficulty. Thus whilst a small quantity of the 

4,4',5,8'-tetranitro-1,1'-binaphthyl (1) (~l.Y~) can be isolated dir

ectly from reaction (2), no unsymmetrical hexanitrobinaphthyls have 

been isolated from the reaction (3). Nevertheless after prolonged 

nitration under the conditions of (3) (part ii), it is possible to isolate 

small quantities of a compound believed to be 2,4,4',5,5',7,8'-hepta

nitro-1,1'-binaphthyl. 

Unsymmetrical di- and trinitrobinaphthyls have only been 

isolated from nitration reactions carried out in acetic anhydride/ 

nitric acid, in absence of any sulphuric acid as catalyst. In all 

cases the separation of these products has involved protracted chrom

atographic techniques. 
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CHAPrER 3 

Discussion of Results - The 1-Phenylnaphthalene System 

3.1. 1-Picrylnaphthalene 

As indicated previously the preparation of 1-phenylnaph

thalene derivatives was undertaken via the Ullmann reaction. Since 

the preparation of this type of compound ~as clearly going to involve 

the use of a mixed Ullmann reaction it was necessary, when selecting 

the reactants, to bear in mind the points outlined in section 1.5.2.5. 

relating to optimisation of the unsymmetrical products. One major re

quirement, mentioned in the above section, was that one of the reac

tants needed to be 'unactivated' - that is lacking a nitro group ortho 

to the site o~ coupling. In view of this, the possibility of directly 

coupling two 'fully'nitrated' species via an Ullmann reaction had to 

be discounted. Thus, inevitably, production of the most highly nitrated 

derivatives of phenylnaphthalene required a nitration to be carried 

out, on the coupled biaryl product, once it had been produced. In 

view of this and the non-availability of polynitrohalonaphthalenes 

from commercial sources, it proved most convenient to couple an un

nitrated naphthyl moiety with a polynitrated phenyl system. The reac

tants which were actually chosen were 1-iodonaphthalene and l-chloro-

2,~,6-trinitrobenzene (picryl chloride). These compounds not only 

fulfilled the various requirements for an optimum yield from a mixed 

Ullmann reaction, but were also readily available from commercial sources. 

Additionally the low melting point of 1-iodonaphthalene obviated the 

problem of finding an 'inert' solvent for the reaction. 

The preparation of I-picrylnaphthalene, using these reagents 

was found to proceed smoothly at about 1500 C, the product being isolated 

either by column chromatography or fractional crystallisation. 

+ 
Cu Powder 
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All of the analytical data obtained for the product is consistent with 

the proposed structure. The spectra of 1-picrylnaphthalenc (which had 

not been prepared previously) are discussed below. 

The Infra-red Spectrum 

The infra-red 

shows a well defined band 

stretching, it also shows 

spectrum of 1-picrylnaphthalene (see appendix) 

at 3020cm-1 corresponding to aromatic C-H 
-1 two very strong bands at 1550 and 1350cm 

corresponding tO,the asymmetric and symmetric N02 stretching frequencies. 

Both of these frequencies lie close to those of the analagous bands 

in s-trinitrobenzene (1545/1345cm- 1 - KBr disc125 ) and picryl chloride 

(1540/1345cm-1- KBr disc 125) as would be expected due to the struc

tural similarity of the N02 containing moieties in each of these com

pounds. This similarity of frequency coupled with a lack of splitting 

of the bands in I-picrylnaphthalene, suggests that all the nitro groups 

in this compound are similarly orientated and that none of them is sub-

ject to very much steric hindrance. This in turn suggests that the 

two aryl systems are substantially removed from coplanarity so that 

steric interaction between the 2/6 nitro groups and the adjacent naph

thalene moiety is avoided. Such a conclusion is consistent with the 

evidence which is available for the parent 1-phenylnaphthalene,69,73 

as it appears that this compound is not free to adopt a predominantly 

coplanar conformation - presumably due to steric factors. 

The low frequency region of the spectrum for I-picrylnaph

thalene is too complex to be of value in confirming the structure of 

the compound. 

The Mass Spectrum 

The major ions in the spectrum of I-picrylnaphthalene are 

indicated in the scheme 3:1. A full list of relative intensities and 

a bar diagram are given in the appendix. 

The spectrum shows a molecular ion at m/e 339 which is also 

the base peak of the spectrum. In fact a relatively intense molecular 

ion is only to be expected for the compound, as this is normally a 

characteristic feature of nitro-aromatic compounds76 - provided that 

there are no special structural features (eg adjacent peri substituted 

nitro groups) to otherwise "distort" the spectrum. In the present 

case typical fra~entation of the molecular ion is evident, via seq

uential loss of three nitro radicals (see scheme 3-1), whilst isomerisa

tion of the individual nitro groups gives rise to the usual characteristic 
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Scheme 3:1 

Fragmentation Pattern for the Mass Spectrum of 1-Picrylnaphthalene 

-NIl • 

C1r]I6N205+· C1,*H9N30,*+:. Cl4:H/~ - - _2_ - Cl 4:Hc/+· C1r!9+ 
.'- -NIl 

m/e294:(13.~) m/e2S3(0.2%) '- _ 2 m/e175 m/e191 m/~S9(23.Yfo) 
it- + .... ~ + ( 9. 4:% ) ( 7 • 1)%) 
I-H· ,-CO Cl 4:H'2°4: I1'-CO T-CO I-CO 

: -NO : m/e267(0.2I)b): -NH .: : 
+ 2 + +L 2 +. + 

Cl 5"-f205 ~- - - - - - Cl 5"9N305 C15H70 ~- - - - -C15"9NO ~~C16H90 
m/e295{2.~) m/e3~{ 0. 4:%) m/e203 m/e219 ,,~ m/e217( 9.2%) 

I ( 6.2%) ( 5• U'f) " ~NO· 
I -co ~ " 
I -NO • -NO • ,-CO ,," -NO· 

'* -t. 2 + 2 +. 2 + 
C 6H N 06 - - - - ~C 6H...N ° - - - - - - ~C 6H NO - - - - - - ~ H ,/ 1 9 3 . 1 ~ 2 4: 1 9 2 16 9 

,/ ,/ m/e339{100.~) / m/e2~3{2.~;b) /m/e2~7{5. ?,fo) .. m/e201(32.7Io) 
,/ 

/-NO· -OB· I I-DB' 1/ I-DB' 
./ /,' I 

./ ,/ I 
It:. + ' + -...,0· , I +. -NC~ / '" + 

C16H9N205 C16BSN305 - - ~/- - - ~ C16HSN203 - - -; - - ~ C16HSNO 

m/e309(1.6%) m/e:;22{3.Yfo) / m/e276(6.1%) / m/eIO(~4:.9%)-* 
..... ..... ,I ~B. II !;B. H. High Resolution Measurements 

......... -00' -NO· ,- -NO· / -NO· -
.... , ./ , " Measured Formula Calculated 

..... ..... 'II 11+ -NO 2 • I + -N02• * Mass Mass 
..... ~C 6B N20,_ .- - - - - - ~ 6H NO - - - - - - ~ C 6H +. 1 S ~ 1 S 2 1 S 

m/e292( 1. &fo) m/e24:6( 7.4:%) m/e200(S1. 6%) 
339.0486 C16H9N306 339.04:91 

200.0629 C 16Bs 200.0626 t. 

Continuous lines indicate those transitions which are supported by the presence of a metastable peak. 



ions - of relatively low intensity - corresponding to (M - 0), (M - NO), 

etc. 

Apparently the molecular ion may also lose OR· to produce 

the ion at m/e 322. This transition is supported by a metastable peak 

at m/e 305.8. Although not particularly abundant (3.~) the ion at 

m/e 322 is interesting as it suggests an isomerisa~ion of the parent 

ion (3-'1)-+(3-2) (scheme 3:II) in a fashion similar to that proposed 

for orthonitrobiphenyll12 (cf s-trinitrobenzene which does not lose 

OB·). Once formed the nitrosophenylnaphthol (3-2) may lose OR· and NO· 

or it can expel CO via the species (3-3). Subsequent 10s8 of a second 

molecule of CO via the steps (3-~) though possible, seems to be less 

important in the nitrophenylnaphthalene system than for o-nitrobiphenyl. 

Thus in the spectrum of 1-picrylnaphthalene the ion at m/e 283 (M - 2CO) 

is vanishingly small. 

/ 
I 

I \ 
\ 

\ 
~ 

Loss of 

N02 

7'0 
N 
~O 

NH; and CO 

• 

• 

Scheme 3-II 
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~ 
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The spectrum of l-picrylnaphthalene suggests that whilst 

fragmentation via the scheme 3:11 may occur, the 108s of one or two 

nitro radicals is likely to precede it (possibly due to steric consider

ations). Thus the more abundant ions in the spectrum are ~6 or 92 amu 

lower than the scheme 3:11 would suggest (see fragmentation schem~ 3:1). 

Fragments containing a nitro group may of course lose NO' 

and CO via isomerisation of this group to the nitrite. 77 This mech

anism would act quite independantly of the rearrangement described 

above and it seems likely that both mechanisms would contribute to the 

overall fragmentation. 

In addition to the isomerisation discussed above, formation 

of the very intense ion at m/e 200 (81.6%) may be due to loss of a hydro

gen radical from the species C16H
9
+ (m/e 201) (there is a metastable 

for this transition). A similar loss of H' is observed in the spectrum 

of o-nitrobiphenyl, where it has been suggested that expulsion of N02' 

and H' from the molecular ion could lead to the formation of the bi

phenylene ion. By analogy the ion C16H8+ may have a ring closed struc

ture such as (3-5). A similar 'cyclic' structure may possibly be at

tributed to the ion at m/e 29~, which is presumably formed by the expul

sion of H' from the ion at m/e 295. 

+ 

(3-5) 

The PMR Spectrum 

The PMR spectrum of l-picrylnaphthalene in acetone (see 

appendix) comprises a singlet at T 0,85 (28) and two complex multiplets 

at T 1.83-2.18 (~) and ". 2.28-2.68 (~). The singlet is clearly due 

to the two equivalent protons of the picryl moiety as these are both 

strongly deshielded by their siting in between two nitro groups. The 

chemical shift of this signal correlates well with those of related 

compounds, as it falls almost exactly midway between the shifts obser

ved for picryl chloride ( ". 0.91 - acetone125 ) and s-trinitrobenzene 

( T 0.77 - acetone125 ). 
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The two multiplets may be assigned to the protons of the 

naphthyl moiety although the coupling patterns are too complex to be 

analysed by inspection. Nevertheless the division of the multiplets 

into integral numbers of protons (2H:5H) is significant and probably 

results from the different chemical shifts which are associated with 

~and ~ naphthalenic protons (as discussed earlier). Once again a 

discrepancy is noted in the spectrum (cf the spectra of l,l'-binaphthyl 

and derivatives), in that the implied ratio of o<to~ protons (2:5) 

does not correlate with the true ratio (3:~). It thus appears that 

the 8- substituted proton is again shielded by the adjacent aromatic 

system so that it resonates at higher field than is normally associated 

with an ~-type proton. Thus the multiplet at T 1.83-2.18 is assigned 

to the ex: -protons H~ and H5 whilst that at T 2.28-2.68 is attributed 

to the ~ -protons H2, B
3

, B6 and B7, plus the shielded 0< -proton Ba. 
The chemical shifts observed for these multiplets are in fact very 

close to those observed in l,l'-binaphthyl ( .,.1.8-2.1 and T2.1-2.8 

-acetone- see section 2.1) which suggests that the picryl moiety has 

very little deshielding effect upon the naphthalenic protons. Such 

an observation is consistent with the suggestion made above that the 

two aromatic systems within picrylnaphthalene are prevented from 

adopting a predominantly coplanar conformation. Indeed the main deshield

ing effect is evident in the 'fo-multiplet' - as a spreading to lower 

field. This is therefore consistent with electron withdrawal via the 

inductive rather than the mesomeric effect, that is the deshielding 

predominantly affects H2/B3 and B8 • 

The PMR spectrum in DMSO (see appendix) is essentially 

similar to that above although there are small changes in the observed 

chemical shifts. Thus the singlet occurs at T 0.72 and the multiplets 

at T 1.75-2.10 and T2.2o-2.70. 

Tbe Ultra Violet Spectrum 

The UV spectrum of l-picrylnaphthalene in methanol (see 

appendix) shows a single well defined maximum at A 223nm, ( 890(D2mole-1. 

The wavelength of this band is therefore very close to that of the 

analagous band in 1-phenylnaphthalene (A227nm, < j62Om2mole-1 73,69). 

Presumably the slight hypsochromic shift evident in picrylnaphthalene 

is due to the combined effects of electron withdrawal and increased 

steric hindrancc resulting from the introduction of nitro substituents. 

It should be noted however that as the nitro groups themselves produce 

a band at around 200nm (~~.,t transition100 ) the above may not be 
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* a fair comparison. Thus the aromatic ~ -+ T( band of 1-picrylnaphthalene 

will inevitably be distorted by overlap with the nitro transitions. 

* In addition to the aromatic y( ~ '11: absorption, the spectrum 

of 1-picrylnaphthalene shows a rather ill defined shoulder at about 
2 -1 ~_* A 28Onm, (127Om mole • This is presumably due to the nitro .~/' 

transition. The longer wavelength transition, at about 340nm is even 

less well defined. Thus although there is some absorbance in the ap

propriate region, no definite shoulder can be discerned, as the absor

bance simply decreases steadily, before reaching zero at aroun~ 38Onm. 
The ill defined nature of both these bands renders the spectrum of this 

compound anomalous with respect to both the nitrobinaphthyls and the 

other nitrophenylnaphthalenes (see on) which have been prepared during 

the course of the present work. Thus in all other cases both of the 

longer wavelength transitions attributable to the nitro moiety, have 

been clearly discernable. The reasons for the above discrepancies 

are not readily apparent. 

3.2. The Nitration Products of 1-Picrylnaphthalene 

3.2.1. The Course of Nitration 

Following the successful isolation of l-picrylnaphthalene, 

nitration of this compound was undertaken with the intention of achiev

ing maximum polynitration of the naphthalenic system. As some correla

tion was expected between the reactivity, towards nitration, of the 

l-phenylnaphthalene and 1,1'-binaphthyl systems, l-picrylnaphthalene 

was initially treated under similar conditions to those employed in 

the production of 4,4',5,5',7,7'-hexanitro-1,1'-binaphthyl (mixed acid, 

1000C - both with and without preliminary treatment in acetic anhydride/ 

nitric-acid). Such treatment yielded 1-picryl-4,5,7-trinitronaphthalene 

in up to 4~ yield, so it is evident that nitration of the naphthyl 

moiety under these conditions follows an essentially similar course 

in each of the biaryl systems. This similarity between the two systems 

- with respect to the pattern of nitration - has recently been shown to 

extend also to the use of milder nitration media. Thus treatment of 

1-picrylnaphthalene in glacial acetic aCid/nitric acid (1000 C) produces 

1_picryl-4-nitronaphthalene~26 (cf the preparation of 4,4'-dinitro-l,1'

binaphthyl), whilst nitration of the same compound in nitric acid and 

(excess) acetic anhydride (40
0C) in presence of catalytic quantities 

of sulphuric acid, yields 1-picryl-4,5-dinitronaphthalene126(cf the 
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preparation of 4,4',5,5'-tetranitro-l,1'-binaphthyl). 

The similarity between the two systems does not however 

extend to the use of more vigorous nitration media. Thus when picryl

naphthalene was treated in a mixture of fuming nitric and concentrated 

sulphuric acids, boiling underreflu~ the substrate was not substantially 

oxidised to water soluble products, as occurred in the l,l'-binaphthyl 

system, instead l-picryl-2,4,5,7-tetranitronaphthalene was isolated 

in 4~ yield. It is thought that the different behaviour of the two 

systems under. these conditions, may reflect differences in their steric 

characteristics. Thus the bulk of the 2- and 6- nitro groups in 1-picryl

naphthalene may force this molecule to adopt a conformation in which 

the two aromatic systems are essentially perpendicular to one another. 

In contrast 1,1'-binaphthyl, lacking such gross steric hindrance, may 

adopt a preferred conformation which has a significantly smaller angle 

between the aromatic ring systems (though these still cannot become 

coplanar). It is thus postulated that an attacking electrophile would 

have much better access to the 2- position of a picrylnaphthalene, 

than the analagous position in a binaphthyl derivati·ve. (Unless the 

binaphthyl contained an 8- substituent - see chapter 2.) Thus the rate 

of nitration at the 2- position in l-picrylnaphthalene is likely to 

be much greater than that for the analagous binaphthyl derivative. 

It is unclear, however, precisely why the picrylnaphthalene 

derivatives are so much more stable with respect to oxidation than is 

4,4',5,5',7,7'-hexanitro-1,1'-binaphthyl. As suggested in chapter 2 

it may be that differences in the average molecular conformation of 

the biaryl, have some influence on the susceptibility of the molecule 

towards oxidation. Thus it appears that it is the species in which 

the aromatic systems necessarily form a substantial angle to one another 

(picrylnaphthalene derivatives and the 8- substituted nitrobinaphthyl 

'R') that are the least susceptible to oxidation. However in the case 

of the picrylnaphthalene derivatives a further factor which may be of 

significance is the low solubi'lity -even at high temperature - of these 

materials in mixed acid. Thus although l-picryl-2,4,5,7-tetranitro

naphthalene is recovered essentially unchanged from a mixture of fuming 

nitric and concentrated sulphuric acids which has been boiling under 

reflux for 4Obrs, it is possible that the material simply does not 

dissolve significantly under these conditions and that it is for this 

reason that the material is not subject to appreciable oxidation. 
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The structures of both 1-picryl-~,5,7-trinitronaphthalene and 1-picryl-

2,~,5,7-tetranitronaphthalene have been well established by spectro

scopic means. (The trinitro derivative has also been nitrated directly 

to the tetranitro derivative.) The various data available for these 

two compounds is discussed in the next two sections. 

3.2.2. l-Picryl-~,5,7-trinitronaphthalene 

The Mass Spectrum 

The mass spectrum of 1-picryl-~,5,7-trinitronaphthalene 

is presented in the appendix in the form of a bar diagram and a list 

of relative intensities. Whilst the spectrum 

ion at mle ~7~ (3.~fo), the main feature of the 

very intense ion at mle 428 (M - N02 ) (100%). 

shows a weak molecular 

spectrum is a single 

This peak dwarfs all 

the remaining ions in the spectrum, none of which exceeds about 1~~ 

relative intensity. This feature is clearly indicative of the presence 

of adjacent peri substituted nitro groups and indeed, the second most 

intense peak in the spectrum occurs at m/e398 (13.8%) and corresponds 

to the (M - N02 - NO) ion, which itself characterises the breakdown 

of such a structural feature (see chapter 2). Many of the remaining 

ions in the spectrum may be rationalised in terms of the normal break

down of nitroaromatic compounds vis: sequential expulsion of nitro groups 

(see scheme 3:111) and isomerisatiou-fragmentation of individual nitro 

substituents (ie loss of 0·, NO· etc). Indeed the latter isomerisation 

may also in part account for those ions Whose production involves 

the loss of neutral C077 (see scheme 3:III). The intensity of these 

particular ions however - relative to that of the great bulk of spectral 

fragments - is rather too high to be explained by this means alone. 

Thus these ions are regarded as corroborating evidence for the presence 

of adjacent peri substituted nitro groups, because the expulsion of 

neutral CO is characteristic of the fragmentation of this particular 

structural moiety (see chapter 2). In general however, the large number 

of fragment ions which are evident in the spectrum and their universally 

low intensity, must render a detailed analysis of the spectrum of some

what doubtful value. 

The Infra-red Spectrum 

The infra red spectrum of 1-picryl-~,5,7-trinitronaphthalene 

shoWS a well defined band at 3020cm-1 corresponding to aromatic C-H 

stretching. There are also two very strong' bands at 1550 and 1350cm-1 

corresponding to the asymmetric and symmetric nitro stretching freq-
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Scheme 3:III 

Fragmentation Pattern for the Mass Spectrum of 1-Picryl-4.,5,7-trinitronaphthalene 

* + C16H6N6012 • 
m/e~74.(3.<>%) 

* + 
C1:fI5 
m/~85(15. 7fo) 

I-H' 
I 

-N0
2

' -N02' -N02' -N02' * , 
C1;H6N~08+·- - - ~Cl;H6N306+- - - ~C15ff6N20~+·- - -+Cl~6N02+- - - - ~C1:fI6+· 
m/e3~(0.9%) m/e~4.(3.8%) m/e2~(O.~fo) m/e2~2(3.<>%) m/~86(13.&fo) 

,-CO 
I 

I-CO I-CO I-CO ,-CO 
I I I , 

I -N02', -N02', -N02' I -NO 2 • I 
C16H6N4.09+·- - - ~C16H6N307+- - - ~C16H6N205+·- - - ~C16H6N03+- - - - ~C16H60+· 
m/e398{13.SOfo) m/e3,2(1.7fo) m/e306(1.~fo) m/e260(2.1%) m/e21~(2.6%) 

1 
~ A\. ~ ~ 

-NO' '-NO· '-NO' '-NO' I-NO' , , , , 
-NO 2 '. -N02', -NO 2 • I -NO 2 " -N02', 
- - ~16H6N5010+ )C16H6N~08+·- - -~16H6N306+- - - ~C16H6N204.+·- - - ~C16H6N02+ 

m/e4.28(100.~fo) m/e382(2.1%) m/e336(0.~fo) m/e290(1.yfo) m/er4.4.(1.yfo) 

I 
,-NO' High Resolution Measurements 

Measured Mass Formula Calculated Mass '" 2 C
16

H
6
+· 

4.7~.00~7 

186.0459 

185.0387 

C16H6N6012 

C1~6 
C1~5 

4.74..0044. 

186.0469 

185.0391 

m/e198 (1. ~fo) 

Continuous lines indicate those transitions which are supported by the presence of a metastable peak. 



uencies. Although the high frequency band shows a secondary maximum 

at 154Ocro-1 the lack of splitting in the symmetric band suggests that 

this is not directly attributable to the presence of differently orien

tated nitro groups - that is groups having different angles of twist 

relative to the aromatic plane. Nevertheless the molecule must contain 

such groups as the 4,5- substituents must be sterically crowded, whilst 

the 7- nitro group and those contained in the picryl moiety should 

be relatively unhindered. It thus appears that a similar situation 

prevails in this compound to that previously discussed for the hexa

nitrobinaphthyl 'Q', in that the frequency difference 'between the hind

ered and unhindered nitro groups of the naphthyl moiety has been re

duced to the point where the two bands are not resolved. Indeed 

such a situation might reasonably be expected as the two compounds con

tain rather similarly substituted naphthyl moieties. Thus the nitro 

stretching frequencies observed in the picrylnaphthalene derivative 

fall very close to those observed in the hexanitrobinaphthyl (1550/1345cm-1 ). 

The frequencies also coincide with those expected for the picryl moiety, 

thus the two nitro stretching frequencies in 1-picryl-4,5,7-trinitro

naphthalene are indistinguishable from those observed for the parent 

compound 1-picrylnaphthalene. 

The low frequency region in the spectrum of 1-picryl-4,5,7-

trinitronaphthalene is fairly complex and is of little value for the 

determination of structure. 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 1-picryl4,5,7-trinitronaphthalene in 

acetone (see appendix) comprises the following signals:-

T 0.62 singlet (28), T 0.92 doublet, J = 108Hz (1H), T 1.14 doublet, 

J = 1.8Hz (m), ". 1.27 doublet, J = 7.8Hz (m), T 1.85 doublet J = 7.8Hz 

(1H ). 

N0
2 

1-Picryl-4,5,7-t rinitronaphthalene 
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The singlet at T 0.62 is clearly attributable to the two 

equivalent protons of the picryl moiety which are expected to resonate 

at very low field due to their siting in between two nitro groups. The 

downfield shift of this singlet by 0.23ppm, with respect to that in 

the parent compound 1-picrylnaphthalene, is presumably due to the intro

duction of additional electron withdrawing substituents in the naphthyl 

moiety. 

The remaining signals in the spectrum comprise two AB 

quartets, the doublets with a coupling constant of 7.8Hz being assigned 

to the ortho coupled protons 115 H2/83' whilst the others (J = 1.8Hz) 

are attributed to H6/HS. Since H2 is sited ~eta' to a nitro group 

whilst H3 is ortho to the same substituent, the latter proton is likely 

to resonate at lower field than the former and is therefore attributed 

to the signal at T 1.27 (therefore H2 = T 1.S5). Also as HS is sited 

ortho/para to two nitro groups whilst H6 is situated ortho to two 

such substituents, H6 is likely to resonate at lower field than HS • 

Thus H6 is assigned to the signal at T 0.92 and HS to that at T 1.14. 

The spectrum of I-picrYl-4,5,7-trinitronaphthalene in DMSO 

is essentially similar to that obtained in acetone, except that there 

are some variations in the observed chemical shifts. The spectrum may 

thus be assigned in an essentially similar fashion to that described 

above:- T 0.55 singlet (28) - picryl protons; T 0.S5 doublet, J = 1.8Hz 

(rn) - H6 ; T 1.10 doublet, J = 108Hz (rn) - H8 ; T 1.15 doublet, J = 7.8Hz 

(1H) - H
3

; T 1.81 doublet, J = 7.8Hz (1H) - H2• 

As 1-picryl-4,5,7-trinitronaphthalene contains a naphthalenic 

nucleus which is substituted in an essentially similar fashion to those 

in 4,4',5,5',7,7'-hexanitro-l,1'-binaphthyl, it is of interest to com

pare the chemical shifts noted above with those in the hexanitrobinaphthyl. 

This is done in the table 3-1 both for the spectra in acetone and in 

DMSO. 

Table }:1 

PMR Data for 1-Picryl-4.S.7-trinitronaphthalene 
and 4,4',5,5',7.7'-Hexanitro-l,1'-binaphthyl 

l-Picryl-4,5, 7-trinitronaphthalene 4,4',5,5',7,7'-Hexanitro
. 1,l'-binaphthyl 

Proton Acetone 
T 

H2 1.85 

H3 1.27 

H6 0.92 

H8 1.14 

(Picryl 0.62 

DMSO 
T 

1.81 

1.15 

0.85 

1.10 

0.55 ) 
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Acetone 
T' 

1.63 

1.13 

0.95 

1. 07 

DMSO 
T 

1.90 

1.21 

1.01 

1.44 



It is evident from the table 3-1 that in acetone, with the 

exception of H6 which changes little between the compounds, all of the 

protons resonate at higher field in the picrylnaphthalene derivative 

than do their analogues in the nitrobinaphthyl. However in DMSO the 

converse is true, the various protons in the nitrobinaphthyl resonating 

at higher field than their analogues in the picrylnaphthalene. These 

figures therefore suggest the presence of specific solvent - solute 

interactions and it is evident from the above observations that the 

nature of these interactions varies significantly between the two com

pounds, for the above solvents. In view of this, any attempts to make 

a detailed correlation of chemical shifts between the two compounds, 

seems unlikely to be very meaningful. Nevertheless the supposed simil

arity in structure of the two compounds would seem to be reasonably sub

stantiated by the fact that the difference of chemical shift observed 

between the two compounds, for any individual proton in a specific sol

vent, never exceeds about O.2ppm despite the solvent effects noted above. 

The Ultra Violet Spectrum 

The UV spectrum of l-picryl-4,5,7-trinitronaphthalene in 

methanol (see appendix) shows five maxima at A215nm, (482(~I?mole-l 
.c* '\ 2 -1 * (Ar'T( ~" ); f\ 229nm (sh), (414(8 mole (N02 ~T( ); A 265nm (sh), 
2 -1 (*) 2 -1 ( ) ( 272()n mole N02 n-+~ ; X 319nm,( 99<D mole and A 353nm sh, 

2 -1 ( * __ * 107 108) ( 62()n mole both N02 ~n or y( ... l' ' • 

The spectrum is clearly reminiscent of that observed for 

the hexanitrobinaphthyl 'Q' and is interpreted in an essentially similar 

fashion. The absorbtions are thus assigned in respect of two distinct 

classes of nitro group - the one being sterically hindered ("A. 229/319nm) 

and the other not ("A.265/353nm). The adjacent peri nitro substituents 

clearly belong to the former category whilst that at the 7- position 

of the naphthyl moiety belongs to the latter. The three picryl subs

tituents are also presumably unhindered. In both cases the observed 

frequencies correlate well with those observed in the hexanitrobinaphthyl 

(hindered: X 230/326nm; unhindered: A 266/358nm). A comparison of these 

figures with those obtained from the spectrum of the parent I-picryl

naphthalene is complicated by the anomalous nature of the latters 

* spectrum. Nevertheless the band attributed to the nitro n-+~ transi-

tion in I-picrylnaphthalene ( A 28Onm, ( 127<D2mole-1) has clearly in

creased its intensity and moved to shorter wavelength (265nm) in the 

present compound, as would be expected87 due to the presence of additional 

nitro groups. The aromatic ~ ~ ~* transition is also affected in the 
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anticipated manner and is seen to have decreased its intensity and 

moved to shorter wavelength with respect to that in 1-picrylnaphthalene 
2 -1) ( A 223nm, ( 8900m mole , due once again to the presence of additional 

ni tro groups. 

3.2.3. 1-Picryl-2,q,5, 7-tetranitronaphthalene 

The Mass Spectrum 

The mass spectrum of 1-picryl-2,4,5,7-tetranitronaphthalene 

is presented in the appendix in the form of a bar diagram and a list 

of relative intensities. Whilst a very weak molecular ion is visible 

at mle 519 (O.~~~, the spectrum is dominated by the fragment at mle 
473 (M - N0 2 ) (10~~) which dwarfs all of the remaining ions in the 

spectrum. This feature is clearly indicative of the presence of adjacent 

peri substituted nitro groups. Such an interpretation is supported by 

the intensity of the peak at mle q43 (M - N02 - NO) (21.q%), as this 

is the second most intense ion in the spectrum, and is itself character

istic of the fragmentation of adjacent peri nitro groups. (See chapter 2.) 

Many of the remaining ions in the spectrum, though of very 

low intensity, may be rationalised in terms of expulsion of the indivi

dual nitro groups (see scheme 3:IV) or isomerisation of the same, leading 

to loss of 0', NO· etc. This represents the-normal mode of fragmenta

tion for nitroaromatic compounds. It is pertinent to note however 

that those ions shown as arising from the loss of neutral CO (scheme 

3:IV) may not only be generated via the isomerisation and fragmentation 

of individual nitro groups:7 but may also arise as ~ result of the CO 

expulsion which occurs as part of the characteristic fragmentation of 

adjacent peri substituted nitro groups (see chapter 2). In general how

ever, the extremely low intensity of the vast majority of ions in the 

spectrum precludes a detailed discussion of the various modes of 

fragmentation. 

The Infra-red Spectrum 

The infra-red spectrum of 1-picryl-2,q,5,7-tetranitronapb

thalene (see appendix) shows a well defined band at 3010cm-1 corres

ponding to aromatic C-H stretching. There are also two very intense 
-1 

bands at 1555 and 1355cm which correspond to the asymmetric and sym-

metric nitro stretching frequencies. Although (in common with the 

trinitro derivative) the high frequency band shows a secondary maximum 

(at 1545cm- 1
), the absence of any such splitting in the symmetric stret-

168 



.... 
0"1 
\.0 

Scheme 3:IV 

Fragmentation Pattern for tbe Mass Spectrum of I-Picryl-2,~,5t7-tetranitronaphtbalene 

C16Hrf701~+· 
m/e519(O.2f1}» 

* High Resolution Measurement 

Measured Mass Formula Calculated Mass 

~73.9953 c16Hrf6012 ~73.9965 
Cl~5 

+ 

m/e185(2.~) 
Jt-. 
I 
I-NO' 

-NO • -NO • -NO • -NO' I 2 
Cl~rf5010+·- - g +>Cl~rf4.08+- - _2_ ¥-1rJ1rf306+·- - ! ~lrJIrf204+- - - ;. Cl~~02+· 
m/e~l~(O.~~) m/e3Q9(1.2%) m/e32)(O.~) m/e277(1.J%) m/e231(1.o%) 

~ ~ ~ ~ ~ 

I -CO I -CO I -CO I -CO I -CO 
I I I I I 
t -N02' I -N02' I -NO'1 -N02' I 

c16Hrf5011+· )C16Hrj\09+- - - -+C16Hrf307+·- - -~C16Hrf205+- - - ~C16Hrf°3+· 
m/e~~;(21.~%) m/e397(8.1%) m/e351(O.4%) m/e305(O.4%) m/e259(3.~}» 

f 
~ ». ~ '" 
I I I I 

-NO· I -NO' I -NO' I -NO' I-NO' 
-N02~ -NO '. -NO 2 . I -N02' • -N02 ' I 
- -~C16Hrf6012+- - - ~C16H~5010+·- - -~16Hrf408+- - - +-C16H~306+·- - -~16Hrf204+ 

m/e473(100.~fo) m/e427(4.~fo) m/e381(O.~fo) m/e335(O.~fo) m/e289(O.1%) 
I 
I 
I-NO' 

-NO • 2 
+ 2 '" + C 6H ~ - - - - - C 6H..NO • 1 5 1 , 2 

m/e197(O.~fo) m/e2~3(O.~fo) 

Continuous lines indicate those transitions which are supported by the presence of metastable peaks. 



ching band suggests that this feature is not an indication of multiple 

nitro stretching frequencies. Nevertheless, in common with l-picryl

~,5,7-trinitronaphthalene this compound must contain nitro substituents 

which are individually subject to varying degrees of conjugation with 

the aromatic system. Thus the adjacent peri (~,5-) substituents must 

be sterically crowded, whilst the 7- nitro group and those contained 

in the picryl moiety should be relatively unhindered. A similar situa

tion therefore appears to exist in this compound, to that previously 

discussed for the hexanitrobinaphthyl 'Q' and l-picryl-~,5,7-trinitro

naphthalene, in that the frequency difference between the hindered and 

unhindered nitro groups of the naphthyl moiety, has been reduced to the 

point where the two bands are not resolved. 

The observed frequencies for the two nitro stretching bands 

in l-picryl-2,~,5,7-tetranitronaphthalene fall_ quite close to those 

observed in the trinitro derivative (1550/1350cm-1
) and thus reflect 

the rather similar structure of the two compounds. Nevertheless it is 

pertinent to note that the small shift to higher frequency that is evident 

in the tetranitro derivative, is in the anticipated direction. Thus 

the presence of an additional nitro group in this compound would be ex

pected to increase the N-O bond orders, via its effect of reducing con

jugation between individual" nitro groups and the aromatic ring system. 87 

Once again the low frequency region of the spectrum proves 

to be of little value for structural determination. 

The Proton Magnetic Resonance Spectrum 

The PMR spectrum of 1-picryl-2,~,5,7-tetranitronaphthalene 

in DMSO (see appendix) comprises the following signals:- T 0.~5 singlet 

(28), T 0.55 singlet (1B), TO.65 doublet J = 1.9Hz (lH), T 1.2q doublet 

J = 1.9Hz (lH). 

1-Picryl-2,~,5,7-tetranitronaphthalene 
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The singlet at TO.45 is attributed to the two equivalent 

protons of the picryl moiety. As these protons alone are sited ortho 

with respect to two nitro groups, whilst also being located on a ben

zenoid nucleus containing three nitro substituents, it is only reason

able that they should resonate at lower field than any other protons 

in the molecule. Such an assignment is confirmed by the integration 

which shows that this singlet results from two protons. In fact the 

observed shift for these protons is about 0.1ppm downfield of that 

noted for the analagous protons in I-picryl-4,5,7-trinitronaphthalene. 

This change is consistent with the substitution of a fourth (2- substituted) 

nitro group in the naphthyl moiety, which must tend to increase electron 

withdrawal by this grouping, from the picryl moiety. The singlet at 

T 0.55 (lH) is assigned to the proton B
3

• The low field at which this 

proton resonates is again due to its siting in between two nitro groups, 

but,as there are only two nitro substituent in the benzenoid ring to 

which it is attached, the signal occurs at slightly higher field than 

is observed for the picryl protons. A substantial downfield shift of 

0.6ppm is noted for this proton with respect to the analagous one in 

1-picryl-4,5,7-trinitronaphthalene ( T 1.15); such a shift is consistent 

with the fact that there are now two ortho nitro groups to deshield H
3

, 

as opposed to just one in the trinitro derivative. 

The two doublets at T 0.65 and 1.24 are clearly assigned 

to the protons B6 and BS. As the former proton is sited in between two 

nitro groups, it presumably gives rise to the lower field signal ( T 0.65), 
whilst BS' ortho to just one nitro group is assigned the signal at 

T 1.24. A downfield shift of H6 is thus observed (by O.2ppm) with res

pect to the analagous proton in I-picryl-4,5,7-trinitronapbthalene (TO.S5). 

This is to be expected due to the introduction of a fourth nitro su~ 

stituent into the naphthalenic ring system. However it is interesting 

to observe that BS has been affected in the opposite manner - that is, 

it has moved to higher field by 0.14ppm as compared with the trinitro 

derivative - despite the presence of a fourth nitro group. The precise 

cause of this effect is uncertain, but it probably arises from the steric 

effect of the additional 2-nitro substituent. Thus steric interaction 

between the picryl moiety and the 2- nitro substituent of the naphthalene 

system, seems likely to result in the two aromatic systems adopting near 

perpendicularity as the preferred conformation - if indeed they do not 

already have such an orientation. Possibly there is also some distortion 
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of the Cl-Cl' bond angles such that the phenyl ring is caused to lean 

towards H
S

' In either event a change of the magnetic environment of HS 

will result - due to relocation of the induced fields associated with 

both the aromatic (phenyl) ring and the 2- and 6- nitro substituents 

in the picryl moiety. Whilst the precise nature of these changes is 

open to speculation, the total effect of such changes is presumably to 

produce a net shielding of the proton BS ' 

The Ultra Violet Spectrum 

The UV spectrum of 1-picryl-2,4,5,7-tetranitronaphthalene 

in methanol (see appendix) shows three resolved maxima at: ~ 214nm, 

( 42Scm2mole-1 (Ar7t' -+ ?(*); ~ 258nm (sh), ( 339(D?mole-1 (N~2 0-+7\'*) 

() 2 -1 ( * _* 107 1(8) and ~ 353nm sh, ( 50cm mole N02 ~'7{ or i"C' ~ " , • 

* The aromatic ~ -+ ~ band in this compound thus shows a 

marginal hypsochromic shift relative to that in the trinitro derivative 

( ~ 215mn, ( 482cm2mole-1 ) and also a slight reduction of intensity. 

Both of these features probably reflect reduced conjugation between the 

aromatic systems - due to steric factors. 

In view of the similarity of structure between 1-picryl-

2,4,5,7-tetranitronaphthalene and 1-picryl-4,5,7-trinitronaphthalene, 

the spectra of these two compounds might be expected to show consider

able similarity, with regard to the various 'N02' transitions, although 

the former compound should show additional absorbtions due to the presence 

of an 'extra' 2- subs~ituted nitro group. This does in fact appear to 

be the case although superficially the spectra may appear rather dis

dimilar. Consider for example the region 225-3oOnm in the two spectra 

* where the N02 n-+7f transitions are normally observed. The trinitro 

derivative shows two maxima (at X 229 and 265mn) in this region, whilst 

the tetranitro derivative shows just one (at A 258mn). This differ

ence would be readily resolved if the 'extra' 2- nitro substituent of 

the tetranitro derivative gave rise to an absorption at around 245nm 

- that is roughly midway between the two maxima of the trinitro deriva

tive. In this event the three maxima would probably not be resolved 

and would appear as a single broad hump - as is in fact observed in the 

spectrum of the tetranitropicrylnaphthalene. In order for the 'extra' 

nitro group to produce a band at about 245nm, it would presumably have 

to be subject to a degree of conjugation with the naphthalene system, 

which fell in between that experienced by an unhindered 7- nitro substit

uent ( A = 265nm) and that achieved by a 4- or 5- nitro substituent 

-which formed part of an adjacent peri substituted pair ( ~ = about 23Onm). 
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Examination of molecular models suggests that such a possibility is 

quite reasonable in the present case. Thus two extreme situations can 

be envisaged: in the first an angle of approximately 90
0 

is assumed be

tween the two aromatic systems and in consequence the 2- nitro substit

uent is free to adopt complete coplanarity with the naphthalenic ring 

system to which it is attached. In the second the two aromatic ring 

systems are assumed to approach coplanarity and as a consequence of this 

the same 2- nitro substituent would be forced well out of the plane 

of the naphthalenic system. In reality a compromise situation would be 

envisaged in which neither the two aromatic systems, nor the '2-N02'1 
naphthalene systems adopted coplanarity, but in which both were twisted 

so as to minimise the total energy of the system. It is presumed that 

it is this arrangement which gives rise to rather limited conjugation 

between the 2- nitro substituent and the naphthalenic system, such that 

* the N02 ~1\ transition occurs at about 245nm. 

A similar explanation is applicable to the longer wavelength 

region of the spectra where the trinitro derivative shows two maxima 

at A319 and 353nm (sh), whilst the tetranitro derivative shows a single 

shoulder at 353nm. Thus it is assumed that the 'extra' 2- nitro group 

of the latter material gives rise to an additional band at around )35nm. 

This absorption would then be expected to prevent resolution of the 

very ill defined shorter wavelength band which occurs at 319nm in 1-

picryl-4,5,7-trinitronaphthalene. The general decrease of ( values 

which is observed for the tetranitro (as compared with the trinitro) 

derivative, both in this region and the shorter wavelength region (225-

jOOnm), is consistent with a general decrease of conjugation between 

individual nitro groups and the aromatic system. Such is only to be 

expected87 due to the increased number of nitro groups present in the 

system. 
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CHAPrER 4 

Experimental 

4.1. Instruments and Reagents 

Proton Magnetic Resonance Spectra 

60MHz Spectra were recorded using a Perkin Elmer Rl0 

spectrometer (probe temperature 33.5°C), those at 90MHz on a Perkin 

Elmer R32 spectrometer (probe temperature 35°C) and those at 100MHz 

on a Jeol JNM PS 100 spectrometer using the pulsed, Fourier Transform, 

mode of operation. (Probe at ambient temperature.) Tetramethylsilane 

was used as internal standard for all except the pulsed spectra; in 

these the chemical shifts were measured relative to the D5 solvent peak, 

the following values being assigned to the solvents:- CDjSOCD2B: T 7.51, 

CD3COCD2B: 'T 7.94, C6DrJ1: T 3.09. 
Mass Spectra 

These were obtained using an AEI MS9 spectrometer with 

direct insertion probe. Operating conditions were as follows:

Ionisation voltage 70ev 
-6 Source pressure approx 10 Torr 

o Source temperature appro x 200-250 C 

High resolution measurements were carried out by PCMU Harwell (Resol

ving power of instrument M/6M approx 10,000). 

Infra-red spectra 

All samples were recorded in the form of pressed KBr 

discs using a Unicam SP200 spectrophotometer. 

Ultra Violet Spectra 

UV spectra were recorded in methanol using a Unicam SP 8000 

spectrophotometer. The sole exception to this was the spectrum of 

1,1'-binaphthyl which was recorded (in methanol) on a Perkin Elmer 

402 spectrophotometer. 

Melting Points 

These were carried out using a Kofler hot stage microscope. 

Analysies 

Carbon, hydrogen and nitrogen analyses were carried out 

either by Bk4C Teddington or the MOD, PERME, Waltham Abbey. 

Reagents and Purification of Solvents 

GP grade reagents were generally found adequate without 

further purification except for use as solvents - see below. 1,1'

binaphthyl was supplied by Eastman Kodak, :.picryl chloride by Hopkin 
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and Williams and 1-iodonaphthalene by the Aldrich Chemical Co. 

All solvents except acetic acid were flash distilled prior 

to use in order to remove involatile matter. (This was found essential 

both for chromatography and small scale crystallisations.) Analar 

grade acetic acid was used without further purification. In the case 

of toluene the solvent was eluted from a 450mm silica gel column 

(Merck Silica gel 60, 70-230 mesh) prior to distillation, the initial 

'wet' fraction from this distillation being discarded. Approximately 

2.51 of toluene were passed through a single column before the silica 

gel was replaced. 

~.2. Chromatographic Methods and Materials 

All column chromatography was carried out using Merck 

silica gel 60, particle size 0.06;-0.20Omm (70-23Omesh). This material 

was used without activation. 25mm diameter glass columns were used, 

of length 15D-50Omm as appropriate. Each column was fitted with a 

number 3 glass sinter at the bottom, to support the silica gel; the 

flow of solvent from the column was controlled by means of a greaseless 

'Teflon' tap at the base. Solvent was applied to the top of the column 

from a dropping funnel which could be detached by means of a greaseless 

'clearfit' (B2~) joint. 

All columns were packed using a slurry of silica gel in 

the appropriate solvent. They were then washed with approximately 

250ml of the same solvent, prior to application of the sample. Elu

tion of the sample would typically take place at the rate of 20Oml/min. 

Preparative TLC was carried out using Merck silica gel H 

(type 60). Following preparation, the plates were 'activated' at BOoC 

for one hour, they were then washed three times with methanol and 

dried (SOoC, 1Omin) immediately prior to use. 

Unless otherwise stated all analytical TLC runs were carried 

out using Eastman Kodak 6060 chromagram sheet, the developing solvent 

being run over a distance of 10Omm. This technique was widely used 

for example to check the composition of the various fractions obtained 

from a column, to establish the purity of crystallised products and 

to monitor the course of nitration reactions. When monitoring the 

course of nitration reactions the technique adopted was to withdraw 

a small aliquot of the reaction medium, quench this in water, filter 

off the solid and then run this on a TLC plate in the appropriate 

solvent. Invariably acetone was used to apply the sample to the plate 
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prior to separation. 

4.3. General Experimental Techniques 

Crystallisation of the various higher nitrohinaphthyl de

rivatives tends to be very slow. Thus crystallisation was typically 

carried out by placing the solution in a loosely covered beaker and 

leaving it overnight under an infra-red lamp (approx 3D-40
0
C). Often 

when a sample was very pure, crystallisation took place much more rapidly 

(about 3-4hrs). In the case of mixed solvents, such as acetone/acetic 

acid, the gradual evaporation of the more volatile component normally 

caused satisfactory crystallisation of the product. On the other hand 

more rapid evaporation either caused the formation of tars - particularly 

on the surface of the liquid - or the precipitation of an amorphous -

and impure - sample of the product. (The success of individual crys

tallisations was monitored by TLC). 

All 'final' samples were dried under reduced pressure for 

about 5hrs at a temperature of about BOoC. However, when acetic acid 

was used as the recrystallisation solvent, a temperature of about 110°C 

was normally employed (approx 5hrs) to ensure removal of all traces 

of solvent. (It was generally found necessary to grind the samples 

into a fine powder prior to drying, in order to remove all traces 

of solvent.) As has been noted in chapter 2, if the hexa or heptanitro

binaphthyls 'Q' and. 'R' were crystallised from solvent mixtures contain

ing toluene, it was found impossible to remove residual toluene from 

the sample by merely heating it under reduced pressure. Thus these 

materials had sub~equent~y to be recrystallised from acetone/acetic 

acid in order to remove the toluene. 

%.%. Nitration of 1,1'-Binaphthyl 

%.%.1. General Considerations 

1,1'-Binaphthyl was initially treated under an arbitrary 

set of conditions likely. to produce complete reaction to its lower 

nitro derivatives (ie treatment by an excess of nitric acid in acetic 

anhydride for two hours at 20°C). The product mixture obtained from 

this preliminary nitration, was subsequently treated (without purifica

tion) with a mixture of concentrated nitric and sulphuric acids. It 

was intended from the outset to treat the products of the first nitra

tion in mixed acid - without substantial purification of the interim 

product. Nevertheless a fairly detailed examination of the nitric 
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acid/acetic anhydride product mixture was undertaken, in order to 

isolate and identify as many products as possible. Once a particular 

product had been identified, the yield of that product could then be 

maximised by varying the reaction conditions, whilst monitoring the 

product distribution by TLC. This technique was utilised repeatedly 

during the work on the nitration of 1,1'-binaphthyl and proved of par

ticular value for the preparation of the higher nitro derivatives 

which tended to cocrystallise persistently when in admixture with closely 

related compounds. Thus purification of the desired product by crys

tallisation was often dependant upon its being the predominant constituent 

in the final reaction mixture. 

4.4.2. Nitrations i.~ _Acetic .. Anhy;dride and Nitric Acid. 

4.4.2.1. General Nitration Technique 

The technique generally adopted for nitration in acetic 

anhydride was to introduce nitric acid (dropwise) into a slurry of the 

substrate in acetic anhydride. This method was found the most convenient 

as it produced rapid dissolution of the substrate in the reaction medium 

and permitted simple temperature control via the rate of acid addition. 

Experience had shown that it was difficult to dissolve sufficient sub

strate in preformed 'acetyl nitrate solution'. 

The observations of Bordwell and Garbisch concerning the 

effect of temperature on the acetyl nitrate reaction57 (see section 1.6.2.2.) 
o hav been broadly supported by the present work. Thus at 0 C the addi-

tion of nitric acid to a slurry of substrate in acetic anhydride gave 

rise to little reaction, whilst subsequent warming of the mixture to 

about 15°C resulted in a violent exotherm, with vigorous nitration 

of the SUbstrate. In view of the apparent lack of reaction at low 

temperature, the difficulty of controlling the exotherm during subse

quent warm up and the potential hazards associated with such an exotherm, 

this method was abandoned. The addition was instead commenced at room 

temperature and continued cautiously so as to keep the temperature 

below 40
o
C; under these conditions decomposition of the acetyl nitrate 

should not occur. 57 (If the addition is too rapid an explosive reac

tion is likely to result.?27) 
It is often convenient when carrying out nitrations in 

acetic anhydride/nitric acid, to maintain anhydrous conditions by the 

use of excess anhydride. However during the present work, for the pre

liminary treatment in a two stage nitration, it was found most beneficial 
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to add an excess of nitric acid to the reaction. Thus in several in

stances a higher yield of the final product was isolated if anhydrous 

conditions were not maintained during the preliminary nitration. 

(Possibly this reflects the use of too great an excess of acetic anby

dride in the 'anhydrous runs', because an excessive quantity of the 

anhydride is known to be detrimental to reactions in this medium. 59h ) 

4.4.2.2. Product Isolation 

Most of the products prepared by the action of nitric acid/ 

acetic anhydride on 1,l'-binaphthyl proved separable by TLC using anal

ytical silica gel plates with toluene as eluent. On a preparative 

scale however separation of the products was best achieved by column 

chromatography. The most satisfactory solvent system for this prep

arative work was found to be a mixture of toluene and acetone. Only 

a few percent of acetone was necessary, but the addition of this sol

vent to the toluene greatly accelerated the elution of higher nitrated 

species. Thus although theoretically toluene alone would have separated 

most of the polynitrobinaphthyls, in practice the time taken (and the 

quantity of solvent necessary) to elute the higher nitrated species 

with this solvent would have been prohibitive. 

4.4.2.3. Examples 

i) Nitration Using Excess Nitric Acid 

Procedure 'A' 

Finely powdered 1,l'-binaphthyl (O.5g, 1.97 x 10-3 moles) 

was dispersed in acetic anhydride (12.5ml). Concentrated nitric acid 

(Dl.42, 12.5ml) was added dropwise to this stirred slurry, whilst cooling 

was maintained on a cold plate. The rate of addition was varied to 

keep the temperature in the range 35-40oC. (During this addition the 

substrate dissolved completely~) When all the acid had been added 

(15-2Omin), the mixture ~s stood at ambient temperature for 2hrs. 

The reaction was then quenched by pouring it onto water (25Oml). The 

mixture was warmed in order to coagulate the solid, which was subsequently 

filtered off, washed with water, dried under reduced pressure and 

dissolvedin a minimum of toluene. (The product may alternatively be 

extracted directly into toluene after quenching the reaction with water. 

This procedure greatly facilitates dissolution of the product into 

the toluene.) A sample of this solution was spotted onto Kodak chrom-
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agram sheet which was subsequently developed in two dimensions using 

toluene (Ri=20Omm each way). When the chromatogram was examined under 

UV light (366nm) a total of eleven spots was visible (designated 'A' 

to 'K', 'A' = highest Ri). One of these spots ('J') became immobile 

prior to the second development in toluene and was not therefore, com

pletely separated from the spot 'K'. Redevelopment of the chromatogram 

howeve~,using a mixture of 5~ chloroform, ~~ industrial methylated 

spirit and ~ acetic acid, caused migration of the spots 'J' and 'K' 

to give two well separated species 'L' and'M'. A rerun of the same 

solvent system perpendicular to the original development however, caused 

the spot 'M' to produce two spots 'N' and '0'. It therefore seems 

probable that 'M' was decomposing on the silica plate (to 'N' and '0'). 

Both of the original highly polar species 'K' and 'J' could be removed 

from the original reaction mixture by washing with cold aqueous 2M 

sodium hydroxide; this, combined with their relative instability on 

silica gel, bright yellow colouration (on TLC plates) and relative 

abundance, suggests that they were oxidation products.(cf Highly nitrated 

species which may also react with sodium hydroxide eg the hexanitrobi

naphthyl 'Q'. This however is fairly stable on silica gel - for short 

periods,~ is colourless (on T~ plates) and would only have been pro

duced in trace quantities, if at all, under these reaction conditions-.) 

During preparative chromatographic separation of the mixture (below). 

the compounds 'J' and 'K' remained firmly bound to the silica gel of 

the column - wi,th toluene as eluent - and caused no problems,provided 

only low percentages of acetone were added to the eluting solvent. 

They were subsequently removed from the column by washing with methanol 

and a brief attempt was made to fractionally crystallise the compounds; 

this was unsuccessful. It seems likely that these residues contained 

a considerable mixture of compounds, but since they were not of direct 

interest to the present investigation, their isolation and identifi

cation were not pursued. 

The main bulk of products from the reaction were separated 

by column chromatography. Since individual columns (length ~5Omm) 

had insufficient resolution to completely separate the applied product 

mixture, numerous fractions were collected from a column and the com

position of each determined on analytical TLC plates. Appropriate 

fractions were then combined and those containing more than one component 

were applied to further columns. Th:i.s process wao repeated until separa

tion of all the components had been achieved. Once a fraction had been 
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isolated, which produced essentially a single spot by TLC, the solvent 

was stripped from it and the product crystallised. In one case (spot 

'C') fractional crystallisation was necessary in order to separate 

two components which had practically identical Ri's in toluene. 

The solvents employed for chromatographic separation and 

subsequent crystallisation of the various products are given in the 

table ~1. The analytical data relating to the various products is 

summarised in table ~2. The spectra recorded from the products are 

given in the appendixl these are discussed in chapter 2. 

Table 4-1 

Solvents Utilised in the Purification of Compounds 'B' - 'I' 

Compound Chromatographic 
Designation Eluent 

'B' 100',k Toluene 

'C-l ' 100',k Toluene 

'C-2' 100% Toluene 

'D' 100',k Toluene 

'E' 100% Toluene 

'F' 100% Toluene or 
98% Toluene/2% Acetone 

'G' 98-95% Toluene/ 2-5% Acetone 

'H' 98-95% Toluene/ 2-5% Acetone 

'I' 95% Toluene / ~ Acetone 

Crystallisation Solvents 

Acetone/Toluene 

;rFractional Crystallisation fro~ 

'- AcetoneJToluene/Acetic Acid ~ 
AcetoneJToluene/Acetic Acid 

Washed with Acetic Acid 
(Insufficient material for 

crystallisation) 

Toluene or Acetone/Acetic Acid 

Toluene/Acetone or 
Acetone/Acetic Acid 

Acetone/Acetic Acid 

When isolated by column chromatography the fraction corres

ponding to compound 'E' was found to contain such a small quantity 

of sample that it was impossible to erystallise it. In consequence 

satisfactory purification of compound 'E' vas not achieved, so reliable 

spectra could not be obtained. Thus during examination of fraction 'E' 

by mass spectrometry a series of spectra were recorded (by repeated 

scanning) in which quite wide variations of intensity were ~bserved 

for individual ions. It was thus concluded that the sample contained 

a mixture of compounds and therefore no detailed interpretation of the 

spectrum was possible. It is however pertinent to note that the spectrum 

contains a moderately strong ion at mle 4)4, which probably corresponds 
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to the molecular ion of a tetranitrobinaphthyl. The absence of an 

intense ion at mle 388 however, strongly suggests that this particular 

compound does not contain any adjacent peri substituted nitro groups. 

In addition to the above ion there is an intense peak at mle 389 which 

seems unlikely to arise from a tetranitrobinaphthyl, this peak therefore 

suggests the presence of a trinitrobinaphthyl in the mixture (molecular 

ion = 389). Indeed a close examination of the spectrum suggests that 

traces of the compound 'F' are present. The ion at mle 389 is however 

too intense relative to that at 3lt3, to be explained solely by the , 

presence of the compound 'F', it therefore seems likely that another 

trinitrobinaphthyl is also present in the mixture. 

On the basis of the mass spectrum therefore the fraction 'E' 

probably contained at least three compounds; one was most likely a tetra

nitrobinaphthyl (without any adjacent peri substituted nitro groups); 

one was probably compound 'F' and the third was presumably another 

(unidentified) trinitrobinaphthyl. 

Insufficient of the compound 'G' was isolated to permit its 

crystallisation, so this material could ~ot be satisfactorily purified 

either. In fact, no useful spectra could be obtained from this compound 

and its identity is unknown. 

Isolation of the ~ompound 'A', identified as unreacted 

1,1'-binaphthyl, was not carried out by column chromatography because 

the early (colourless) column washings (ie prior to compound 'B') were 

normally discarded. (A check was however made to ensure that no si~ 

nificant quantities of solid matter left the column in these washings.) 

This material was instead isolated by TLC during early attempts to sep

arate the products by this technique. (Only a partial separation of 

the crude mixture was actually achieved by this method. Eluent: chloro

form, Rf = 20Omm.) The unreacted binaphthyl was recovered from the 

leading edge of tbe cbromatogram after a two stage separation. It was 

identified via its mass spectrum. 

Tbe above nitration technique was employed mainly as a 

preliminary treatment for 1,1'-binapbtbyl, prior to its nitration in 

mixed acid. It was Qf little value as a preparative nitration procedure 

due to the large number of products produced and the associated separa

tion difficulties. However, since tbe product mixture contained signifi

cant quantities of both It,lt',5,5'-tetranitro-l,1'-binaphthyl ('H') and 

possible precursors of this compound (It,lt'-dinitro-l,l'-binapbthyl and 

4,4',5-trinitro-1,1'-binaphthyl), modified reaction conditions were 
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investigated in the hope of making compound 'H' the major product of 

reaction. A simple extension of the reaction time proved inadequate 

for this ~rpose, as even after 68hrs TLC showed the product mixture 

to contain at least nine components. (with ~,~',5-trinitro-l,l'-binaph

thyl still a major constituent). The reaction was therefore repeated, 

but with anhydrous conditions maintained throughout. Sulphuric acid 

catalyst was also employed:-

ii) Nitration Using Excess Acetic Anhydride and Sulphuric Acid Catalyst 

Procedure 'B' 

Finely powdered 1,1'-binaphthyl (0.5g, 1.97 x 10-3moles) 

was dispersed in acetic anhydride (lOmI). Concentrated nitric acid 

(Dl.~2, 2.Oml) was added dropwise to this stirred slurry whilst the mix

ture was cooled on a cold plate. The rate of this addition was varied 

to keep the temperature in the range 35-400 C. (During this procedure 

the substrate dissolved completely.) When all the nitric acid had 

been added, three drops (approx O.07ml) of concentrated sulphuric acid 

* were added to the mixture (this resulted in a rapid exotherm). Once 

the sulphuric acid had been added, the mixture was maintained at ~OoC 

for a total of 2hrs. 

(During this time the composition of the supernatant liquid was monitored 

by TLC - thus after 2hrs no trace of the lower nitro derivatives ~,~'

dinitro or ~,~',5-trinitro-l,l'-binaphthyl could be detected.) Over this 

2hr period a precipitate formed (mainly during the first O.5hrs). The 

mixture was cooled to OoC and the precipitate - a whi~microcrystalline 

solid - filtered off, washed with water and recrystallised from acetone/ 

acetic acid. The product was dried under reduced pressure to yield 

0.196~g of the compound 'H' (I~ PMR spectra and thi~ layer chromatogram 

(tOluene) identical with those of an authentic sample). The filtrate 

from above was quenched with excess water and the organic material ex

tracted into chloroform. This extract was washed with saturated sodium 

bicarbonate solution then water and dried (sodium sulphate). The solvent 

was stripped from the solution and the solid crystallised twice from 

acetone/acetic acid. After d~ing under reduced pressure this yielded 

a further 0.2031& of compound 'H'. Total yield of ~,~',5,5'-tetranitro

l,l'-binaphthyl ('B') = 0.3995g, 9.21 x 10-~ moles, ~6.B%. 

* In this particular reaction the temperature rose briefly to 60oC, the 

solution was however rapidly cooled back to ~OoC (liquid nitrogen). 



Whilst the above procedure was very convenient in that much 

of the product crystallised directly from the reaction medium (repeated 

crystallisation of the product from acetone/acetic acid -below- tends 

to be tediQus), a superior method for the preparation of the tetranitro

binaphthyl was via a combination of the two sets of conditions outlined 

above. The procedure, which is described below, also led to the isola

tion of compound 'P'. It is assumed that this is the ultimate nitration 

product of compounds such as 'F' which contain an 8- substituted nitro 

group. (The following method appears to be superior to that described 
12 by Jones and Joyner for the preparation of q,q',5,5'-tetranitro-l,1'-

binaphthyl in acetic anhydride/nitric acid. Thus the method below util

ises milder conditions than the earlier procedure and also produces a 

higher yield of 'H'.) 

1,1'-Binaphthyl (lg, 3.9q x 10-3moles) was treated with nitric 

acid (Dl.q2, lOml) and acetic anhydride (lOml) according to procedure 

'A'. Further acetic anhydride (15ml) was then added slowly with cooling, 

so as to keep the temperature in the range 35-qOoC. Once this had been 

added, three drops (approx O.07ml) of concentrated sulphuric acid were 

cautiously introduced into the solution, whilst keeping the temperature 

below qOoC. The mixture was then stood for Ihr at ~OoC before being 

poured onto excess water. The suspension was warmed to coagulate the 

solid which was subsequently filtered off, washed with water, saturated 

sodium bicarbonate solution and water again. The product was then dried 

and crystallised three times from acetone/acetic acid. After drying 

under reduced pressure this yielded 1.037g of compound 'H' (IR, PMR 

spectra and thin layer chromatogram (toluene) identical with those of 

an authentic sample.) 

The residues from all of the above crystallisations were 

combined. This material was separated by column chromatography (2-q% 
acetone, 98-96% toluene) into essentially two fractions, one comprising 

predominantly the compound 'H' and the other mainly compound 'P'. 

Crystallisation of the former fraction (twice) from acetone/acetic acid 

yielded a further 23.3mg of pure 'H'. Repeated crystallisation of the 

second fraction (acetone/toluene/acetic acid and acetone/acetic acid) 

yielded ultimately 20.6mg of the compound 'P'. Although there was more 

of the compound '~' left in the residues of the above crystallisation 

it was not thought worthwhile to isolate any further material. Total 

yield of compound 'P' = 20.6mg, q.75 x 10-5moles, 1.2%. Total yield of 

q,q',5,5'-tetranitro-l,1'-binaphthyl ('H') = l.06g, 2.qq x lO-3moles,62.1%. 
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Compound 'P' - ~,~',5,8'-Tetranitro-l,1'-binaphthyl (1) 
Mp 269-272.50 C, molecular ion C2~lON408' 434.0495 (measured) ~34.0~99 

(calculated) 
Analysis 

Found C:55.62; H:2.55; N:12.92 

Requires C:55.30; H:2.30; N:12.90 

Wben examined by TLC (Eastman Kodak 6060 chromagram sheet) the compound 

'P' was found to have an Ri (one elution with toluene) only marginally 

less than that of compound 'F'. Thus although the two compounds have 

discernably different Ri's when they are developed for the full length 

of a 200mm plate, a mixture of the two compounds would not be fully 

separated under these conditions. 

4.4.3. Nitrations in Mixtures of Glacial Acetic, Nitric and Sulphuric Acids 

Since the preparation of 4,4',5,5'-tetranitro-l,1'-binaph

thyl was reported during the course of the present work12 it was of 

interest to repeat the literature method in order to confirm the 

identicalness of the product so obtained and ·the compound 'B'. Thus 
12 

1,1'-binaphthyl was nitrated according to the method of Jones and Joyner 

(24hrs reflux in glacial acetic, nitric and sulphuric acids), but on 

one 'fifth of the original scale (ie nitration of 2g of 1,l'-binaphthyl). 

Bowever under these conditions the entire product carbonised and no 

significant quantity of any tetranitrobinaphthyl could be isolated. 

The reason for the carbonisation is unclear though possibly the smaller 

scale employed during the present work had an adverse influence on the 

reaction. In view of the failure of the literature method a modified 

procedure was evolved, using an essentially similar technique but with 

reduced reaction time and temperature. This proved successful and the 

compound 'B' was isolated from the reaction:-

To a slurry of 1,l'-binaphthyl (2g, 7.87 x 10-3moles) in 

glacial acetic acid (lOml) and concentrated sulphuric acid (lOml) was 

added nitric acid (D1.5, 6ml) in small portions with vigorous stirring 

whilst keeping the temperature below 300 C. Once the addition was comp

lete the mixture was heated to 1000C for >brs. (The reaction was mon

itored by TLC - this was the reaction period necessary to remove all 

of the lower nitrated species 'B' - 'F'.) The reaction mixture was 

cooled and poured onto crushed ice. The precipitate was coagulated by 

warming, then filtered off, washed with saturated sodium bicarbonate 

and water. The product was dried and crystallised three times from 

acetone/acetic acid. This yielded O.55g, 1.27 x 10-3moles, 16.1% of 
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compound 'H' (IR and PMR spectra and thin layer chromatogram (toluene) 

identical with those of an authentic sample). 

The fairly low yield of 'H' obtained by the above procedure 

could in part be due to the use of fairly vigorous nitration conditions 

during the early stages of reaction. A modified procedure was therefore 

evolved which employed more moderate conditions during the early stages. 

Since 4,4'-dinitro-1,1'-binaphthyl could be produced in high yield by 

the nitration of 1,1'-binaphthyiin a mixture of nitric and acetic acids10, 

this seemed an ideal method by which to start the reaction, since more 

vigorous nitration conditions could be created simply be the addition 

of sulpburic acid. Whilst this approach proved partially successful 

and a higher yield of compound 'H' was obtained, some difficulty was 

experienced in carrying out the reaction due to the formation of a large 

agglomerate of solid matter during the course of the nitration. Re

peated attempts to break up this agglomerate meant that the reaction 

was continued for longer than would normally have been necessary. It 

seems likely that this extended reaction time could have been at least 

partially responsible for the only moderate yield of 'H' which was 

isolated. The modified procedure is as follows:-

Procedure 'C' 
1,1'-Binaphthyl (2.5g, 9.84 x 10-3moles) was dispersed in 

acetic acid (25m1) and concentrated nitric acid (D1.42, 1m1) added with 

stirring. The mixture was then heated on a water bath until clear 

(appro~ 45min), after which additional nitric acid (2.5ml) was added. 

The mixture was maintained at 1000 C for a further 2.25hrs, then concen

trated sulphuric acid (D1.84. 25ml) was added cautiously followed by 

concentrated nitric acid (15m1). (During addition of the sulphuric acid 

copious fumes were evolved and the mixture boiled.) The mixture was 

then returned to the water bath for 1.5hrs. During the above procedure 

a large insoluble agglomerate formed which could not be dispersed either 

by agitation with a glass stirring rod or by the addition of more acid. 

Thus firstly additional nitric acid (;ml) was added, the mixture being 

heated for O.5hrs (1000C), then a mixture of sulphuric acid (5ml) and 

nitric acid (5mI) was added and heating continued on a water ·bath for 

another hour. At the end of the above procedure the agglomerate still 

remained, so the solution was cooled and poured onto crushed ice. The 

solid was filtered off, washed with water and dried. 
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The product was crystallised three times from acetone/acetic acid then 

dried under reduced pressure to yield 0.97~g of compound 'H' (IR and 

PMR spectra and thin layer chromatogram identical with those of an authen

tic sample). The residues of these crystallisations were combined and 

subject to column chromatography (2-~ acetone, 98-95% tOluene). Appro

priate batches of eluent were combined, stripped of solvent and crys

tallised (tWice) from acetone/acetic acid. This led to the isolation 

of a further O.104g of compound 'H'. Thus total yield of ~,~',5,5'-

( ) -3 nnL tetranitro-1,1'-binaphthyl 'H' = 1.078g, 2.48~ x 10 moles, 25.,~. 

The above nitration procedure was carried out three times, 

but on each occasion an insoluble agglomepate formed similar to that 

described above. Isolation of the tetranitrobinaphthyl was, however, 

only carried out once, the nitration being continued in the other instances 

to prepare the hexanitrobinaphthyl 'Q' (see later - table ~3). 

q.q.~. Nitrations Using Nitric and Sulphuric Acids 

4.~.q.1. The Preparation of ~,~',5,5',7,7'-Hexanitro-1,1'-binaphthyl 

A typical method for the preparation of ~,~',5,5',7,7'

hexanitro-1,1'-binaphthyl is described below. Although thjs compound 

has been prepared by a number of alternative procedures these have 

generally been found inferior to the method (1) given below. Results 

from other experiments, showing the effect of employing alternative 

preliminary nitration media and of varying the ratio of sulphuric to 

-nitric acids, are summarised in table ~3. 

Method (1) 

( 6 -; ) 1,1'-Binaphthyl 2g, 7.8 x 10 moles was treated with 

concentrated nitric acid (D1.~2, 5OmI) and acetic anhydride (5Oml) 

according to the procedure 'A'. The reaction was then quenched hy pour

ing it into excess water. The precipitate was filtered off and dried 

under reduced pressure to yield 3.77g of crude product. This product 

was powdered and dispersed in sulphuric acid (D1.84, 125ml). Nitric 

acid (D1.~2, 125m1) was then added, with stirring, whilst keeping the 

temperature below 65°C. Wben this addition was complete the mixture 

was heated on a water bath for a total of ~.25hrs. (Monitoring of the 

reaction by TLC showed that all the lower nitrobinaphthyls 'B' to 'I' 
had been consumed after this period of time.) The mixture was then 

cooled and poured onto crushed ice. The precipitate was filtered off, 

washed with water, sodium bicarbonate (saturated), water again and dried 
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Table ~2 

Tbe Preparation of 4,4't5t5't7,7'-Bexanitro-l,1'-binapbthyl by the Nitration of 1,1'-Binaphthyl 

A Summary of Results 

Quantity Prelimina!! Nitration Second Stase Nitration 
of Acetic Acetic Nitric Sulphuric Nitric Sulphuric 

Substrate Anhydride Acid Acid Acid 'Procedure Acid Acid Notes 
(g) (ml) (ml) (ml) (ml) (ml) (ml) 

2 50 - 50 - 'A' 125 125 method as above 

Yield of 
Hexanitro-
binaphthyl 

50.1 

2 50 50 'A' 25 125 a b 20.6 - - method as above ' 

2 50 - 8 approx 0.07 'B' 125 125 (a) 22.2 
(3 drops) " 

2.5 - 25 28.5 30 'C' 125 125 
" 

(c) 43.7 

2.5 - 25 28.5 30 'C,d 125e 125 
" 

(f) 32.1 
-- --- - - -- -~ -- _. ----- --- - -

Nitric acid = D1.42 unless otherwise stated. Sulphuric acid = D1.84. Tbe procedures 'A', 'B' and 'c' have already been 

described. 
Notes -

a) Entire product was eluted from silica gel columns before isolating any of the compound 'Q'. 
b) Reaction maintained at 1000 C for }brs. 

c) Reaction maintained at 1000 C for 2.25hrs. 

d) Reaction maintained at 100°C for 23.5 brs. 

e) Nitric acid = Dl.5. 

r) Glacial acetic acid (125ml) was also added. Reaction was for 2.25hrs at 100oC. 



under reduced pressure. This crude product was repeatedly crystallised 

from acetone/acetic acid and acetone/toluene until a pure sample (TLC-

20% acetone, S~~ toluene) of the compound 'Q' was obtained (o.6S3g). 

The residues from all of the above crystallisations were combined, 

stripped of solvent and applied (in acetone/toluene 1:1) to silica gel 

columns. Elution with 20% acetone, SO% toluene followed by repeated 

crystallisation of the appropriate fractions (acetone/toluene), yielded 

a further 0.580g of 'Q'. The residues of these crystallisations were 

combined and treated as above. Thus the cycle of crystallisation, 

elution of residues from silica gel columns, crystallisation, further 

elution of residues etc, was repeated until no useful quantity of 'Q' 
could be isolated at the crystallisation stage. A further O.SOOg of 

'Q' was isolated by this procedure. Total yield of 4,4',5,5',7,7'

hexanitro-1,1'-binaphthyl = 2.063g, 3.94 x 10-3moles,50.1%. 

Mp of 'Q' = 271.5-275.00 C (acetone/acetic acid) 

210.o-220.00 C (acetone/toluene) 

Analysis Requires C:45.S0; B:I.53; N:16.03 

Found C:45.S2; B:I.6S; N:15.78 

On Eastman Chromagram plates with an eluting solvent of 20% acetone/80% 

toluene the compound 'Q' migrated to approximately 0.75Rf. 

4.4.4.2. 1) 

l,l'-Binaphthyl (lg, 3.94 x 10-3moles) was treated with 

nitric acid (D1.42, 2mI) acetic anhydride (15ml) and sulphuric acid 

(D1.S4, 2 drops = approx 0.05m1) according to procedure 'B'. The crude 

product from this reaction was dispersed in sulphuric acid (D1.84, 3OmI) 

and fuming nitric acid (Dl.5, 3OmI) added, the mixture was then boiled 

under reflux for 12hrs after which time TLC (20% acetone, 80% toluene) 

suggested that there was no significant quantity of the compound 'Q' 
remaining in the mixture. (Trace quantities of 'Q' were nevertheless 

isolated on concentration of the product.) The reaction mixture was 

cooled and poured onto crashed ice. The product was then filtered off, 

washed with water, dried and crystallised from acetone/acetic acid. 

The resultant crystalline material produced two spots on TLC (20% acetone, 

So% toluene), one of much greater intensity than the other. Of these 

the minor component had an Rf appropriate for the compound 'Q', whilst 

the major one had a slightly greater Rf (compound 'R'). Fractional 

crystallisation of this material from acetone/toluene yielded ultimately 
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a supernatant liquid which contained exclusively (TLC) the higher Rf 

component ('R'). The crystalline material thus isolated was then re

peatedly crystallised using the same technique to obtain further batches 

of'R'. Such crystallisation was continued until contamination of the 
* supernatant liquid by residue (immobile on TLC), became excessive. 

The various batches of liquid (each containing predominantly 'R') 

were then combined, stripped of solvent and crystallised from acetone/ 

toluene to yield the first batch of compound 'R'. Those residues re

maining from the above crystallisations, which still contained signifi

cant quantities of 'R' (TLC), were combined and applied to silica gel 

columns (in acetone/toluene 1:1). Elution with 20% acetone/80% toluene 

followed by fractional crystallisation of appropriate fractions, (as 

above in acetone/toluene), yielded ultimately supernatant liquid con

taining predominantly the compound 'R'. Repeated crystallisation of 

the residual solid, by the same technique, yielded further batches of 

'R'. This procedure was repeated until there was insufficient material 

left to continue. The supernatant liquids from each of the above cry

stallisations were combined. This material was then subject to repeated 

fractional crystallisation from acetone/toluene and acetone/acetic acid, 

until it produced essentially a single spot by TLC (20% acetone, 80% 

toluene). (During this procedure 1mg of the compound 'Q' was also 

isolated.) The various batches of 'R' were then combined and the entire 

product recrystallised from acetone/acetic acid. After drying under 

reduced pressure this 'yielded 72.5mg, 1.27 x 10-~ moles, 3.2% of 

compound'R'. Mp 206.5-208.5 {acetone/acetic aCid}, 206.0-207.0 (acetone/ 

toluene). 

It was clear from the mass spectrum of this product that 

it still contained impuritiess further 'purification' was therefore 

undertaken on a small part of the sample before submitting it for 

analysis. Thus 6mg of the above product 'R' was eluted from a silica 

column {2~ acetone, 80% toluene}. The fraction corresponding to the 

compound 'R' was then stripped of solvent and crystallised twice from 

acetone/toluene, once from acetone/acetic acid and once from acetone/ 

industrial methylated spirit. It was then dried under reduced pressure 

to yield 2mg of a compound which analysed as follows:-

Found C:~~.30%; H:1.8)%; N:15.59%. 

A Heptanitrobinaphthyl requires C:~2.18%; H:l.2)%; N:17.22%. 

It is suggested that the product which was actually analysed was not 

in fact the compound 'R' but some decomposition product derived from 

*2Q%Acetone/80%toluene 
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it (see section 2.2.3.3.). Unfortunately however due to an oversight 

no spectra were recorded from the actual sample which was submitted 

for analysis, so the exact identity of this sample is uncertain. 

Decomposition of the Compound 'R' - Isolation of the Compound'S' 

The final spectrum to be recorded from the compound 'R' 

was the PMR spectrum - in DMSO. Once this had been obtained an attempt 

was made to recover the material 'R' from solution. Thus the spectro

scopic solution (containing about SOmg of compound 'R' in about O.~l 

of D6-DMSO) was poured onto water (approx Sml). A small quantity of 

distilled acetone (H6 ) was then used to wash residual material out 

of the PMR tube. As a colloidal suspension formed, more water was added 

to the solution (approx SOmI). The mixture was then stood overnight 

before being warmed for 4hrs under an IR lamp (approx SOOC) in an 

attempt to coagulate the solid. This was unsuccessful so the water 

was stripped off under reduced pressure using a rotovapour (700 C). 

During this time the colour of the sol~tion changed from brown to red 

(approx O.5Hrs). When distillation of Bolvent had ceased (approx O.75hrs) 

an attempt was made to recoTd a PMR spectrum from the solution (now in 

aqueous DMSO). However no intelligible spectrum could be obtained 

from the solution, - presumably because the signal from the sample fell 

below the detection limits of the instrument in use (RiO). When the 

solution was examined by TLC (2~ acetone, 8~ toluene) the major com

pone$appeared as a bright yellow/orange spot at approx O.7SRf - just 

ahead of the Rf observed for compound 'R'. (This spot fluoresced under 

UV radiation of 3SOnm). In addition to this there was a second faint 

spot at approximately O.25Rf, plus an immobile residue on the baseline. 

The sample was purified by column chromatography (2~fo acetone, 80% 

toluene) followed by crystallisation from acetone. After drying under 

reduced pressure this yielded 7mg of the compound 'Sl' as brilliant 

fluarescentorange crystals. Mp 3400 C (change in crystal form at 329°C). 

To the residues of this crystallisation was added an approximately equal 

volume of acetic acid. A small quantity of the compound 'R' was then 

crystallised from this solution. Yield after drying under reduced 

pressure approx lmg. (IR spectrum and thin layer chromatogram identical 

with those of an authentic sample. The mass spectrum was also similar 

to that of an authentic sample but showed the presence of trace impurities.) 

The compound 'Sl' was recrystallised from acetone to yield 

the compound '82' (3mg) as dull orange crystals. An attempt was made 

to fractionally crystallise (acetone/acetic acid) the residues remaining 
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from this crystallisation. However, only one product could be isolated 

in reasonably pure state, that is the compound 'S3' (O.75mg). This 

material crystallised as dark brown black crystals but became orange 

when ground into a fine powder. 

~.5. Nitrations of Polynitrobinaphthyls 

~.5.1. Nitrations in Mixed Acid 

~.5.1.1. The 'Nitration' of ~,~',5,5',7,7'-Hexanitro-l,1'-binaphthyl 

During attempts to prepare highly nitrated polynitrobinaph

thyls ~,~',5,5',7,7'-hexanitro-l,1'-binaphthyl was treated with mixed 

acid under a variety of conditions. A general nitration procedure is 

described below and the results of individual reactions are summarised 

in table 4-~. It is evident from this table that at lower temperatures 

little or no reaction occured, whilst prolonged nitration at high 

temperatures resulted in almost total oxidation of the substrate to 

water soluble products. 

Nitration of ~t~'t5t5't7,7'-Hexanitro-l,1'-binaphthyl - General Procedure 

~,~',5,5',7,7'-Hexanitro-l,1'-binaphthyl (O.1g, 5.72 x 

10-~moles) was dispersed in sulphuric acid (Dl.84, lOmI) and nitric 

acid (Dl.5, lOml) added rapidly with stirring. The mixture was then 

boiled under reflux for 6hrs before being poured onto crushed ice. 

The product was filtered off, washed with water and dried under reduced 

pressure. The entire product was applied to several silica gel columns 

and eluted with 20% acetone/SO% toluene. (This removed most of the 

highly polar oxidation products because these remained bound to the 

silica gel.) Fractional crystallisation of the eluted product (toluene/ 

acetone) yielded a supernatant liquid which contained exclusively (TLC) 

the compound 'R'. The crystalline material thus isolated was then re

peatedly crystallised using the same technique. At first the supernatant 

liquid from such crystallisation retained predominantly the compound 

'R'. As the procedure was repeated however. later batches of liquid 

retained mixtures of 'R' and 'Q' until ultimately the crystalline product 

which was isolated comprised exclusively the compound 'Q'. This product 

was recrystallised from acetone/acetic acid and dried under reduced 

pressure to yield 29mg, 5.53 x 10-5moles, 9.7% of ~,~',5,5' ,7,7'-hexa

nitro-l,l'-binaphthyl ('Q'). The various batches of solution which 

contained predominantly the compound 'R' were combined, stripped of 
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Table 4-4 

A Summary of Results for the 'Nitration' of 4,4',5,5',7,7'-Hexanitro-1,1'-binaphthyl 

Run Quantity of Nitric Acid Sulphuric Reaction Duration of 
Number Substrate (1)=1.5) Acid (1)=1.84) Temperature Reaction Isolated Products and Notes 

(g) (ml) (ml) (OC) (hrs) 

1a 0.5 15 15 35-40 144.0 No reaction. Product to (lb) 
without isolation. 

lb Product from la +5 - 100 24.0 2mg of water insoluble products 
- not identified. (afb) 

2 0.25 10 7.5 60 26.0 Substrate recovered unreacted.(a) 

,3 0.25 10 7.5 60 96.0 Substrate recovered unreacted. { it 96.0 } 
4 0.25 10 7.5 ii 105 3.25 2.1% of 'R', 14.4% of 'Q'. 

iii Reflux 4.0 
5 o. 5(c) 15 15 100 24.0 7.4% of 'R'f 'Q' not detected. 

6 0.25 10 7.5 100 25.0 Img of water insoluble products 
- not identified. (a,b) 

7 0.3 10 10 Reflux 5.0 1.7% of 'R', 12. <Y}b of 'Q'. 
8 0.3 10 10 Reflux 6.0 4.20~ of 'R', 9.7% of 'Q'. 

I 

9 0.3 7.5 10 Reflux 13.0 3.J% of 'R', 'Q' not detected. (d) I 

10 1.0 22.5 30 Reflux 49.0 O.,,~ of 'R'. 

11 o. 2( f) 4.5 6 Reflux 24.0 8.2mg of water insoluble products 
isolated - not identified - see below 

.. (e .td -----

Notes a) Crude product washed with water, saturated sodium bicarbonate solution, then water again. b) Insufficient material 
to achieve purification. c) Substrate purified less than normal prior to nitration. d) Crude product crystallised from 
acetone/acetic acid prior to elution from silica gel columns. e) Water soluble product also isolated from this run 
(compound 'Z' - 48.8%). r) Substrate specially purified - see below. g) Although the water insoluble product was not 
positively identified due to the small quantity of material isolated, the evidence (see below) suggests that there was only 
a very small proportion of 'R' present - if indeed there was any at all. 



solvent, and fractionally crystallised from toluene/acetone in order 

to remove the last traces of compound 'Q'. Thus initially a mixture 

of 'Q' and 'R' crystallised from the solution, then, later, pure 'R'. 

The latter material was recrystallised from acetone/toluene, then acetone/ 

acetic acid before being dried under reduced pressure to yield 13.6mg, 

2.39 x 10-5 moles, q.~fo of the compound 'R'. 

The specially purified sample of q,q',5,5',7,7'-hexanitro-

1,1'-binaphthyl utilised in run 11 was prepared as follows:-

q,q',5,5',7,7'-Bexanitro-1,1'-binaphthyl (0.5g) ostellsibly 

pure by TLC and spectroscopic examination, was dissolved in acetone/ 

toluene and eluted from a q50mm silica gel column using a mixture of 

2~~'acetone and 80% toluene. The material eluted in the form of a 

single fairly broad brown band and this was collected as three fractions. 

The middle fraction thus obtained, was stripped of solvent and eluted 

from a second silica column by exactly the same procedure. This time 

however the middle fraction was stripped of solvent and crystallised 

three times from acetone/toluene then twice from acetone/acetic acid. 

After drying under reduced pressure this yielded 0.21g of the purified 

hexanitrobinaphthyl. 

The course of nitration in run 11 was followed, as usual, 

by TLC. After 2~rs boiling under reflux the reaction mixture produced 

a single spot on the chromatogram - at about the appropriate Rf for 

compound 'R' - the reaction was therefore quenched by pouring it onto 

crushed ice. The water insoluble products were then isolated by filt

ration and dried under reduced pressure to yield 8.2mg of solid (equiva

lent to about ~% by weight). Attempts to crystallise this material 

(methanol/toluene) were unsuccessful, so the solvent was stripped from 

the sample and an IR sp~ctrum recorded of the crude material. This 

spectrum, (fig 8) shows nitro valence stretching vibrations at 1350/ 
-1 -1 1555cm and a band due to C-B stretching at 3100cm , however the 

fingerprint region bears little resemblance to either the heptanitro

binaphthyl 'R' or the hexanitrobinaphthyl 'Q'. Unfortunately the 

small quantity of this sample which was available and its impure nature 

prevented any other spectra from being recorded. The melting point 

of this product was in excess of 3~OoC although there was a change in 

the crystalline form at 198-205°C. This compares with a melting point 
o 

of 206-207 C for the compound 'R' crystallised from toluene or 206.5-

208.5 from glacial acetic acid. 
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The filtrate from run 11, that is the solution containing 

the water soluble products of reaction, was stripped of the main bulk 

of water on a rotovapour at ambient temperature. The solution was 

then left in an open beaker for 5 days (~o-50oC) during which time a 

pale yellow solid crystallised from the solution ('Z1'). This solid 

was filtered off, washed with water and dried under reduced pressure 

(100oC, 3hrs) to yield 75mg of compound 'Z2' as a white microcrystalline 

solid mp> 3~OoC. This material analysed as follows: C :~5.6~; H :2.6~%; 
N:9.97%. If the proposed molecular weight of ~03 is correct 75mg is 

equivalent to 1.86 x 10-~moles, 48.8%. 

~.5.1.2. The Nitration of ~.~'.5,5'-Tetranitro-1,1'-binaphthyl 

- Preparation of Compound 'Q' 
This nitration was originally intended as a preparation of 

a pentanitrobinaphthyl - hence the 'stepwise' nitration technique. 

As no significant quantity of a pentanitrobinaphthyl could be detected 

at the interim stages, the nitration was continued until ultimately 

the hexanitrobinaphthyl was produced. 

( 6 -~ ~,~',5,5'-Tetranitro-1t1'-binaphtbyl O.25g, 5.7 x 10 

moles) was dispersed in sulphuric acid (Dl.8~t 7.5ml) and nitric acid 
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(Dl.~2, 35Jl)added. This mixture was heated on a water bath for 2.5hrs 

then poured onto ice. The product was filtered off, washed with sodium 

bicarbonate, water and then dried. This entire product was dispersed 

in sulphuric acid (D1.8~. 7.5m1) and nitric acid (D1.~2, 65;l) added. 

The mixture was then heated on a water bath for ~5 minutes. Further 

nitric acid (D1.~2, 0.25ml) was added and the mixture again heated on 

a water bath for one hour. After cooling it was poured onto ice. The 

mixture was boiled to coagulate the solid which was filtered off, washed 

with sodium bicarbonate solution and crystallised from acetone/acetic 

acid. After drying under reduced pressure· this yielded 0.1127g, 2.15 x 10-~ 
mole~, 37.3% of ~,~',5,5',7,7'-hexanitro-1,1'-binaphthyl. (IR and PMR 

spectra and thin layer chromatogram (2~ acetone/8~ toluene) identical 

with those of an authentic sample.) 

The Nitration of ~,~'.5,5'-Tetranitro-1,l'-binaphthyl 

- Preparation of the Compound 'U' 

~,~',5,5'-Tetranitro-1,1'-binaphthyl (0.25g, 5.76 x 10-~moles) 
was finely ground and dissolved in sulphuric acid (D1.8~, 7.5ml) by 

warming. Nitric acid (D1.~2, O.lml) was then added and the mixture 

heated to 1000 C for ~5miDUtes. A second aliquot of concentrated nitric 

acid (0.1ml) was added lOminutes after the first. Once the reaction 

had been maintained at 1000 C for ~5minutes the mixture was cooled and 

poured onto crushed ice. On heating, the solid coagulated and was 

filtered off then dried under reduced pressure. The product was applied, 

in acetone, to a 150mm silica gel column and eluted with 2~~ acetone, 

8~ toluene until the eluent was colourless. All of this eluent was 

collected as a single fraction. Fractional crystallisation of the eluent 

(toluene/acetone.) yi'!lded initiall·y ~,~', 5, 5' ,7,7' -hexani tro-1, 1'

binaphthyl then the compound 'U'. The latter material was crystallised 

twice from acetone/acetic acid/industrial methylated spirit and dried 

under reduced pressure to yield 9.5mg, 1.983 x 10-5moles, 3.1j,~% of 
o the compound 'U' mp 322-~ C • 

. All of the hexanitrobinaphthyl recovered from the reaction 

was recrystallised from glacial acetic aCid/acetone to yield O.l~g, 

1.985 x 10-4moles, 3~.~~ of the compound 'Q'. 
In a further experiment 0.25g of ~,~1,5,5'-tetranitro-

1,1'-binaphthyl was treated with sulphuric acid (Dl.8~, 7.5ml) and nitric 

acid (D1.~2, 9~) using a similar procedure to that described above. 

The product of this reaction was ioolated by a combination of column 
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chromatography (2~~ acetone, 8~ toluene and 5% industrial methylated 

spirit (IMS), 95% toluene) and fractional crystallisation (acetone/ 

toluene; acetone/acetic aCid/IMS) to yield lOmg 2.09 x 10-5 moles, 3.62% 

of the compound 'U'. (95% toluene/5% IMS was found to be the best 

solvent system for the separation of the compounds 'U' and 'Q' by TLC.) 

4.5.1.4. Nitration of thePentanitrobinaphthyl 'U' - Preparation of 

the Compound 'V' 
The pentanitrobinaphthyl 'U' (9.5mg, 1.983 x 10-5moles) 

was dispersed in sulphuric acid (Dl.84, lml) and nitric acid (Dl.42, lml) 

added rapidly with stirring. The mixture was heated to 1000 C for 30minutes 

then poured onto crushed ice. The mixture was warmed in order to coag

ulate the product which was then filtered off and dried under reduced 

pressure. The product was crystallised once from acetone/acetic acid, 

three times from acetone/toluene, then once more from acetone/acetic 

acid. This yielded:l.8mg, 3.43 x 10-6 moles, 17.~ of the compound 'V'. 

4.5.1.5. The Nitration of 4,4',5,8'-Tetranitro-l,1'-binaphthyl (Compound 'p') 

A sample of compound 'P' (l~g, 3.226 x 10-5 moles) was 

dispersed in sulphuric acid (Dl.84, 1m1) then nitric acid (D1.42, O.lml) 

was added rapidly with stirring. The mixture was heated on a water 

bath for 45min, then cooled and poured onto crushed ice. The product 

was filtered off, washed with water, sodium bicarbonate, water again 

then dried. This material was crystallised twice from acetone/acetic 
-6 acid and dried under reduced pressure to yield: )mg, 5.272 x 10 moles 

16.3% of the compound 'Y' mp 195-S
o
C. None of the compound 'Q' could 

be detected in the product from this reaction (TLC: 2~ acetone, 8~ 

toluene). Thus both the crystalline material 'Y' and the residues of 

crystallisation produced a single spot by TLC (+ residues). In each 

case the single spot had an identical Rf to that of the compound 'R' 

4.5.1.6. Nitration of the Dinitrobinaphthyl 'C-l' 

A sample of the compound 'e-l' (21.6mg, 6.279 x 10-5moles) 

was dissolved in acetic anhydride (4rnI) by warming. This mixture was 

cooled to 30
0
C and nitric acid (Dl.42, 0.8ml) added dropwise with stirring 

at such a rate that the temperature remained between 35-400 C. When 

all of the nitric acid had been added the mixture was cooled to 200 C 

and two drops of sulphuric acid (D1.84, approx 0.05ml) added. After 
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a few minutes the mixture was warmed to 400 C and maintained at this 

temperature for two hours. The mixture was quenched with excess water 

and the product extracted into chloroform. The extract was washed with 

water, sodium bicarbonate (saturated), water again then dried over 

sodium sulphate. TLC (toluene) produced two spots - both with Rf's 

intermediate between those of 4,4',5,5'-tetranitro-l,1'-binaphthyl and 

4,4',5-trinitro-l,1'-binaphthyl. This product was stripped of solvent, 

dissolved in sulphuric acid (D1.84, 5ml) and nitric acid (Dl.42, O.25ml) 

added. The mixture was heated on a water bath for 1hr, cooled and 

poured onto crushed ice. After warming to coagulate it, the product 

was filtered off, washed with water, sodium bicarbonate (saturated) 

and water again. The crude product was then partially purified by a 

combination of column chromatography (toluene and ~ acetone/9~ tOluene) 

and crystallisation (acetone/acetic acid, acetone/acetic acid/1MS and 

acetone/toluene). After drying under reduced pressure O.6mg of product 

was isolated. An infra-red spectrum was recorded from this product 

(see figure 9) but a satisfactory mass spectrum could not be obtained 

due to the presence of aliphatic impurities. 

Figure 9 
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~.5.2. Nitrations in Acetic Anhydride and Nitric Acid 

~.5.2.1. The Preparation of ~,~'.5-Trinitro-l.l'-binaphthyl from 

~!%'-Dinitro-l,l'-binaphthyl 

%.~'-Oinitro-l.1'-binaphthyl (O.25g, 7.267 x 10-~moles) 
was dispersed in acetic anhydride (7.5ml). Nitric acid (Dl.~2, 7.5ml) 

was added to this mixture dropwise, with stirring, at such a rate that 

the temperature remained between 35-~OoC (1.2jbrs). The mixture was 

then stood at ambient temperature for 1.25hrs before being quenched 

with excess water. The product was filtered off, and separated by a 

combination of column chromatography and crystallisation, in a manner 

similar to that described in section %.~.2.3. for the separation of 

products from the nitration of 1,1'-binaphthyl. The various products 

which were isolated from the reaction are summarised in table ~5. 

This experiment was designed to demonstrate that compound 

'0' contained ~,~'- substitution. It would therefore have been most 

satisfactory if '0' had been the only,or at least the major product 

of the reaction. This could not however, be achieved. The problem 

was one of solubility, thus if only the stoichiometric quantity of nitric 

acid was added to the reaction, the substrate failed to dissolve and 

was recovered unchanged at the end of the reaction, whilst if sufficient 

acid was introduced to dissolve the dinitrobinaphthyl the reaction 

did not stop at the trinitro derivative, but produced a complex mixture 

of products. The use of alternative nitration media did not readily 

solve the problem either, as nitric acid in glacial acetic acid did 

not significantly nitrate the dinitrobinaphthyl, whilst nitric acid in 

sulphuric acid proved less controllable than nitric acid in acetic an

hydride. It therefore proved necessary to employ a nitration technique 

basically similar to that originally used for the preparation of '0' 

(section 4.4.~.3.), which produced a complex mixture of products. The 

multiple products were then separated by appropriate techniques. The 

product mixture actually obtained by the above method appeared, at 

least superficially (TLC), to be.very similar to that produced by the 

nitration of binaphthyl under similar conditions. Indeed the major 

products of the reaction (see table ~5) had all been previously iden

tified from the nitration of 1,l'-binaphthyl. However two additional 

compounds were also isolated - compounds 'W' and 'X'. As only very 

small quantities of these compounds were separated it was not possible 

to fully identify them. The significant data is noted below, the 
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Table It-5 

A Summary of the Products Obtained by the Nitration of q,q'-Dinitro-l,l'-binaphthyl in Acetic Anhydride/Nitric Acid 

Total Isolated Product Yield 
Compound Name Designation 

(g) (Moles) (%) 

I., 1j I -Dini tro-l , l' -binaphthyl (Unreacted) IB' 0.Q1j40 -4 1.279 x 10 17.6 

Yield based on 
reacted substrate 

(%) 
4,q' ,5-Trinitro-1,1 1-binaphthyl ' D' 0.0185 q.756 x 10-5 7.9 

4,q',8-Trinitro-l,1'-binaphthyl 'C-2' 0.0030 -6 7.712 x 10 1.3 

q,q',5,5'-Tetranitro-1,1'-binaphthyl 'H' 0.0280 6.1j52 x 10-5 10.8 

q,q',5,8'-Tetranitro-l,1'-binapbthyl ' P' 0.0028 6 -6 .452 x 10 1.1 

A Tetranitrobinaphthyl 'WI 0.0003 6.912 x 10-7 0.1 

A Pentanitrobinaphthyl 'X' 0.0050 1. Q1jq x 10-5 1.7 



spectra are given in the appendix. 

Compound 'WI (Melting point 266-270oC) 

Only a mass spectrum could be recorded from this material. 

This spectrum (see appendix) shows that the sample was not very pure, 

because a number of intense peaks at low mle values changed their rel

ative intensities with time. Nevertheless, as the impurity peaks do 

not extend above about mle 150, some useful data can be extracted from 

the spectrum. Thus a weak ion at mle 434 (3.0%) is believed to be the 

molecular ion of the spectrum, whilst two fragment ions at m/e388 (4.0%) 
and mle 3~2 (20.~) are most likely attributable to (M - N02) and 

(M - 2N02 ) ions. (Since the ions at low mle have been discounted as 

resulting from impurities, the ion at mle 200 has been taken as the 

base peak of the spectrum.) These assignments' are confirmed by the 

presence of interim ions of low intensity (M - 0), (M - NO) etc which 

are characteristic of the fragmentation of individual nitro groups.77 

The remaining ions in the spectrum - down to mle 200 - are however of 

very low intensity so that it is impossible to assign any fragmentation 

sequence to the spectrum. The structure of the compound 'WI is thus 

essentially 'unknown', although it seems likely that the compound is 

a tetranitrobinaphthyl. (The spectrum is clearly dissimilar to that 

of any other nitrobinaphthyl which has been isolated.) 

Compound 'X' 
The mass spectrum of this compound shows a molecular ion 

at mle ~79 and a breakdown pattern consistent with that of a pentanitro

binaphthyl. The dominant feature of the spectrum is the very intense 

ion at mle ~3) (M - N02 ) which may indicate the presence of ~,5- sub

stitution. This spectrum is extremely similar to that of the compound 

'U' - although a number of minor variations occur in the intensities 

of individual ions. It is doubtful whether these fluctuations are 

sufficiently large to be of significance. 

The IR spectrum of 'X' shows two bands which are consistent 

with the presence of nitro valence stretching vibrations. Of these 

the higher frequency (asymmetric stretching) band is split into two 

maxima at 1550/15;5cm-1, whilst the lower frequency (symmetric stret

ching) band produces a single maximum at about, 1355cm -1. There is no 

evidence for the presence of any other functional groups in 'X'. Whilst 

there is considerable similarity between the IR spectrum of 'X' and 

that of the compound 'U' some discrepancies are clearly evident (see 

appendix). It is unclear however whether these arise due to the presence 
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of an impurity in 'X' or whether the two compounds are in fact dissimilar. 

Whilst the above evidence certainly suggests that the com

pound 'X' is a pentanitrobinaphthyl, its structure is somewhat uncertain. 

Thus whilst it is conceivable that this material is identical with the 

compound lUI there is insufficient evidence to establish this fact 

conclusively. 

Although the overall yield of pure nitroaromatic products 

obtained from the above reaction was very low (approx 2)%) the two 

major products to be isolated were 4,4',5-trinitro-1,l'-binaphthyl (7.9%) 

and 4,4',5,5'-tetranitro-1,1'-binaphthyl (10.8%). This result is thought 

strongly indicative of 4,4'-substitution in the compound 'D', although 

in view of the low yields it cannot be regarded as conclusive evidence. 

It is pertinent to note in this context that whilst the above nitration 

of 4,4'-dinitro-1,1'-binaphthyl produces compound 'D' albeit in small 

yield, a similar nitration of 5,5'-dinitro-l,1'-binaphthyl did not 

produce any detectable trace (by TLC) of the compound 'D'. 

4.5.2.2. The Preparation of 4,4',5,5'-Tetranitro-l,l'-binaphthyl from 
* 4,4'-Dinitro-l,1'-binaphthyl 

4,4'-Dinitro-1,1'-binaphthyl (O.5g, 1.453 x 10-3moles), 
10 prepared by the method of Schoepfle, was dispersed in sulphuric acid 

(D1.S4, 2.5m1). To this stirred solution was added firstly glacial 

acetic acid (2.5ml), then nitric acid (D1.42, 1.5ml). The mixture 

was heated on a water bath for 2.5hrs then cooled to ambient temperature 

and the precipitate filtered off. This precipitate was crystallised 

twice from acetone/acetic acid to yield 0.1929g of 4,4',5,5'-tetranitro

l,l'-binaphthyl (IR and PMR spectra and thin layer chromatogram identical 

with those of an authentic sample). The acidic residues from above 

(in nitric/sulphuric/acetic acids) were poured onto ice. The precipitate 

was filtered off, washed with water, dried, then crystallised twice 

from acetone/acetic acid. This yielded a further O.0793g of the com

pound 'H'. Total yield of compound 'H' = 0.2722g, 6.272 x 10-4 moles 

43.2%. 

* The preparation of 4,4',5,5'-tetranitro-1,1'-binaphthyl by the nitra
tion of 4,4'-dinitro-1,1'-binaphthyl has also been reported by Jones 
and Joyner. 12 These authors employed a mixture of nitric, sulphuric 
and acetic acids boiling under reflux for 28hrs. (Yield = 50%) 
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4.5.2.3. The Preparation of 4,4',5,5'-Tetranitro-l,l'-binaphthyl 

from 5,5'-Dinitro-1,1'-binaphthyl 

5,5'-Dinitro-1,1'-binaphthyl (15mg, 4.360 x 10-5 moles), 

prepared by the method of Scholl,14'*was finely ground and dispersed 

in acetic anbydride (1ml). Nitric acid (D1.42, O.2ml) was added drop

wise to this stirred solution whilst cooling was maintained on a cold 

plate. The rate of addition was maintained such that the temperature 

of the solution remained in the range 35-40oC. When all the nitric 

acid had been added, one small drop of sulphuric acid (Dl.84, approx 

0.01ml) was added to the solution. The mixture was then stood under 

an-1R lamp; initially the temperature rose to 6Soc, but this was brought 

down fairly rapidly to 40oC. After 1.25hrs a material had crystallised 

from the solution. This was filtered off, washed with water and crys

tallised from acetone/acetic acid to yield 8.5mg, 1.958 x 10-5 moles, 

44.9% of 4,4',S,5'-tetranitro-1,1'-binaphthyl. (1R and mass spectra 

and thin layer chromatogram (toluene) identical with those of an authentic 

sample.) 

4.5.2.4. The Preparation of 4,4',5,5'-Tetranitro-l.1'-binaphtbyl from 

4,4',5-Trinitro-1,1'-binaphthyl 

4,4',5-Trinitro-1,1'-binapbthyl (0.2g, 5.14 x 10-4 moles) 

was dispersed in acetic anhydride (4mI). Nitric acid (D1.42, 0.8ml) 

was added dropwise to this stirred solution whilst cooling was maintained 

on a coldplate. The rate of this addition was varied sucb that the 

temperature of the s~lution remained in the range 35-400 C. Following 

addition of the nitric acid, two drops of sulphuric acid (D1.84, approx 

0.05ml) were added to the solution. The mixture was maintained at about 

400 C for 2hrs, then cooled to ambient temperature and the solid filtered 

off. This was washed with water, recrystallised from acetone/acetic 

acid and dried under reduced pressure to yield 0.145g, 3.341 x 10-4 moles, 

65.~ of 4,4',5,5'-tetranitro-l,1'-binaphthyl. (1R and PMR spectra 

and thin layer chromatogram (tOluene) identical with those of an authen

tic sample.) 

* Tbe 1-1odo-5-nitronaphtbalene required for this method was prepared 

from l-amino-5-nitronaphtbalene by a standard diazotisation procedure 

followed by treatment with potassium iodide solution. The product was 

purified by crystallisation consecutively from acetone/1MB, acetic acid 

and benzene. 
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q.5.2.5. The Preparation of q,q'.5,S'-Tetranitro-l,l'-binaphthyl (Compound 'PI 

from q.5,8'-Trinitro-l,1'-binaphthyl (Compound 'F') 

A sample of compound 'F' {2Omg, 5.1ql x 10-5 moles} was dis

solved in acetic anhydride (~l) and nitric acid {Ol.q2, 0.8ml} added 

to the stirred solution, whilst cooling was maintained on a cold plate. 

The rate of addition was controlled such that the temperature remained 

in the range 35-qOoC. When all the nitric acid had been added, the 

mixture was cooled to 250 C and two drops of sulphuric acid (Ol.8q, 

approx O.05ml) were added. On warming, an exotherm caused the temp

erature to rise briefly to 600 C, however the mixture was rapidly cooled 

to qOOC and this temperature was then maintained for two hours. At 

the end of this period. the reaction was quenched by pouring it into 

excess water and the product extracted into chloroform. The solution 

was washed with sodium bicarbonate {saturated} and water, then strippp.d 

of solvent. This crude product was purified by a combination of column 

chromatography (~p acetone/98% toluene) and crystallisation (acetone/ 

acetic acid). After drying under reduced pressure ~g, 9.22 x 10-
6 

moles, 17.9% of the compound 'P' was isolated. (IR and mass spectrum 

and thin layer chromatogram (toluene) identical to those of an authentic 

sample). 

q.6. The Preparation of 1-Picrylnaphtbalene 

Picryl chloride (5g, 0.020 moles) and l-iodonaphthalene 

{lOg, 0.039 moles} were beated in an open beaker to 1q5°C (during which 

time the picryl chloride dissolved). Copper powder (3.8g, 0.069 moles) 

was added to this mixture with frequent stirring sO as to maintain 

the reaction at 15O-1600 C (approx q5min). Once all of the copper had 

been added, the mixture was heated for a furtber 30 minutes at 15O-160
oc 

with occasional stirring. (Extended reaction times are detrimental to 

the reaction and can lead to the production of by-products which are 

difficult to remove from the 1-picrylnaphthalene.) After cooling the 

product was extracted with boiling toluene and applied directly to a 

450mm column of silica gel. The column was eluted with toluene until 

no further coloured matter was removed (approx 50Oml). Picryl naphthalene 

was crystallised directly from the toluene eluent. This crystallisa-

tion was facilitated by the addition of a little hexane fraction or 

{better} !MS, as these tended to keep residual iodonaphthalene in 

solution. When the solution had finally been reduced to small bulk 

and cooled. the iodonaphthalene separated as a red oily tar which was 
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decanted off. The product was recrystallised from toluene/IMS then 

toluene to yield large golden yellow crystals of 1-picrylnaphthalene 

(brilliant fluorescent yellow crystals from IMS). The product was 

dried under reduced pressure to yield 3.82g, 0.011 moles, 55.8% • 

Mp 178.5-1800 C. Requires C:56.6%; H:2.7%; N:12.~ 
Found C:56.J,%; B:2.7%; N:12.1% 

Fractional crystallisation of the residual liquor yielded 

(immediately after picryl naphthalene) faintly yellow needles of impure 

trinitrobenzene. When recrystallised from carbon tetrachloride (twice) 

colourless needles of pure 1,3,5-trinitrobenzene were obtained (IR 

and mass spectra identical to those of an autbentic sample). However, 

trinitrobenzene and 1-iodonaphthalene appear to cocrystallise from toluene 

/IMB. The resulting mixture has an IR spectrum which is very similar 

to that of picrylnaphthalene . itself and care must be taken to distinguish 

between impure picrylnaphthalene and this mixture. The simplest method 

of identifying a particular batch of crystals (and assessing purity 

of picryl naphthalene) is by PMR spectroscopy. Thus the presence of 

1-iodonaphthalene is readily ascertained by the presence of three 

distinct peaks upfield from the normal 1-picrylnaphthalene spectrum 

(at about T3.2-3.6), whilst trinitroben~ene produces a second singlet 

close to that of picrylnaphthalene (eg at _ T 0.7 in acetone). 

~.7. The Nitration of 1-Pic~lnaphthalene 

~.7.1. The Preparation of 1-Picryl-~,5,7-trinitronaphthalene using 

i) Nitric Acid/Acetic Anhydride and ii) Nitric/Sulphuric Acid 

1-Picrylnaphthalene (0.21g, 6.20 x 10-~ moles) was dispersed 

in acetic anhydride (5ml). Concentrated nitric acid (Dl.%2, 5ml) was 

added dropwise to this stirred slurry at such a rate that the tempera

ture did not exceed ~OoC. Once the addition was complete the mixture 

was maintained at 35°C for 2hrs then poured onto excess water. The 

solid was filtered ofl, dried under reduced pressure and dispersed in 

concentrated sulphuric acid (Dl.8%, Sml). Concentrated nitric acid 

(Dl.~2, 5ml) was added slowly to this stirred slurry, then the mixture 

was heated on a water bath for 3hrs. (During this period product 

crystallised from the solution.) After cooling, the product was fil

tered off, washed with water and crystallised twice from acetone/acetic 

acid. After drying under reduced pressure this yielded 0.032g of 

1-picryl-%,5,7-trinitronap~thalene. The mixed acid filtrate from above 
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was poured onto crushed ice and the solid product filtered off and 

dried. This material was added to the remnants of the above crystallisa

tions and the combined material crystallised repeatedly from acetone/ 

acetic acid until additional pure l-picryl-4,5,7-trinitronaphthalene 

was isolated (0.0847g). Total isolated product (1-picryl-4,5,7-tri-
-4 0 

nitronaphthalene) = 0.1167g, 2.462 x 10 moles, 39.7%. Mp = 307-311.5 C. 

Analysis Requires C:40.51%; H:l.27%; N:17.72% 

Found C:40.79%; H:l.42%; N:17.6o% 

4.7.2. The Preparation of 1-Picryl-4,5,7-trinitronaphthalene using 

Nitric/Sulphuric AcidsDirectly 

1-Picrylnaphthalene (0.5g, 2.65 x 10-3moles) was finely 

ground and dispersed in sulphuric acid (Dl.84,10m1). Nitric acid 

(D1.42, lOmI) was added rapidly with stirring. The mixture was heated 
o to 100 C for 3.5hrs during which time cream coloured needles separated 

from the solution. These were filtered off, and washed with water. 

The residual nitration mixture was poured onto crushed ice and the solid 

filtered off. This portion of the product was washed with water, sat

urated sodium bicarbonate solution (tWice), water again then crystal

lised from acetone/acetic acid to yield 45mg of crude product. This 

material was combined with the product crystallised directly from the 

mixed acid and the entire product recrystallised slowly from acetone/ 

acetic acid (approx 14hrs). After drying under reduced pressure (approx 

1000C ), this yielded 1-picryl-4,5,7-trinitronaphthalene -'O.465g, 

9. 81 x 10-4 moles, 36.5%. (IR and PMR spectra identical with those of 

an authentic sample.) 

Since the yield of l-picryl-4,5,7-trinitronaphthalene ob

tained by this method is only J% less than that described in section 

4.7.1., this is regarded as the best method of preparation for the mat

erial. Thus the above procedure is substantially quicker and easier 

to carry out than that ,described in section ".7.1.. 

4.7.3. The Preparation of l-Picryl-2,4,5,7-t etranitronaphthalene 

1-Picrylnaphthalene (1g, 2.95 x 10-3moles) was dispersed 

in sulphuric acid (D1.84, 25ml) and fuming nitric acid (D1.50, 25ml) 

added rapidly with stirring. The mixture was then boiled under reflux 

for ?brs during which time some product crystallised from the solution. 

The mixture was cooled and this solid filtered off and washed with water. 

The mixed acid filtrate was poured onto ice, then warmed to coagulate 
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the solid, which was filtered off and washed with water. This mat

erial was crystallised from acetone and combined with the material 

which had crystallised directly from the mixed acid. The total product 

was recrystallised twice from acetone to yield 0.5228g, 1.07 x 10-3moles, 

36.J% of I-picryl-2,%,S,7-tetranitronaphthalene mp 285-287.SoC. 

Analysis Requires C:36.99%; H:0.96%; N:18.~ 

Found C:37.56%; H:1.10%; N:18.3~ 

A further reaction was carried out using a similar procedure 

to the above, but with 0.5g, 1.%7 x 10-3moles of I-picrylnaphthalene, 

lOmI of sulphuric acid and lOmI of nitric acid. This yielded 0.329g, 

6.3 x 10-%moles, %2.8% of pure I-picryl-2,%,S,7-tetranitronaphthalene without 

isolating any material from the mixed acid filtrate. That i~only the 

material which crystallised directly from the mixed acid was purified. 

%.8. The Nitration of I-Picryl-%,S,7-trinitronaphthalene to I-Picrrl-

2,%,S.7-tetranitronaphthalene 

I-Picryl-%,5,7-trinitronaphthalene (0.2g, %.22 x 10-4 moles) 

was dispersed in concentrated sulphuric (Dl.8%, lOmI). Nitric acid 

(D1.50, 1~) was added rapidly to the mixture which was then boiled 

under reflux for 5hrs. The mixture was cooled to ambient temperature 

and the crystalline product filtered off and washed with water. 

The mixed acid filtrate was poured onto ice and the solid matter filtered 

off. This solid material was crystallised from acetone, t~en combined 

with the material above which had crystallised directly from the mixed 

acid. The total product was recrystalli8ed twice from acetone to yield 

0.063%g, 1.22 x 10-%moles, 29.0% of I-picryl-2,%,S,7-tetranitronaphthalene. 

%.9. The Prolonged treatment of I-Picryl-2,%,S.7-tetranitronaphthalene 

in Mixed Acid - %Ohrs Boiling Under Reflux 

Finely powdered I-picryl-2,%,5,7-tetranitronaphthalene 

(0.13g) was dispersed in concentrated sulphuric acid (Dl.8%, 15m1) 

and nitric acid (Dl.S0, 10.75m1) added rapidly •. The mixture was boiled 

under reflux for %Ohrs then cooled to 10°C and the solid, in the form 

of long needles, was filtered off. The product was washed in water and 

dried under reduced pressure to give 0.15g of solid material. This 

product produced infra-red and PMR spectra identical to those of the 

starting material. 
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22".~0 ~,'2 ~1l. co 2.'8 6.4 326 5·5 132. no o .<t~ .. "n o ' . 011 
229.no 1.72 312.~U '.,"7 227 1.8 327 5·0 ~ 3J, " 0 '.O ~ ' .4." U G., J 
230. 00 n,63 l1'.OO 2.97 226 1.8 326 2.7 ?l4. no 1 , 116 .. ~ . no o. ~ , 
'Jl.no n,41 31 4 .00 1.~2 229 0·9 ~ 0·9 7.\ ~ . 110 ' .13 '5 4, 00 '. 1 0 
232.00 ~.4e H'.OU 0."5 233 2.7 0.4 ? 3~." U l. 44 " ~ ' 00 2.28 
233.~0 ~.!>~ 31".00 0.14 234 2.7 m 0·9 ~' J7. nu 1, 10 ~ 5 6. 0~ 0. 1, 
;>34. no 1.03 323.00 0.14 ~~ 9.0 33B 0.9 ;- J ~ . OO 1 ,4 1 \5 7. O~ 0 .'1 
235.00 10.J4 324.00 0.2~ u.8 339 0.9 131. 00 ~.y .. 15 11. 00 0.111 
?lA. no In.34 325,nu 6.90 237 5·5 3-10 0·9 ' 4J. CO :> .1 J \5 9. no ~ • 1 b 
237. no 41,J~ 326.00 1.86 2)! 5· 5 3U 1.4 ~ 41. nJ ~ ... c 160 . 110 ~ .1 C. 
238.no J',4tf 327.00 0.411 239 '·5 ~2 1.4 ' 742 . nu n . ~ 1 164, no 0 .1 J 
'39. % 1;>.·1 328.00 D •• ' 240 7'l !~~ 14., 7 4 .5 . fl O " .'-J 169. ~ O 1) .1 11 
;>40.no 4,13 329.00 0.21 241 3· ~6 , .~ < 44. ~O r .41 · 7 0 .~ U 0 , 20 
?H,no '.07 

J30.~0 0.11 242 3· 6 ~7 0.9 ", i t "" 
~ .Jl .171. ~ O 3.1 " 

24Z, no 1.116 
~40.~n ~.~9 247 0·9 ~2 7.2 ;' ,. ~ .... , n .J4 '72.11 0 l.b ll 

".3.00 1.10 
J41.~o 1.31 248 0 ·9 '07, 1.8 ,' 4' • , ~ ~ .' I ·7l." 0 O , IIC 

?44. 00 0,69 
~'2.~ O 4,1.1 249 1.8 )'7 . 1.S """: . '') ~ . J! \74, nJ c.1'I 

?4'i.OO 0.34 34 I, no \.110 2:0 1.8 ~& 6 •• ' 4 Q . , ~ r . II ~ at. "~ o .lJ 
146.00 0.90 H4."0 n.411 251 10·9 1.8 . ) .. " . no 1.1) <; ' b4." 0 \.1'01 
'41,no 1.17 J54.no r.14 252 10.0 :02 10.9 t.;.! ."' ) '. 71 I&~. OQ ~ ."J 
2411,no 3.'>9 .155. no n,14 253 4.~ 403 3·6 ., .. . ~ J 1.~1 ' II ". ~" '" t ' 
'-49.00 2.\17 J,,..no n.l' 2~ 2.] .0' 0.9 "') It ' C ' .118 '& 7 .'~ .,~' 
;>50.no ".90 .\57.no ".ll 2" 1 •• 416 0 .9 ,. ..... . ., ~ " .'1' 18 ~. "t ' .1 :1 
251.00 5.52 ~5 ~,II 0 6,'1 2)6 1.4 ~32 .:0 .9 '~, . ~J 1,94 19~. ~~ "" .1 ~ 
"".00 3.7V 

~59."0 , .'>2 ~~ 0.9 ';3 9·1 :,.. ., 4. r tJ ,. • 7, · o~ , 'r " . "1 0 
:.>53,00 11,21 360.no n .... 1.4 47A ~l. 7 ~~ 1. 0 0 ".14 40 1. " 1.'\ 1 
254.00 11. 72 .'70,"0 ",41 26~ 1.4 :48 0.9 ~ 'j', O ~ " . J1 .. ~.2. . " J o • ' ! 
2'55.00 5.17 3 71. ~o n,2d 266 1.a 162 0 · 5 ''' ' .'0 0,41 " OJ , ":' ~ • 1ft 
256.00 7..21 ~'2.no l,9J 267 i'O 476 1.00 .0 260. nO 0.12 .. o .... "" u '.' r. ;0".00 1.24 31J,no n.J4 268 .4 ·79 ~~ ., ,.1 .~ O o.U ' ~ '. ~C o. ze 
2511.00 0.5, .,,4.no 0.14 269 3.6 430 5·4 'bl. 00 0 ,16 '11. nc 1. ~J 

. H9.00 0.41 Je6.~0 n.l' <93 0·9 ;>b·.nu O.ll '12. "~ 0. /' 
"0. 00 0.41 387.0G ;>.21 <94 •• 1 7f11-, 1l 0 0.'1 41' • ~o , .1 J 

;,. .. tu.OO 0.·1 1a~.no 10 n ,oO 
~ 1.4 ' 61>. 00 1.0, ·1 5 ." ~ 0, 1 '> 

262. 00 0 •• , lI'. no 2·.1. 1.' ,,7. " 0 ... 'e ·l .... no ~. \J 

t63.00 0.41 ~90,no 3,79 ~ 0'6 
:>6~. n o 2.·1 417,1 0 1,9. 

204.no 0.'9 391.00 2.'2 523 6. ?6Q.no J,I. 41~.~ O 11,4' 
U5.00 '.97 403.00 11.113 524 10.0 270. no 0.~4 419. 0J ' , 111 
266.00 15.17 ",.3 52S 271. n~ 0.69 '2". ~~ f,2.i 404.no , ... 

4J O,'" 1,"3 U7.DO 10.34 405.0U ".21 r2f> 0.9 ;>1',00 O. J1 
O"J 268. "0 4.ll 418.00 1.,>2 ' 7.'."0 0.14 .31 ,~ O 

260 .00 2.U 41,.no CI.') ~7 •• 00 O. 1, 432" a 0 . 41 
210.00 1.OJ "~.QO O.h · l l. ~O O.U 433.DO 2.21 

l • 1 / 271.DO 0 ... '7~.OO 2."0 447.n , .34.00 '." r, . 7, 272.00 D.U ·3'.00 ,,21 ~79.00 '.2, .. ~, nu 

:173.00 0.21 11.40 280.'0 I,J4 •• 0, 1'1.1 1) ,'" 
274.00 0.21 

436.ftO 
2U.OO ',41 ·61.~ O n .\J 

,.7. ~O 1.0" 476. ~ C " • 1.! 
?63.00 2,41 "". "J 0.'1 
'84.00 0.R4 '7~."O 0 .... 
215. 00 0.84 ., •• 113 n. 2 • 
,,'.00 0.1, 497,00 D.H. 
217." O. '7 .93.00 1.34 
lIl.OO 0.16 49'.00 1,7. 

'.· •• 0 
O.U 4'''.011 0,34 

2n.1D O.h 507.0 0 O.la 
2U ... 0.16 '22.00 o .It 
'94.'0 '.21 521.00 100 .~o 

"'.01 J.lt '24. DO 1'.'> , ..... t ." '2'.~, .. " 
"'." ).44 52 •• 00 1 .DO , ..... 1.IJ '27, .~ o.n 
ltt,U 1 ... 5l •• 00 0,\1 

'45.00 O,IJ 
"1.00 0, S4 

'''.ot D." 
•••• OU 0 •• , 
570.00 D.a 

XXIV 



lie •• S,..t,.. of C_pow>d 'S-2' lie .. Speet,.,. of C_powooI 'U' 

11/1 
_ ItIf ~/~ qEL ,00T ~/t.' "EL INT 

>lIt; IIEL INT "/E AEL lilT M/I IlL 1': 'O~.~J ~,IIJ 26~,OO 1.67 
50.00 ~.40 lOS. 00 0.43 166,~0 4.' 2dJ,OO 2," ZH.OO '.17 :>1>9.00 2.50 
51,no 3. 40 109,00 1.21 161.00 :>."> 2".00 D,S' :>Ol,OO 2.50 ='70.00 1.67 
~2.~0 1.7U 110.00 '1.53 1118,"0 n,II5 :>'OJ,OO 0,85 ?OJ.~O J.67 271.00 1.67 
5J."0 ?YII 1 11. 00 10,64 189.no 0. 43 29 4 ,00 1,70 704.no 1.67 274 .'10 1,117 
54.00 2.'>!I 112.00 3,40 195, no 0. 43 2n,OO 1_,30 "~9.no , • .,0 2".00 1,117 
5S.ne Q.19 113.00 2,U 196.00 o.S" 2,.. DO 4.6' ~10,OO :t,JJ 271>.00 1, 67 
S6.~0 4.26 114. DO 0.'5 197,00 7." 297,00 2,13 7.11, 00 •• 11 277.00 0.e3 
57,"0 9.36 11',00 0,85 19.,OU 17,34 20",00 0,85 ?ll.~O l~,on 27'.00 o.el 
511, no 1".74 116.00 0,43 199,00 11,'1 309,00 0.43 ~ll."o 1 1.67 :>79.00 1.67 
59.'0 l,lt> 119. no n •• 5 200,~0 '.1J 31n,OO 0,43 21 4 .00 !I.eJ '80.10 5.no 
6n,~0 5 • .,l 120.00 0.85 201,00 1.70 311.00 1,24 71'."~ ! • & 1 251.00 16.67 
61,~0 1.211 121,00 0.85 202.0~ 1.70 3V,OO 0.~5 ~16,OO 1.61 2IP.I'~ 13.33 
62.'e 3.4~ 122.00 5.'3 203,no O,·, 313,00 7.66 ?17.00 n.'-J 283.nu 5.0~ 

6 .1. eo ~.UY 12l.00 6.81 208.00 '.ll 314.00 2,'15 221.00 1.67 2e 4 .00 1.67 
64.00 1.26 12',00 2,9a 209,~0 l Q .1S 315. no 0.8S n2,10 l~.OO ~8OJ.no ~.8J 

1>'."0 1.21\ 12~,DO 1.70 210.00 21\.)1 32=',00 0.4J 4'2J.OU 17.'~ ~91.J~ o.~J 

III>.OU 1 • <!n 126.00 1,28 211.00 76.611 323.UU 0.',1 224.no 100.0U 211.011 o.aJ 
67.0~ :>.9 .. 127.~0 O.IS 212.00 20.4') 32'.00 O,II~ ?2~.no ' ~ .PO 29J.'" 2.~0 

6:1.~0 2.1.) 121.00 0.115 <'ll.00 3.·~ 325.00 4.20 726.00 10.eJ 294.10 1.67 
6'i.0~ ~.V4 129 ,OU 0.11, 21 4 .00 1.4!d 326,00 1,70 :>27,no S,QU '9~.~0 1.67 
7n.oo '.40 133,00 3,'0 220.00 O,e!> 327.~0 D."5 2211,00 ... ,0 '96.0~ ~.83 

'1 ,~ ~ '.lId 13',00 ',n 221,00 3.'0 3lll,OO 0.43 220.~0 -.1 7 297.'0 1. ~ 1 

71.."0 n,~" 13!1.00 2,5S 222.00 P.1>2 329.no 0,'3 2l0,~O 1.67 ?911.00 0.-.1 
7J."O :>.Yd 136,00 3.1'3 223.00 7."1> 341,OO10D,no :>31.00 1."7 :>99.~0 1. "7 
7'."~ 7.66 137.00 1,28 ?2·.~0 ~,11 342.0U 20.115 :>3?~0 1. 67 'o n .oo 0.8l 
7"> .~O 7.2J 13a,OO 0,·3 ~25,OO 8.0Y 34J, 00 5. t1 :>33."0 '.17 '0°.00 1.67 
71>.~~ :>.U 13',00 0,.') 226.BO :>,9" 344,00 1,~8 134.'~ '.'0 310. '0 ! C. 00 
77. nO :>." 140,00 0.43 227.00 ... 111 35' .00 2,118 ~lS.~= ... aJ 11t.~0 •• 1 7 
711."0 n.15 14'.00 0,43 22a.OO :>.1.1 356.00 D • .,' ?l6 .~:; ".~J J1?OO 2.,U 
79.0C 1.4!1I 14".00 2.98 ?29.~0 0.11" 357.00 O.ft) 2J7.00 , .00 HJ.no 0.11.1 
110.00 n.lI) 147.00 2," 230.'0 C.IIS "" ,00 0.'] 7l8.00 10.00 '2~.OO O.~J 

111."0 3.40 1411.00 3,83 23l.nu o,e5 ~6I,OO 0.'3 :>JII."O '.11 '2h.OQ O.~J 

8;>.OC ;>.1 J 149.00 3,83 '~ •• rt~ ~.1I5 31>'I. ft O 0.43 ~ 40.~0 5.0G '27.~0 17.~0 

8.'.ra 4.2b 150.00 2,13 2lo;.~, o,a5 n?oo 0.4J 741.'10 5.00 ',a.ou 2.5, 
84.~O 7.lS 151. 00 1. 28 '!6.10 3.40 Hl,OU 55,32 ~ 4~,no 2.)0 J29.0U 1. to 7 

85.'0 ~.·O 152.00 O,@5 Il l.ro 1.1 U 372.00 14,"9 241.00 I. II 7 .141.00 In.~l 

8D.no ~ .1I1 U3,OO 0,43 ~J8.00 6.38 J7~,no 2.'8 ;> ... /)a I. b 7 '4~.00 2.'50 
87.~O 11. Yl US, 00 1,70 :>39,00 .~. 94 374,00 0.'3 74;.rQ •• 67 Ho;."O 0.83 

'''.':0 7.1111 15 Q ,OO ~,13 2'0,00 11.01> 385.00 o,n 24 .... ~0 2 .Su 156.00 0.~3 

8~.OU ".115 160,00 1,28 ,41.00 '.9b 384',00 O.·, 741.110 Lal 3~7."U 4., 1 

90.0e 0.4J 161,00 7.73 2.2.~0 lI.tI) 387.00 2,'" ".~.no 1. "" "~.U~ 1.1>7 
91,no 2.1J 162.00 2,13 2'J.OO "I.4J 181.00 O,a5 :>49.no 1.61 ]6·.~0 O."l 
9i,O) r.lI:> 163,00 0.a5 249.00 0.40$ 389,00 0"5 250.nO 1 •• , 371'.00 1 • I> 7 

'J./)" 0.115 16 •• 00 0,43 250.00 0,'" 401,00 ",60 :>51.~0 l.JJ 371.00 O. III 

9'.nr. 11.85 165. no 0,4;' ?51,OO 1,7C 402.00 17.17 :>!I~.OO 13.J: 37:1.00 O.RJ 

n.oo 2.13 166,00 0,·3 252.00 :>.91! .03,00 3.40 :>5l.~O 1 4 .11 174.00 0.8l 
96.00 1,70 170,00 1,28 251.00 1.70 404,00 0.43 7;4."0 !.33 3&7.0U 4.17 

91,00 2.55 171,00 1,70 25.,"C to 7U 40'1,00 0.43 75~.'0 l.JJ H8.no 1,67 

,e.oc 7.'11 \72,00 1,28 255.00 7.'5 '17,O~ 6,3, ;>'I>,"e 7.'U 'OJ.no 1.67 

'.,00 to.21 173,00 2,55 756.00 I'.a, '18.0 0 1.10 251.1J 7.~U 41 7 • 00 1.~7 

10','0 3.'0 174.00 3,.0 251.~0 0.tl5 41'1,O~ O,4J ?5~.~~ 7.)~ 41·.no 1.~7 

101. nO 1.2b 17'5.00 2,9a "58,00 n •• J .3l.00 O,U 25~.OO 1,61 41 9 .00 1.~7 

10:>." n.lI, 176. 00 0,43 "66,00 ',:lCO 43 4 .00 0,43 760,"0 '.IJ 433.00 100.1)0 
103.00 n,'S 177,00 O,'l 267.~0 6\,70 .",00 5,'6 4'64,00 n.lll 434.~0 24 .17 
104.no O.II!I 112.00 0,·3 :>68,00 1',04 448,00 2.13 '65."0 ~.sa .3~.OU 4,17 

105.00 ?,98 183.00 O •• J ~69,OO 1,ll •••• 00 O,,~ 266, ~o 1.67 '4',"0 7.~O 

10&,00 1,28 184,00 1,2, n'l,oo 1,211 463,00 Z,,, 161.~0 t." 450."U 1.·7 
107,00 o.es 1"',00 11,4, 780,00 1.211 4,4,00 0,43 ·61.1 ~ 1.b7 

281,~0 4.1>8 477,00 '.'5 47-.' ,) 1.1>7 
282.00 1.70 '93,00 ~'.·7 '7q.~ J ~.17 

494.1!0 7." ."0.'"' " 1 .67 
49'."0 t , 10 
496.110 n.43 

xxv 



1Ia .. s ... ct ..... or c_ ........ 'Y' 
Ha .. s ... ct ..... r c-........ 'w' 1Ia .. s ... c~ ...... , c • .,......., 'x' 

M/I lID.. INT M/I lID.. tNT M/I BEL INT "/Ii IIEL I"T "/I RIlL IN!' 
200 5.2 .,00 I. J 200 100.0 200 6.7 }OO 1.5 
201 2.6 }oe 0.6 201 J.5 201 J.7 JOI 0.7 
202 I. J }09 ".9 211 8.5 202 1.5 J09 1.5 
209 2.6 }IO ".2 22' '.5 20} 0.7 }IO '.7 
210 }.2 }II 2.6 225 2.5 209 1.5 }II 5.9 
211 20.6 }12 1.9 2:..>6 }.O 210 2.2 }12 ".0 
212 n., }I} 0.6 227 2.5 211 7.' }I) }.o 
21} 5.2 .,1' I." 2}2 .,.0 212 5.2 }25 1.5 
21' '5.2 J2' I. J 2J} 6.0 21} 9.6 }."6 1.5 
215 2.6 J25 }.2 2}11 1.5 2" 5.2 }27 1.5 
216 I.} J26 7.7 2}5 ".0 21 5 1.5 }2S 0.7 
217 0.6 J27 }.2 2J6 2.0 216 0.7 }III 8.9 
221 1.9 }28 I.' 2}7 }.5 221 0.6 }112 2.2 
222 16.8 J29 0.6 2J8 ... 0 m ,., J56 1.5 
22J 18.1 "}9 I." 2J9 2. 5 221 8.9 }'7 2.2 
22" 27.7 }lto I.} 2'0 2.0 22' }9.5 J'58 0.7 
225 11.6 }" '.2 250 1.5 225 25.2 HI 0.7 
226 }.9 }56 6 ... 251 2.5 226 7.' '5117 2.2 
227 2.6 .,57 1.9 252 }.o 227 ,., '0" 6.7 
228 1.9 .,58 I. J 25., }.5 228 J.O .. ~ 1.5 
2n 1.9 )69 0.6 25' }.o 229 1.5 '17 0.7 
2." 1.9 }70 I." 255 1.5 2')0 0.7 '3J 100.0 
2)5 ".9 :nl I." 2" 1.5 21J 2.2 '1' 26.7 
2J6 5.8 }72 '.5 26'5 1.5 21' ".7 '3' ,., 
2J7 ".2 .,n 1. 7 266 2.0 2)5 20.0 "9 1.5 
2J8 5.2 }7' 0.6 2'lJ 2.0 2J6 16 • ., ,,0 0.7 
2}9 }.2 .,7'5 0.6 ffi 1.5 217 25.9 '51 0.7 
2'0 5.2 J85 }.2 295 2.0 2}R 12.6 \79 '5.2 
2'1 ".2 }86 2.6 296 1.5 2)9 1.7 t,so 2.2 
2'2 2.6 J87 I.J Joe 1.5 2\0 1.5 
2'3 I." '01 I." }09 1.5 2\1 :!.2 
2" 0.6 .. 02 7.7 .,10 2.0 :!ft2 1.5 
2\8 1.0 '0., ".2 "'I 2.} 2\' 1.5 
2'9 I.} ,~ 0.6 ",2 20.5 2\6 1.5 
250 1.9 'III 1.9 }'58 ).5 2'7 !!.:.! 
251 8.' 'J2 12.9 J88 10.0 2\8 ".0 
252 9.0 ,." '.5 J89 1.0 2\9 2.2 
25J '.5 It", I." ,~ '.0 250 2.:! 
25' 2.6 ,\8 9.7 'O'j 1.5 251 ".7 
255 I." '''9 .,.2 ,06 0.5 252 5.9 
256 I.) '50 0.6 '18 '.0 2'., 1.7 
257 0.6 "\ }.9 '19 I. , 25' 1.5 
267 2.6 '52 I." 'n I. , 2" 0.7 
268 ".9 "., 0.6 '''' J.O 26, 5.2 
269 ".2 \62 0.6 '}5 1.5 265 2.2 
270 ).2 \6., I.} 266 2.2 
271 I." 

\6, 0.6 267 1.5 
279 5.8 '78 100.0 268 2.2 
280 5.8 '79 26.5 269 1.5 
281 6.5 \80 5.2 270 I.' 
282 2.6 \8\ I.) 280 I.' 28., I." '" 5.2 281 J.o 
2M I ... "5 I.) 282 .,.7 
285 0.5 ..96 0.' 28., '.9 
286 0.6 5C8 I.) 28' 1.5 
29\ I. , 509 0.6 296 2.2 
295 I.} 52} 5.2 297 I.' 296 2.6 52' }.9 291 0.7 
297 ... 5 525 0.6 299 2.2 
291 ... 5 
299 1.9 

XXVI 



Ma •• S ... c~,- of C_ ... wwI 'Z2' Mae. Spect ... .t C ........... d 'Y' 

H/): REt. I"T M/}: IIt1. I"" 
HIE oFL p, T 

H/II 200 7.5 260 2./ 5D.ro ~~.oo "IF. REL INT m. lin Mit lID. lin 201 ~.6 26 .. 2.1 51.00 ~~,20 126,00 3,111 250,00 3Q,47 :102 '.7 265 2.1 52,00 ?l.U \27,"0 2.'19 751.0U 10,79 ;>Ol.~~ !' • '''' :lO} 2.5 266 5.8 53,1'10 21.0, 1211.00 50."" 2501.~U 4,47 70',"0 l,J4! 
:!~ 0.5 267 7.9 54,OU .... 7 12".00 5,"3 2~1.00 1.'14 703,~0 0,79 :I." }.7 268 ~ .. 

55.00 31.~CI 130,~0 15.79 754,00 0.53 ?n4."O ~,1I11 :106 0.8 26') J,7 56,00 .. ,7~ ll1,OO 2.31 '-5".~0 0,79 'C5,'10 7,JI 
:107 I,} '.no I.) 57,1'10 11,'>tI 137.,CO 1.:)2 256.no 0.53 ;>011,00 7,6J 
~Q) 1,7 275 5." 58,O~ 7,11 1Jl,OO 1.05 ?57,OO 0,79 '07,no 2,119 
:109 5.8 276 2.1 

5~,"' 1, U, \34,00 1.5' 2511,00 0.'. 2Jb,"O 1, >!I 2/0 8.7 2n I.) 60,OJ ... " I 1')","0 1. '1' 2II~.00 0,'13 209.~~ ~.ou 211 22.9 278 2 •• 61. no I ~, 7Y 136.01) 3."11 764,OU 2.119 210,(I~ 1."4 
2/2 I~.O :!i'9 5.8 62,OC J4.71 137.00 31. '511 767,00 11,~& 211.~n 4.47 21) 8.7 280 ".2 6J,"O 5",O~ t311.~\l 7,37 '-6S.~0 5." 212, no 1,0> 
2" ".6 :!til ~ ... 64,n~ 21, ,e \30.00 7.11 '-69.00 15.79 'll,1'I0 ~,,>j 
21' ".6 2112 J.7 ~,,"O ~1 • '>d 140.0') " !l un.oo 2.119 ?14.~~ 1'1.'>.1 216 I. ') 211} .,.) 

6~.~~ 7~./)H 141.0U 5,'11 7.77, ~u 0.'>3 :'15.1'10 1.114 217 1.7 2~" 2,1 11'1.'>.1 21,>.nol 0.79 67.~0 147.~O 1."4 '78.00 O,'J 3,16 2/11 I.) 211~ 1.7 6h.OC ~.J~ 
14~.no 1.~e 77~.0~ 0,'6 ,17. )~ 219 I." 2/46 .. ) o.,J 6Q,'O 17.113 lH,OO 1. ~2 780,00 1,32 71b.ro 220 I." 29' 11.7 7 ~ .nJ " .. / 14"'.00 1.0, 781.00 0.~3 119.00 0.~.1 221 6.2 29.\0 ,.) 

71.0' ~, 71 
1"'.'0 ~.·9 2'2.~0 0.26 220.'J I,K4 

222 22.0 29') '.11 72,~u ! .O!l 147.00 2.:n 2113.00 1,32 '21. 1'1 a 18. 9' 22) 22.' 2'16 }.) 
7 \. ~J 1" • Q., 14e,~O 13.o~ '84,OU 0.'3 '22.~0 11,0' 22 .. 21.7 297 'i.8 
H.~3 ~1 ."0 t49,no 52 .... S '8',00 4.74 121.~0 18."" 225 15.' 29tt !!.9 
7';'~0 Fl. ,l:l 150,Oli 10,<,. 786,no l,n5 "24.00 1,4. 226 10.0 :"'99 :l.1 "I.'S 7'>. "U ;:1. '1'> 151,00 6.32 293,00 0,;>0 72'5."0 

1:1'4 
2~7 5.0 )09 7,,'j 

71,1),:+ )0.47 15<',00 6.05 294.00 0.~3 226.00 2::8 5.0 11O 2.9 
73,n~ 7".J2 1;3,no ,.118 H5. nO 1.'8 227.0U 1.05 !!:''9 2.9 }II :.!.9 
71. ~C 1 ~ .l2 154,00 Q,74 28.115 228,00 2. :51 2JO I.J )I:! :!.1 '96,00 12 0 .1'0 1,84 eJ,no 2.11 155.00 2.119 297.00 22.119 211 I.) 11} 1.7 
31. ' 0 ~.';: 15".00 0,79 '9~,OQ c. 47 230.00 1. n5 :1)2 :!.I 1 ... I. , 
p'<'.~J 7.11 157.00 0.79 '-9".00 1.114 231.~w O. '3 :!1J 'j.O '\1 '; I. } 
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Courses attended during the period October 1973 - November 1976 in 

fulfilment of CNAA regulations:-

1973 - 1974 

Basic Algol Programming (18 lecture/practical sessions) 

Symposium: Patents in the Chemical Industry (1 day) 

Electronics for Chemists (15 lecture/practical sessions) 

1974 - 1975 

Symposium: Energy the Uncertain Future (2 days) 

NMR Spectroscopy (40 lectures) 

Mass Spectrometry (28 lectures) 

Symposium: Recent Developments in Mechanistic Organic Chemistry (t day) 

1975 - 1976 

Symposium: Recent Advances in Photographic Chemicals (1 day) 

Symposium: Applications of Woodward-Hoffmann Rules to Synthetic Organic 

Chemistry (1 day) . 

Approximately 30 research colloquia, on topics of general chemical 

interest, were attended during the period 1973 - 1976. 

Two colloquia were presented at Kingston Polytechnic during the course 

of the present study. These colloquia dealt with the subject matter 

of this thesis. 
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