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AaBSTRACT CIFF THESIS

The literature dealing with interaction of the dinitrogen
tetroxide-nitrogen dioxide equilibrium mixture, dinitrogen trioxide
and nitric oxide, with carbon-carbon multiple bonds has been reviewed
in detail, with particular‘reference to the mechanisms which have
been suggested at various times. Aspects of the reactions of
nitrosyl and nitryl chloride with olefins relevant to this work, have
also been mentioned. .

o The characteristics of the interaction of nitric oxide with
a ;olution of a conjugated diene ét moderate temperatures have been
found to be the rapid production of a bright blue or green coloured
sohﬂﬁon,associated with a nitroso.monomer, followed b& evolution of
large quantities of molecular nitrogen. Some dienss precipitated
thermally unstable, dimeric, nitro-nitroso compounds during the course
of the reaction and all the diolefins used gave considerable smounts
of brown, viscous oils as the major reaction product. The evidence
relating to the structure of the solid and oil products is considered
in detail and it is inferred that the latter consisted largely of low
molecular weight polymers containing nitro and nitrate groups, but
complete identification of the components was not possible.

From a consideration of the evidence accumulated it is
concluded that a freé radical mechanism operates during the formation
of the afore meﬁtioned compounds. This involves initiation by
nitrogen dioxide. The resu}ting nitro allylic radical can undergo
'se&eral reactions; combination with nitric oxide to give a nitro- |
nitroso monomer, which disyroportionates nitric oxide into molecular
nitrogen and nitrogen trioxide via unconfirmed in£ermediates; reaction

with diene menomer and thus leading to polymerisation; addition of
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nitrogen dioxide or nitrogen trioxide to give dinitro and nitro-
nitrate compounds respectively.

Since in many cuses the products could not be separated in
a pure state, extensive use was made of spectroscopic methods of
ahalysis and the interpretation of these results are explained where

relevant.
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CHAPTER 1

The Action of Nitroren Oxides on Carbon-Csrbon }Multiple Beondg:e

Nitrosen Dioxide

Introductioh.

The‘interactidn of the oxides of nitrogen with carbon-carbon
mﬁltiple bonds has atiracted much attention for a number of years and
has been the sﬁbject of several reviews among wh%ch are those of
Riebsomerl, Levy and R0592 and more recently of Stacey and Harriss,
Soénovsky4‘and Shechter? Although the most investigated system has
beén tha£ of the nitrogen dioxide - dinitrogen tetroxide equilibrium
mixtﬁ;e aﬁd olefins, some interest has been shown in th; other princijal
dxides of nitrogen or their derivatives.

Nitric oxide is frequehtly used as a trapping agent for free
radié;ls ¢3perially in pyrolysis studie86 and also has industrial
épffications.

The use by Tilden7 of nitrosyl chldride for the identification
of doubie_boﬁds was an early technique in terpene chemistry while in
recent years the photo initiated reaction with cyclohexan98 has been used
" as an industrial route to caprolactam. Dinitrogen trioxide4 has also
found use in natural product chemistry.

The mechanism of‘the interaction of the principal oxides of
nitgogen with unsaturates is not clearly uhderstood elthough there is
‘increasing evidence that it may be homolytic iﬁ nature in keeping with
the free radical proberties of thege oxidess. However, in some instances
‘this may not be the case and the mechenism could equally well be
interpreted as proceeding ionically, This is especially true of

dinitrogen tetroxide and dinitrogen trioxide and emrhesis will be placed

on the mechenistic aspect of these oxides in the subsequent pages.



The products of olefin and nitrogen oxides interactions are often
thermally unstable and great care and special téchniques, developed by
Levy and associates9,are needed when attempting purification because
straight forward distillaticns or column chromatography, often lead to
low order explos£ons or 'fume offs'. The techniques often include
hydrolysing the nitrite ester to the alcohol,

Early investigationg of nitrogen oxide and olefin interactions
were unreliable for three reasons. Firstly, mixtures of oxides (N02,
N203, NO) were used, secondly, very often the reaction conditions were
not clearly stated and thirdly the ndmenclature used was inconsistent.
The accepted nomenclature now for the addition products of nitrogen
oxides and olefins is; dinitro (I), nitro-nitrite (II), nitro-nitrate (III)},
nitro-nitroso (IV), nitroso-nitrite (V), nitroso-nitrate (VI), dinitrite
(VII) and nitrite-nitrate (VIII).

-0—C- -C—¢C- -C— (- -0—C~-
L L IR 0

NO, > NO, ONO NO, ONO, NO, O
(1) (11) (I11) (Iv)

| | | | T 1 | { |

T T T T

NO ONO NO  ONO, ONO ONO ONO ONo2
V) (v1) ~ (v1iI) (vi1I)

Structure and Phvsical Properties of Nitrozen Dinxide and Dinitrocen

‘Tetroxidet= For a clear‘understanding of the possible hodes of
interaction of the nitrogen dioxide - dinitrogen tetroxide equilibrium
mixture with darbon-carbon_multiple bonds, it 1s necessary to consider
the temperature dependence of the equilibrium, the structure and
.modes of dissociation of the dimer, and lastly, the structure and nature

of nitrogen dioxide.



Dinitrogen tetroxide has long been knovn to be an equilibrium

mixtures=--
0,0, == éxeoz AH = -14.7 keal? (SI unit equivalent
-61,5 kJ) (1)

The temperature dependence of this equilibrium is shown in Figure 1.

100 }
[
Ro

kLl

3o}

0}

2:0 [T llo ﬁ.o c.oo 1.2.0 o > Taeme. c .
Figure 1

Approximate % NO, in N,0, ¥ 2NO, at 1 Atmosphere29.

The s014d melts st -11.3° and the 1iquid boils at 21.1° at one
atmosphere pressurelo. Moét.of the reported reactions of unsaturated
Eompounds, with the exceptiﬁn of some halogeno-olefins, have been
carried out atktemperatures between =20 and +25°. It is therefore

clear that a dinitrogen tetroxide rich mixture was used.



An gxcellent review on the structure and cheaical properties of
dinitrogen tetroxide has been given by Gray%l. Of the wealth of
evidence available éoncerﬁing the structure, Gray, frocm a consideration
of electron diffraction, X-ray diffraction, infrared and Ranan
spectroscopy, calorimetry and dielectric constant measurecents,

concludes that formula (IX) is the correct one of the four possible

stru?z;res (IX - XII). (2) r: 0_2i30
o§1¢—LN’O OS:IV\?\N—»O O\ /O_;L—N\\ 1!1 | Ilq
PN N H 0 I

0 O

(1X) ' (x) A (X1) (X11)

The chemical evidence is equivocal. The most important aspect is the
ready homolytic fission (at (&) in structures IX - XI1), to form two
HO2 radicals., None of the formulae imposes any steric difficult;es
on the homolysis or on the revcrse action. On the other hand
heterolysis to give the nitrosoniqm nitrate ions'(Equation 2), is

more readily explained by structures (XI) and (XII) than by (IX) or (X).

—_ + vy ©
N204.———— NO© + OO, (2)

Addison and Lewis'? however, consider that heterolysis takes
place firstly to nitronium and nitrite ions, which is the third method

of dissociation open to the dimer, followed immediately by oxidative

transfer of an oxygen atom:=

+ - W o~ =
r1204 == N0,  + ONO  — }O =+ CKO, (3)

It is probdably preferable however, to think in terms of partial
Lo &

polarisation, ON~~ON02 in liquid dinitrogen tetroxide and solvents of

low dielectric constent, rather than the presence of ions.



The very ease of homolysis adds a problem. Since there is always
rapid production of nitrogen dioxide radicals there are always peirs of
nitrogen dioxide molecules in the act of collision, Gray hes suggestéd
that these colliding pairs could show the orientations (IX to XII).

That is, whichever sfructure is correct for the dimer, there is a
population, probabiy small but constantly renewed, of the other forms.
There is then a reasonable possibility that homolysis to nitric oxide
and nitrogen trioxide also occurs if structures (X to XII) heve any
siggificance:-

] | 0

' / <
— 0.... 7 — }_r ;
2x0,, o\\_ , NQ 0 + ONO, - (4)
N .

0

It is from these considerations that the difficulty of intefpreting
the chemical evidence stems.

Nitrogen dioxide is a non-linear molecule13 with a1 0xXygen- .
nitrogen-oxygen bond angle13 of 132°, It is an odd electron species
and the electron is delocalised at the oxygen ead nitrogen atoms:= .

:0=N=0 é——>-:'(}'==1~1='(3: : (5)

Its free radical nature is illustrated by its ready combination with

14

triphenyl methyl radicals™ in solution to give both nitrite end nitro'

~ compounds, with diphenyl ni’groxidel5 in chlcroform solution to give,
via a complicated feaétion sequence, 4.4'-dinitrodipheny1 nitréxid;
(Equation 6) and the fact that it has an e.s.re séectrum vhich is a
triplet. |
Ph - Ph ro, ete.
/NO- + Y0, — /1:01:02 ~——> (p-l0C.H

Mo (6)
Ph ‘ . '

4)2



Influsnce of the Solvent, Temverature and Cxypen:= During the 1940's

the reactiéns of‘nitrogen dioxide - dinitrogen tetroxide and simple
olefins were exténsively studied by Levy, Scaife and co-worker89’16’l7.
In}this now classical work it was éhown that the reactions were
influenced by four féctor te
a) the purity of the dinitrogen tetroxide,
b) solvent,
c) .témperature,
d) the presence or absence of molecular oxygen.
‘ 3 Thus it was found that best results vere ovtained when addition
wés e%fécted with pure dinitrogen tetroxide at relatively low temperatures
(-10 to +25°) in the preéence of oxygen containing solvents, such as
ethers, and very often with the sddition of molecular oxygen.
Under these conditions the only products formed were tﬁe

" yicinal dinitro (XIII), nitro-nitrite (XIV), and nitro-ritrate (XV)
cqmpounds:- szoh .

RCH = CH,— RCHI'O,CH,NO, + RCH(ONO)CH2N0

2 2772772

o+ RCH(ONOQ)CHZNOZ (7)

(XI11) (xIv) (Xv)
Levy et al also found that frequently the nitro-nitrite compound
was thermally unstable and prevented the successful separation of the

products. This was overcome by hydrolysis of the nitro-nitrite with

either water or an alcohol to give the stable nitro alecohol (XVI).

| ! H,0 | |

—-C—0C- —5 ~-C—C-— (xvI) (8)
I l ~ ROH S :
N0, ONO NO

2 OB

In general}these procedures are followed by later workers end the
reports since the work of Levykgi 2l have confirmed the scheme given

above. Some typical reactions of simple olefins are collected in

Table 1.
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TARLE 1

. , . .
Reaction of Nitrogen Dioxide = Dinitrogen Tetroxide with Simple OleflnSS )

2

(C.H.) c(oa)ca NO, () (41)

25’2

Olefin Conditions Product (% yield) Ref.
CH,=CH, CCl,/press/40 = 60° |0.NCH,CH NO, (b) 54
2= 4 PR A ?
0,/ }ICH,,CH,,O0f c) |
0, 0,JiCH,CHNO, () (35 _ 40) 9
O,NCIL,CH,, o(e) (12 - 20)
| O,NCH,CH,ON0, (12 = 20) |
CH, CH=CH, Ether/lO°/02 CHBCH(NOZ)CH N0, (20 - 30) 9
| CHzCH(OH)CH O %°)~(35 - 40)
” CHBCH(ONOZ)CH NO (2 - 20)
(cH,) C=CH, Olefin condenaed CH, CH(ONO,)C0,C 28b see
3'2 over 1,0, (d) /10-15 3 27%0252"% also |
Table 2
, | . ‘
CpH,CH=CH, Ether/0,/0 CoHs CH(XO, )OI, NO% (39) 9, 16
| C,H;CH (OH) G 0, c) (33) |
0lefin condensed(d) 02H CH(ONO )CO H (c) (50) . 28b
over N 0 /10-15
(CH3)20=CHCH3: Hydrocarbon solvent |(CH )2c(0No)cncxjwné . 2lb
| [(CH ) ,C(0K0 )cncijo] (50) ’
{Ether solvent (CH ) C(NO )”HCd IO (35) - 24b
' ' (c)
=CI HNO,/N,/| C 11 ,CCH, (OH)CO_H N
can5c(cu}) C{ S0, 1n(g?% / »/|Cs 5 3( ) (43) 28b
1o 15° |
(CH,) ,C=C(CH,),| Hydrocarbon solvent/|(Cil;),C(NO,)C(CH,) N0, (5)  ohe
372 HB e no solvent 32 5ee
Ether solvent | (Cliz) .C(NO,)C(CH;) N0, (19-22) | 24c5
N0 i : . '
(N0 to olefin : N, o oo, 9 16
in ether
N, KO, NO,,
| 1 o) (54)
|otefin to N0, (42) (25) (18) 9, 16
in ether . ;
e O .
(CZH5)2C=¢H z;he;/b /N2 (caus)acNochZNo2 (36) '3od.




Olefin Conditions Product (%¢ yield) TefA
(c) o
- = g % HI 1_./In-C_H_C(CH,)(0H)C0.H (60) 28b
n 03H7C(CH3) Naoqol?d§05 H;OB/rd, n-Cyll, ( 3)( H)Co,, 8
ci, 0-15
| H. C- in i ! 1,08 N S44) 1
.(CHﬁ)BCCdzc N,0, to olefin in (CHB)BCCHZC(CiB)hOZCHZI02 Eio ; ; Vi
) R _
_(CH3)=CH2 ethgr (Cd3)3CCH20(CH3)(OH)CdanOZ ; 3
- SIS H).N
£-C,H CH=. t cqﬂ9cz,ozc(c:13)2 2(c)(b,B) 17
_ . . .
c(ci,), £ ChﬂchJOBC(CH3)ZO? ; (32)
- (o] \ - 4 T, c 20
n-CgH,, CH=Cil, Ether/0 /N2 n 08317CA(OH)CH2h02 Z0a
- N !
g‘cgu17anoacn2roz
- ‘ inseparable mixture
o v
ghcu=cnz c014/-5 /o2 PhCOCH,NO, 47) 31
) 2
(CH y N2O“/N2 N . 7za
P Py » ;
32 (cn})2 \Cd3)2
=Ci, lczxzx\oz ,0“2“02
NO,, ol
(30) (35)
<CH3)2
=CHN > CKO,,
(Refz2a) ] (Ref.32ap)
. .
caanoz
(5) (5)
,COCHaI'}Oz 32a,c
n
C(Cd3)2
- (22)
- o " S
PhCH_CH=CH,, Naol’/n2 PhuHZCJNOECHZLOZ (34) ;zb
FRCH,CH(OM)CiL M Z(C) (45)
N204/02 rhCHZCH(ouoz)CAarco2 (13) 32b
' PhCOCKE.NO,  (20) ‘
e 2 (e)
thdZCd(On)Cﬂzhoa (27)

PhCH_CHNOCH O

2 277272 (4)




ey

Olefin Conditions Froduct (% yield) Ref,
PhCH=CHPh N204/5°/N2 PhNOECHCthNOE (53) 32¢
Ph(OH)CHCHP NO (°) (23)
N_0,/5°/0 NO,CHCHP h(o ) (25) 32¢
27k 2 2( )
Phwo2LJC4ph(OH) €7 (29)
FhCOCHNO_Ph (24)
-C14H290H CH See Tables 3 and &
. . (c)
- = K {
n~C,gll;5CH=CH, | Olefin to A224 in CygHs VH(Od)Cdzloz (43) 30b
ether at -10 ~ (€e)
~C1gH25CHNO,CH, O, (49)
Olefin to N Obf in 2.016 33CH(OMO)CHZL 5 55

ether at -80°

product identified by i.r.

(a) Table covers the period 1937 to 1969.

(v) Highly explosive.

(¢c) Formed by subsequent hydrolysis of the nitro-nitrite compourd.

(d) Excess NZOL}/I\O2 .

(e) Contaminated with 1-nitro-octadec=1-ene.
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b) Solvent. The role of the sclvent appears to be two-fold. On the
one hend some solvents are able to fcram a conplex with dinitrogzen
tetroxide, and on the other, some influesnce the degree of dinitrogen
tetrﬁxide dissociatién.

The choice of a suitable solvent is fréquently critical to the
subsequent product composition Qhen the tetroxide and olefins or
acetylenes interact. In general, solvents which favour the production
of dinitro and nitroe-nitrite compounds ere of the ether or ester type
sﬁch as diethyl ether, benzyl methyl ether, l,4-dioxene and ethyl acetate.
Unsatisfactory solvents include chlorcférm, carbon tetrachloride and
2,2'-dichlorodiéthyl"ether; It was suggested by Levy et glg that
the satisfactory solvents rcduce the oxidising tendenc& of dinitrogen
tetroxide as a result of the formation of a complex with the oxide.

In fact o white solid adduct of dinitrogen tetroxide and 1,4-dioxane
was isol_atedg.

This postulate of complex formation was further investigated by
Shechter et g&le who showed from a conslderation of the phase diagrams,
at‘temperatures below -10°, that ether solvents formed either a mono-
ether or a diether complex with dinitrogen tetroxide. The ethers
gtudied were tetrahydrofuran, tetrahydropyran, and diethyl ether.

The dibasic ether 1,4-dioxane was also studied and was particularly
stable. 2,2'-Dichlorodiethryl ether did not form e complex of this

" type and Shechter suggested that this was owing to both steric factors
and to the electron withdrawing effect of the chlbrines reducing the
basicity of the oxygen. It wﬁuli therefore'seem that complex formation
of the solvent with dinitrogen tetroxide is a necessary function of the

solvent for a successful addition reaction wnder typical Levy conditions..
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The suggeéted structures for the one to one and two to one

complexes were (XVII) and (XVIII) respectively.

OR 0 0 OR 0
O\\N'/ : 1\/ \N‘/ : N/
o‘/ \‘o o/ , Rzo/ \‘o

- (xviI) . - (XVIII)

The adduct of l,4-dioxane19 is thought to be polymeric.

There was no evidence from either Raman18 or infrared
spe;troscc;py18 at temperatures up to 250 that the complexes contained
ioné such as No¥, N02+, NOZ-‘cr ONOZ'. -Magﬁefic susceptibility
measurenentsl§ showed that below a temperature of -4.40, they were
dismagnetic end thus not addition compounds containing an unpaired
electron (presumably indicating the absence of N02), but above this
temperature the solutions of the complexes became paramagnetic. Since
li@uid dinitrogen tetroxide itself becomes paramagnetic at ~2.4° Shechter
concluded that co-ordination of the oxide with these solvents had little

gfféct on the homolytic dissociation of dinitrogen tetroxide.
| It is also noteworthy that aromatic hydrocarbon320 such as
benzené, mesitjlene<;nd benzaldehjde form stable one to one solid
adducts with dinitrogen %etrpxide at ldw temperatures. These are
complexes and crystallographic studieszxvhave shown‘thgt the
significant structural'feéture is piaﬁe to plane packiﬁg of the donor
taromatic hydfécarbon) and acceptor (N204) molecules, arfanged
alterﬁafely.‘ The soli@ dgrived from benzene is colourless at its
mélfing point (-7°), but it is pale orangezo at -50°. On the other
hand the benzaldehydeymixture is colourless at all temperatureszo.

| The second effect of the solvent would seenm to be thé extent

to which it can influence the dissociation of the dinitrogen tetroxide,

by favouring either homolysis or heterolysis,
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Addison and Sheldon22 have observed that dissociation of the
tetroxide to nitrogen dioxide is increased by such solvents as hexane,'
carbon tetrachloride and chloroform. On the other hand those solvents
which act as electron donors towards the tetroxide, such as diethyl
ether, suppressed homolysis. However, no quantitative measurcments
of these observations were made. Solutions of dinitrogen tetroxide
in pure nitrié acid are known23 to be completely dissociated to
nitrosonium (NO¥) and nitrate (ONOZ') ionse " o

| This influence that the solvent has on the dissociation of the
oxiée and its effect on the reaction product distribution is illustroted
by isobutene. The products when diethyl ether was used as solvent ai
-10° in the presence'or absence of oxygen are shown in Table 29;16.
The méjor product can be seen to be the dinitro compound. The
variance of +he yields with added okygen will be discussed later
(ps15 )

Michael and Carlson24

® found that distilling less then an
equivalent of dinitrogen tetroxide into a hydrocarbon solution of
isobutene at -10° resulted in an inseparable oil and the dimeric

nitroso-nitrate (XIX) (7 - 12%).

%CHB)ZC(ONOZ)CHZNq 2 (XIX)

In the case of trimethyl ethylene Michael and Carlson24b also reported

a different product when hydrocarton solvents were used instead of

ether (Table 1). On the other hand several investigators® 2oo

have
' reported that the reaction of isobutene with dinitrogen tetroxide
without solvent or in nitric acid solution at low temperatures and
subsequent hydrolysis, resulted in high yields of e<=hydroxy butyric
acid (XX).
(CH3)2$ - COH (xx)
CH -
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TAPLE 2

Nitrogen Dioxide - Dinitfogen Tetroxide with Isobutene9’16 in

Diethyl Bther at -10°

Product Yield without 0, % | Yield with 0, %
02/C4H8=0.27 =1,09 | =3.2
1,2=-Dinitroisobutane 42.6 36,2 25.7 | 18.3
Nitro-tert-butanol(a) 27.8 26.5v 28,7 | 2647
Nitro-tert-butyl nitrate 1.9 - 7.8 11.8 | 30.0

(a) formed by subsequent hydrolysis of the nitro-nitrite compound.
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2T and Faberov g§|§l28a have made a detailed study of

Gardner
this reaction and have concluded that under these conditions the
reaotion initially involves addition of nitrosonium nitrate ions

1ead1ng $o0 the nitroso-nitrate derlvat1ve (XXI)'-

NO OI’O2

(CH3)2C = CH, ——= (CH,),C ~ CH,NO (9

3)2i 2
ONO
2

(XXI)

The nitroso compound then tautomerised to the oxime which was converted
by excess dinitrogen tetroxide or nitris acid to the aldehyde (XXII).
Further oxidation and hydrolysis accounted for the observed product gig
. x=nitratoisobutyric acid'(XXIII)z-

N,0 ' N, O

(XXT) ) C~CH=NOH -3—49 (CH,).C-CHO —2-45 (CH.).C-CO.H (10
i HNO, 2 2l HNO 32, 20
ono2 3 | on 0, 3 owo,
| (XXII) B (XX111)
(xx111) —=5  (CH;),C - COH . (11)
X11 s Clglt = €0, | »
2 OH
| X))

Russian workero:have obtained,similar results‘under gimilar
conditions using propene, but-l-ene, 2-methyl butjl-ene. 2-methyl

pent-l-ene (Table 1) and methallyl chloride”"®

(Table 6, p. 31).
c) Temperature. Although the temperature range of the scheme worked
out by Levy et al (-10 to +25°), where a dinitrogen tetroxide rich
mixtare was used, has been adhered to by most investigators, recently
Bonetti et 31_9 have claimed that elevated temperatu:es of between 50
and leOVﬁad advantages. This higher range is compsrable to the
ﬁempegaturos commonly used for halogenated olefins (p. 29).

From a consideration of the equilibrium(1)and its temperature

deﬁendence.(Figure 1), these authors suggested that it might be
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preferable to use elevated temperatures where the equilibrium lies well
towards nitrogen dioxide. The effect of temperature on the product
distribution r?tio of the addition of nitrogen dioxide to hexadec=-l-ene
in iso-octane in the absence of oxygen is shown in Table 3, the
significant fact being the increase in the amount of nitro-niﬁrate et
lower temperatures. All the products can be seen to be typical of an
olefin - dinitrogen tetroxide = nitrogen dioxide equilibrium interéction.
' On the basis of an examination of the infrared spectra, the

- formation of nitro-nitrate (up to 6€/) at low temperatures in the absence
i of ox&gen appeared to be general for a variety of solvents including
: comﬁlexing examples such as tetrahydrofuran, ethyl acetate, dioxane
i and diethyl ether. A% elevated temperatures only trace quantities of
nifro-nitrate vere present (up to 1), |

o Bonetti et al concluded therefore,that elevated temperatures
And the'usembf non-complexing solvents were preferable because little |
or no nitro-nitrate adduct_tas formed thus giving a simpler product in
high overall yield. This conclusion must be viewed with some cauﬁion
since only two olefins were used and the reduction in nitro-nitrate
yield was not great but the earlier work of Porter and WOodBOa’b tends
to bear out their conclusion. These latter authors found that
dec-l=ene end octadec-l-ene under typical Levy conditions in the
presence of traces of oxygen, gave, in both cases, products that were
not completely separable (Table 1), No nitfo-nitrate edducts were
isolafed however.
d) gzxggg. In order to explain the presence of typical dinitrogen
trioxide -_olefin adducts (Ch. 2) in some of their reaction products,
Levy et g;? suggested that these occured by addition of the lower
oxide which may have arisen by reduction of the tetroxide when the

latter oxidised a nitrite group to a nitrate group:=
|

[}
-C-0N0 4+ NO, -C -
' + W0, — c': ONO, + N,0p (12)



Nitrozen Dioxide = Dinitrogen Tetroxide with Hexedec-1-ene in Iso-octan°29.

16

TARLE 3

Temperature % Nitro alconol'®| & Dinitro | % Nitro-nitrate
90 - 102 4T 45 o
| 72 - 80 54 41 1
49:;;- 56 53 20 3
25 = 33 o2 38 5
1-13 52 31 6

(a) formed by subsequent hydrolysis of the nitro-nitrite cdrﬁpound.
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Additicnally this scheme explained the production of the observed

nitro-nitrate adducts. This complication was overcome by the addition

of a small emount of oxygen which oxidised the trioxide bzck to the
tetroxide. This is typically illustrated by the case of propene9

which was found to react rapidly with dinitrogen tetroxide in ether

at 0%, in the presence of oxygen, to yield 70 - 75% products overall:-
N, O

CHCH=CH, 24 CH,CH(IO,)CH N0, + CH,CH(ONO)CHMO,  (13)
(18 = 20%) (34 = 41%)
; N,0,
, 011303(0110)01{21:02 —— (i, (ovo )cnzr.o2 (14)
(21%)

Without added oxygen somé 4-nitro-3-methyl furazan oxide (XXIV)

(5 « 8%) was formed (Equations 15 and 16). The active methylene
group resulting from the adjacent nitro and nitroso grouprs undergoes
the well known condensatic» reaction with nitrous acid to give a
second oximino group. The two oximino groups then intramolecularly

condense to give, after further oxidation, the furazan oxide:=.

0
OB CHi=CH, —23, CHyCH(TO)CH N0, — CH,CCH,N0, (15
NOH )
HIO, ~H,0 Oxidn.
cnjccn 10, ———) CH5C CKO, > CH3C CHo,, 3 CH,C cuo, (16)
ﬁon I I I I 3 I
NOH HON N N W
. Ve
0 o7 Yo
(XX1v)

The nitrous acid was probably produced by elimination from the vicinal
dinitro adduct to give the & ~-nitro olefin:=

%02 102 ‘ %02

Ha ? - ? - —) ? = ? + HNO2 17

An 1rportant observation made by Levy et 2l was that nitro-nitrate

adducts were formed in relatively small amounts unless oxXygen was

deliberately added to obviste the formation of dinitrogen trioxide.
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29

This cun be seen in the cases of isobuten%G(Table 2) and hexadec-l-cne
(Table 4) where the yield of nitro-nitrate inéreased with added oxygen.
This was at the expense of the dinitro compound and not at the exrense
of the nitro-nitrite, which rerwained essentially consztant.. Therefore,
"in contrast to the case of propene, in these cases the addition of
oxygen was undesirable.

The explanation of the production ¢f nitrc-nitrate adducts given
by Levy gﬁ_gl? needs careful examination. These authors preferred to
s&ggest that; a) in the absence of added oxygen the nitro-nitrite
gfoup was oxidised by dinitrogen tetroxide (Equation 12) and b) in the
presence of oxygen, by bofh oxygen end the tefroxide, It was pointed
out however, that t) could not explain the concurrent resduction of the
dinitro compound noted in the case of isobutene. There would secm to
be a nunber of arguments against both of these simple explanations.
One significmt observation is by Bonetti et 21°? who showed that
lenitro-2-nitrite hexadecane was oxidised only very slowly by either
pure dinitrogen tetroxide (at 10°) or by air or oxygen alone (at 20
and 750). Therefore Levy's claim for extensive oxidation of nifro-
nitrite to nitro-nitrate by eitﬁer dinitrogen tetroxide, a), or
oxygen, b), would seem to be unjustified.

Bonetti gi_gl?? have suggested another mechanism to account for
nitro-nitrate production in the absence of added oxygen which involves
the intéraction of a 2-nitro alkyl radical (formation of this radical
is discussed in a later section), with the alternative forms of

dinitfogen tetroxide given on page .

(x) o
: ; e (X or XII) (18)
RCHCH,,XO + 0 . O0O—N or
2 2 \ x‘ . \ : .
N 0
(y)
fission at(y) ponon no. + MO
22
ONO

2
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, : : . 2 0o
Nitrogen Dioxide - Dinitrogen Tetroxide with Hexadec-l-ene in Iso-gctane 9at 75 .,

Product © Yield without 0, %| Yield with 0,,%

N0, :0

210,,18:1 - §0,:0,, 6:1

1,2-Dinitro hexadecane ‘ 46,5 43 42

1-Nitrohexadecanol(a) ‘ . 924 52 48
l-Nitro-2-nitrate hexadecane N 0.2 . o kl' > ,,ﬁ‘ » " 10

(a) fdfﬁed‘by'subsequent'hydfolysiéAcf the nitro-nitrite compound.
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If fission was at (x) then the products would be the normal nitro-
nitrite and nitrogen dioxide and if at (y) as.showm in equation (18).
The nitric oxide from (y) would either combine with another 2-nitro alkyl |
radicél to give a nitro-nitroso compound or with nitrogen dioxide |
to‘give dinitrogen trioxide with the same end result. This suggestion
was supported by work at elevated temperatures where amounts of such
dimeric forms must be very small. Here nitrofnitrate production was
negligible (Table 3).- |

. A second alternative explanation for the occurrence of nitro-
h;trates in the absence of added oxygen has been postulatedsa viz.,
ionisation of dinitrogen tetroxide to nitrosonium nitrate (cccurs

to a very limited extent in ethersla), to give the nitroso nitrates-

N0, == No"+ oNO; (2)
i ‘ONOa- i )

-¢= —"5 -C=C= (19)

~ 7 +
C=C_ + ' — -
~ i !
o NO ONO

e

R—-Q-

2

followed by oxidation of the nitroso group analogous to the work of
5b ‘ ’

Brown”" who showed that yicinal nitro-nitroso compounds were oxidised

by nitrogen dioxide to dinitro compbﬁnds:;

| | NO
«C = ¢ —=5 =C-C- + NO - (20)

I

X0 NO, ~ NO, NO
There is no pﬁblished data on this type of oxidation however, but
if it is as slow &s the oxidation of a nitrite group then the
' mechanism is unlikely to be important. Evidence presented later
also argues against a predominantly heterolytic route in ether-like

solvents.
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Since neither of these two altermative schemes discussed - above
depends on the presence of oxygen they cannot bte used to explain the
very large increases in the yields of nitro-nitrate compound when
oxygen was deliberately added. It has been shown by the work of
‘Bonetti et al that the suggestion of Levy and co-workers is unlikely
and it is therefore tempting to suggest:some type of‘direct oxidation
of the dinitro to nitro-nitrate compound particularly as the amount
of dinitro product decreases and the yigld of nitro-nitrite remains
sensibly constant. However, there is no evidence for this type of
6£idation under the requiéite conditions., These are therefore not
satisfactory explanations for nitro-nitrate production and the
mechanisms propoéed are incomplete.

Of particular mechenistic interest ié the obéervation that
dinitrogen tetroxide end excess oxygen with some olefins yield
addition products that are not yicinal dinitro compounds but carbonyl
compounds. Thus BaryshnikovaBl and Stevens32a’b’° have reported that
the use of oiygen:and dinitrcgen tetroxide with styrene31, camphene32a’c.

allylbenzene32b and stilbene320

resulted in the formation of oxidation
products, including « ~nitroketones, which were not produced in the
absence of oxygen. Stevens found that stilbene reacted with dinitrogen
fetroxide‘in ether in the absence of oxygen at 50 to give
1,2-dinitro-1,2-diphenyl ethane (53%) and lehydroxy-2-nitro-l,2-diphenyl
ethane (23%) (formed by subsequent hydrolysis of the nitrite). In the
presehce of oxygen no dinitro compound was formed, but lenitro-2-

* nitrato=1,2-diphenyl ethane (25%),‘o<-nitfo-¢x-phenyl acetophenone (245))
and l-hydroxy-2-nitro-1l,2-diphenyl ethane (29%). Some benzoic acid and
benzaldehyde were also formed. Similar results were obtained for the

other olefins. Baryshnikova and TitoV, and Stevens suggested that the

effect of the oxygen was the intermediate formation of a 2-nitro alkyl
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peroxy radical (XXV) or the corresponding percxy nitrate (XXVI) yia

the nitro alkyl radical:-
| 1 : '
«C (- (21)

' | i
-C=C= +0, —s
| ‘ ! |

1O, , ’2102 00-

(XxV)
ﬁOz ?0- :02 ?0N02
«CeC-4 N0, ———> =-C=Ca= - (22)

P 2 I

| | - (xvI)

L
The final products would then result from the decomposition of the

intermediates as shown below:=
|

] .
-C=-C- + CNO, (23)
T

! |
////” X0, O
.
\
NO,, OCNO, \\u

0 -C - 4 “HN03 (2W)
oo ,

| 302 0

but there is no experimentalﬁevidénce to substantiate this. It has
been suggested that the nitroven trioxide resulting from (23) may

then combine with a 2-nitro alkyl radical or oxidise vicinal
18

nitro-nitrites to give nitro-nitrate compounds: -

' .
y —> - % - ¢ - (25)

0, . KO, ONO,

[ .
-C = + ONO
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-C-C=- + 00, —> =C=C= + 10 (26)
| | | |

. . A . .
h02 oro | | H02 CUO2

Recently more specific evidence for peroxide intermediates has
been given by Lachowicz and Kreuz33 vho treated separately octel-ene,
octadec=l-ene and docos-l-ene with dinitrogen tetroxide and excess oxygen
in hexane solvent at o°. They found three bands in the infrared at
1724, 1299 and 787 cm'l. which were characteristic of peroxy nitra.tes34
and therefore concluded that the principal component of the reaction
mixture was a 2-nitro alkyl peroxynitrate.

| It must be noted however,.that there is little experimental
evidence for the proposed peroiy intermediate and it is significant

thet Eonett129 rerorted little evidence for a ketone product in his

work with hexadec-1-ene.

Evidence for a Free Radical lechanism:-

The formation of'the typical products isolated from the
intgraction of dinitrogen tetroxide and unsaturates under Levy
conditions, were commonly rationalised9’35 by heterolytic cleavage
of the tetroxide and electrophilic attack by a nitrcnium ion and_

subsequent addition of a nitrite ion:=

—— .'+ e it |
N,0, == FO," + NO, (27)
+ b NOZ- T
C=C +1.'02-—-->-<|:-c- — -C-C= (28)
+ | |
T \T|
NO,, : No,, koz
More recent studiessa’3§'4o'42 of the reactions support a free radical

mechenism initiated by nitrogen dioxide produced by homolysis of

dinitrozen tetroxide.
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N0, == 210, (1

N02 + RCH = CHZ-———> RCHCH2N02, (29)

The resulting nitro alkyl radical may then pair with a second
molecule of nitrogen dioxide:=-

+ (CEOe ONO) —> RCHNO,,CH,NO

LCHNO, or ncn(mxo)cnzuoz (z0)

. 2

RCHCH NOZ

The principal evidence for the homdlytic nature of the addition
qdn be summarised as follows: |
a)TThe crientation of addition to unsymmetricél olefins is always
specific énd is not altered by the character of thé'éubstituents bn
the double bond. | |
b) The products found from the interaction of dinitrogen tetroxide
and methyl .+ .acrylate were not those expected from 2n ionic
nechanisn.
¢) In the presence of free radical, chéin transfer agents such as
brOmotrichloromethané, bromoform or iodine, formation cf thevnOrmal
adducts is suépreséed and the products obtained are those expected
froﬁ the‘interaéfion of a 2-nitro alkyl radical with the transfer agent.
d) Addition of dinitrogen tetroxide to a number of olefins exhibit
é tyﬁe of stereochemistry associated with homolytic processes.
a) Orientation. The addition of dinitrogen tetroxide under typical
ievy conditions to terminal olefins alwoys involves the formation of a
C-N bond at the‘tefminal position. This could be rationalised by -
élécfrophilic attack by a nitronium ion, bu’c'Shechtelﬁa sugrested that
the apparent specificity of afﬁack ét the terminal position may iie in the
greater stability of OzﬁcﬁzéﬁR due to hyperconjugation involving the

nitro group of the type shown below, rather than CNOCH CHR where the

2
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nitrite group does not extend the conjugation:-
A
N CH = CHR €—> N = CHCER - (31)

6 o7

O~\+ 0
N .
N CH.CIR ¢

-7 2
0

N7
+

This would lower the activation energy required for the formation of

0.NCH.CIR with respect to ONOCH,CHR.

2 2 2
b) Fethyl -~ Acrylate. Conrad and Shechte%6 have rointed out that

if addition to metbyl ; acryl ate und@r typical Levy conditlons, and
'presumably in the presence of oxygen for the comparison to be valid,
cccunred by an electrophllic process involving beteroleia of dinitrogen

tptroxide, then it would be expected to yield the nitrite and nltra,e

esters of methyl-3 hydroxy-2-nitropropionate: -

é § g NQOA. . |

H, .CH - C - OCH; —=% ono;cx-xzcn(No,,)co,‘,r‘n3 , (32)
©oor OQNO.CHQCH(NQQ)CO CH3

However, reaction ofmethyl = ‘acrylate and dinitrogen tetroxide in

ether at,Qo with excess oxygen gave, éfter hydrolysis, methyl-3=-nitro-
aqrylate (13%), methyl-2-hydroxy-3-nitropropicnate (275), oxalic
acid‘dihydrate (up to 80%) and nitrogen containing polymers of
_methyl - acrylate. 'Because the expected products (32) from a
heterolytic process wera not found it was concluded that the reaction
was homolytic in nafure.

¢) Chain transfer arents. Further evidence for a free radical

mech#nism has been obtained by the reaction of dinitrogen tetroxide
‘with olefins in the absence of light and in the presence of chain’
transfer agents such as bromotrichloromethane37,tribromomethane31

z8- 40, .

or iodine”



26

51

Thus dinitrogen tetroxide reacted with cyclchexene”' in
bromotrichloromethene/ether solution at 0° to give a complex mixture
éf whichIZ-bromo nitrocyclohexane (30)) was a major compon;nt.

Recently Russian4o workers have reacted 1,3=butadiene at
=10 to -15° in ether solvent in an inert atmosphere with dinitrogen

tetroxide in the presence of iodine to give:-

v - b 4 X
OQNCHzCH = “CHZI

2-lethyl-l,3-butadiene, 2,3-dimethyl=-1l,3=-butadiene, chloroprene and
2{3-dichloro-l,B-butadiene were reacted similarly with similar

“results. No 1,2-adducts weré formed (see p;,28)-

d) Stereochemistry. Information cohcerning the mechanisﬁ of convefsi;n’
of intermedicte 2-nitr§ al#y14radical§ to their y;gigﬂl nitro§nitrite;
or dinitro compounds hes béén obtaincd from the sfereochemistry of’tbe
eddition. A complete study of the stereochemistry of the reaction of
dinitrogen tetroxide with a specific olefiﬁ has beén limited, usually
by the difficulties in analysing the final products.

Cyclopentene and cyclohexene37 in ether_solvent yield
2-nitrocyclopentyl nitrites and 2-nitrpcyclchexy1 nitrites in w§i¢h
the jgggg-isomersfpre§ominate (85 and 58 ~ 65%5 respectively). Yore
‘strikingtstercospecifipity was found by Brand and Steven$37biwith
1-methyl cyclohexéﬁe whicg yielded ggggg-l-methyl-Z-nitro cyclohexyl
nitrite exclusively.' This is in agreement with the, UeVe initiated,
free ra@ical, igggggaddition of hydfogenkbromide to the same olefin

’fqund.by Abell gﬁ,gldl., Bgcausé of this Prand and Stevens interpreted
fﬁeif result in terms of a radical intermediate that was pyrimidal

at the odd e;ectron centret-

o ‘ o . eNno ’ 7’
. A : R
o ooy, (33
| H H
; NO2 No,

<
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Thisfparticularconformation was preferred to the alternative because
of the 1,3 repulsions this would incur. It was further postulated that
the speed of the ring inversions of these conformers was slo@ compared
to the second step of nitrogen dioxide addition.

42

olmllarly 9 10-octa11n gives mdlnly trans-9 10- dlnltro-octalln '

but the most convincing stereochemlcal ev1dence for a homolytic path

. UL
is that the major attack on nortornene occurs in the exo~cis direction 2,

the significant point being that there was no Wagner-Meerweli
rearrangement waich might be expectedif én ionic mechanism was
operétive. Processes involving free radical mechanlsmsh“vc been
observed in reactlons of p-thlocresol 3 and ethyl bromoacetateuu with
norbornene; but in these cases addition was exclu51ve1y exo-cis. It

45

must be noted that trans<addition of carbon tetrachloride < and
bromotricﬁlbfomethane46'has recently been observed. -

,;t would seem that under typical Lévy‘conditions the interaction
of the nitroggnbd;oxiae - dinitrogenvtetroxide equilibfium mi#ture
with olefins may well be predominantly homolytic in nature and that
the heterolytic path is negligible. iHowever, under some conditions
notably using nitric agid sglvent, the alternative ionic addition

may become significant. The formation of the nitro-nitrate adduct

under conditbns favouring homolytic addition, espécially in the
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presence of excess oxygen, is not clearly understood. In this context
the synthesis and identification of the products of decomposition of

peroxy nitrates is an irportant field for investigation.

The Interaction of the Nitroren Dioxjide « Dinitrormen Tetroxide

Eouilihrium Mixture with Conivrated Svstams, Halogeno-0lefins and

Acetylenes: -

a) Coniugated Systems, There are few exauples in the literature of

reactions between conjugated systems and the equilibrium mixture and
those thet are reported predictably refer to 1,2- and 1,4-addition.
In genzral those dienes not containing halogens wdery
reaction under typical Levy conditions and the only product isclated
is the dinitro compound.. Whiie those that coﬁtain halogens usually
require the hisher texperatures and pressures typical of halogeno-
olefins (p. 29).
Schribner47 recently reported a novel reaction between
hexachlcrocyclopentadiene and nitrocen dioxide. “When heated together
for 9 hours at 60° in an autoclave, they give a yellow solid (ca. 90%),

identified by chemical and spectral evidence as tetrachlorocyclopentene-l,

2-dione. The suzgested mechanism is showm belows=

) Cl ¢ A oy
o _0
-?H%\
i °o

Hexachlcro-1,3-butadiene, octachlorocyclopentene and hexachloro=-2-
cyclopentenone were reported unchanged after similar treatment but
decachloro bis-(cyclopentadienyl) (XXVII) rescted to give approximately

equal amounts of two isomeric diketones in high overall yield (85 ¢):=
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o]
c 4
\ 'Cl.
i
Py Y
(&} a
o//
—#uoc\> + (36)
cy
C\
cl
Cl
: ij (XXVII) o = M
' |
. cl
/
C.

Table 5 is a collection of the other reported r~actions of
conjugated systems with the equilibrium mixture of dinitreogen tetroxide
and nitrogen dioxide.

b) Halogeno-olefins, The reactions of these olefins, with the

exception of fluoro-olefiﬁé, have been little investigated. The
products predictably included the dinitro compound.
The reaction of halogenated olefins would seen to be favoured
by higher reaction temperatures. Under these conditions the reacting
~ species must be predominantly nitrogen dioxide and hence the dinitro
{ free radical addition pfoduct is usﬁally found. Yowever, even at
~ temperatures in excess of 100° nitrite addition occurs in agreemcnt
with the dual radical character of nitrogen dioxide (p. 5).
The reactions of‘halogeno-olefins are shown in Table 6.
¢) Acetylenes. The first recorded reactioﬂ of thevequilibrium
mixture with an acetylene was in 1897 when Pilt248 treated di-
iodoacetylene in ether with dinitrogen tetroxide to yield tri-

iodonitroethylene.,



TABLE 5

Reaction of Nitrogen Dioxide = Dinitrogen Tetroxide with Conjugated Systems.

2 2

. 202NCF CH=CHCF,0NO (20) .

e 2

- polymer (28)

Olefin Conditions Product (% yield) Ref.
PhHC=CH~CH=CHPh Ether PBH(NO,)COH=CHC (NO)BPh (35) | 56
Ph(Cl)C=CHCH=CHPh Ether Ph(CN)C=CHC(NO,)C (10, )EPh (1) | 57
CH2=C (Pn)C (ph)=cH2 Hexane - ozncrxz (Ph)c’=c(Ph) CH?_NO2 58
CH,=C(Ph)C (10,,) (Ph) CHNO,,

CH,=CHOII=CH, Ether/-30" 0 NCHch—CHCH N0, (14 5) 300

0 .

Ci=CCLCH=CH, cCL,/-5 OZHCH2001—CHCH2N02 59
02NCH CH,, (10 »)CC1=CH,

CF,=CFCF=CF, 20°/24 nr. 02NCF20F~CTCF N0, (46.5) 60
OZNCFZCF§CECF20NO (15)
cm(noz)¢F=CFcozn (17.5)

CP, =CHCT=CF 20°/12 hr. | O NCF CH=CHCF LN0, (47) 61
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TARIE

6

Reaction of Mitrozen Dioxide-Dinitroeen Tetroxide with Halogeno-Olefina,

Olefin Conditicns Product (% yield) Ref,
C1,C=CCL, 100°/press/3 hr. 0,1(C1),CC(C1) 0, (90) 62, 47
Br,0=CEr, 100°/press/3 hr. O, (Br) ,0C (Br) 0, (100) 62
C1,C=CHCL cc14/2o°/A1013 0N (C1),COC1ENO, (16) 63

catalyst
_ 0 . .
C1,C=CH, CC1,/20°/A1C1, 0,N(C1),CCH N0, (22) 63
catalyst -
BrHO=C(CH,), Ether/o°/o2 0N (C1i) ,000,H (8) 6la
[02N(CH3)2CNO]2 (10)
ozn(CHB)zccuo an
Br(CHB)zccHBrﬂOQ (26)
Br(CHB)ZCCH(Br)Z (8)
PhCH=CHBr Bther/-10 to 10°/, O,NPhC=CBr,) (67) 64
PRK(=CENO, 65
C1CH20(CH3)=CH Excess N, 0 in 50% ClCHZC(OH)(CHB)COZH (60) 28b
HNO /uz/lo - 15° '
F,C=CF, 65°/6 nr/press. O,NCF,CF, N0, (53) 66, 67
ONOCF,,CF,NO,, 67
C1FC=CF, 65°/6 hr/press. CNCF,CFOIND, (51) 67
CC1,=F, 65°/6 nr/ypress. O,NCCL,CF, 0, (47) 67
CF5CF=CT, 100° CF5CF(OK0)CF, (90) 60, 67
CF3CF.(NOZ)CF2NOZ
(o] %t ¥
(CF3)2 180 (cp3)20~02c5‘2ho2 (ca. 50) 67
(cv3)zc(0yo)CF2n02 (ca. 50)
(o} T,
F, F 130 - 160 . F, Fro, ¥, FONO 60
explosive > 160
F, F | ¥, FNo, F, FONO
n-C,F,CE=CF 100%/halogenated n-C,F. CH(OH)CF_NO (a) €3
51 2 sclvent 51 22
: n=C;F.,CH(OH) O, u(a)
n-C,F,.CH,CT, CH= 100°/halogenated n-C,F,,CH,CF "H(OH)”P NO (a) 63
’ 7CF§ ¢ solvent n-c3 [ 2cw(oa)co H(g)
3 7 2“‘2
CF,CH=CT, 100°/nh2logenated 3CH(OH)CFQh 2( a) © 63
3 solvent

(a) Formed by subsequent hydrolysis of the nitro-nitrite compound.
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The reactions of propyne and 1,3-tutadiyne’™ under various

conditions with the equilitrium mixture have been reported to be

49

. : X o] )
violent or even explosive. But-2-yne’” in ether at 0 was found to

give cis- and trins-2,3-dinitrobut-2-ene in 30% yield. Diphenyl=-

49

diacetylene ” in ether at -250 in the absence of oxygen yielded

1,4-dinitro-1,4-diphenylbutatriene (345):=

- Ph - ? =C=C(C= ? - Ph

\( .
N02 Loz
Emmons5o found a significant degree of stereospecificity in

%hat 34%5 of the trens- and only 7% of the ¢is-2,3-dinitrobut-2-ene

were formed by the treafment of but-Z-yne with dinitrogzen tetroxide

50

in ether at 0°. The trans- isomer’~ also predominated in the

reactions of hex-2-yne and hex=3-yne.

The reaction of phenyl acetylene51 in a hydrocarbon/ether
nmixture, yielded l-phenyl-l,2-dinitroethylene. ]DJ'.pll'xenyZtacetylenesl’5'2
reacted at 0° in ether to give three crystalline products in 40%
oversll yield: cis- and trans-1,2-dinitrostilbene and 5-nitro-2-

phenylisatogenSS:-

O;N 40
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CUAPTER 2

.

The Interaction of Dinitromen Trioxide, Mitry) Chlorids end Mitrosyl

Chloride with Carhon-Carbton l'ultiple Ronds,.

In this chapter it is intended to review the salient points
concerning the reaction mechanisms of dinitrogen trioxide, nitryl
and nitrosyl chlorides with unsaturated compounds.

Dinitrosen Trioxide:= The interaction of dinitrogen trioxide with

olefins and acetylenes has been reviewed by Sosnovskyland earlier by
.Riebsomerz. Sosnovsky in his review pointed out that the discrepancies
which are observed with dinitrogen tetroxide also occur with
dinitrogen trioxide. This can be attributed to the varying
coéposition of the gas which, depending on the method of preparation,
contained besides dinitrogen trioxide, an excess of either nitrogén
dioxide or nitric oxide. Where oxygen was not excluded the nitric
oxide would have been oxidised to nitrogen dioxide. The interpretation -
of early results is therefore difficuit.

Structure and Pbysical Pronerties of Dinitrogen Trioxide:-

Dinitrogen trioxide has been described as the Cinderella of the
nitrogen oxides since none of its physical properties is known

~ with any cegree of certainty owing to its ease of dissociation.

The melting point has been variously reported?to be between ~111

and -90° and the boiling point is thousht'to be avout 3.5° . The
structure of the oxide is generally believed to be (1)« The evidence
for this comes from infrared spectroscopys, which indicates a NN

0 ' 0
jN - n”

P

0 (1)

bond similar to thet found for the tetroxide, and a recent paper by

Anderson and Mason6 has confirmed, by the use of 14N nuclear
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cagnetic resonance, that the structure contains both a nitroso and

a nitro group.

1

Dinitrogen trioxide dces not exist in the gasecus state’ and

in the liquid a complicated inter-relationship exists of the

following equilibria:-

P 3 l
M,0, == 2N0, -14.7 keal

- RO + 1102 _— N20

(-61.5 kJ) (1)

3+ 9.6 kcaf (41.8 KJ) (2)

The.composition of the ligquid at any given temperature and pressure
depends therefore on the partial pressures of the components. Thus
Reattie and Bell8 have shown that at 25° and one atmosphere pressure
only about 20% of dinitrqgen trioxide i3 undissociated. llost reacticns
with olefins have been carried out in the temperature range <10 to +20°
and under atmosphsric pressure, hence & mixture rich in nitric oxide
and nitrogen dioxide was used.

Studies of solvent effects on the equilibria are lacking,
but a solvent in which nitric oxide is sparingly soluble will increase
the nitric oxide concentration in the gas phase., In paraffinic
solvents dinitrogen trioxide is appreciably dissociated and at
texperatures above -80° free nitric oxide is evolved; in toluene the
nitric oxide is not liberated below -45° .

Simple olefing:= Wielandlo, an early worker in the field, found

that dinitrogen frioxide interacted with olefins at low temperatures
and in solvents such as diethyl ether, to give colourless solids
terned psuedonitrosités, and oils:=

C = C + N203 —_ -é N (of1) - (3)

| |
\{ \
NO IIO2

mononer
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0 10
| l e [ | 2 -
- C - C =N =4 «C - C = (4)
| 1 6 I I
NO2
(nonomer) (11)
monomer — ¢ - (- (5)
TR
HON 402
(111)

The structure (I1) was estéblished much later by Gowenlock11 who
f;inted out that cig- and trans-isomers wefe possible.

| Wielands experiments have been confirmed by most workers and
the addition is genérally considered to proceed to give first the
mononeric nitro-nitroso compound which can undergo further reaction
such as dimerisation (II) or tautomerism to the oxime (III). Some
typical reactions of olefins are collected in Teble 7 (p. 40), |

Most workers have not investigated the oil but it has been

suggestedlza that it may arise mainly from dinitrogen tetroxide
ad&ition. Indeed in some cases the oil hés been shown to consist

of typical dinitrogen tetroxide ahd olefin addition products such as

dinitro and nitro-nitrite compoﬁnds (Table 7).

The ratio of the solid to oil product varies considerably
depending on the particular olefin, the reaétion temperature and
the solvent., The effect of varying experimental conditions has been
studied in the case of cinnamyl acetate. Japanese13 workers found
that cinnamyl acetate when treated with dinitrogen trioxide at -
unspecified low temperatures gave the nitro-nitroso dimer (Iv)

end nitro-nitrite (V):-
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TABLE 7

The Interaction of Dinitrogen Trioxide and Olefins.

3

Clefin Conditions Froduct (% yield) Ref
' o .
= CH C“——"‘-—' C“.-O
CHSCH CH, 0 /ether 3” “1 5 14
| N‘\\ ,/’N\y
0 0
CHBCHN02CH2u02(a)
o W,
Cil , CHOHCH 2
, [CHBCHI\'OCH'ZNoa] 5 (very little)
. cis-and trans-| =10 to 5°/1:1 [pHBCHNOCHNoéCH{]z 19a,20
— — o
CHBCH=CHCH3 pentane-ether/ (29)
T : 2:1 NO-air erythreo and threo mixtures
i o ~ .
(Cit) CH=Cll, | -5°/ether/N 0, [}uﬂ3)2CHNOCHaN02 j]a '
Baae (Cd3)2CHOHud2h02 |
CH 00 (a)
N
7SN
ONCH,  CILKO,
(CHB)acuNozcuar«o2
=7
(01{3)20}1.0.1»:0‘2
PhCH=CH, €0°/2:5 ether- [PhCHNOCHNOZ] 5 20
benzene 2:1 NO-air (58)
- p-NO,PhCHl=CH, 25°/ether-aq. HNO,  [p=NO,PhC-CiNO, (32) 18
or =10 to 30°/ether/ NI
N203 | |
= -5°/Nali S H,CHNOCEHN
¢CHBCH-CHCOBCH3 0-5 /nzloz + H,50, c53c1noc‘n02c020H5] 5 18
: : or =10 /ether/NO-air] (47) '
: - ~ (o] ,. » » .
 PhCH=CHCH,CO,-|0 /rhCH3 [PhCHNQCHNOZCHZCOZCHSJE 13
bl \{
| CH3 thHCH(ONO)CHhOZCOZCH3
(CICHCH=CH,  |1iq. N,0, or N0,  CICH,CHNOCH,ONO 16
in ether or Iv'aNOa, , :
acid and H.O ‘
2
= 31CH. C{ON N .
c1cnzc(c33) as above ulcdz?\oro)cgznoz 1%
CH,, e
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Olefin Conditions Product (% yield) Ref.
O /.. ‘
-10 to 5 /1:1 0 (20) 19a
pentane-ether, .
2:1 NO-air -1i0
2
0°/1:1 pentane- N 19a,20
(:::::J ether 2:1 NO-air [:::::J o) } (Ls-47)
NO
. A L e 2
0°/1:1 pentane- B 20
ether 2:1 NO-air NO
| | n02 ,
- 0°/1:1 pentane- - B 119a,b
v D ether 2:1 NO-air - ~ NO2 D_ ’NOZ
g N
D D< D, PR
\‘101 (60) H 3
OCH Y stoqadded to L J 15
R.~ -R. olefin in aq. ether K\ -CH-C:XVH
- 2 L NaNo
2 uo NO
Ra
where R3 was where R1 and R2 wern
-CH:CHCHB H H (53)
H cn3 (58)
H C1 (64)
CH5 H (20)
Cl H (21)
OCH H 21
3 (21)
0 .
(02H5)ZC CH, [-10 /ether (CaHs)ac(OH)-CﬁaNoa 21
(25)
(CZHB)ZC(NO )-CH SN0,
_ , (39
; ) o o .
CH3(CHa)705'¢H2'1° /ether CHB(CH227CH§O CH N02 5 21
0.3 '

(a) formed by subsequent hydrolysis of the nitro-nitrite compound.
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N_O
: - . 23 - CHCH.CO..CH (6)
CgRsCH = CHCH,CO,CHy —=2» C6H5Cl:H (I:: CBp00,0H |
No MO,
. (1v)
H CH - CHCH_CO.CH,
+ Cg s 22
OKO O,

V)

The ratio of (IV) to (V) decreased when the solvent was changed from
toluene to.diethyl ether4or cyclohexzne. An increase in olefin
concentration in toluene favoured the production of (V) as did the
raising of the‘temperature above 0°. It would seem therefore that
high blefin concentration and increased temperatures favoured
nitro-nitrite. This is sgfficiently similar to the reaction product
of dinitrogen tetroxide to suggest direct reaction by the tetroxide.
Mechanism:= Two of thé mechanisms th~t have been suggested for this
reaction envisage heterolysislA'l6 of the trioxide (Equations 7 and 8)
and the third mechanism involves homolysisls’l9 to nitrogen dioxide

and nitric oxide (Equation 9):-

— N + l
11203 == N0~ + NO, (7
N0, == ro* + N0~ (8)
273 , 2 . .
N05 == N0 + NO, | | (9)

Homolysis., Becausé nitric oxide-and nitrogen dioxide afe free radicals,
dinitrogen trioxide or its equilibrium mixture would be expected to |
react with olefins by é homolyfic nechenism. The evidence for this
caﬁ be sumnarised as follows:= |

a) The oriéntation of addition isrindependent of the electronic

nature of the unsaturated compound.
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b) The stereochemistry of the products of the addition to ¢is- and

trans-but-2-ene and to the norbornyl systen has been suggested as

. being consistent with a free radical pafh.
a)Shechter and Ley 18 powed that the nitro-nitroso dimer (VI) (47%
was obtained by the interaction of methyl methacrylate and dinitrogen

trioxide in diethyl ether at 0 = 10°.

2772
- XNO 2

O.NCH, - cl:(CH3)cozcn3 (V1)

Because neither of the isomers (VII) and (VIII) were found, which
were the expected products if heterolysiﬂ}VIII)nitrosonium (xo*)
and nitrite (NO,”) ions| was important, it was concluded that addition

took place via a homolytic path. Similar results were obtained for .

II) OKCH.C{CH,)CO,.CH ' -
(VII) ’ulzl\ 3) 23 (VIII) 0NOCH2 ?(CHB)COZCH3

NO2 | A NO
p- nitrostyrene although the isomeric oxime only w#s obtained (32%)
(Table T p. 40).

Additionally, Shechterlga has pointéd out that in reactions
of olefins such as propene, isobutene.and styrene the nitro group of
the nitro-nitroso product was attached at the terminal rather than the
internal pésition. This would not be expected by én electrophilic
pfocess involving the nitrosonium ion (NO+). (Table 7).

Adducts of other unsymmetrical olefins and dinitrogen trioxide

12

have however been reported & in which the nitro group was attached to

the carbon bearing'the smaller rather than the greater number of
hydrogen atoms. Shechter12a has suggésted that the structures of
these products havg been misassigned or else have been derived from
base catalysed isomerisation of the initial vicinal nitro-nitroso

compoundss =



L

I\O NO N0, 10 NO~ NO + NOH NO

2 B ne i | 2 Bl " |} 2
-C-C-:————‘ CeCe —2Cale mT—m— =Ce«(C=- (10)
1'{ [ rut Lo o

The source of the base is not clear, neither is the magnitude of the
base catalysed nitroso oximino tautomerism considered.

Thus Shechter!22+13

envisaged addition to take place by
initial attack by nitrogen dioxide to give an intermediate 2-nitro
radical and subsequent pairing with nitric oxide or exchange with

dinltrogen trioxide to give the observed nitro-nitroso product:-

o

_C=C_—> -.9 - 9 - -——————a -C - ? - (1)
NO Vool
N02 NO 1\02

The occasionally observed dinitro or nitro-nitrite products were
derived by reaction of the intermediate radical with nitrogen dioxide.
The dinitro compound could also be produced by oxidation of the nitroso

group by nitrogen dioxidelzb.

19a

b) Scheinbaum has recently investigated the stercochemistry of the
reaction products of the interactions of cis«~ and trans-but-2-ene and
£€X0, 352-5,6-dideuteronorbornene with dinitrogen trioxide.

The reaction product of but-2-ene has been shown to be the
expected nitfo-nitfbso dimerzo. It was pointed out that if the reactien
involved a concer_t'ed‘ cis- addition’the adducts obtained from cis- and
itrans-but-2-ene would be the erythro and threo isomers respectively.

If addition was stereospeclfically transe the results would have been

‘reversed. However, addition of dinitrogen trioxide to the two butenes

CH H
3. A
N02
erythro- NO . threo-

H CH3 H V
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in a one to one mixture of pentane and diethyl ether solvent at

-10 to 5° resulted in identical mixtures of both erythro- and threo=

products. Also some isomerisation of gis- to trans-but-2-ene and

vice versa was found on examination of the unreacted olefin.

Scheinbaum'concluded'that these results were in agreement

with a two step homolytic path involving the initial reversible
addition of nitrogen dioxide with the formaﬁion of an intermediate
nitro alkyl radical. This radical, in either its isomérisedyor initisl
forms, then combined ﬁith nitfic oxide to give the observed products.
'} Addition of dinitrogen trioxide to exo, exo-5,6-dideutero-

19a,b

norbornene gave besides the tautomeric oxime, 60% of the nitro=-

nitroso dimer (IX) formed by exo-cisQaddition of the reagent. No

skeletal rearrangement was observed as indicated by proton nuclear

-
D NQ}-
H (1X)
D NO .
. Ny 2

magnetic resonance. This result is in agreement with these found for
the addition of dinitrogen tetroiide and other free radical systems to
norbornene (Ch. 1 p.27)"

Heterolysis. The evidence presented in favour of‘an ionic addition
path is rather nebulous.

Of those authors who have postulated a mechanism at all,

somel4’15 have régarded the nitro-nitroso adduct as arising by attack
ofa nitronium ion (Noj)'followed by reaction with the hyponitrite

jon (NO7). There is no specific evidence for this ionic path other

-than the identification of products which fit this scheme,
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- Recently Park and Williams16 have found that the treatment
of methallyl chloride or allyl chloride with, a) pure liquid dinitrogen
frioxide, b) the oxide in diethyl ether solvent, and c) the oxide
produced from sodium nitrite and acid in water, resulted in the

jsolation of the nitroso-nitrite adducts (X), and (XI) respectively.

- : CH. - CiCH.C
?HZ ?(CHB)CHzcl | il ll 5C1
NO  ONO ONO NO

(X) l (XI)

The authors suggest fhat addition took place as nitrosonium (no™)

énd nitrite ions (ONO7). This'was supported by the fact that

additidn of hypochlorous acid to‘allyl chloride is also anti-
Markovnikoff17. It is unlikely that the observed addition products
occurred by direct homolytic addition of the trioxide since a terminal
nitro group would have resulted.

Summary:- The evidence in favour of either ionic or free radical paths
is inconclusive and the question must still be regarded as open.

It is likely though that the mechanism is dependent on the reaction
conditions and more information concerniné the influence of the solvent
on the trioxide is called for. It is also noteworthy that there is

no report of the use of radical transfer agents.

Since there is some limited evidence for homolytic addition
of nitryl and nitrosyl chloride it is considered relevant to record an
outline of the work of this nature.

~Nitryl'Chloride:- - The interactions of nitryl chloride with olefins

and acetylenes has been comprehensively reviewed by Stacey and Harris22

and by Sosnovsky1.
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" Structure and Phvsical Properties of Nitryl Chloride:- llicrowave

23

rneasurenents established™ the structure as the planar form:=

Cl 0
TN

2
The liquid boils at -15.9o at normal pressures to give a colourless

gas that begins to decompose at 120° according to the equationzAz

| NOZCI\-'t--‘NO2 + Cl + 32 kcal (134 kJ) (12) ‘

which is followed by the secondary reactionzdz

NOLCL + Cl == 0, + Cl, (13)

Yechanism:= Shechterzs, from a consideration of the published datal'22

and from his own results with methylacrylate and acrylonitrile, pointed
out that the orientation of addition was independenp cf the electronic
nature of the substrate. In the caseé of terminal olefins such as
acrylonitrile and methylaérylate25 addition of a nitro rather than a
nitrite group was observed in the terminal position.

Brand and Stevensz6 found that the principal prodﬁcts fron
the nitrylchloride = cyclohexene interaction at 0° in diéthyl ether
in the presence of oxygen, were l-chloro-2-nitrocyclohexane (41,6%),
and trans-l,2-dichlorocyclohexane (26.6%). Some 2-chlorocyclohexanol
(6.2%), 2-nitrocyclohexanol (5.4%) (both formed by.subsequent
hydrolysis of the corresponding nitrite) and 2-chlorocyclohexyl
nitpate (6.4%) were formed. The products were rationalised by a
mechanism involving initiation by nitrogen dioxide folloved by transfer

with nitryl chloride in either of two ways:-

X0, + ClNO, —> Om + Yo, (14)
. NC >
or . | : on | ‘
. KO, +  wo,c1 —> [:::::] o, * C1- (15)
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The formetion of 2-chlorocyclohexanol indicated that scme initiation
must heve occurred by atomic chlorine beczuse initial attack by
nitrogén dioxide always results in a C-N linkage (Ch. 1 p- 24).

The formation of dichlorocyclohexane was stereospecifically trans-
and could have arisen either by initiation by a chlorine atom or by

normal heterolytic addition of molecular chlorine.

Nitreosyl Chloride:-« In 1877 Tildeﬁ27 established that nitrosyl
chloride added to a carbon = carbon double bond to give nitroso=-
éhlorides of the type (XII), which were able to tautomerise to the

oxime (XIII) or dimerise (XIV):=

C1 Xo
~c=C_ + NOCl —> -C-c- (X11) (16)
. - {
o
-C=-C = NOH (XIII) (17)
t
(XII)
c1 0
(XIEF\\\S i i v
«aCaCeN=N-C«Ca=- (18)
| | d i
0 Cl

(XIv)

This reaction, termed nitrosochlérination,.has played an important

part in terpene structure determination. In some cases’o the nitroso
compounds were suffigiently stbble to exist as blue monomers, steric
factors preventing dimerisation as in the case of_tetramethylethylenez9.
In some other cases anomalous products such as chloro-nitro and
dichlorides were isolated and it is these that are relevant to this

‘present work because a free radical path has been proposedBo to

account for their formation.
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Several reviewsgl'Jl+J have been published on the preparation,
properties and reactions of nitrosyl chloride. The recent exhaustive
review of Kadzyaukas and Zefirov concentrated on the mechenism and

stereocnemistry. of the reaction.

Structure and Physiéal Properties of Nitrosyl Chloride:- Electron
diffraction meamirementsz4 have shown that nitrosyl chloride has the

non-linear structure:
O=N
, 116 c1
The solid melts at =59.6° and the 1iguid has b.p. -5.8° at normal

pressures24. )

Nitrosyl chloride undergoes thermal decomposition according
to the equiliﬁrium24z
2NOC1 &= 2N0 + Cl, -~ (19)

and it has been calculated that it is only 0.6% dissociatcl at 25°

at one atmosphere which increases to 6.9% at 125° under one atmosphere24.

Mechanism and stereochemistry of Nitrosochlorination:-

Considerable experimentation3l’32 has shown that the addition of
nitrosyl chloride follows'Markovnikoff's rule with the nitroso group
adding to the more hydrogenated carbon atcm. This indicates that the
initial sttack is by the nitrosonium ion (NO*) and Ingoldd? and
other528’34’35 have suggested that addition took place according to
the ususl scheme for electrophilic attack on a double bénd:-

\CI wot V/ c1™

i
¢ C.‘~s - - J
i $rumo —y "GO (20)
c c Cl -« C w

’ l \ / \ | - .

In agreement with the two stage electrophilic addition

. 26 ‘
Memwald3 ha§ found that 9,10-octalin gave a transenitrosochloride:
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NO

H
+

d

%6

On the other hand norbornene and norbornadiene’” both gave dinmeric
nitrosochlorides that had exo-cis-stereochemistry. The lack of
skeletal rearrangement, cis-addition and the lack of incorporation
of a nucleophilic solvént (ethanol and acetic écid) into the .
products, led Meinwald to conclude that in these cases a two stage
eiéctrdpﬁilic addition Wasrinopefative. A free radical mechanism
initiated by nitric oxide was ruled out because nitric oxide was

37

known to be unreactive towards norbornadiene’’. A four centred cyclic

transition state (XV) was suggested to account for the observed

products:= Lo

: — _1
&* {-
ON--------C1

- - s 5

_C=C_+ NOC1— v o —> products (21)
| ?
i I

(xv)

Anomalous Products:= The most commonly occurring anomalous products

of nitrosochlorination are vicinal dichlorides, dichloronitroso and
chloronitroso compounds.,

Ogloblin et ngo have explained the formation of dichlore
‘and nitrochloro derivatives in terms of the stability of the initially
formed nitroso compounds. The formation of stable and insoluble
dimers were envisaged as decreasing the‘yields while nitroso compounds
th%t did notbréadily dimerise and were soiuble would increase the

yields by further reaction by a radical mechanism involving the
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- formation of an unstable diazonitrate. This type of intermcdiate

and its formation are discussed more fully in Chapter 3. Thus,

Ogloblin found that penffl-ene3o in ether solution, when treated

wifhknitrosyl chloride initially at -50o - but stored overnight

at -15° - gave the dichloro (43%) and the chloronitro (26%) compounds.
Temperature  dependence and the possiblé involvenment of

38

diazonitrates is illustrated by 2-methoxy propene’ . Treatment of
this olefin in ether with nitrosyl chloride at -60° gave ihe expected
dimeric nitrosc-chloride which decomposed explosively at room temperature.
On the other hend it was implied that 2-chloro-2-methoxy propane
diaéonitrate (XVI) was present, because, on warming the product formed
at 10 - 150, nitrogen was evolved and on hydrolysis nitrate ions were’
identified. |

(:1430?(:101{21&‘,)_()1..*02 (xvI)

CH3

The possible initiation of addition by nitrogen dioxide
has also been discussed. Jones et 3139 found that cholesteryl acetate
reacted very slowly with pure nitrosyl chloride in ether in an inert
atmosphere at -50° to give the nitro chloride (53%) in two months.
When nitrogen dioxide was added at -150 the same product (72%) was
vformed in only two hours.
Photolysis:= The first photochemical reaction with a hydrocarbon was
reported in 1919 by Lynn*® who found that nitrosyl chloride readily
reactéd with normal heptane in sunlight giving a transient blue
solution. In later papers Lynn and coworkers identified the prodﬁcts

as hydrogen chloride and heptanone oximeAl, via the nitroso compound:=

‘\ Y/ '
C7H16 + Necr N, C7H15h0 + HC1 (22)
c,{HlSNo — 07}114110}{ . (23)
42 -

vand they extended the work to foluene .
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* 43

In 1953 an analogous reaction of cyclohexane was reported
and it is on this reaction that the recent industrial processqu.for
the production of caprélactam is based. A mixtgre of cyclohexane,
nitrosyl chloride and hydrochlqric acid is,irradiatedl+5 with light of

’

wave length 4,059 L. (1 equivalent 405 nm) at less than 20°:-

NOC1 + hv ——s NO + CY : ' (2h)

O + Ck — O + n01 ' (25)

WOHHC1 :

. /]

O + NO QNO 21 O (26)
’ by o

A recent paperL+6 has detgrmined the quantum yiéld as 0.72 indicating

that a chain reaction is unlikely.
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CHAPTYR 3

-—

The Interaction of Nitric Oxide with Organie Commounds

Nitric oxide is the simplest of the paramagnetic nitrogen
oxides and despite the presence of aﬁ odd electron it has iittle
tendency tb dimerise except at low temperatures in the liquid
(bepe -151,7°) and solid (m.p. -163.5°) forms. The liquid is
reported2 as being 97% dimeric at its freezing point. Itsblack
of colour and its low reactivity towards many materials under
o;dinary conditions suggeét an inherently greatef stability than

is characteristic of many odd electron molecules. Pauling3 has

suggested resonance between the following structures:

Hi:0: e—> N::0: e— R == O

Green and Linnet4 have considered the three electron bend fronm a
molecular orbital approach and report a bond order of 2.5.

Examination of the electron paramagnetic resonance spectrum5
has indicated that the greater part of the spin density (ca. 60%)
is centred on the nitrogen atom. Its activity as a free radicel is
illustrated by its feady combination with 2-cyano-2-propyl radicals
in boiling benzene to give tris-(2-cysne-2-propyl) hydroxylamine in

$

50% yield:6

3(CH3)2(IJ' + NO —> Ncc(cui)arlcoc(c.n})cn (1)

CN : C(CH,).CN

5)2
The high thermal stability - little decomposi‘tion2 even

at 500° - of nitric oxide has resulted in its use as a vapour phase

inhibitor of radical polymerisation7 and also as a free radical trap

in pyrolysis studiesa.
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Inhibition of Gas Phase Reactiens. The studies which have been carried

cut using nitric oxide as a gas phase inhibitor provide a clear picture
of the reactivity of this stable free radical and bearing in mind the
problems that occur when extrapolating vapour phase results into the
liquid phase it is of value to consider those parts of such work
relevent to the content of this thesis. |

Nitric oxide has long been ﬁsed as a free radical trapping
agent in the gas phase and a considerable number of pyrolytic stﬁdies
ha&g been carried out in the presence of the oxides. The presence of
short lived organic radicals have been deduced from an examination of
the kinetics or of i1he final reaction productse. Rice and Polly9
first pointed out that initiation by nitric oxide was possible and
thé suggested step was a hydrogen abstraction:e-

RE + NO — R + INO | (2)

.This idea has been developed into a general theory of inhibition of
organic compounds by Laidler, Wojciechowski and coworkers. Two paperslo
survey the general theory in which it is proposed that initiation is by a
hydrogen abstraction step and termination involves reaction between the
most abundant chain carrier and either nitroxyl (XNO) or nitriec oxide.
Later11 it was suggested that species such as a monomeric nitroso
compound - or the corresponding oxime - arising by the combination of

nitric oxide with an alkyl radical:=

R + NO — RNO —> R'CH = NOH (3)

would also take part in the termination step regenerating nitric oxide:

R* + R'CH=NOH — RR'H + NO (4)

On the other hand Norrish and Pratt12 do not consider that nitric oxide

abstracts hydrogen atoms, rather thet it adds to radicals with the
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eventual formation of an oxime:

. N = NOH
C2H5 + NO — cznsro — CHBCH NO! (5)

These oximes undergo decomposition in two waysj; by reaction with nitriec

oxide or by direct unimoelecular decomposition:-
s . 6
CoH, + 2rQ + H ( )
NO

oxime

CHBCN + H20 (7)

Of;particular significance is the fact that of the theories advanced
to account for the inhibiting effect of nitric oxide, most have
invelved disproportionatioe of nitric oxide to nitregen and nitrogen
dioxide by reaction with nitroso compoundse. Batt and Gowenlock13
have proposed formation of N-nitroso-N-alkyl hydroxylamine nitrite
[RN(NO)ONO], via the nitrose intermediete, whieh rearranges to a
diazonitrate (RNZONOZ)’ and then decomposes. This can explein the
formation of nitrogen in the reaction of nitrosomethane with nitric
oxide at high temperatures and is analogous to Brown's14 suggested
pechanism for the interaction of‘ﬁitric oxide with liquid isobutene
discussed leter (pe 63°)e Christielslhas also discussed the possible
formation of the substituted hydroxylamine during the rcom tempzrature
photolysis of methyl iodide in the presence of nitric oxide.

A further significant reaction is between ethoxy radica]s

and nitric oxide at 181° +to give ethyl nitrite which has been studied

by Levy'®, and Arden and Phillips'7:-
C,H.00 C,H 8% 0o (8)
25 25 7S '
CZHSOv NO —_— C.H_ON (9)

25&‘
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Levy18 later repofted identification of nitrous oxide, ethancl and
acetaldehyde formed by the decomposition of ethyl nitrite in the

presence c¢f nitric oxide:-
)

. 181 )
CZHSO.‘O === CZHSO + YO (10)
02}150- +4 N0 —— HIO + 0330110 ' (11)
2HI0 —— N0 + H2O (12)
CoH-0" + HO0 —s CoH,OH + MO (13)

T
;

Arden and Phillips17 also found nitrogen and nitrogen dioxide in the
early stages (ca. 15%) of the pyrolysis of diethyl peroxide in tﬁe
presence of nitric oxide at 95°. This was explained by the reaction
of nitric oxide with nitroxyl:

MO 4+ 2No;*f}m(no)orqo] —> He + N2 + 0£J02 (14)

or':o2 + NO —> 2v0, (15)

Iiquid phase reactions of nitric oxidese=

Simple olefins. The reports in the literature concerning the action

of nitric oxide on simple olefins are few and &s late as 1949 Sidgwick19
stated that such reactions did not occur.

The first workers to identify any products were Bloomfield
and Jeffrey20 who‘obtained from cyclohexene, l-nitro cyclohexene (I)

and dimeric nitro-nitroso cyclohexane (II) without recording yields

or reaction conditions.

10

n
=
O

NO

(1) ‘ (11)
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The most comprehensive study of an olefin and nitric oxide

14 41 1957 using liquid isobutene at 28°,

interaction was made by Brown

Three characteristics of such reactions were establisheﬁ. Firstly when

pure nitric oxide was used there was an induction period and the reaction

could be initiated by admitfing either a small quantity of air or by

adding reaction prodﬁcts from an earlier experiment. The nethod of

purificati&n of the oxide was not stated. Secondly a product of a

nitric oxide - olefin interaction was usually a dimeric nitro-nitroso

adduct, nitrogen and an unstable viscous oil. The latter underwent a

"fume off" oﬁ’attempted separation by distillation or column

chromatography. It was fpund that the decomposition of this liquid

could be controlled by steam distillation or passage through a falling

film still, but no method of separati.g*-~ constituents of the oil in

significant quantity was discovered. Thirdly, those samples which it

had been possible to sepafate, usually consisted of nitro olefins and

were thus typical of adducts formed from other nitrogen oxides and olefins.
Some dimeric nitro-nitroso isobufane (111) (1.2%).and nitrogen

were identified.
[ ‘ (CHB) 20 (NO)CH2N02 :l 2
(111)

The structure of the major component (66.4%) of the oil product was

postulated as being:-

(Noz-:c-c 4H8) N , (N02-§-C 4 8)

/ \
(NO,=$-C,Hy)=0 0~ (HO,=1=C 4 Hy)

which arose by the following steps:=
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NO
- 2, C e s ¢
(CHy),C = CH, (CHy),C = CHNO,  initistion (16)
R + NO —> RNO where R*= (CH,).CCH.IO an
3/ H Y0
RNO + R ——> RNOR —DNOR (RNOR),, (18)

By fractional crystallisation at low temperatures (-780) Fhillips
and Coyne21 later isolated 34 - 45% of tris-(nitro-t-dutyl)
hydroxylamine (IV) from a similar oil derived from a nitric oxide-
is;bufene reaction. According to them this arose from the reaction

-

sequence: =

R+ NO —> RN =0 | (19)
RE=0 + 2R* —— R =N ~O0R (20)
: |
R
(Iv)

The substituted hydroxylamine was found to decomposé rapidly at
moderate temperatures to 0, N-bis-(nitro-t-butyl)-hydroxylamine
(RNOR)z, a mixture of nitroisobutenes and traces of acetone,
nitromethane and 0O-(nitro-i-butyl) acetoxime, and they are therefore
in agreement with Brown who isolated the same compounds by fractional
distillatién of his oil product (Table 8).

Bﬁrkhard and Brown22 have carried out similar studies using
tri- and tetramethyl ethylene with results essentially similar to
those above except that considerable quantities of unreacted monomeric
nitro-nitroso adducts were found; The constitution of the oils derived
~ from these two olefins ana from isqbutene'could not accurately be
determined and was only estimated on the basis of isolation of a few

pure compounds and on infrared analysis of the fractions collected.
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TABLE 8

Estinated Commosition of the Product from the Reaction of Isohutene and

Nitric Oxide at 28°

% Initially

% After

Compound : . (a)
present fractionation

(Nitro-i-butyl)4ﬁ202 (Crude 0il) 6644
Ne(Nitro-t-butyl)=~hydroxylamine 1
d,ﬁ-Bié-(nitro-g-butyl)-hydroxylamine 0.4
Ni%romethane | 1.8
Acetone | 0.8
Acetoxine 0.2
0=-(Nitro-t-butyl)-acetoxime 2.3
Regeneraied isobutene cae 1l
1,2=Dinitroisobutane 0.8
l-Nitroisobutene 49.7
2-Nitroisobutene 21.8 24,2
Dimer nitronitrosoisobutane 2.1 2.7
Nitro-i-butanol(b) . 8.8 8.8
Nitro-t-butyl nitrate - 0.6 0.6

2 -Hydroxyisobutyraldoxiﬁe 063 0¢3
Liquids bePe> 100° (1 mm, ) 7.3

. (a) The compounds not_initially present arose by decomposition of

(nitro-ﬁ-butyl)4N202 and by further reaction of the decomposition

products.

(b? Formed by subsequent hydrolysis of tﬁe nitro-nitrite compound.
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There are few other significant reports of liquid or gas
phése interactions of nitric oxide with siqple olefins.
l'echanism:  The mechanism of the liquid isobutene, nitric oxide
reaction, as postulated by Brown14
The first of these was the need for a catalytic quantity of nitrogen
dioxide. The second was the similarity of the structures of the
products with those obtained from olefin and other nitrogen oxide
additions. Thirdly, the available information on the action cf -
the higher oxides (Ch. 1 and 2), which indicated that products such
as 2~-nitroisobutene, dimeric nitro-nitroso isobutane and nitroet-
butanol were formed mainly by a homolytic path involving nitrogen
dioxide, while those such as nitro-@-butyl nitrate and o ~hydroxy-
isobutyraldoxime arose by an ionic process involving attack by the
nitrosonium ion (NOT).

The first step in Brown's reaction scheme was ettack by
nitrogen dioxide on the double bond to give a nitro alkyl radical
which then paired with nitric oxide to give the initial nitroe
nitroso adduct:- |

“c=0_+ NO

|
2 = — -C«C=-  (21)

The basic problem became that of accounting for the production of
nitrogen dioxide in the reaction. Bfown proposed that this occurred

by the action of nitric oxide on the nitro-nitroso adduct to form an

unstable diazonitrate (V):=-

R-4=0-23 g o R
' l, |
N — ¥ | ¥
7N\ Z N\ 7
n 0 N 0 N
! ! ! i 0
N=0 0 N-0|OaN

, was based on three considerations.

(22)
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It was further postulated that this intercediate diazonitrate could
decompose by either homolytic or heterolytic bond rupture. The
homolytic process regenerated +the original radical and hence
‘accomplished a simﬁle disproportionation of the nitric oxide into

nitrogen and nitrogen dioxide:

R* + 380 —> RN, O0NO, (23)
RN, ONO, ——> R+ N2 + ONO,, (24)
ofm2 + NO —> 210, : (25)

j
The heterolytic route yielded sequentially diazonium nitrate,
nitro-olefin and nitric acide A conversion of nitric oxide to
nitrogen dioxide was also envisaged but by a less efficient path

than by the homolytic route:

v e +n . -
RN20N02—-—> [m12 1\03] —_— [R NO3] + N, (26)
.. .
[R No3 ]-———e C4H7N02 + HNOB (R = c4H81102) 7
2}11103 + NO —> H0 + 3N0, (28)

That nitroso monomers react with nitric oxide was first shown by

Bamberger>>, in 1897 who obtained phenyl diazonium nitrate by treating

nitrosobenzene with nitric oxide in chloroform. While a wide range of

saturated24 24425

and unsgturatéd compounds » and free radicals undergo
extremely facile addition to the nitroso group, there is no direct
evidence that nitric oxide does so. Recently evidence has been
presented26 for an N-nitroso-N-alkyl hydroiylamine nitrite

.[ RN(NO)ONO ] (cofe pe 58 ). One mole of trifluoronitrosomethane,
when treated with nitric oxide at -110° in methanol, absorbed exactly

two moles of gas, and on warming the solution to -55° gases were

evolved, one of which was identified as methyl nitrite (CH,ONO)s The

3
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trifluorohydroxylamine wes isolated as its methyl ester when
diazomethane was passed into a similer solution at -700, methyl
nitrite and 0,N-dimethyl-N-trifluoromethyl hydroxylamine (VI) being

obtained. Ginsburg interpreted his results according to the schene:-
CH,CH

CFBNO + 20 —> [CFBN(NO)ONO] —2 CFBNHC‘H + 2CH}OIIO (29)

CFBNIKHI + 2CH N, — CFBN(CHB)OCH

A (30)
(V1)

3
Evidence for aliphatic diazonium nitrates hes been produced by

Tedderm wilo found that a yellow solution was produced by pessing
nitric oxide into a methylene dichloride‘solution of lenitroso-hex-i-yne
at -76% On warming this solution evolved nitrogen and by treatment
with 2e-naphthol and dimethylaniline azo coupling products were obtained
that gave iinlirect evidence that an unstable diazonium salt was formed

in situ; this was assumed to be the nitrate.

. + .
T -
BuC == cv0 22,  BC=CeN= NNO, (31)
A case has already been cited where treatment of 2-methoxypropene
with nitrosyl chloride gave an isolatable diazonitrate28 (p. 51 ).
Much more recently Tedder29 has isolated stable heterocyclic

diazonium nitrates of some nitroso substituted indolizines (VII),

quinilizines (VIII) and pyrrolathiazoles (IX).

B ¢2

(14)
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This was done by passing nitric oxide into cold chloroform solutions
of these compounds for two hours in the absence of light, when the
corresponding yellow diazonium nitrates were deposited; The salts were
stable in the solid state and the aqueous solutions could be boiled for
somé minutes without decomposition, and are typical of other aromatic
diazonium salts and in sharp contrast to the highly unstable aliphatic
diazonium salts.

)V It has already been noted that the transient existence of
;iiphatic dizzonitrates or their precursors, has been suggested for
géé phase reactions of nitric oxide with nitroso compounds. However,
the evidence for their existenée in either gas or liquid pheses is by

no means strong and comes mainly by extrapolation from aromatic

chemistry.

Halogeno-olefing:= Some gas phase studies of the interaction of
halogeno-olefins = mainly fluoro-olefins = and nitric oxide have beeh

30-33

undertaken by Hazeldine and co-workers (other workers are listed
in refs. 34 - %).
Hazeldiheso in 1959, in a Gernman Patent, shoved that

polyhalo-blefins reacted with nitric oxide when irradiated and/or
heated (100 - 200°) to form resinous or oily polymers of good stability.
Typical olefins were CF,=CFC1, CF,=CHF, CFB(CFz)nCF=CF2 (where n = 0 - 2),
CF,=CFCF=CF,, CF,=CC1CH=CF, and CF p=C (CF5)CF=CF,,

' Later Hazeldine ! et al reported that tetrafluoroethylene
(2 mol) reacted slowl§ with nitric oxide (1 mol) in the gas phase,

at room temperature, in the dark to give the stable monomeric

tetrafluoro-l-nitro-2-nitrosoethane (66%) and tetrafluoro-1,2-dinitro

ethane (15%). Some perfluoro~2-(2-nitro tetrafluoroethyl)=l,2-

oxazetidine (X) (5%) and polymer (XI) were also isolated.
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| — —}OCF,CF ,—
o?_NCFZCszlw cl) | H00FCT
CF,— CF, CRQORRN0, |

(X) (X1)

These last two compounds arose by the known addition37 of tetraflucr-
ethylene across the nitrogen oxygen double bond of the nitroso group.
fonomeric tetrafluoro-l-nitro-Z-nitfoso ethane would be expected L
because nitroso compouds having an o« =halogen atom and no
vu:-hydrogen_atoms are known not to dimerise38. Since no dinitroso
compound was found nor were products Zsolated that may have been
derived from it (such as a dioxazetidine), Hazeldine et al concluded
that nitric oxidekwas not fhe initiating radical and préposed that the
reacfibn was initiated by nitrogen dioxide which was present in the
nitric oxide as an impurity. A reaction scheme was therefore proposed

that was &nalogous to Brown's14

suggestion for the resciiom of nitrie
cxide and isobutene. The nitrogen dioxide so produced gave rise to
theé observed dinitro.product by combination with the initial nitro
fluoro alkylbradical.

Partial confirmation of this scheme was obtained when it
was found that tetrafluoro-l-nitro-2-nitroso ethane and nitric oxide
gave a rapid reaction at room temperature to yield 1,2-dinitrotetra-
fluoroethane (gz. 50%), nitrogen and dinitrogen tetroxide. Again the
formation of a diazonitrate and its homolytic decompositibn was used
to explain the formation of these products.

The same mechanism was accepted by Park et 2135 whoralso
examinéd the reaction of tetrafluoroethylene under similar conditions
~ to thqse of Hazeldine and found identical7products. -Additionally
these authors used trifluorochloroethylene at 22° (24 hr) to give a
large amount of nondistillable material (ca. 507%) and small amounts

of the compounds:=
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ClCcmFClKO, ClCFZCFClz, 02N0F20F012

(X1I) (XITI) (XIV)

These latter arose by attack of a chlorine atom which itself was formed

from a nitro-nitrite compound as shown below.

OZNCFZCFCIONO —_— OZNCFZCFCIO' + NO (32)
O,NCF,CFC10c —> O/NCF,COI' + Cl° (33)

2772 2 72

The.acetyl fluoride was probably lost to the water used to wash the
reaction product.

The reacticn of hexaf;uoropropene and nitric oxide has also
been examiﬁed33’34. In contrast to tetrafluorocethylena, Hazeldine
23'3155 found that hexafluoropropene reacted very slowly with nitric
oxide in the gas phase. This was in accord with the known reactivities
of the two olefins towards freca radicals which was explained by the
electron withdrawal by fluorine and by steric interfcrenceBg. At 65°
and six aimospheres pressure a three to one nitric oxide hexafluoro~
propene mixture reacted over 48 hours to give hexafluoro=lenitro=2e
nitroso propane (17%), hexafluoro-1,2-dinitro propane (10%) and
pentafluoro acetone (4%). Higher temperatures decreased the yield
of the nitro-nitroso compound while increasing the amount of the
dinitro adduct. This reflects the thermai instability of the
nitro-nitroso compound.

Park et 3136,.in addition to the work already described,
made an interesting study of the reaction of ritric oxids with
tefrafluoroethylene. trifluorochloroethylens and 1,1~-difluoro-2,

2-dichloroethylene using a flow system and Lewis acids as catalysts
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at various temperatures. Lewis acids of trivalent cations in the solid
state are known to absorb nitric oxide reversibly. It was hoped that
an elevated teoperature éould be found where the complex was appreciably
dissociated so that the nitric oxide'would be sufficiently activated to
behave 83 & typical free radical initiator. In which case sddition to
~the olefinic bond might be expected to form a 1,2-dinitroso adduct.
of the Lewis acids tried, only finely divided ferric chloride gave
suitable results; this supplied chlorine to the system as it was'
redﬁced to ferrous chloride. At 45 = 75° the major products were the
cprresponding chloro-nitroso compound s (71 - 76%) and were thus typical
adducts of the nitrusyl chloride reaction (p.49 ). In the presence
of a fluoro-olefin it was'suggested that nitric oxide and ferrie

chloride reacted in the following manner to form nitrosyl chloride.

(FeCly + NO === Fe(1,.N0 | (34)

FeCl; N0 + NO —> FeCL,NO + NOC1 (35)

FeCly + X0l ——» FeClN0 20, FeCLNO + 2XOCL  (36)
40

Recently, Putnam and Starkey  have isolated a white stable

cross linked polymer when nitric oxide and liquid 1,1,4,4-tetrafluoro-l,
3-butadiene interacted at room temperature over éeveral hours in a
stainless steel reactor. The structure was assigned on the bésis of
the infrared spectrum and elemental analysis. ’It was suggested that
the polymer was formed via a dinitroso adduct (XV) which copolymerised

with excess diene (shown for a 1,2-adduct only):-

CF2 =CH - CH = CF, + 2NO —— CF, = cH - (‘)H - CF,NO (37)
0] ,
XV
YO (xv)

. = - = 0 o : .
(XV) + 2CF, = CH - CH = CF,— CF, = CH-CH-CF,~N-0-CF,-CH-CH = CF,  (3g)

CF p=CH-CH = CF,
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Summary, Apart from reactions in the presence of ferric chloride it
seens that the majdr products from the interaction of nitric oxide

and olefins are wunstable oils. In the case of olefins fhat readily
polymerise this oil is largely polymeric and could not be purified.

Other products arise by addition of nitrogen dioxide which many authors
believe arises yia an unidentified diazonitrate. The reaction has every
indicatidn of being essentially a free radical process probably initiated
by nitrogen dioxide. Fluoro-olefins are less reactive towards nitric
oxide then their purely hydrogen containing counterparts and the

fluorinated adducts are more easily separated.
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CHAPTTR 4

—_—

Preparation of Solvents, Reasents, Olefins end Chloroprene Dirers,

and Methods of Analysis.

a) Solvents and Reagentss=

Fractional distillations were carried out using jacketed
Fenske helices packed colums, 0.3 or 0.5 metres in length; the reflux
ratio being controlled manually bty means of a narrow bore stop~cock
through which the condensate flowed. |

l);n-Hexane, n-Heptsne and Dichloromethane, The liquids were passed

through a silica gel column, shaken with successive small portions of
conceﬁtrated sulphuric acid until the lower layer was. colourless,
washed successively with water, sodium carbonate solution and water,
and then dried over anhydrous magnesium sulpﬁate. The hydrocarbons
were’finélly distilled at atmospherié pressure and collected over 4A
molecular sieve. n-Hexane b.p. 68.90; g-heptane bePe 980; dichloro=-
methane b.p. 40°. The hydrocarbons showed no absofption in the

ultraviolet.

2) Chlorobenzene. Chlorobenzene was distilled at atmospheric pressure,

the fraction b.p. 130.5o was stored over 5A molecular sieve in the

dark.

3) Tetrahydrofuran. Tetrahydrofuran was dried successively with 4A
molecular sieve, sodium wire and by refluxing over calcium hydride -
~and finally distilled from calcium hydride and stored under nitrogen.
bep. 65°/729 ma. | | - |

4) Sulpholane was dried by‘standing over 4A molecular sieve and then
diétilled using an electrically jacketéd.k one metre long fractionating
columnApécked with{Fenske élass helices."Thé distiilafion was carried

out under reduced nitrogen pressure in order to remove traces of water
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and sulpholene. The column was operated at a reflux ratio of 10:1

and the fraction b.p. 97°/2 mm.was collected under nitrogen and stored
in a degiccator. In order to prevent solidification in the exit from
the magnetically operated still-head, lines were traced with low
voltage nichrome heaters. No peaks atiributable to water were found
in the i.r.

5) Other Solvents, Ether, pentane and benzene (Analar) were dried by

standing over sodium wire. Toluene (Analar) was dried by standing
over 4A molecular sieve and acetone (Analar) dried by standing over
calcium sulphate.

6) Ievulinic Acid, (3-Acetyl propionic acid), This wes prepared according

- to the method in Organic Syntheses1 by acid hydrolysis of cane sugar.
The reaction product was fractionally distilled to yield colourless
levulinic acid, (19.5 gy 26%) bep. 136 = 138°/10 mm. (Lit. b.ps

137 - 139°/1o mm)}. The acid was solid at 20° and the ln N M. T
spectrum, singlet at 7.96 T, intensity 3; multiplet centred at 7.457Y,
intensity»4 ; & singlet at =5,6 Y of intensity 1, showed no‘detectable
enol or lactone form. |

7) Anhydrous p-Toluene Sulphonic Acid. A benzene solution of p-toluene

sulphonic acid moﬁohydrate was distilled using a Dean and Starke
distillgtign head until the solution was anhydrous. The solution
volume was reducéd by further distillation until crystals of tﬁe
anhydrous acid were just precipitated, when the hot solution was
decanted under nitrogen onto a glass sinter and allowed to crystallise.
Thé anhydrous acid crystals were collected and dried in a stresm of

nitrogen. m.p. 380 (Lit. m.p. 38° 2.

8) 2-lethallyl Chloride. 2-lethallyl chloride was refluxed over
" magnesium oxide (0.2% w/w) and then distilled collecting the fraction

bep. 70.50/733 mn. which was stored over 4A holecular sieve.
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9) m-Dimethoxy Penzene. The ether was distilled at atmospheric pressure

and the fraction b.p. 214 = 2150 collected.,

10) Methanol. llethenol was first dried with 3A'moiecu1ér sieve and
further dried b& tre;tment'with magnesium activated with iodine after
the method given bj Vogelj; The fraction b.p. 650/760 mnm. was collected
and stored over 3A molecular sieve. |

11) Yoleculer Sieves. Linde molecular sieves, when required for drying

oxygen-sensitive compounds, were twice degassed by prolonged pumping
(gg. 1 mﬁ., 4 hr) at 100o and brought back to afmospheric pressure

under nitrogen.

12) Acetophenone, Acetophenone was dried by standing over calcium
sulphate (24 hr.) and then distilled under reduced nitrogen pressure.
Thé fraction b.p. 570/2.5 nm. was collected and stored under nitrogen.

13) Methylene-p-Chlorozniline. p-Chloroaniline (20 g.) was dissolved

in ethanol (60 ml.) and 4Gk fcrmalin (15 ml,) added. This was left
standing overnight when the deposited white needles were filtered off,
washed with a little ethanol and recrystallised from n-hexane. meps

139 - 140° (Lit. m.p. 142°)4, |

14) Nitrogen. White spot nitrogen (British Oxygen Coe) was freed from
possible traces of other gases by either passage over Badische (B.A.S.F.)
catalyst (finely divided copper) to remove oxygen, followed by sodium
hydroxide pellets and finally magnesium pefchlorate,or by passage through
vanadous sulphate solution to remove traces of oxygen, followed by
concehtrated sulphurie acid, silica gel‘and finally 4A molecular sieve.
15) Argon. The gas (Brifish Oxygen Co.) was subjected to the seéond
purification treatment given for nitrogen.

16) Nitric oxide, Nitric oxide (liatheson, U.S.A.) was freed from possible

higher nitrogen oxides by passage via glass sinters through concentrated
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sodivm hydroxide solution, concentrated sulphuric acid, over sodium
hydroxide pellets and finally 3A molecular sieve. This purification

train formed part of the apparatus discussed later in more detail

(po 99) .

_17) Nitrogen Dioxide. When required for injection this was prepared in
a syringe by combining 1 vol. of oxygen with 2 vol. of nitric oxide.
18) Cyclohexene, The olefin was freed from reroxides and moisture

by refluxing over sodium wire and then fractionally distilled in a
nitrogen atmosphere. The fraction b.p. 82.80/760 mm, was stored under
nifrogen in the dark. G.I.c. (Apiezon L at 80°) showed only one

component.,

b) Inhibitors:=

1) Galvinoxyl. Galvinoxyl was recrystallised from benzene, yielding
dérk blué crystals of galvinoxyl m.p. 152°,  (Lit. m.p.

153.2 - 153.60)5. A very intense maximum was observed in the visible
spectrum at 431 nm in agreemeht with the literatures.

2) Phenothiazine, The dark green powder was boiled with toluene

(charcoal) under reflux and then filtered. On cooling the filtrate
. deposited pale yellow crystals which were collected, dried and stored
\ .
under nitrogen. m.p. 181 = 1820, (Lit. m.p. 182 - 183°)2. On standing

and exposure to the air the mother liquor became pink possibly due to

the formation of the nitroxide:-6

o

7

|
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3) 2,2,6,6=Tetranethvl Piperid-4-one Yitroxide.

i) Triacetonamine. This was prepared from acetone and ammonia by

- the method of Hall7. After working up the product and subjecting it to
careful fractional distillation through a 1 metre column packed with
Fenske heliées, there was obtained triacetonamine (2,2,6,6~tetramethyl
piperid-d-one) (258 g., 65), bup. 97 - 100°/18 mn., m.p. 36° (Lit.

b.p. 102 —‘1050/18 NZey DePs 34 = 360)7. The pale yellow crystals
were kept under nitrogen at -20°,

ii) Oxidation to the nitroxide. This was carried out according to

the method of Brindley and Alltes®, Recrystallisation from'g-heptane‘
gave ﬁhe pure compound (9.6g.) m.p. 42 --44° (Lit. .o 360)9; light
orange crystals with i.r. specfrum identical td that of an authentic
'specimenlo, and shown iodometrically to be.99% pure.

4) 2,2,6,6=Tetramethyl Piperidine Witroxila.

i) 2,2,6,6-Tetramethyl piperidine. The amine was obtained by a

modified Wolff-Kishner reduction of triacetonamine after the method
of Leonard and Nommensenll. After careful fractionation of the product
there was obtained 2,2,6,6-tetramethyl piperidine (48 8oy EO%) bepe
)ll

152 - 154°/760 mm. (Lit. bep. 151 = 1520/750 mm,

i1) Oxidation to the nitroxide. 2,2,6,6-Tetramethyl piperidine

nitroxide was obtained by oxidation of 2,2,6,6-tetramethyl piperidin;
using an enalogous pfoéedure as that for 2.2,6,6-tetramethyl pipefid-4-
one nitfoxidé. :Récrystallisétioh from n-heptane gave the pure
éomﬁound (12 g., 32%) m.p. 37° (Lit. m.Pe 350)12; red crystals with an
i.r. specfrum identic;l to that of an authentic specimenlo and shown
iodoretrically to be 99% pure. The e.s.r. spectrum was a triplet with
hyperfine splitting ay = 15.5 gauss (SI equivalent is 155 aT) arising

through coupling of the unpaired electron with the nitrogen atom (Fig. 2).
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/55 GAuss (155 mT)

o

-.‘

Fipure 2 E.S.R. Spectrum of 2,2,6,6-Tetrsmethyl Piperidine Nitroxide.

5) Diphenylpicryhydrazyl (D.P.P.H.). The stable free radical was obtained

commercially and used without further purification.

6) p-t-Butyl Catechol (T.B.C.) The phenol was refluxed with petroleum
ether (40 - 60°) and filtered. Cooling (-200) and seeding caused the
deposition of white crystals which were dried and stored under nitrogen.

m.pe 54° (Lit. mep. 55 - 56°)2."

c) Dienes:=

1) trans,trans=1,4-Diphenyl-l,3-butadiene (D.P.B.), trans,trans-l,4-‘

Diphenyl=-l,3-butadiene was recrystéliiéed from toluene. n.p.

152 - 153° (Lit, m.p. 153 - 153.50)2. The white crystals showed purple

fluorescence in daylight.
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2) - “Hexachlorocvclorentadiena. The diene was dried by standing over 4A

molecular sieve and then fractionally distilled under reduced nitrogen
pressure. The fraction b.p. 79.5 - 800/1 mm. (Lit. b.p. 800/1 mm.)2
was collected and stored under nitrogen in the dark.

3) 2-Methyl-1,3-butadiene (Isourene). Isoprene was refluxed over

'sodium (1 hr.) and then distilled at atmospheric pressure under nitrogen
using the apparatus described on.p.74 , operating with a reflux ratio

of 15:1. The fraction b.p. 34°/758 mm. (Lit: b.ﬁ, 34,5 - 35°/762,mm.)2
.wgs collected undér’nitrogen and stored at -20° using phenothiazine

‘5& polymerisation‘ihhibitor (0.0% w/v).

4) = 2,5-Dimethyl-2,4-hexadiene (1,1,4,4-tetramethyl-1,3-butadiene: T.M.B.)

i) - 2,5-Dimethyl-1,5-hexadiene. To a stirred suspension of magnesium

‘turnings (72 g., 3 moles) in tetrahydrofuran (500 ml. ) was added bromine
(1.5 ml,), and as quickly as possible (gg.a hr;) a solution of
2-methallyl chloride (540 g., 6 moles), in tetrahydrofuran (1500 ml.)

in a nitrogen étmosphere13. The solution was allowed to stand (12 hr.).
The Grignard was then hydrolysed with 10% acetic acid (100 ml.) and

‘left to stand (24 hr.) when the organic layer was sepafated.~ The aqueous
layer was saturated with salt, extracted witﬁ\ether (2 x 250 ml.) and the
combined organic layers washed twice with 10% sodium carbonate and
finall& water (5CO ml.) before drying (MgSOh). The dried extract was
filtered and distilled in a nitrogen atmosphere to yield 2,5-dimethyl-1,5-
‘hexadiene b.p. 114 = 115°/760 mm.(249 g., 74%) Lit. b.p. 115 -.117°%/

760 mm.)q. :

;1) Isomerisation of 2,5-dimethyl-1,5-hexadiene. 2,5-Dimethyl-1,6-

-hexadiene (200 g.) and anhydrous p-toluene sulphonic acid (2 g.) under
nitrogen were heated together until reflux and then just sufficiently

to_maintain reflux until the temperature rose to 1520 (gé. 1 hr.)13.

-
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© After refluxing for a further hour the solution was allowed to cool,
washed twice with IQ% sodiun hydroxide solution (150 ml.), water and
then dried over magnesium sulphate. G.l.c: analysis on an Apiezon L
column at 150 showed better than 955 conversion. Distﬁllation under
reduced nitrogen pressure yielded 1,1,4,4-tetramethyl-1,3- butadlene

bupe 75 = 75.5°/100 m. (158 g, 79 ), (Lit. beps 75°/100 ma.)4,
stored under nitrogen at -20°, The’H n.m.r. spectrum showed a doublet

at 8 60 ?’(3p11t 1:1) and a s1nvlet at 4.397, of relative 1ntensity
136..

5) 1,4=-Diphenylcyclopentadiene.

i) 3-Benzoyl propionic acid, %-Benzoyl propionic acid was prepared
by a Friedel Crafts acylaﬁioﬁ using succinic ahhydride (85 g4)y
benzene (440 g.) end anhydrous aluminium chloride (250 g.) after the
ﬁrocedure given by Vogel3. Excess be.zene was used as solvent. After
work ﬁp and ering in a desiccator tpere was obtained 2-tenzoyl

propionic acid (142 g., 94%), m.p. 115° (Lit. m.p..1150)3.

ii) Ethyl-3-benzoyl propionate. 3-Benzoyl propionic acid (51 g.)
was converted to its ethyl ester by refluxing with excess ébsolute
ethancl (150 ml.) using concentrated sulphuric acid (3.6 g.) as
catalyst (2 hr.). &he excess alcohol was removed by distillation and
the product washed successively with water, sodium bicartonate solution,
and finally wéter. Carvon tetrachloride was added to improve the
separation of the.organic end aqueous layers. Aftér drying over
magneéium sulphaté:and concentration using a rotary evaporator the
liquid was’distilled under reduced nitrogen pressure to give ethyl-3-

benzoyl propionate (44 g., 60%) b.p. 120 - 1210[35. 1 onm,
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iii) 1,4-Divhenylcvclopentadiena. Ethyl-3-Yenzoyl propiénate (44 g.)

was converted to‘l,4-di§henyl cyclopentadiene by the base catalysed
(sodiwn ethoxide from 0.42 mole sodium), condensation with acetophenone
(25.5 go) gnd éubsequent warming to 60° to induce decarboxylation, after
thé‘méthod of Adams and DrakelB. Recrystallisation fron a benzehé/hexane
mixture gave l,4-diphenyl cyclopentediene (14 g., %0%) as white needles
m.pe 157 = 157.5° (Lit. meps 158 = 158,5%)15, which showed purple
fluorescence in benzene solution in daylight but not in chloroform
solution. The 'H n.m.r. spectrum’had singlets at 6.23F and at 3.05°Y

both of intens;ty 2 and a multiplet centred at 2,817 of intensity 10.

6) 2, B-Uichloro-l S-butadlenn (D.C.B,).To a v1gorously stlrred nitrogen
flushed solutlon of sodiun hydroxide (30 go) in water (400 ml) at 60°
in'adpitrogen atmospherelG, was added 2,3,4-trichlorobut-1-ene (100 ge)
guppliéd by B.?. Chenricals (U.K.) Ltd., containlng phenothiaiine
(0.25% w/w) (12 min.). Stirring was continued (1% hr.) and then the
nixture ﬁas stean d&ﬁilleéto give crudelz,3-dichloro-l,3-bﬁtadiene |
(57.9 g.), end a polymer residue (8 g.). After drying over magnesium
sulphate inthe’ppgsence of phenothiazine (ca. 0.25% w/v) under nitrogen
and in‘the dark,’thezprodqct waé fractionally‘distilled under reduced
nitrogen pressure, usingashort helices packed column, with a total
reflu%/éartlal take-off head, to glve 243- dlchloro-l S-butadlene
(46.4 g., 60%) bup. 40,5 - 41°/85 w. nD ° 1 4889, (Lit. b. P
40 - 43°/85 mm, , ngoz .4890) ’ collected over phenothiazine
(0. 0 w/v) Gelece analy51s on tr1-cresyl phosphate at 56 showed
only one pgak even aftgr running for 4 hours. The product was then
transferred.to a high-yacuumyline, degassed, twice distilled below 00
and stored at -Zoqlupder nitrogen in‘the dafk using phen§thiazine

(0.02% w/v) as inhibitor.
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7) 1-Chloro-l,3-butadiene (1-CP, ).l-Chloro-l,B-butadieng, exe. BePe
Chenicals (U.K.) Ltd., was distilled in a nitrogen atmosphere collecting

the fraction b.p. 68 - 69° over phenothiazine. The product was then

treated on the high-vacuum line and stored as described above.

8) 2-Chloro-1,3-butadiene (Chloroprene; CP.) Chloroprene containing
T.B.C. and phenéthiazine as inhibitors was degassed under high-vacuum
and then three times distilled. below 0° the last 10f% being rejected,
in each case. The product (containihg ca. 1%4l-chloro-l,}-butadiene

impuriéy) was stored as described above.

d) Chloroprene Dimerss-

An atteupt to brlng about the dimerisation of chloroprene
using f-butyl catechol (0.5 = 1,05 w/w) as inhibitor at low temperatures
(20 - 35°) under nitrogen, had resulted in low yields (ca. 1%) even
after 49 days.

The procedure subsequently adopted was analogous fo that given
by Robb et glla. The reaction flasks which were two necked and of ca.
lCO‘ml. capacity, wefe chafged simultaneously with the purified
monomér; One neck was closed'by a breakeseal to‘which was éttéched a
B19 jéint;’ Iﬁhibitor (Table 9) was introduced through'the secénd
ﬁeck which was then attached to thé'high-vacuum line (the inhibitors
were predried by highevacuun puméing). onomer (ca. 50 ml.) was
distiiled‘into eéch of the vessels which were then sealed off and
thermostatted for 14 days (until the D.P.P.H.’showed signs of colour
chanée from vibiet to brown). The flasks were then removed and stored
at -76° wntil required. |

The dlmer mixture was isolated by attachment of the vessel to

the hlgh-vacuum line, cooling to -20° , fracturing the break-seal and

rempval of excess monomer by high-vacuum distillation. The flask was
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then allowed to warm to room temperzture and the dimers removed by
prolonged high-vacuum pumping int6 a nitrogen trap. The dimer mixtures
were stored under nitrogen at -200.7 Table 9 is a suﬁmary of the
experimental details.

" The recovered mpnoﬁer was gas chromatogravhed using a 2 metre
Apiezon L colum at 60° and was shown to be pure monomer (l-chloro-l,
Z.butadiene impurity). Each dimer mixture was chromatographed using
the same column at 100° end 700 ml./min. carrier gas flow (Hz) and was
found to'consist of 1,2-dichloro-1,2-divinyl cyclobutane (Ret. time -

29.5 min.), together with a possible mixture of l-chloro-4-(« -chloro

i_ vinyl)-éyclohéxene-l, and 2-chloro-4-(c -chlorovinyl)-cyclohexene-1
(Ret, time 79 min.), in an approximate ratio of 3:2, The‘chroﬁatogram
also showed some residual monomer (ca. 7%) and the presence of two
small (legs than 2%) unidentified peaks after 31.5 and 33.5 min. The

S % spectfa of the separated d;mers are shown in Figures 3 and 4. The
lH n;m.r. speétfum of fhe‘cyclgbutane derivative showed quartets centred
at 3.79 and 4.77 aﬁd a multiplet centred at 7.5 Y of relative
intensity 1l:2:2; and that of the cyclohexene derivative.sinéiets at
4,24 and 4.82°7 and a multiplet centred at 7.85 T of relative intensity
1:2:7. The mass Spectga of the individual dimers were recorded on}
AE.I. M.S.9. by B.P. Cheﬁicals (UeKe) Itd., and A.E.I. }M.S.2
spectrometers. The cracking pattern of these dimers under varying
conditions and that of 1,6-diéhloro-l,S-cyclo-octadiene[prepa_red by B.P.
Chemicals (U.K.) Ltd], are shown in Table 10 along with that of

chloroprene for comparisons The temperature of the mass spectrometer

o
sources was ca. 2007,
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TABLE 9

Chloroprene Dinmerisation at_j%q .

én?ébitor % Recovered monomer (w/w) | % Dimer mixture | % Residue (w/w)
. 7 mM ] . (W/W)
TEC. 66.8 17.7 15.5%
Nitroxide” 78.5 14 .5
© DpPAL 79.5 6.5 14,0
Gélvinoxyl | T79+5 6.2 14.3

a Includes 4.3% 'popcorn' polymer.

b 2,246,6=Tetramethyl Piperid¥4-ohe Nitroxide.
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Figure 4 Infrared Svectrum of a Possible Mixture of 1-and 2-Chloro-
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TABLE 10

Muss Syectra of Chloroprene Dimers (70 ev) (Relative Intensity m/e 88=100)2.

—_— c1 c1
C1
Compound c1--ff-- Chloroprene
C1
— C1
Instrument | M.S.2{M.5.9|M.5.9|M.S.9 | M.5.2{M.5.9 M.3.9 M.S.2
Inlet Temp.®| 80 | 65 | 100 | 175 80 | 80 175 8o
m/e
27 2 v 4 | 1 2 - - 6
33 5 |13 | 10 | 22 4 4 - 4
39 21 92 83 1100 73 15 14 8
ko 5 7 b 1 b 4 2 -
b1 - 118 |19 | 18 4 7 b -
12 - 2| -] - - | - - -
43 6 12 - - ? 7 - -
49 4 ? 8 | 14 3 1 2 10
50 7 13 |52 |79 1 8 5 28
51 35 87 (110 52 23 18 15 32
52 22 |59 |55 |61 17 113 11 23
53 62 193 |5+ [112 b2 | b4b 37 140
Sh 3 13 9 7 2 b 2 7
58 2 - - - 2 - - -
60 - 3 6 - - - - -
61 3 5 8 11 2 - 2 6




ra

in/e | go 65' 100 | 175 go | 8o 175 80
62 5 13 11 18 Lk 2 2 .10
63 7020|1536 | 5 4 3 3
6l 2 5 6 7 - - - 3
65 1M | 35 | 33 | 39 2| 6 8 -
€6 O - T - 2 - -
73 3 15 8 18 3 2 2 b
'7l+ 3 8 | 13 25 2 2 2 -
75 6 - || %6 5| 3 2 -
76 2| 1 8 | b - - - -
77 33 | 100 | 111 | 90 23 | 19 1 -
78 21 91 | 62 56 7007 3 -
79 25 | 8 | 73 | 112 15 15 11 -
&0 4 10 8 11 ’2 5 2 -
87 2 3 4 7 - - - 3
88 100 | 100 | 100 | 100 100 | 100 100 100
89 7 12 8 18 5 6 5 6.
90 3 o3| o2 | %6 | 25| 32 32 3k
91 32 1165 | 8 | 57 7 9 3 1
a2 2 13 6 7 - - -

33 31 1 - - 30 7 2

99 2| 5| 6| 7 2| 2 2
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m/e 89 65 100 | 175 80 175 80
101 3 11 6 14 2 3 3
102 2 8 9 | 18 2 | 1 -
103 2 |3 |48 (100 9' 7 3
104 5 13 19 39 3 3 -
105 65 |165 |191  [360 45 35 2k
106 19 |92 | S% |43 5 6 2
112 Y 113 |23 |50 b 5 2
113 7 113 [ 15 |21 7 | 10 7
11h L 11 9 21 b b4 4
15 3 |5 |6 | 7 30 & 2
116 - - - - - - 2
125 13 |13 |23 |43 9 6 2
127 7 |8 |13 |2 51 5 2
140 16 66 66 {126 5 | N 1.7
141 21 {25 |13 |5 18 | 19 52
142 L 15 21 L3 6 6 4.6
143 ho| 8 6 14 6 6 16
148 - - 1 1.5 - - 1.7
156 - - O+ | 1 - - 1.1
152 - - 0.2] 0.4 - - 0.1
176 4.3 | 3.6 ] 0.9 3.9 2.6 4.

3.2

ooy
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o/ e 8 | 65 | 100| 175 | 80 | 80 75 80
178 2.6 | 1.8 1 0.9 2.2 2.6 | 1.3 1.7
180 04| 0.9 | 04| 0.8 ok |02 | 0.6

Source temperature ca. 2000; apart from peaks 91 (chloroprene only),
140 (cyclo-octadiene only) and 148 to 180, only pegké of relative

intensity to the base peak = 100%, greater than or equal to 2%, are

. recorded.

-
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e) Analyses:-

1) Free Radicals, The sample (ca. O.1 g.) was shaken under nitrogen

L4

for a few minutes with glacizl acetic acid (25 ml.), benzene (25 ml.)

and sodium iodide (1 g.), then diluted with water (100 ml.) and the
libverated iodine titrated with N/10 sodium thiosulphate.

2) Blemental Analysis. Elemental analysis was carried out by

B.P. Cherdcals (U.K.) Ltd.

3) Analysis of Off Gases., Early in the course of this investigation

i Waé necessary to analyse mixtures of gases containing nitrogen and
oiides of nitrogen. Attenpts to analyse mixtures of nitrogen and nitric
oxide by mass spectrometry proved unreliable since nitric oxide.
disproportionated into nitrogeﬁ dioxide and nifrogen in the instrument
and resulted in a false analysis19. It was found that nitric oxide and
nitrogen could be separated by gasesolid cbsorption chromatography
(g.s.c.) using a Porapak 'Q' column. (Porapak 'Q' is a polymer of
ethyl vinyl benzene with'divinyl benzene cross linkszo supplied by
Waters Associates Inc.). A 2 metre analytical colum (5 mm. diameter)
was made ups Before use the column was fitted into a Perkin Elmer 451
Fractometer and purged with hydiogen at 100° (36 hr.). A typical trace
obtained by these columns using a hot wire deteétor with a hydrogen

flow of 35 ml/min. at 20° is shown in Fizure 5.

k) Infrared snectra. The infrared spectra of solids were recorded as

nujol and hexachlorobutadiene mulls, and oils as thin films. between
sodium chloride plates on a UnicamS.P.200 spectrometer., Polystyrene

bands at 1603 em’ ! and 2851 emT) were used as calibration marks.
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CHAPTER 5

Studies on the Interaction of Nitric Oxide with Olefins.

a) Experimental Technique:= Since in most cases the conjugated olefins

were exceedingly oxygen sensitive (chlorOprenel’z), extensive precautions
were taken to exclude air both in their preparation, purification

(p.78 ) and in subsequent manipulations. All solvents were subjected

to prolonged bubbling with nitrogen ahd all operations such as
fi;tration were conducted wnder nitrogen. Ground glass jbints were
lﬁﬁricated with silicone grease and spring loaded.  Particular attention
was'paid to the'éleansing of the reaction veééels (Figs. 6 and T).

These were firét rinsed well with solvent and then écoured by prolonged
contact with strong alkali. Periodically chromic acid was ugsed after
alkali treatmenf. The flasks'were then rinsed well with water, dricd
in an oven at 140° and Qilowed to cool in a stream of inert gas.

1) Chloroprenel,1-chloro-1,3-butadiene, 2,3=dichloro-1,3-butadiene,

1,1,4,4=tetranethyl-l,3«butadiene, isoprene and cyclohexene,

*

Immediately before use these olefins were degassed under-high-vacuum

and then trap to trap distilled twice at less than 0°. The distillate
was collected in the apparatus sﬁown (Fig. 8) which had been thoroughly
flushed with nitrogen béfore it was attached to the vacuum line at the
joint A, with tap B closed, and then evacuated. The olefin was distilled
into the bulb C (ca. 15 ml. capécity). allowed to warm to approximately
0° and brought up to atmOSpheric‘p:essure with nitrogen. After closure
of iap b, thé apparatus was removed from the vacuum line and with B

open, the pressure inside the vessel increased to a little above
atmospheric by insertion through S of the hyperdermig needle connected

‘to the nitrozen supply. This ensured that there was no ingress of air
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when a syringg needle was inserted through S and into the bulb C. The
calibrated syringe, which had been flushed with nitrogen, was protecteq
from contact with air by fitting a nitrcgen filled cépsule (Fig. 9)
over the tip of the needle (22.5 cm, 23 gauge). The diene was forced
by the nitrogen pressure into the syringe barrel. After filling the
syringe to slightlyrgfeater than the required volume the apparatus

was depressurised by means of a three way tap in the nitrogen inlet

and tﬁewsyringe withdrawn, again protecting thelneedle tip with the
capsule. Excess liquid was discharged into the capsule leaving the
diene ready for injection,

- 3i) Hexachlorocylopentadiene and chloroprene dimers.  The apparatus

of Figure 8 was flushed with nitrogen then charged with the olefin
by syringe and the latter degassed in vacuo.

iii) trans,trans-1,4-Diphenyl-1,3-butadiene and 1,4-dirhenyl=

cyclopentadiene, Because neither olefin was sufficiently soluble

in a suitable solvent to allow handling in the above manner the following

procedure was adopted. Stirred benzene solutions were flushed with
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‘argon (2 - 3 hr.). The stirrer was then stopped and nitric oxide -
passed through the system until gas analyses (g.s.c.) showed that all
argon had been displace& (ca. 1hr.). Zero reaction time was taken as
the point when the stirrer was restarted (c.f. injectioﬁ of olefin

p. 99 ). This procedure was justified for the following reasons:

1) No alteration of gas analysis was noticed when nitric oxide
was passed over such solutions at 15° for twice the normal reaction
time, .

?) No colouration of the solution was produced. (Slight darkening
of 5 solution of trans,trans-1,4-diphenyl-1,3-butadiene was noted
aftér 3.5 hr. nitric oxide flow).

3) E£g2§,35g2§-1,h-Diphgnyl-1,B-butadiene was recovered unchangéd
as shown by i.r. after similar treatment (2 hr.). |

4) Nitric oxide is almost insoluble in benzene (0.02% w/w at so)ja.

5) Argon is stated as being 8% (v/v) soluble in benzene

and,
although gas analysis was unable to distinguish between argon and
nitrogen, the release of this small volume of gas dissolved in the

benzene solvent would not significantly affect the analyses} s

iv) The reaction system:- Early experiments using the static system

of a gas burette were unsatisfactory since nitrogen was continuously -
produced.

A dynamic system was therefore designed. Argon, for flushing
purposes, or nitric oxide at a known rate (measured by a flow meter),
was introduced !ig‘a three way tap, to a vigorously stirred sdlutibﬁ
of the olefin (solvent usually benzene). The system‘was protected by
a mercury safety valve on the inlet side. |

The stirrer in the reaction flask consisted of a shaft running

in two 'Teflon' bushes and bearing on a similar disc at the top. (Fig.6). 4
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-small glass encased magnet was attached to the top of the shaft as
shown and was activated from above by an 'Eclipse' horseshoe magnet,
centrally mounted and dfiyen up to 6,000 r.g.m. (measured with a
stroboscope) by an Anderman multi-speed stirrer. The lower part of
the shaft was hollow and thus gas was recy;led through the liquid.

The off gases were led in 2 mm. O.D. stainless. steel pipe
via a trap (-780); which condensed volatiie materials including the
higher nitrogen oxides, to a gas sampling valve. This enabled a
sample (ca. 0.5 ml.) of gas to be injected into the Porapak 'Q'
columns described earlier (p. 90 ). The length of pipe was kept as
shoft as possiblé in order to reduce the dead space between the reaction
vessel and point of injection. - Glass to metal connections were butt
joined using short lengths‘of 'rolythene' tubing and the joints sealed
with 'Araldite' resin. A silicone o0il bubbler allowing the gases to
escape to waste completed the system. |

b) Experimental Procedure:-

A typical run was performed as follows:- DBenzene (50 ml.)
was placed in the reaction flask, the stirrer started (usually 1000-2000
r.p.m.) énd the solvent degassed by prolonged flushing with argo; (2-3 hr.).
The argon flow was then stopped and the system flushed with nitric oxide
(2-3 hr.) at the desired flow rate (usually 50 ml./min.). A Dewar flask
(-78°), was placed around the trap and after approximately 1 hour a
series of gas samples was taken and analysed by g.s.c. to ensure that all
argon had been displaced. The solvent was then cooled (usually 6°) by
immersion in an ice/water bath and the stirrer stopped. The liquid:
olefin, prepared as described earlier (p. 94 ), was}injected below the

solvent surface, stirring recommenced and a stop clock started. - Generally

there was a rapid, slightly exothermic, absorption of gas and the solution
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.

'simﬁltaneously became blue or green., In some cases, there was precipitation
of a white solid after a few minutes and the solution went from blue/green

to amber and this was aécompanied by evolution of nitrogen. Gas samples
were taken at intervals of about 2 minutes throughout the experiment which
was terminated when the analyses showed that nitrogen evolution had ceased.
Careful note was made of the times when the above phenomena occurred.

At the end of the experiment the nitric oxide flow was halted and
the system flushed with argon (1-2 hr.). The product wasvwofked up in the
following manner; during the flushing period, if the olefin was originally
a liquid,‘the reaction soclution was examined by g.l.c., for unreacted olefin,
'The‘contents of the cold trap were similarily examined at the end of the
flushing period. Occasionally-the trap contained a very small amount of
oil. After flushing, any precipitate formed during the reaction was
filtered (under nitrogen cover) and the reaction flask rinsed with ether or
acetone. Thé solid was dried by suction in a stream of nitrogen.
Evaporation of the filtrate on a rotary evaporator (down to 10™2 mm./20°)
ieff a brown viscous oil. «#hen a solid diolefin was used that part
unreacted was recovered at this stagé.

‘In view of the known hazards associated with certain compounds
formed by reaction of organic compounds with oxides of nitrogen, all
experiments were carried out (a) on a small scale, (b) behind safety screens
and (¢) using thick leather gloves during manipulations. Differential
scanning calorimetfy (d.s.c.) and hammer tests were carried out on all
products before the above safety precautions were relaxed.

Attempts were made to distil some of the oil adducts under reduced
nitrogep pressure behind safetj screens. In most eases this gave no volatile
material except nitrogen oxides, and in one, that of isoprene, this led to a

'fume off' as benzene solvent was being removed at 80°.
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Typical experimental details for the olefins used are summarised
in Table 11. Elemental analyses for the oil adducts are collected in
Table 12.(p. 112).. ' | .

¢) Examination of Reaction Products:-

1) Differential Scanning Calorimetry (d.s.c.). Small quantities (1-2 mg.)

of the adducts = both solid and viscous liquid adducts_- obtained in these
experiments were examined by d.s.c. using a Perkin Elmer D.S5.C. 1B. Sealed
pans, a nitrogen flow of 15 ml./min., and a heating rate of 8°/min. were
used. ' The results are given in Table 13. |

2) 1515313. The adducts (ca. 0.1 g.) were treated with concentrated sodium
hydroxide, excess sodium nitrite solution and cautiously acidified with
dilute sulphuric acid. .Table 14 is a summary of the results obtained.
Primary nitro compounds give an intense red colour disappearing on
acidifi;ation. The colourafion is that of the sodium salt of the nitrolic
acid:- |

NOH

. I
- Oda, + NalO, ¢ H,50, —3RC - NO, + Na,80, + H,0 (1)

= -0

RCH =
Secondary nitro compounds give dark blue or green coloursdue to the-
nitro-nitroso derivative:-

. § o

RRC = N - ONa + Nalo, + H,S0, — RKC - NO, + Nézsoh' + HO (2)
Tertiary nitro compounds give no colouration.
The oil a&ducts derived from chloroprene and 2,3-dichldro-1,3-
putadiene were treated with anhydrous sodium methoxide in methanol, but

no sodium salts were precipitated.

3) Gel Permeation Chromatorravhy (gm.p.c.). Attempts to separate the

constituents of nitric oxide/chloroprene oil adducts by thin layer and

column éhromatography gave unsatisfactory results. Some resolution was

\
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.achieved by g.p.c. run by B.P. Chemicals (U.K.) Ltd.,, on a waters G.P.C.
200 instrument. A series of five columns was used with upper permeability

o v -‘
> % and 10 A (1% =710 nm) consisting of

linits of 10%, 10°, 10°, 10
polystyrene, cross linked with divinyl benzene. The chromatograms
obtained for_the oil adducts from chloroprene (1% in tetrahydrofuran; 350)
and 2,3-dichloro-1,3-butadiene (1% in toluene; 250) arg'shown in Figures

10 and 11.

L) Vapour Phase Osmometry. The number average molecular weight (ﬁd) of
several of the oil adducts was measured with a Hewlett Packard 301A vapour
phase osmometer. The results are suumarised in Table 15.

5) Infrared Spectroscony. The spectra of the oil adducts of chloroprene,

isoprene, 2,3-dichloro-1,3~butadiene, 1-chloro-1,3-butadiene and
1,1,4,4-tetramethy1-1,B-bgtadiene are shown in Figures 12 to 16. These
all show bands characteristic of nitrate esters (near 1640, 1286, 855,’755
and 700 cm:1) and nitro groups (near 1570 and 1375 ;m.-1). A further
characteristic is a broad band neaf 3400 cm..1 in the OH or NH stretching
:anée. The 1,1,&,4-tétramethyl-1.B-butadiene 0il adduct has additional
bands at 1535 (shoulder) and 1400, 1370 and 1350 em.”" (Noa'sym. str.) and
the 1-chloro-1,3-butadiene adduct an additional band at 1350 (NO, sym. str.).
Some of the oils have weak Bands near 1730 cm.f1 due to a carbonyl group,
near 1200 cm.-1, possibly dﬁe to an ester and near 1140 cm. ! possibly

due to an}etherﬁ}ingage or tertiary alcohol.

6) Cryoscovy. A cryoscop& apraratus was constructed as described by

Finch et gl.ﬁ, This was calibrated with pure naphthalene (micro-analytical
standard) for both sﬁlpholane and benzene solvents, and dry nitrogen
atmospheres were used in all determinations. A molécular weight of 209
was obtained for benzil in sulpholane (Mol. Wt. required = 210),

d) Nitric Oxide-Olefin Reactions.

; o
1) Chloroprene. (ref. Table 11).  white crystals of bis-(2-chloro-1-nitro-
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h-nitrosobut—B-ene) (0.32g. 18%) m.p. 110° (decomp.) {(Found: C,29;2;
H,3.0; C1,20.9; N,17.0. C4H501N203 requires C,29.2; H,3.0; C1,21.3;
N;17.1%) were isolated from the interaction of nitric oxide and chloroprene
(0.98g.). Cryoscopic determination of the molecular weight in sulpﬁolane'
gave 280 [ (C,HCLN,0,), Tequires Mol. Wt. = 328] . The solid was subjected

to chemical and physical investigation.

[

i) Solubility. Chemical investigation of the solid was difficult because
of its insolubility in most Qrganic solvents. Solution was observed only
with nitromethane and sulpholane which gave pale green solutions. Bases
also effected solution but intractable oils were recovered. The solid
was‘recrystallised from a mixture of sulpholaﬁe and -water.

i1i) Nitric Oxide. A suspension of the solid in benzene was shown to be

inert towards nitric oxide at 20°. A solution of the solid in sulpholane
at 30° was also found to be unreactive towards nitric oxide (6.5 hr.).

The pale green solution slowly became brown but no gases were evolved nor
were any volatile compounds retained by the cold trap. After flushing

with argon, water was added to part of the solution giving a white suspension
thaé could not be separated by filtration of centrifugation. Part of the
solution was treated with alkali to give a red colour that faded on
acidification. Extraction of the.brown sulpholane solution with petroleum
ether did not give ahy further separation.

jii) Levulinic Acid. The solid (0.28g.) was stirred with a mixture of -

levulinic acid (10 ml.) and 1N hydrochloric acid (1 ml.) in a nitrogen
atmosphere, at 20°, in the dark, after the method of De Puy6. After two
hburs there was no indication that the solid was dissolving and so the
temperaturé was increased to 30° (16 hr.). As so0lid was still evident the
temperature was raised to 50° which resulted in complete solution (2.5 hr.S.

‘Water (10 ml.) was then added and the solution extracted with ether (4x10 ml.)
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The organic layer was washed with saturated bicarbonate solution until the
wasﬁings were just alkaline (litmus) and then dried (magnesium sulphate).
The ether was removed in vacuo to leave a pale jellow oil (b.29g.) whose
i.r. was incoﬁclusive but there was a broad band at 3400 cm.'-1 in the

OH region. - An attempt to form a benzoate derivative was unsuccessful.

iv) Benzene, toluene. A suspension of the solid in either solvents was

slowly‘heated to reflux under nitrogen to give dark brown solutions. A
slow stream of nitrogen swept any evolved éases into wash bottles containing
alkali and acidified ferrous sulphate solutions. Chloride (silver nitrate
tés;) or nitrate ions (diphenylamine test) were not detected in the alkali
at éhe end of the experiment‘and the colour of the ferrous sulphate

solution was unchanged. . The solvents were remo§ed in vacuo to leave brown
gums. D.s;c. analysis of these was not significent. I.r., bands a£ 1640,

- 1570 (NQ2 asym. str.); 1380, 1280 —_— (NO2 sym. str.), showea the presence’
of nitro and nitrate groups. Elementary analysis (Found: C,42.6; H,3.9;
C1,14.7; N,10.5% )4corresponded to‘an empirical formula of c&H4.5ClO.5NO.8O1;8'
v)  Ammonia. The treatment of the solid which was under nitrogen, with dry
amm&nia gas at room temperature resulted inia 'fume off'., Wwhen repeated

at -789. (1iquid NHB) a deep red solution resulted. Evaboration of the
excess.ammonia led to a brown water soluble solid (Found: €,23.8; H,5.5;
C1,19.9; N,27.4; ionisable C1,20.2; hydrolysable N,16.9% ), showed a weight
increase of cofresponding to an uptake of 2 mol. of ammonia. Elementary
analysis gave 04H11.1011.2N3.902.9 as an‘empirical formula., A small

weight loss (less than 1%) occurred on pumping (10'3 mm.) at room temperature
for 'several hours. Tituration with chloroform did not lead to extraétion.
of the solid. The i.r. was inconclusive and the 'H n.m.r. spectrum (in D,0)had
" two doublets centred at 1.05 and 2.65 7 (J = 3 Hz) and a singlet at 2.18'f

all of equal intensity. The mass spectrum had few fragments and the highest
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of m/e 82 had no chlorine.

‘vi) Sodium Borohydride.7 To a stirred suspension of the solid (0.62g.)

in acetonitrile (20 ml.) at 0° under nitrogen was slowly added (over 0.5 hr.)
s;dium borohydride (1.0@.)ﬁin water (EOﬁml.).stabilised with alkali. The
pH of the Suspension was maintained at 3.5-6 by the addition of 2N
 hydrochloric acid. The suspension was left stirring at 0° (3 hr.) but
solution was n&t realised. - Filtration gave a solid (0.56g.) whose i.r.

- was identical to the original solid.

'vii) Catalytic Hydropenation. Catalytic hydrogenation was attempted at
Atﬁosphéric pressure and room temperature with either palladium on charcoal,
'plétinum'oxide (Adams Catalyst) or Raney nickel in ethanol or acetic acid
solvents. Insignificant‘gas uptake resulted. Using sulpholane solvent
“at 300, atmospheric pressure and palladium on charcoal catalyst hydrogen
'hés absorbed (2.7 mol.; 18 hr.) and a brown solution was formed. Additional
tests were inconclusive.,

- viii) Thermal Stability. The thermal stability did not alter markedly

- over a period of 72 days if stored at room temperature in air, or at -20°
- under nitrogen. After one year the sample stored in air had become

 semi-solid while that under nitrogen had retained all its original properties.

5

~ix) Spectra. The i.r. and mass” spectra of the white crystalline solid are

shown in Figures 17 and 24, The mass spectrum was run at an inlet température

of 100°‘using a direct insertion probe and a source temperature of 200°,

The i.r. spectrum had bands at 1672 (C = C str.); 1640 (N = N str.); 1550,

]

‘T‘1§75 (NO2 asym. and sym. str.); 1425 (CH deformn. of CHaNOZ); 1235, 1205

. / . - A
(nitroso dimer) and 745 cm.”' (C - C1 str.). Thell n.m.r. spectrum[}CDB)ZSQ]-

: tfiplet centred at 3.327T(J = 6Hz), singlet at 4.27Y, doublet centred at
- 4,857T(J = 6Hz) - changed slowly with time. These results are considered
-in.Ch. 7.

Distillation of o0il adduct. No volatile material was obtained from a

. chloroprene oil even at 100°/0.05‘mm. Molécular distillation of the oil at
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10"3 mm. gave an appreciable condensate at 40° and a slow evaporation

up to 100°.  The inability to reduce the pressure further suggested that

a slow decomposition was occurring. The i.r. of the distillate showed that
thé broad band at 33C0 cm.'1 (oH, NH str.) in the original oil was moved

to 3350 em.”) and a sharp band at 2150 em.”V (C = C, C = N str.) was
ﬁresent. After storing one month under nitrogen at 5° this band was no
longer present.

2) 2,3-Dichloro-1,3-butadiene. (ref. Table 11). White crystals of

bis-(2,3-dichloro-1-nitro-4-nitrosobut-2-ene) m.p. 107° (decomp.). (Found:

C,2%.3; H,2.0; C1,34.7; N,13.6. CAH4C12N203 requires C,24.3; H,2.0;

01,35.8; N,14.1% ) were isolated from the interaction of nitric oxide with

2,3-dichloro-1,3-butadiene in up to 40% yield. Molecular weight (by cryoscopy

in sulpholane) = 196 (CqH4012N203 reguires Mo;. Wt. 198).

1) Soluhility. The solid was insoluble in a wide range of organic solvents
(partially soluble in hitrpmethane); but was recrystallised by dissolution

in sulpholane and subsequent rapid.additon of water to the pale green
solution.

1i) Spectra. The mass (70 and 20 ev) and i.r. spectra are shown in Figs. 25,26
and 18. The i.r. spectrum had bands at 1640 (N = N étr.); 1570, 1375

(N0, asym. and syn. str.); 1425 (CH deformn. of CHNO,) and 1245, 1210 em,™
(nitroso dimer). The 'H n.m.r. spectrum had a singlet at 1.67 and a series
of 6 peaks between 4,08 and 4,627 . The spectrum was continually changing
: wifh time and after 24 hr. the same solution had singlets at 1.48, 1.60,
3,98, 4,05 and 4.20 7T . The intensities of both spectra were inconclusive.

" The results of the spectra are considered in Ch. 7.

iii) Tautomeric Isomerisation to Oxime. The solid (0.4g.) was cautiously
warmed (ca. 50°) with nitromethane (40 ml.) until solution was complete;

The pale green solution after standing overnight was almost colourless and

v
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on cooling (-20°) deposited white crystals of 2,3-dichloro-4-nitrobut-
2-enaldoxime (0.38g., 95%) m.p. 1200. which was recrystallised from
nitromethane. (Found: C,24.5; H,2.0; C1,24.5; N,14.4; Mol. wt. = 194
in.sulpholane. CuH4012N203 requires C,24.3; H,2.0; C1,35.8; N,14.1%;

Mol. Wt. = 198). The i.r. and mass spectra are shown in Figures 19 and
27. The i.r. spectrum had bands at 3250 (OH of oxime); 1620 (C = N str.);
1570, 1380 (N0, asym. and sym. str.); 1295, 930 (NO); and 670 em. "

(C - C1 str.). The 'H n.m.r. spectrum (in CD&135 had singlets at 1.28,
1.58 and 4.57 of relative intensity 1:1:2.

Oii:Product. During the isolation of the o0il adduct in the normal manner
(p.iOO) decompoéition of the oil pccurred since a blue solid ("205) was
found in the cold trap protecting the pump. A small qﬁantity of water was
also trapped. This was acid to litmus but gave no precipitate with silver

nitrate indicating the absence of chloride ions.

3) 1,1,4,4-Tetramethyl-1,3~butadiene. The characteristics of the reaction

| of this olefin are given in Table 11. = A small quantity of 1,4-dinitro-
1,1,4,4-tetramethylbut-2-ene (0.41g. 4.7%), b.p. 87-95°/1 mm., m.p. 131-133°,
was obtained by distillation of an oil adduct (9.6g.) of nitric oxide and
1,1.4,4-tetramethyl-1,B-butadiene. After recrystallisation from ether the
solid had the following analysis. (Found: C,47.5; H,7.0; N,13.6.

08H14N20h requires C,47.5; H,7.0; N,13.9%). The i.r. spectrum (Fig. 205
shows bands at 1540 (NO2 asym. str,.); 1400, 1380, 1350 (the bands are weak due
‘ toithe low concentration of the hexachlorobutadiene mull) and 860 (NO2 sym,
str.); and 890 em.” ! (out-of-plane = CH deformn. vib. of trans. disub.

" ethylene). A bright blue solid in the cold trap protecting the pump indicated
thgt decomposition of the oil had occurred during its distillation; the oil
having been heated to a maximum of 150°. On werning to 20° the blue solid

disappeared leaving two immiscible liquids (1.2g.) which smelt strongly of
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scetic acid., One liquid was colourless and the other bright greeh. The
latﬁer quickly changed to brown on standing, under nitrogen at 20°. The
cdmbined»weight of the kettle residues - a brown.tar whose i.r. showed no
signifiqgn@»éhange from the original oil - product and trap contents,
indicated a weight loss of 0.07g., this was presumably due to oxides of
nitrogen. The M num.r. (in CDCIB) showed singlets at 3.9V (ethylenic
protons) and 8,28 T (methyl) of relative intensity 1:6. Cryoscopy |
(sulpholane) gave a molecular weight of 198 (08H14N204 requires Mol. Wt. = 202).
The mass spectrum is shown in Figure 28.

| wWhen nitric oxide interacted with the olefin in higher concentrations
(15% w/v soln.) under similar conditions given in Table 11, but over 5 hours,
a small amouqt of a white solid was deposited (ca. 1% of weight of olefin
used)., The major product was an oil whose i.r. was identical to the oil
obtained from more dilute solutions. The solid m.p. 140° (decomp.)
(nitromethane) was insoluble in common organic solvents but was soluble in
sulpholane. Analysis (Found: C,36.9; H,4.6; N,21.3%), corresponds to an
empirical formula C8H12.1N406.1' The mass spectrum is shown in Figure 29
| and Ehe 1H,n.m.r. speétrum (in trifluoroacefic acid, initial green solution
turned rapidly brown) changed slowly with time and had initially singlets
at 3.2; 5.26, 5.32, 6.05, 8.38 and 8.6 Tof relative intensities 1:1.5
(for combined singlets at 5.26 and 5,327 ):2.7:5.4:2.8. The i.r. spectfum
is shown in Figure 21 and showed bands at 1550 (NO, asym. str.); 1400, 1380

4

-1
(shoulder) and 1350 cm. v.(NOZ sym. str.). The interpretation of these

results is considered in Ch, 7.

4) ‘trans, trans-1,4-Diphenyl-1,3-butadiene. The oil (3.2g.) (ref. Table 11)

on standing under nitrogen for fourteen days at -200, deposited white

crystals of 1,4-diphenyl-1-nitro-4-nitratobut-2-ene m.p. 102° (decomp.),

1

(ether), (Found: C,61.5; H,4.5; N,9.0. C16H14H205 requires, C,61.3;
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H,4.5; N,8.9%). After standing for several weeks, the yield increased
to 44%. The mass and i.r. spectra are shown in Figures 30 &nd 22.

fhé i.r. showed bands at 1640, 1555'(N02 asym. str.); 1376. 1270 (NO2
sym. str.) and 830 cme” (NO str.). Cryoscopy (benzene) indicated a
molecular weight of 29& (C16H14N205 requires Mol. #4t. = 314). The 'H
n.m.r. spectrum was complex and the u.v. spectrum had nggg 260 nm

: ({_BCOO). fhe d.s.c. result is given in Table 13 and showed a mild
-exotherm immediately after melting. The i.r. of the remaining oil
snown in Figure 23, had bands at 1640, 1550 (NOZasym. str.); 1370, 1270
f%oz sym. str.); 840 (NO str.); and 740 and 690 c:m."1 (aromatic CH out-

of-plane deformn.).

5) Isoprene, 1-Chloro-1,3-butadiene, 1,4-Diphenylcvclopentadiene

and Hexachlorocvyclopentudiene. The results of the interaction of

these dienes with nitric oxide are shown Table 11. dexachlorocycle-
pentadiene was found to be unreactive toward nitric oxide even at 130°.

6) Chloroprene Dimers and Cyclohexene. A mixture of chloroprene

dimers (p. 82), or cyclohexene, reacted slowly when treated separately
with nitric oxide (50 ml/min.) at 6° in benzene solvent (50 ml.). The
reaction solutions were coloured (Table 16)‘at the end of the reaction
and evolved oxides of nitrogen (brown fumes in reaction vessel) on argon
flushing.  The reaction variables ére summarised in Table 16. D.s.c.
of £he oil products of both experiments showed no significant change

up to 200°. (Dimer product had a series of minor exotherms 136-158°).

G.l.c. analysis (on Apiezon 'L' at 100°) of the reaction

sdlution and cold trap contents at the end of the reaction of chloroprene
dimers and nitric oxide; showed no unreacted dimer. The i.r. spectrum .
was insignificant beléw 1400 em.”" but had bands at 3500 (O, IH str.);

2100 (C = N, C = C str., weak); 1730 (carbonyl) and 1575 cm."1 (NO2 asym.
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str.). The Y n.m.r. (in CDClB) showed broad multiplets centred at
2,45, 4.6 and 7.1Y . Elemental analysis (Found: C,34.6; H,3.2;
C1,21.6; N,11.8%), corresponds to an empirical formula of
Cellg,6%11,7M2,2%.5°

A similar investigation on cyclohexene gave almost idehtical
results. G.l.c. analysis of the cycloheiene reaction solution (on
diethylhexyl sebacate at 80°) showed a trace of unreacted olefin (none
in cold trap). The blue oil had i.r. with bands at 3300 (NH,OH str.);
aéso, 2900 (CH str.); 1730 (carbonyl); 1640, 1560 (I(Oa‘asym. str.); and

1386 (broad) and 1275 cm.-T(NO2 sym. str.).
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Table 11 The Interaction of Nitric Oxide (50 ml./min.) with Conjuzated Dienes in Benzene Solvent (50 ml.).

Diene Reaction Time (min.) for appearance of Product -
(10.8 mM.) o - 0il, g. (% w/w)
g temp.  (hr). N, max. Soln. colour Precipitate S01id, g. (% w/w)
Chloroprene® 6 (1) 14 green, C.5 2 0il, 1.80 (85)
0.96 Solid, 0.32 (15)
Isoprenea’b 0.34 6 (1.5) 14 : greenc, 10 | none 0il, 0.93 (100)
1ce2 % 0,96 |6 (1.5)F 4.5 blue, 0.5 ' none 0il, 2.01 (100)
. -green , 3 ' :

p.c.B.2'%® 1,33 |6 (1) 3. green, 0.5 |- 2 0il, 1.9% (69)

: \ Solid, 0.86 (31)
p.p.B.2 2,22 158 (1.5) 18 green, 6 none - 0il, 3.27 (100)
7.M.8.2%€ 1,99 |6 (3)F 28 blue®, 1 none 0il, 2.4% (100)
D.P.C.P.d 2.22 158 (3) _ 63 pale greenc, 2 none 2.31h
Hexachloro- 130" (6.25) none nene none unchanged diene
cyclopentadiene 2.96 '

G.l.c. at end of reaction showed only benzene present.

Benzene (100 ml.), 5.0 mM.
Colour remained until degassing started, when solution became amber.

1-CP, = 1-chloro-1,3-butadiene; D.C.B. = 2 3-dichloro—1,3-butad1ene' D.P.B. = trans,'trqns-1 “-dighenyl-1,3-

butadiene; T.M.B. = 1,1,4,4-tetramethyl-1,3~butadiene; D.P.C.P. = 1 h-dlpneqy‘cyclo“entadlene.

After azproximately % reactlon time a bright blue solid observed in cold trap - this disappeared on warming to 20°.
" Brown gas evolved from solution when degassing started.

No reaction at 6° after 2.5 hr.

Benzene (175 ml.) in flask of Fig. 7 : diene (1.08g.) recovered, rest of product was original olefin

- contaminated with a brown oil, little N, evolved.
Ko reaction at 20 or 81 ’ chlorobenzene (50 ml ) solvent, 15 cm. double Surface condenser included in gas exit.

Ll
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TABLE 12

Quantitative Determination of Wlements in 0il Products.

Product ' Percentage Empirical Formula
. c . H Cl N
’ Tl 2. . .
Chloroprepe 33,7 i 9 | 18.9 12,7 C4 H4 010.8 Nl.} 02.9
Isoprene - 41;} Ts0 - 37.6 | C, 1 0

4 Yg.2 V.0 Qo7

1.8 M1.8 3.2

D.C.B.Y 24,8 | 1.5 | 34.2 | 13.1 C, H,q Cl

I-CPoa ) P 25.9 205 1609 1501 .C

4 h4o6 ¢ 009 N201 4.6

0"..0 o& ; 0.8 o6 = ¢ |
TeMeBe . o 4 5 - 14.9 C8 1{13.2 N204 05.9

a See footnote g Table 1l.
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TABLE 13

D.8.Cs Analyses of Reaction Produétsa (Indium.Standard),

Product Temperatire + 1°
Range 30- Exotherm max., tndothern min.
(AH cal/mg.)

Chloroprene; oil 241 none none

solia??¢¢ 120 110 (1.6+0.3) (6.73)° none

D.C.B.c; oil 227 none none

so11ad 117 107 (0.2) (0.87)° none

oxime® 149 none - 121

1-CP%; oil- ' 237 none none

T.M.B.c; 0il 239 none none

solid 157 © | 141 (0.6) (2.57)° none

1,4=dinitro-1,1,4,4~ 148 none 133
tetramethylbut-2-ene

Isoprene; oil ‘210 none nong

p.P.B.%; oil 2}1 none none

1,4-diphenyl-lenitro«4- 138 108 102

nitratobut-2-ene

a Only significant deviati ons recorded; heating rate 8°/min.;

' Nitrogen flow 15 ml./min.

b Exotherm hegan at 580; hydrogen chloride and nitrogen oxides

identified as products.

¢ See footnote d Table 11.

d ‘Honmer test at 20° was negative.

(4]

& HI/ng.




114

TARLE 14

Observations on Sodium Hydroxide Treatment of Reaction Products,

Product Colour change Inferencea
| alkali acid

Chloroprene; oil deep red original yellow RCHaﬁO2 present

. 3 solid deep red original yellow RCH2N02 present
D;C.B.b; oil deep red origi?al yellow RCH2N02 present

- ; solid deep red ériginal yellow RCH,NO, present
1-CPY; o0il " deep red original yellow RCHNO, present
T,M.B.b; oil slight original yellow

3 solid

1,4-dinit ro-1 ’ 1 94 94"

tetramethylbut-2-ene

Isoprene; oil
1,4=-Diphenyl-l-nitro-

4-nitratobut=2=ene

darkeningc’d

pale yellow

pale yellow

deep red

so0lid changed
from white
to yellowe

no change

no changas

original yellow

R}CNOZ present

RCH2N02;

absent

N
Rzunhoz

T
RBCLO2 present

RCH2N02; RZCHNO2

absent
R30H02 present

RCH2NO2; R

absent

2CIII{02

RCH2NO2 present

a Nitro group identified by i.r.

‘b See footnote d Table 11,

¢ Only ca. 50% of oil was alkali soluble.

d No blue or green colour extracted by chloroform.

e Yellow solid had mep. 104° but was not characterised.
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TABLE 15

Product Solvent Temperature° En
Chloroprene 0il? ~ benzene 25 240
D.C.B.” oil toluene 65 314, 326°
lfCPP oil toluene 65 220
P.MLB.D o0il toluene 65 297

a Contained 0,02% w/w phenothiazine.

_ b See footnote d Table 11,

. ¢ ' Same solutionsz run within 24 hr. of each other.
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TABLE 16

Reaction of Nitric Oxide with Chlorcprene Dimers/Cvclchexene.

Time for

Olefin g.. Product g.
Colour min. N2 max hr. |Reaction hr.
. a b c . .
. Chloroprene green,. 0.5 small”,0.25 -8 green oil 1.7
dimers; 1.11 . solid (5 mg.)
; 0.81 | blue, 23 small 2.5 5 blue oil, 1.4

trace solide

Contained ca. 1% monomer.

c.f. time (0.5 min.) f¢r chloroprene in Table 10.

reaction time there was slow NZ evolution.

e Solid probably nitro-nitroso dimer.

c.f. 0.25 hr. for chldroprene Table 10; for the remainder of the

" I.r. corresponded to bis-(2-chloro-1-nitro-k-nitrosobut-2-ene).
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Figure 13 Infrared Spectrum of Isovrene/Hitric Cxide Oil.
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CHAPTER 6

\

Bxperimental Work Desirmed to Investiecate the Reaction Mecheanism.

1) HithVacuumlLine Technique. The highe-vacuum line (Fig. 31) was used

for the purification of nitric oxide and reaction of the purified gas
with the olefinic sﬁbstnate. Greaseless 'Teflon' taps were used
throughout ang ail:glass jointé weré of‘the tClear Fit' variety and
were lightly éreaséd. The system was connected via a three way tap
to the pumps and to a section used for the purificatioﬁ of chloroprene‘

and degass1ng of benzene solvent. The flask (Fig. 32) (ca. 50 ml.
| capac1ty) was used as the reaction vessel and was attached to the Bl4
joint after the. introduction of impure nitric oxide (ca. 4 1,) to

the systen. The operating principle of this flask was identical to
that described earlier (p.99 e

Liquid nitrogen and 1sopentane slush baths (ca. -150 ) were

used in trap to trap distillations of nitric oxide whirh were continued
until all traces of blue solid were absent. Rejected gaé was collected
in trap A and purified gas in the bulb B (ca. 1 1.). Chloroprene was
‘degassed and several times distilled and the final distillate collected
ih Q calibrated tube. The last 10% from each distillation was rejected,
Benzene was thoroughly ﬁegassed‘and then distilled into the ;éaction
flask followed by chlorobrene (0.5 ml.). After allovwing to thaw the
reaction solution was maintained at 6°. By immersion iﬁ‘an ice/water
vath and stirred briefly to complete mixing. Tap 1 was then closed

and the section enclosed by taps 1, 2, 3 and 4, and the bulb B, raised
to slightly above atmospheric pressure with nitric oxide. With taps

2, 3 and 5 closed, tap 1 was opened and high speed stirring of the |
reaction solutién comuenced. The progress of the subsequent reaction‘
'was observéd by the appearance §f 5 gfeen colouratién of the solution

and by changes in pressure. When the pressure reading was constant
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over 30 minutes the gases were condensed in the reaction vessel by
liquid nitrogen.

The interaction of chloroprene and nitric oxide under these
conditions showed no indications of an induction period for the
production of a green sdlution. Approkimately one third of the gas
at the end of the expgriment (gg. 1.5 hr.) was not condensable. Gel.ce
(dinonyl phthalate at llO°) showed a trace of unreacted chloroprene.

A precipitate and an amber coloured solution were obtained.

:i' A similar result was obtained using trans,trans-1,4-diphenyl-1,
3-$utadiene at 15°. In this case the benzene solution of the diene
was made up in situ in the reaction flask by distilling degassed
benzene onto the solid (1.5 g+)es Unreacted olefin (24%) was recovered

after 2.5 hours together with an oil (0.8 g.).

2) Nitrogen Dioxide. Using the reaction system described earlier

(pe 98), nitrogen dioxide gas was injeéted below the wunstirred surface
of benzene solvent immediately before the addition of chloroprene.

The nitric oxide flow was halted before injection of the gas and zero
reéction time was taken to be the siﬁultaneous recommencenent of nitric
oxide flow and stirring. At 20° ‘the introduction of nitrogen dioxide
affected both the speed of nitrogen evolution and the amount of
chloroprene consuméd. Samples of the reaction solution were withdrawn
and analysed by g.l.c. (dinonyl phthalate at 110° ), for chiordprene.
The speed.of chloroprene consumption was thus shovm to be affected in a
non-reproducible_manner; The experimental details are summarised in

Table 17, (p. 137).

3) Chloroprene Peroxide. Chloroprene (1.0 ml.), which had been exposed
~to, and had air bubbled through it for 2 minutes at.ZOO was injected

into stirred benzene at 6° (nitric oxide flow 50 ml./min.). This had
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no significant effect on the reaction variables or product composition
as measured by g.l.c. and isolation of produc{s.

4) Dilution. The effect on the reaction with nitric oxide of varying
the dilution of chloroprene in benzene has been studied. The substrate
‘was totally consumed in all instences (g.l.c.). A summary of the
experimental details are given in Table 18, (p. 138).

5) Trapping of Posgible Intermedistess=

&) Nitroso trapping.

) &i) Diphenyl acetylene, Chloroprene (4.8 ml.) was injected below the

surface of stirred, flushed n-heptane (75 ml.) at =40° with a nitric
oxide flow of 25.m1./min..(reaction of chloroprene/NQ procecded
normzlly in n-heptane at 6° but the products were insoluble). The
gas flow was stopped (6.5 hr.) and the pale yellow solution (a green
colour was never obtained) was flushed with argon (15 min.) and &n
oxygen free solution of diphenyl acetylene (0.5 g., 0.57 mole %) in
n-heptane was injected with stirring. The colour remained but slowly
faded on being'allowed to warm to roéﬁ temperature. After standing
(4 hr.) the volatiles were removed at the pump (g.l.c. on dinonyl
phthalate showed a trace of residual chloroprene) to yield diphenyl
acetylene (0.4 g.) and a browm oil (3.2 g.). '

ii) Methylene-p-chloro aniline. Chloroprene (1 ml.) was injected

below the surface of stirred dichloromethene (75 ml.) at =5° with a
nitric oxide flow of 50 ml./min. Gas flow was continued until a
strong green colour was'prodﬁced (ca. 2 min.), when the solution was
.flushed with argon; This discharged the colour and nitric oxide was
again passed until a green colour redeveloped. Flushing again
discharged the colour and further nitric oxide was introduced (1.5 hr.)

to.give a permanent yellow solution on flushing. An oxygen free solution
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of methylene=p-cnloroaniline (1 g.; 6.9 mole %) in dichloromethane
was injected and on standing (3 hr.) at ropm temperature the yellow
colour intensified. Thé volatile material (g.l.c. on dinonyl phthalate
shoved traces of residual chloroprene) was removed at the pump to
give methylene-p-chloroaniline (0.85 g.) and a brown oil (6.7 Ee)e

In the hope that the green colour.might ba more pernanent
benzene was substituted for methylene dichloride. In this case,
although the expected colour was produced, flushing with érgon
diséharged the colours Under the same conditions but in the absence
of chlcroprene there was no colour formed even on injection of several .
aliguots (0.5 nml.) of air bqth'above and below the liquid surface.

b) Diazonium nitrate trapvning.

i) Hethanol§ 2-naphthol, Chloroprene (2 ml.) was injected into
n-heptane at =55 to -60° with a nitric oxide flow of 10 ml./min. |
After 29 hours a small amcunt of nitrogen was being evolved and
methanol (2 ml,) was injected with continuing gas flow. The colour
of the solution before injection was yellow/green with a small amount
of dark brown semi-solid around the edges éf the flask, After injection
these colours were discharged and there was no alteration in the level
of nitrogen evolution. After a further hour the gas flow was stopped
and the solution stirred slowly (12 hr.) at -60°, The gas flow was

then restarted and after a further hour fhe anmount of evolved nitrogen
h#d increased slightly. On allowing to stand a pale yellow oil (ca.
0.5 ﬁl.) separated leéving a colourless solution. The gas flow was
continued (6 hr.) ahd the flask left at -60° overnight. Part of the
reaction solution (0.9 ml,) was then injected into an oxygen free,

alkaline solution of recrystallised 2-naphthol (0.1 g.) in methenol
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2t =78%. No immediate colour developed and on shaking at room
temperature a brom colour formed which darkened on standinge The
reaction solution was flushed with afgon and a second part of the
reaction solution (7 ml.), which contained a quantity (ca. 0.2 ml.)

of the yellow insolﬁble‘oil noted above, was injected into 2-naphthol
(0.6 g.) in methanol, under nitrogen at =78°. On stending this became
deép red. I.r. spectra of the yellow oil (this turned brown when

taken up into a N2 flushed syringe) and of others run on the 2-naphthol

solutions were inconclusive.

'iii) ~m-Dimethoxy Benzene, Chloroprene (3 ml.) was injected into
stirred, flushed n-heptane (75 ml.) at -55° with & nitric oxide flow |
of 25 ml./nin. After 3'hogrs nitrogen dioxide (2 ml.) was injected
below the surface of the colourless solution, The liquid immediately
became pale blue due to the dissolved dinitrogen trioxide. After a
further 2 hours a pale green colour was evident in the solution but
there was no significant rise in the level of nitrogen evolution.
Nitric oxide flow was continued (30 hr.) without an increase in
nitrogen evolution. After 40 hours of gas flow a slight increase in
nitrogen coptent was observed anq m-dinethoxy benzene (0.3 ml.) was
injected into the argon flushed reacfion solution at -470. On standing

and allowing to warm to room temperature the solution became tar-like

and was abandoned.

¢) Free radical trapving,

i) Iodine., Iodine was unreactive in the dark towards exéesa oxygen free
chioroprene (24 hr.) (shon colourimetrically using an %,E.L,.
absorptiometer). The followding experiments were carried out in the dark

and experimental details are summarised in Table 18. In the first
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experiment an oxygen free benzene solution of iodine was slowly
injected into the reaction solution over a 10 minute period
immediately cn eppearance of the green colour following thé introduction
of chloroprene. The remaining experiments used iodine in situ. Yo
green colour was produced in the latier experiments and only in the
third was thére signifiéant lightening of the brown solution (after

6 min.). At thelénd of the reaction times g.l.c. analysis (Apiezon L
at 800) showed no residual chloroprene and after flushing with‘argon
the volatile materials were removed by prolonged pumping (10'2 mm, )
;t:room tewperature. The reaction cold trap contents and volatile
préducts were combined and unreacted iodine determined by titration
against standard thiosulphate solution. The i.r. spectra of the oil
products showed bands at 3400 (OH, NH str., broad); 3005, 2900

(CH str., weak); 1650, 1570 (NO2 asyn.str.); 1380, 1280 (NO2 Sym.
_str.); and 860 om2 (¥O str., weak).

ii) Nitroxides. 2,2,6,6-Tetramethyl piperid~-4~one nitroxide when
stirred with excess chloroprene in benzene at room teuperature showed
no change in its absorption spectra over 5;5 hours. An oxygen free
diethyl ether solution of the nitroxide was found to adsorb exactly
1 mol. of nitrogen dioxide gas té precipitate bright yellow crystals
(insoluble benzene), which were collected and stored under nitrogen
at =20, At room temperature, under nitrogen, the crystals rapidly
changed to red, to green and finally to a viscous brown oil (benzene
soluble). At -20° the crystals slowly changed to a brovm oil over a
period of ca. 3 weeks. The i.r. of the final oil product had bands
at -3040, 2950, 2850 (CH str.); 1705 (carbonyl); 1540, 1355¢m71(Nq2asym.‘

and sym. str.).
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A benzene solution of 2,2,6,6-tetramethyl piperid-4-one nitroxide
was shown colourimetrically to be wnaffected by nitric oxide (4 nr.).
3oth 2,2,6,6-tetramethyl piperid-4-one nitroxide and 2,2,6,6-tetramethyl
piperidine nitroxide were recovered unchanged from their benzene solutions
after treatment with nitric oxide (6 hr.) at room temperature. There
was no production of nitrogen in this time. |

The details of the experimentsusing the nitrcxides in the reaction
system are shom in Table 20. The nitroxides wé;e used in situ except
for experiment 4 where a benzene solution of the nitroxide was slowly
injccted over a 10 minute period immediately on appearance of a green
colour after the addition of chloroprene. At the end of the reaction
times ény solid was collected by filtration end the volatile products
removed at the pump. G.l.c. analysis (Apiezon L at 80°) of the volatiles
of experiments l, 2 and 7; showved no residual chloroprene. No significant
lightening of the initial brown solutions was noted. Unsuccessful
attempts were made to form semicarbazone, phenyl hydrazone &nd 2,4-
dinitrOphgnyl hydrazone derivatives of the‘oils produced in the prescnce
of 2,2,6,6-tetramethyl piperid-4-one nitroxide.

One attempt to make derlvatives by using the benzene reaction
solution without isolation of the 0il by removal of solvent, was also
unsuccessful (Zxpt. 4). The oil from experiment 7 was extracted with
water (very little colouration) and the aqueous solution extracted with
ether but no material remained on removal of the ether indicating complete
consunption of the nitroxide. A typical i.r. of an 0il adduct using
2,2,6,6=tetramethyl piperid-4-one nitroxide is shown in Figure 33, (p. 141).
The 0ils resulting from the use of 2,2,6,6-tetramethyl piperidine

nitroxide showed similar infrared spectra but the band at 1705 cm"1

"(cartonyl) was absent.
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The uncertainty of the fate of the nitroxides led to the
development of a system designed to follow the reaction colourimetrically.
It was hoped by this méthod to deterzine the approximate point of
consumption of the inhibitor and even the specific rate‘of consumption.
Nitric oxide was passed through a cold trap (ca. -140°), a flow meter
(10 ml./min.) and led in a short length of ‘polythene' narrow bore
tubing via a 12.7 cm., 23 gauge stainless steel hyperdermic needle,
to the bottbm of nitrogen flushed solvent contained in a 1 cm. path
length quartz cell. The latter was held in the cavity of an E.E.L.
sbsorptiometer gnd was protected from stray light by suitably shaped
pieces of blackened cardboard. A piece of card also served to expose
the light source when a rgading was required.A.The cell neck supported
a narrow bore, solid carton dioxide condenser (ca. 15 cm.) below which
was a side arm stopped with a serum cecp through which the needle passed.
The cell and condenser were joined by shortened, greased,C10,Quick-fit
joints and sprung loaded. The excess gases escaped to waste Ei& a
silicone oil bubbler. Nitrogen, for flushing purposes was introduced
by a three way tap in the nitric oxide inlet systen. After flushing
the empty cell, a kno'm volume of degassed (high-vacuum) solvent or
standard inhibitor solution was injected into the cell and flushing
continued (ca. 0.5 hr.)., WNitric oxide was then flowed for a comparable
period, the light meter adjusted to zero on the solution or solvent,
and a knowvn voluze of chleroprene or 1,1,4,4-tetramethyl-1,3-butadiene
injected (ricrometer syringe) below the liquid surface. The alteration
in absorption of the solution was measured as a function of time.

The success of this technique was frustrated by & number of
practical problems. The major one was the lack of a suitable solvent.

' Most solvents tried (e.g. benzene, toluenc, dioxane) foamed badly

which caused less of solution by bubbles bteing carried out with the
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gas flow. Solvents which did not foam (n-heptane) had another
disédvantage - the reaction products were insoluble and formed a film
on the cell walls., If the gas flow was kept‘to a level which gave an
acceptable degree of foaming non-reproducible rates of either colour
'formation or its disappearance were observed. This effect was enhanced
by the lack of thermostatting of the cell. A further complicating
factor was that both the two nitroxidesand the'reaction products
absorbed in the same filter range of the E,E.L. absorptiometer. Some
reaction also took place in the condenser. Attempts to follow the
re;ction using thermostatted cells and the more sensitive S.P. 500
(nitroxides A 235 - 245 nm, chloroprene ca. 225 nm, reaction
products - oils - ca.340 nm) was rejected for the same practical
reasons. A samplihg technique coupled with u.,v. measurements was a

possible alternative. iHowever it was felt that this would not lead to

sufficiently meaningful results to justify the further time necessary

to develop the technique.



Reaction of Nitric Oxide with Chloronrene in the Fresénce of Added

137

TABIE 1

. . . a
Hitrozen Dioxide,

Mole % | Time for . b . Ratio % unreacted Chloropren
agg:d maﬁ. rin. 0il g.” | Solid g. 0il/solid | reactor cold trap
none 28 5¢5 0.8 6.6/1 none 1.5
2.4 24 6.4 1.0 6.4/1 5 045
2.4 24 7.38 0.32 24/1% none 5

4.8 26 4.55 1.5 3/1 22.5 5

4.8 30 7.84 0.54 14/1 5 1

8.1 22 3.5 1.1 3.2/1 22.5 8

8.1 27 43 | 0.7 6.1/1 12 3

a Nitric oxide 50 ml./min; chloroprene 4.8 g; benzene (25 ml.); 20°;

3¢5 hr.

b I.r. corresponded to typical NO/Chloroprene oil.

¢ I.r. corresponded to bis-{2-chloro-l-nitro-4-nitrosobut-2-ene).

d Acetone used instead of ether to rinse reaction flask.
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TABLE 18

Reaction of Nitric Cxide with Chloroprene at Different Dilu’ciona.

% Soln. v/v 0il g. Solid g.
2 , 0.69 0.13
2 0.7 0.1
O.lb , 1.1 trace
0.17 0.9 none

a Nitric oxide 50 ml./min.; chloroprene 0.48 g.;benzene at 6°%; 2 nr.

b Reaction flagk of Figure 7 used.



TABLE 19

.

. . . . a
The peaction of Nitric Oxide with Chloroprens in the Presence of Iodine,

No. | Chloroprene| I, mole & Time for Product % I,
z M. (g.) (g.) N, max. [ixpt. | Oil g.|Solid g, consumed
min., hr.
A |

1-]10.8 (0.96)| 2.3 (0.32)| 15(smad))] 3 |2.22 |0.06° 18,0

2 | 5.4 (0.48)10.1 (0.57)| 'mone® |5.5 |1.37 |none 64

3 | 5.4 (0.48) 2.3 (0.16)] none 12.5 |1.38% |none 75
.

Nitric oxide 50 ml./min; benzene (50 ﬁl.); 6°
I.r. corresponds to bise(2-chloro-l-nitro-4-nitroscbut-2-ene.
Slight increase after 4.5 hr.

Found: C' 2907; H' 2.5; Cl’ 1304; I’ 8'7; N’ 1204%0
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TABLT 20

The Reaction of Nitric Oxide with Chloroprene in the Presence of

{
Nitroxide Radicals®

n-Heptane solvent (50 ml.)

8055 Nitroxide® recovered.

NO Chloroprene | Nitroxide Time for Product
nM.(g.) | mole % (g.) N, max.min.|Expt. hr. 0il g. | Solid g.

b c | 4
1 5¢4 (0.48) 5.3° (0.04) 2 1.5 0.83 | 0.07
2% | 5.4 (0.48) | 5.3° (0.04) 6 1.5 0,92 | trace
3 | 5.4 (0,28) | 51° (0.46) | mo sampling| 4.5 1.31 | o.07%
4 | 10.8 (0.96) | 26° (0.48) 16 2.5 - | o.o7®
f e e
5 10.8 (0.96) 51° (0.92) none 3 0.17 trace
6 | 10.8 (0.96) | 51° (0.93) small 63 | 3.5 2.18 | 0.19

T | 5.4 (0.48) | 92.5°(0.83) 19 - 3 1,01 | trace
& Nitric oxide 50 ml./min.; benzene (50 ml.); 20°,

b Tempe 6°.

¢ 2,2,6,6-Tetramethyl piperidine nitroxide.

d I.r. identical to bis=(2«chloro=lenitro-4-nitrosobute=2«ene).

e '2,2,6,6-Tetrémethyl piperid-4-one nitroxide,

f
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Figure 1} I?frared Spectrum of 2,2,6,6-Tetramethyl Piperid-4-one
Nitroxide/Chloroprene/iiitric Oxide reaction Product.
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Chanter 7

The ikature of the Keaction Froducts.

Durlng the early stages of this work 11ttle was xnodn about the
~nature and the extent of the actlon of nitric oxide on chlorinated,
conjugated oleflns. reports in the chem1ca1 literature (Ch. %) dealing
with mono-olefins euggeeted that reaction would occur fairly readily
in the presence of nitrogen dioxide-dinitrogcn tetroxide. Subsequently,
it was found at ambient temperatur e and below, that chloroprene gave
ratner‘lntractable products if purlflcd nltrlc oxi € Wwas allo«ed to
mix 1nt1mate1y with oolutlona of the olefln. .A specially deolbned
apparatus (Figs. 6,7) to keep the solution saturated with nitric oxice
at all times, was essential to brln* about the chan«eo 1nd1cated below.

| At a later stage a pattern of resulto appcured and in this
chapter the experimental evidence leadlng to compound identlficatlon‘
and/or conpound speculatlon w111 be considered. Because uf the unstnnle.
insoluble, often polymeric nature of the products spectroscopic annlysis
provéd a more suitable technique than chemiCal investivation.’ Depending
on the condugated olefin, the followlng types of compounds were obtained

and conoideratlon of how thcy arose Wlll be dealt with in Chaptcr 8.

C=C-CsC + NO —— C-C=C-C | (1)
h(O) N(O)x 7
Q
0.NC=CzC=C=N=N=-C=C=C~CNO S (2)
2 s 2
0

(Nltroso Dimer, white, crystalllne solid
thermally unstable)
C - L = C - C

: N(o)x n(o)x \

(Brown 0il, low )~ R=C=HOH —» RCZH  (3)
(liol. #t. polymer)
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1)  Crystalline 30lid Derived from Chloroprene.

This was found to be bis-(2-chloro-1-nitro-4-nitrosobut-2-ene).
Owing to the lack of solubility and thermal instability, the evidence for
the structure (I) of this solid is drawn mainly from information obtained

by physical techniques, mainly infrared studies.
0

’ 1& .
02I\CH2-C01=VH-CLXZ-N=11-Cd2-CH=CCl-Cd2NO2
0

(1)
Much of the spectral information given in these next sections is
applicable to the remaining adducts discussed and should therefore be

borne in mind,

a) Infrared Spectroscovy. The infrared spectrum (Fig. 17) of the solid
showélclearly the presence of a nitro group because of strong bands at
1550 (asynm. strf) and 1375 (sym. str.). Conjugated olefins are excluded”
by the absence of bands in the region 1520-1540 cm.”| similarly dinitro
alkenes with the two nitro groups on the same carbon atom are ruled out1
by the absence of bands at 1575~1580 cm.-1 (asym.-sfr.) and 1342 cm.-1
(sym. str;). Tertiary nitro groups huve'aﬂ asyzmetrical stretchiﬁg
vibration at 1540 cm."1 and a symmetrical stretching vibration at

1340 cm.'1{ conseguently the abseﬁce of these bands in the spectrum also
excludes a tertiary'nitrb compound1. The presence of a nitro group
attached to a chlorine carrying carbon (implying 2,1-addition) is also
unlikely owing to the absence of bands at 1565 (asym. str.) and 1342 cm.”!
(sym. str.). Brown1 however, only examined one such compound, The
presence'of a nitfo group in the three position, which would imply
3,4—additioﬁ, is also a possibility because of the characterisfid bands
of a secondary nitro group1'in tne regions 1542-1555 em.=? (asyﬁ:'str.)

and 1360-1380 ca.”| (sym. str.). Evidence presented later argues against
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this. It is concluded therefore that a primary (-CHZNOZ) nitro
‘group is present which is further substantiated‘by the band at 1425 cm._1
reeulting from methylene bending vibrations in g;primary nitro compoundz.
This conclusion is indicative of 1,4= or k4,1~ addition.

Nitrite (-0LO) groups are excluded since they exhibit? a double
band betweenﬂ1681;1653 cm;71 (i1=0 str.) and 1625-1613 cm.-j (N=0 str.).
These are attributed to the trans- and cis- forms of the nitrite structure
respectively.  Nitrate (-ONOz) esters3 also show a strong band inter alia
in the region 1650-1600 cm._“»(NO2 asym. str.) and are therefore eliminated.

‘ ‘The absorptions attributable to the nitroso group are less
readily assigned. The N-O frequencies quetei by Gowenlock and Lﬁttkeh

for aliphatic cis- and trans- nitroso dimers are given in Table 21.
Table 21

Characteristic NO Frequencies in Alibhdtic‘(RNO)za.

cis-Dimer ' ‘ " trans-Dimer
.-Double band between 1323 and - Single band between

1344 em.™Y and 1330 and 1420 cm.”' | 1176 and 1290 cm.”

EThe faet;that the‘;ange of frequencieslis large, combinedrwith the -
presence of a nltro group, which may well overliera characteristic

'band, makes the unamblguous identlficatlon of a nitroso group o
dlfflcult. It is p0351b1e that both cis- (13’2 and 1385 - shoulder - cnm, 1)
and trans- (1205 e m. 1) 1’4 may be present. Argulng againot this
vsubgestlon is the presence of a very weak band in the -N-W- stretchiné

.tanée (1640 cme ) whlch besides substantlatin5 a dimoric otructure, is

‘evldence for a trans- rather than a cis- form. The band would be
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expected to be weak if a treons- structure was present but stronger if
the cis- form was present arising from the greater change in dipole
moment associated with the latter. As the trans- structure would be
favoufed on steric grounds it is significant that.no alteration in
band intensities wuas observed after repeated recrystallisations.
Although cryoscopry has shown that the solid is largely dimeric in
sulpholane solution, some dissociation does occur and presumably on
being brought out of solution the monomers would larely combine in the
sferically preferred trans- arrangement. Brown1 has examined seven

bis-nitroso compounds all of which showed a strong band in the range

1213-1200 cm.” .

That the molecule contains unsaturation is shown by the band at
1672 cm.” ' (C=C str.) and this falls in the range established by
Mc JMurry and Thornton? for trisubstituted ethylenes, although these
authors quote the intensity as very.weak. This is not thought to be
a serious objection because halogens are known to enhance the intensity -
of the carbon-carbon double bond stretching frequencyé. It must. be
recorded that this band is somewhat higher than is normally expected for
a carbon-carbon double bond stretch and is more typical of a carbonyl
stretching mode’ . Of particular significance is the observation that
somé aqp-unsaturated carbonyl compounds8 show a strong band near thié
value and also & weak band near 1640 cm.”! (C=C str.). It is difficult.
{however, to rationalise the presence of a carbonyl group with other data
collected on the solid such as elemental analysis, lack of solubility
'and its method of preparation; which presenfed no opportunity for -
hydrolysis of an oxime (formed by tautomerism of a nitroso group)kto‘a
carbonyl group. .In the’absence of any other evidence to the contrary
the favpﬁred interpretation is that the unsaturation vibration isréhifted

* by the combined effecté of the nitrogen-oxygen groupé and chlorine7 to a



value higher tnan usual,

Further evidence for a trisﬁbstituted ethylene is the band at
828 cm.”) due to a C-4 deformation of a trisubstituted double Lond”.
The bands at 925 cm.-1 (CH2 out-of-plane deformn.) and 990 (Cil out-of=-
planerdefofmn.)‘ are cnaracteristic of a —CH:CH2 group7 which therefore
adds the possibility of some 3,4-addition. |

Finally the strong band at 745 cm.-1 is assigned to the C-Cl
Sfrefchiﬁg médeB.

b) liass Spectrometry. Accurate mass measurement of the parent ion

gave a molecular formula C435C1N203 wiich is in agreement with the
formula derived from elemental micro-analysis. The major fragmentation
routes of the compound are shown in Figures 24 and 34%. Comparison of the

9

cracking pattern with published data’ eliminates N-nitroso compounds
(RZKNO) which give an abundant moleculars ion and ready cleavage of the
carbon nitrogen bond giving the base peak. Further evidence against the
bresence of alkyl nitrites, besides that of iﬁfrared sﬁectrbscopy is that
these usually give a very large 0% (n/e 30) peak owing to the easy breaking
of the RO-NO bogd1o. additionally, the known facile u-cleévage would
lead in;thismcase (Structure I) to an abundant feak at m/e 60
(C32=6—ﬁ=0). ) Since there is an absence of peaks attributable to a dimer
(even at‘20 ev-) it is postulateé that the dimer fragments to the mohomer
underlfhe ;onditions described on p.105. It is significant that dimeric
nitroso%benzené isAnoﬁ detécted by mass spectrometry and the monomer
decompoées by loss of nitric oxide11. A similar fragmentatibn was found
for dimeric nitro-nitroéo cyclohexene, [prepared by the actiqn of NZO3

on cyclohexene12, m.p. 139-140° (decomp.), 38% (Lit. m.p. {420)13§
identified by i.r. and 'H n.m.r.] and in this case the loss of -0, took

place more readily than -NO.
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147

of Bis-(2-chloro-1-nitro-

it
CH_=CC1Cil=Cli,

2

Lenitrosobut-2-ene),

m/e 88,90

Chloroprene spectrum
Table 10 . é(///////:; 0 m* 84.9

CHZ-CC1—Cd-C_N

e ~HCN | I
CH.,=C-Ci . -C=N CH -C-C Cd
N 2 , : N .

no m

m/e 66 m/e 39 /e 52
Y ~OH* no m* ‘ o -I0 no n*
Cdz-C_uH-CHZNO OENCH -CCl:CH—CHZJQ o ‘ Ch2=Q=Q5CBZhO
m/e 83 o n/e 164,166 m/e 82

_01 n* 58 5 -NO2 m"85.9 “HCl no m*

+

=CC1~CiI-CH_NO

2

or
+

cH -CCl—CH-CH-hOH

m/e 100 102.

—dCN m‘ 53 2

Cl w/e 22,75

‘m/e 38

n/e 118,

\ O 1*86.6

CH -CCl CH. -C &]
m/e 101, 103
-HCNAno n*
CH -CCl CPH

m/e 74, 76

-Cl: no m*

‘A‘|giiiﬁ.‘; n/e 39

(ﬁ/e for major chlorine'isotope underlined; assigned metastable peaks

are indicated with an asterisk).
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¢) Proton Marnetic Resonance. A spectrum of this adduct and that of

2,3-dichloro-1,3~butadiene was difficult to obtain due to the poor

13

solubility. 4 similar restriction was found by Scheinbaum © who
employéd the computer averaging of transients technique to observe the
-spectra of some nitro-nitroso dimers. Elevated temperatures were
undesirable owing to the gnermal instability of the solids. The
initial integrated spectrum obtained (p.105) is consistent with the
proton arrangement of structure (I) which is also consistent with the
reported coupling constant (J = 6llz). The chemical shifts due to the
nitroso group, in either monomeric or dimeric form, have not been
correlated but King'@ has found that the shifts, relative to benzene,
for nitroso and nitrobenzene are similar. Although Schienbaum did not .
- comment on his results it is clear that this similarity extends to the
aliphatic case. An attempt was made to resolve this question more
precisely by examining the spectrum of nitro-nit£oso cyclohexane dimer.
This had two low field broad peaks centred at 4.4 and 5YTof intensity
one. It was hoped that a conversion of the dimer into the oxime could
be achieved in order to ascertain which of the two peaks was due to the
methine attached to the nitroso grouping. No successful method was
found for this however. - The proténs of the methylene carrying the
nitro group (I), would bé expected to be about 5.1 . The observed
peaks are therefore in the expected region. It is significant that there
is only one set of doublet, triplet and singlet, implying that addition
is of one type only. Had both 1,4- and 4,1- addition products been
presént fhen a more complicated spectrum might reasonably have been
expected.

d) - Supplementary Evidence. It has been shown by cryoscopy that the solid

is only weakly dissociated (ca. 15%) at 28° and it is significant that
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the solutions were coloured pale green. The colour would be expected
of é nitroso monomerh. Treatment with alkali, .sodium nitrite and
subgequent acidifioation (Table 14) indicated the oresence of a primary
nitfo group supporting therefore, the conclusion of infrared studies.

The observed instability of the compound towards light and -~
tempefétﬁfe are in keeping with the similar results that Hazeldine
et §l14 fouﬁd for the case of tetrafluoro-1-nitro=-2-nitrosoethane.

(p.66 j.k The slow decomposition of dimeric 2-chloro-2-nitrosonorbornane
oﬁ exposuré to daylight at room temperature hds also been noted15.

.The inertness of a benzene suspension of the solid towards
nitric oxide is consistent with the dimeric structure (I) and the
findings of Donaruma and Caimody16'who found‘that bis-ﬁifrosooyoiohexahe
feaéted very slowly with nitric oxide at 25° foigiVe‘nitrooyclohexehe.
cyclohéxyl nitrite and’cycloheiyl nitrate‘as the major feaction
prodocts. The result of the treatment of a éulpholane solution of the
éolid with nitric oxide is less readily explained. Burrellq7 has
éthn quélitatively that the additioﬁ of nitrio oxide fo monomeric
1-chloro-1-nitrosocyclohexane was fépid’evén Qt”-80°.' Sinoe Cf&bécopy
has ohown that the solid is diosooioted‘(gg. 15% at 28o)vio;sulpﬁoléno.
the‘monomor formed should, on ﬁurréll's évidence; Have reacted reddii&‘
with nitric oxide and have dispropoftionéted the éas to nitrogen
oioxide and nitrogen which wouldihave bééﬁ detected.‘ .HoWevéf. some
‘resultgiof this investigation indicate that the reaction of nitroso
monomérs with nitric oxide may'not always be fast. At the termination
of experiments using 1,1,4,4-£etramethyl-1,3¥butadiene, isoprene and
1-chloro-1,3-butadiene (Téble 11)‘there femained a blue or green coloured
solution. (This colour faded on flushing with argon). It seems

probable that the colour was due to a nitroso monomer and if Burrell's
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observation was applicable this would react rapidly with the excess
nitric oxide. Brown18 also found considerable quantities of unreacted
nitroso monomers after tri- and tetramethylethylene were reacted

with nitric oxide. Alternatively it must be borne in mind that the
monomer may have tautomerised to the oxime more quickly'tﬁan it reacted -
+ith nitric oxide. It is also possible thaf.the evolution ofvnitrogen,
if any, was too slow to be detected.

Neither catalytic hydrogenation, wh;ch failed‘to induce significant
gas absorption, (N-O functional groups are only slowly catalytically
hydrogenated at room temperature aﬁd atmospheric pressure19), nor
examination of the reaction product after ammonolysis, helped to resolve
the question of structure. The action of liquid ammonia is particularly
puzzling. Comparison of the micro-analysis values with the figures
estimuted by titration, indicateé that all the chlorine was ionisable
and that a little over half of the nitrogen confent was liberated by alkali.
It seems therefore that the chlorine was stripped from the molecule and -
that all of it can be accounted for as ammonium chloride.

It is concluded that the structure for the solid isoiatgd from
the reaction of chloroprene with nitric oxide is the dimer of 2-chloro-
1-nitro-i-nitrosobut-2-ene (I). The point most open to question is the

relative positions of the nitro and nitroso groups.

2) <Crystalline $olid Derived from 2,%-Dichloro-1,3-butadiene.

i)  3is-(2,%-dichloro-1-nitro-4-nitrosobut~2-ene), The structure (II)

of this white solid,
o)

l’
~N=N=-CH
+
0

OZNCHZ—CC1=CCI-CH2 -CCl:QCl-CHaNO

2 2

(11)

[

i
is based on the following interpretation of experimental results.
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On the basis of evidence alrexady presented fhe infrared spectrum
shows a primary (or possibly a seconzary) nitro group1. This is
supzorted by a bani (1425 .¢m.”") due to a me%hylene of a primary nitro
groupz and by the colour test (Table 14). There is no evidence for
the presence of nitro groups in other enviroments.

The bands attributable to the dimeric nitroso group are again
less easily assigned. In this connection it is of interest that this
spectrum and that of bis-(2-chloro-1-nitro-k-nitrosobut-2-ene) hzve
strong doublets at 1210 and 1245 cm.'1. and 1205 and 1235 o
respectively. Although these are not within the range quoted by
Gowenlock and Littke! for nitroso dimers (Table 21) (Brown' has identified
the band at ca. 1205 cm.-1'with the nitroso group), it is significant
that the doublet is absent in the spectrum of 2,3-dichloro-k-nitrobut-
2-enaldoxime (Fig. 19). A further sigaificant similarity is the weak
band tentatively assigned to the -l=N- stretching frequency. This band
is also absent in the specfrum of the oxime.

There is no band attributable to carbon-carbon double bond stretch.
The intensity of this band in the case of tetrasubstituted éthylenes
is however, always low and often absent?

The mass spectra of the solid is shown in Figures 25 and 26; In
neither case were there higher molecular weight fragments and again it
is postulated the dimer readily fragments to the monomer. An inter-
pretation of the méjor fragmentation routes (70 ev) of the compound is
shown in Figure 35. The spectrum obtained at 20 ev is unusual in that
it shows a more complicgted fragmentation pattern than at 70 ev. It is
interesting to note that loss of OH+ and HZO occurs to a greater exteht
than at 70 ev. The peaks at m/e 103, 111, 113 (Fig. 25) are difficult

to rationalise but a plausible structure is,



o (111)

~and loss of HC1 would account for the peaks at m/e 73 and 75.

Figure 35, Hajor Frasmentation Routes of Bis-(2,3~-dichloro-1-nitro-

L-nitrosobut-2-ene).

‘ +
OZNCHZ-CCI=CCI-CH2N6]

m/e 193, 200, 202

-N02
+
CH2=CCI-CC1-CH2NO
m/e 152, 154, 156
-NO

[ 2
v —— ' E
+

<z o | wjl
CH.,=C-CC1=CH

2 2
m/ 87, 89

cu2=cc1=c=cﬁ7*

/e 85, 88

+
Cll,=C-C=CH

2
m/e 51

(m/e for major isotope of chlorine is underlined).

The integrated proton magnetic resonance spectrum could not be
interpreted in any meaningful manner owing to its complexity., It is

consistent with the instability noted for bis-(2-chloro-1-ritro=-4-
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nitrosobut-2-ene) in dimethyl sulphoxide solution.

The result of a cryoscopic determination indicates fhat the
solid readily dissociateé,(100% at 28°) in sulpholane to give a green
solution and this is consistent with its subsequent ready conversion to

the corresponding oxine,

ii) 2,3-Dichloro=k-nitrobut~2-enaldoxime. The evidence for the structure

(IV) of this compound is in two parts.

02NC'2-CCI:CCI—CH=NOH'

(v)

Firstly, the method of formation, froﬁ bis-(2.3-dich1§ro-1-nitro-h-
nitrosobut-2-ene), and the'positive nitrous acid test, Table 14)
substantiate a primary nitro group. | This together with a molecular
weight of 194 (cryoscopy) agrees with the formula given. The rest of
the evidence is derived from spectroscopic investigation.

The infrared bands are consistent with the results of Fligge
et 2112 for a series of nitro-oximino compounds. Additionally the band

-1 : -
at 1620 cm. may be due to -C=l-stretch and the band at 670 cm. 1 is

due to C-Cl stretch5.

The proton magnetic resonunce spectrum (details on p.107 of
Experimental Section) are seen to fit this formula.

The mass spectra of the oxime is shown in Figures 27 and 36.
The latter shows an interpretation of the major fragmentation routes.

It is concluded that the structure (II) is therefore the
correct one for tne solid reaction product formed between nitric oxide
and 2,3-dichlcro-1,3-butadiene and that it readily converts . to the

oxime (IV) under the conditions described on p.106.
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Figure 36.Major Fragmentation Routes of 2,3-Dichloro- -

Lenitrobut-2-e¢naldoxime.,

} 02N0H2-001=c01-ca=woé]'
n/e 198, 2C0, 202

~NO 5

+
- cH —CCI- C1-Cil=NCH

m/e 152, 154, 156

i -oa;///// _ -Cl-

CH _CCl CCl C N CH -CCl-u—CH- \On

m/e 135,137,139 n/e 1 __2. 119

\\&91- . ~OH.«
5 | S Cd2-001-C sCz=hi |
C1 1 ' ’

-HCH

m/e 108, 110, 112 - l ~HCN
. -Cl\ o
" {4:3
= c1
m/e 73, 75
- -C1:
n/e 38

(m/e for major chlorine isotope underlined).
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3) Identification of 1,4-Dinitro-1,1,4,4-tetramethvlbut-2-ene.

Unlike the previous two olefins discussed, a’crystalline ‘
nmaterial was isolated on distillation of the initially formed oil from
1,1,4,b~tetramethyl-2,3-butadiene. The structure (V) was confirmed

by spectral investigation.

CcH, I CH
12 =2
H C - C - C = c - C - —I
) ) ] ) er
\ "
1\02 H 1\02

: ' (V)

The infrared spectrum shows unambiguously the presence of a
tertiary nitro group and other bands“(p.107) conform to the structure
(cuj)aé-xoa. There was no evidence for 1,2-addition (no trisubstituteq
C=C) but rather a trans-disubstituted ethylene is indicated.

The mass spectrum of the solid is shown in Figure 23. The
fragmentation pattern exhibits no parent ion typical of many nitro

compounds and the highest ion m/e 156 corresponds to the loss of one

nitro group.

fHB ?HB ‘”02 , ? :
. -+
HC -=C-Cll =CH = C - CI - C -c = clc :
3 ' c 015—-> (an)ac C c|: C(Czi});l
NO2 : N H / L ‘
rm/e 156 m /e 110 (base peak)
-CHB
H
i, = C -C = C(CH,)
3 [!{- 32

m/e 95
The proton magnetic resonance spectrum (p.108) can be inter-

preted successfully in terms of structure (V). . The high field singlet
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indicates that all the methyls are equivalent as are the two ethylenic
protons - low field singlet - taerefore confirm?ng 1,b-addition. The
molecular weight (p.108) helps confirm structure (V).
' It was not possible to satisfactorily identify the solid

isolated in low yield (ca. 1%, p.108) from the interaction of nitric
oxide with 1,1,4,4-tetreamethyl-1,3-butadiene in concentrated benzene
solution. & furazan oxide structure ( VI) (p.17 Historical Section)
can be eliminated from é consideration of the iﬂfrafed spectrum (Fig. 21)
since furazan oxides exhibit a strong band in the range 1625-1600 cm.-1

(C=N str.)zo

¢
+

cH CH
03 |2
HC ~C - C————C - C - CH

3 ) i >

NO, N N NO
2‘ N/ N\ 2
0 0

(vi)

Infrared also eliminates nitrate groups but shows the presence of the
grouplng (CH3) C-xIO2 - There are no strong bands that might be dSSlgned ‘
to a nitroso dlmer but Brown1 has obgerved that tertlary nitroso dimers,

a reasonable p0851b111ty in this case, do not exhlbit absorption ca. 1205 cm.
There are weak bands at 1640 cm.” - p0551b1y of - N = N = stretching

o;igin and at 1660 é@.ft-possibly -C=C-=-or -C=N - stretch. an
igtegrated'proton.magﬁétic resonance specfrpm‘in trifluoroacetic acid.
'cﬁanged with time and could not be successfuily interpreted. The mass
spectrometer gave llttle magor fragmentatlon and a very weak ion of m/e 368
.whlch might correspond to a fragment of a nitro-nitroso dimer (require

Mol. Wt. = 372),

[Oan(CHB)2C-CH=CH-C(CH3)2N6]2 (VII)
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" but this must be excluded if the micro-analysis figures are reliable.
The next highest major fragment is at h/e 214 which an accurate mass
measurement showed was 08H12N304 Loss of —N02 from this would lead to
thé jon m/e 158. The only metastable evidence is for a loss of mass 30
(NO) from m/e 197, which might have arisen by loss of an CH* radical
from ﬁ/e 214,

InQestigation of the solid was difficult owing to the loﬁ

yields obtained and the poor sclubility. No satisfactory conclusion,

on the evidence available, can be made as regards its structure.

4)  trans, trans- 1,4-Diphenyl-1,3-butadiene.

1,4-Diphenyl-1-nitro-4-nitratobut-2-ene. The solid is given the

structure: -
' Ph Ph X
u?-cnzcn-?u ' - (VIII)
o, ‘o ono

2
The infrared of the solid shows dlearly the presencelof a secondary

. -1 ‘ -
nitro group (1555 and 1370 cm. 1) The bands at 1640, 1270 and 840 cm. -1
are dlagnostlc of a nitrate ester but there is no way of distinguishing
between primary, secondary or tertiary groups1; " The lower frequency

bands are probably masked by the C-H out-of-plane bending modes of the

monosubstituted phenyl nng3 (740 and 690 cm. 1) as are oleflnlc bands.

The ldCA3

of a strong band close to 1625 cm. -1 excludes a conaugated
phenyl rlng wnlch is itself an indlcatlon that no 1,2-addition has

. occurred Which would result in conjugatioﬁ df the type:-

H H

o / . L )

-C=C (1)
AN )

Ph

The mass spectrum (Fig. 30) of the sample showed a molecular ion at
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m/e 252 corresponiing to a loss of -Ci0, and this then lost -NO,

m/e 206. The peaxs at =/e 30 (7)) and m/e 46 (1%) tend to confirm

to give

the presence of a nitro group. Prbton magﬁetic resonance occurred

at low field in agreement with structures (VIII) or (IX).  Elemental
anzlysis and cryoscopy are in agreement #ith structure (VIII), and it is
concluded that this is correct for the solid isolated from the reaction

of nitric oxide with trsns, trans-1,4%-diphenyl-1,3-butadiene.

5) Cil Isolated frcm Chloroprene.

The structure of the oil adduct of nitric oxide and chloropfene
is uncertain. vAgain the most significant information has been obgﬁined
from physical techniques.

The infrared spectrum (Fig. 12) of the oil shows clearly the
presence of a nitro group. On the basis of evidence presented earlier
(p.143) this is assigned as a primary nitro group1 and is supported by the
methylene baﬁd of a primary_nitro group2 and by algali treatment (Table 14).
There is no evidence for ahy other type of nitro group.

The bands at 1545, 1280, 860, 758 and 705 cm.”! are characteristic
ef nifrate esters1. Nifrité esters are'ﬁnlikely to be preéent in
significant amounts. As pointedrout earlier (p.144) these are reCo’gnised3
by a double band in the ranges 1681-1653 cm..1 and 1625-1613 em.”
attributed to the trans- and cis- forms respectively of the nitrite
structure and by a band near 800 cm.-1. The broad band ca. 3300 cm.'1

is attributed to a hydrogen bonded-CH éroupB. There is little evidence

for unsaturation in the o0il excepting the band at 3030 cm.-1. Other
diagnostic bands are either very weak or masked.
In an attempt to purify the chloroprene oil adduct molecular

distillation was attempted. This resulted in a distillate that showed

absorption due to triply bonded carvon in the infrared. The band
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3

(2150 cm.-1)'is low even for a conjugated nitrile” which might reason-

ably be expected in this case. 'The formation of the nitrile would

probably be due to the loss of water from an oxime or an amide21.

?1 , <':1 (':1
-C=CH-CH,NO ——— -C=CH~CH=NCH —~—3 =C=CH-Cz=N + HZO (4)

2
3

The band does fall in the ranges quoted for alkynes which in this case

would probably arise by loss of hydrogen chloride.
-CCl=Cil= —— -CxC- - (5)

The number average molecular weight (2%0) of the initial oil is too high
for 1,2- or 1,4~ addition of nitro (Mol. Wwt. = 179) or nitrate (Mol. Wt.

= 211) groups and toolow for the dimeric structure,

OZNGCH2-0C1=CH-CH5920N02

et

which requires a molecular weight of 317.

Gel permeation chromatography (Fig. jO),using refractive index
as the method of detection,shows the presence‘éf at least six components.
The chromatogram shows that the major part of the oil consiéts of
' structures whose apparent length lies between 4.3 and 81A. (043 and 81 mm).
Because the observed value for chloroprene monomer 4.3 &. (0.43 nm)

(See Fig. 10), which was run under the same conditions, is less than the

value calculated, 6.33.(063 nm) on the basis of the structure,

it is tempting to conclude the constituents range from a dimer up to a

decamer. This assumes that the refractive indices of the compqnents are
1
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similar and that there is ideal behaviour of nitro and nitrate compounds.
Evidence is presented later that indicates that this may not be the
case (p. 167 .

| Elemental analysis (Table 12) corresponds to an empirical
formula CQHQCIO.8'1.302.9' This, and the observations of the number
a?erage molecular weight and the molecular weight distribution, would

seem to exclude a major contribution from the type, ;

-NO-CHZ-CC1=CH-CH2-

CQZ-CC1=CH-CHZLOZ

analégous to the structure Hazeldine14 has suggested for the polymer
_isolated from the interaction of nitric oxide and tetrafluoroethylene

(p.67). Similarly structures such as,

R R22

N 7 L ‘ 23
. /,NfN\\ (Mol. Wt. = 598); R-N-OR (Mol. Wt. = U433.5)
RO OR ' R

(where R.=L02NCHZCCICHCH2-)

suggested for oils isolated from the reaction of isobutene and nitric
oxide (p.60) can also be ruled out as major contributors.

It is therefore coﬁcluded that the major part of the oil adduct
is a low molecular‘weight'polymer. The main component is likely to be a
dimér with nitro or nitrate end groups. By analogy with bis-(2-chloro-
: 1-nitro-h-hitrosobuf-a-ene) this was probably formed by 1,4 or 4,1-
addition. |

"§) 0il Isolated from 2,3-Dichloro-1,3-butadiene.

A viscous brown oil formed the major component when 2,3-dichloro-
1,3-butadiene reacted with nitric oxide. The infrared spectrum shows the

expected bands attributable to nitrate and primary nitro groups. The



161

nitrate bands are relatively weak compared to those of the nitro. This
contrasts with the case of the oil derived from chloroprene where they
are of approximately equal intensity. A furthe? difference is the
presence of triply bonded carbon. This was only observed in the case
of chloroprene after molecular distillation of the oil under high~vacuum
at temperatures up to 100°. In the case of 2,3-dichloro-1,3-butadiene
only a moderate pressure (10-2mm.) and room temperature were sufficient
to bring about the same change. This illustrates the contrasting
instability of the oil derived from 2,2-dichloro-1,3-butadiene to that
of chloroprene.

The same considerations as applied to chloroprene, lead to

the conclusion that the dimeric structure,

OEN(-CHz-CC1=CCI-CH2-)20NO2

which requires a molecular weight of 352, is a major component . Gel
permeation chrohatography (Fig. 11) is rather inconclusive in that the
presence of at least six components whose apparent lengths lie between
2.5 and 21.6 4.(025 and 216 nm), are shown. Since a molecule of
2,5-dichloro-1,3-butadiene, depending on its conformation, has a length
of between 6.2 and 6.7 %.(062 and Q67 nm) and there are a number of
elufed peaks of size smaller than that of the monomer, it would seem
trhat more complex absorption or associagion is taking place. It is
significant that 91-nitropropane, which is calculated to have a chain
length of between 6 and 7 &. (06 and Q7 nm), run under identical

conditions as the oil (See Fig. 11), gave an apparent length of 11.9 3.

(129 nm).

L
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'2)  0il Isolated from 1,1,%,4-Tetramethvyl-1,3-butzdiene.

The infrared spectrum of this oil (Fig. 16) shows the expected
- bands attributable to méthyl, nitrate and_nitro groups. The latter is
further characterised as the grouping1 (CHB)Zé'NOZ' The shoulder at
1530 cm.-1 is near the frequency where a secondary nitro group would
absorb1; _the lower freqﬁency band (ca. 1380 cm.~ 1) would overlie that
of the tertiary nitro group.  This could imply some 1,2-addition.
However, thefe is little evidence for unsaturation excepting for the
band at 970 cm.”! genmerally attributable to a trans- disubstituted
ethylenes. Thig supports the rossibility of 1,4-addition, but there‘
should be an accompanying band in the region 3640-3010 cm.-1 which is
3

absent’. The observed molecular weight (ca. 300) eliminates a major

contribution from the structure,

CH ci
I
H,C -C - CH =CH - C = CH
0 ] >
N, ono,,

which fequires a molecular weighi‘of‘218. Since the parent olefin
Qould nof be expécted ﬁo polymerise réadiiy it may be fhat some form
of limiféd>c6polymerisatibn with nitric oxide has occurred.

The evidence available on the nature of the oil dérived from
1,1,4.4-tetramethy1-1,B—butadiené is inconclusive excepting for the
likélyhdod sf 1;4-additién of nitro and‘niérate groups:'

8) Other 0il Adducts.

a)“ fréns, trans—1,Q-Di;heny1-1,B-butadiéne.

" The infrared spectrum (Fig.AZB) of the oil adduct of the
clefin'and nitric oxide shows a marked similarity to that of 1,4-diphenyl-

1-nitrato-4~nitrobut-2-ene already discussed.
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b)  1-Chloro-1,3-butadiene.

An infrared spectrum of a typical oil adduct exhibits bands
attribgtable to nitro and nitrate groups. There is some indicatiqn
that there are nitro groups in at least two enviroments - the one is
primary - and the other is either secondary, or more probably, attached
to a chlorine carrying éarbon1. There is some evidence for a trans-
disubstituted ethylene} (980 cm;-1).

The observed number average molecular weight (ca.220)
indicates that a‘major product may be formed‘by simple addition of a
nitro and a nitrate group. (Mol. 4t. = 196).

c) Isoprene.
The infrared speétrum of the oil shows the 6ustomary bands

of nitro and nitrate groups.

It is_cbncluded thét the Eolourea, viscous,}oil products from
nitric oxide and conjugated diene interactions were formed by 4,1~ |
(unsymmetrical diene) or 1,4-addition, although the existence of other
isomers in lesser quantities cannot be ruled out. All included
substantial amounts of nitro groups and varying amounts of nitfate ester.
IThere is evidence in some cases for a considerable number of components
and a major portion of these is likely to be a.iow molecular weight
polymer. The infrared also indicates that there are in some instances
' compounds containing NH or OH, carbonyl, and tertiary alcohol or ether
linkages. There was little evidence for the constitution of some of the
oils changing on storage for‘some months at';20° under nitrogen. However,
on storage at room temperature under air in the dark or light the chloro-
prene oil adduct gradually evolved nitrogen oxides, §welled and became

darker and tar-like-
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CHAPTZIR 8
e st 9
T

The liechanism of the Interaction of Conjurated Dienes with Hitric Cxide.

In the previous chapter the compounds formed from purified

. nitric oxide and readily polymerised, conjugated olefins were‘identified

_ as far as possible and the stabilities of these compounds described

- and discussed. Eecause of the experimental difficulties encountered,

. certain other conjugated olefins‘were selected for iqvestigation in the

hope that, if the olefins were less susceptible to autoxidation‘and polymeris-
ation, they would éive less complicated products and a clearer idea of

the stages 1nvolved might result. For this reason olefins such as

1,1,4,4~tetramethyl-1,3-butadiene, trans, trans-1,4-diphenyl-1,3-butadiene,

hexachlorocyclorentddlene and 1,k4- dlphenjlcbclonentadiene were also
included in the study. A knouledge of the mechdnlsm of these reactions
would give a better appreciation of the system under consideration and it
was hoped that tais would lead‘to'a:coffelation of steric ond polaf factors
and an understanding of relative reactivities. |
It was clear after a consideration of the work of earlier

intestigators (Ghs. 1,2 and 3) that there was considerable ambiguity as
to whether~homoiytic or heterolytic reactions were involved and so
experimental worx was carried out with a view to throwing further light
‘on to this aspect of the work. It was disappointing that attempts to
”put certaln meas;renanta sucn as the rete of absorption of nltric
ox1de or rate of removal of trauplnv agents on a quantltative ‘basis
proved to be dlfflcult.’ |

| The interaction of the conau ated dlenes wlth nitrlc oxide
showed many similarities to the charucterlstlcs observed by Brown1,

and Bloomfield and Jeffrey2 for mono-olefins and nitric oxide reactions.,
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The products, already discussed in the previous chapter, are those that
might reasonably be expected to result from the action of dinitrogen
trioxide or nitfogen dioﬁide on the conjugated systems. Brown7
postulated a free fadical path (p. 63) to account for his major reaction
product.  This mechanism involved initiation by nitrogen dioxide,
combinafion of the 1-nitro alkyl radical so formed with nitric oxide
(Equation 1) and further action of nitric oxide on the nitroso monomer,
to give, xig'a N-nitroso-N-alkyl-hydroxylamine nitrite, an.unstable

aliphatic diazonium intermediate:-

'N02 ‘ NO

=CH_.—> RCHCH.NO_ RCHCH.N
RCH cqz RCnCiaNoz———+ Q?HC&aloa (1)
NO

. - T aY Y“\' ~ - . 1
RCrIChzlvO2 + 20 — R%HCHzNOZ-% R?HanNOZ (2)

!
‘ \§ '
NO } N(NO)ONO N,0KO,

The latter intermediate was believed to break down by a'predominanfly

homolytic pathi-

, . RCHgdznoa + N, + ONO, ()
RCHCH._NO ‘
2
N_Oro,, \\\3 SRR
h ‘RCHCHZNOZ’+ N0 + NO, (&)
ONO, + NO —> 2 NO, ‘ ' (5)

Bykéither route fhg 1-nitio alkyl raéical ié }egenefated. It is worth-
whilé récdrdiﬁg ét this point that iﬁ the course of the work described.

in this thesis no nitfoqsibkide was»deteéted and therefore it is con-

" ¢luded that reaction 4‘15 ngt significaﬁf; If this free rédiéal>¢hai§

reéctibn‘doés indeed ap?ly'then it was cOnsidéred that it should

. demonstrate, under suitable circumstances, the phenomena of induction
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period, initiation by radical sources and inhibition or chain transfer
by free radical trarpping agents.

1) - Induction Feriod. = One of the factorg that led ecarlier wecrkers to

suggest a homolytic path for the reaction was the observation of an
induction period. 3loomfield and Jeffrey2 quote a periocd of between
fifteen and thirty minutes for the appearance of a coloured solution,
attributed to a nitro-nitroso monomer, when cyclohexene was treated
witﬁ nitrié oxide., Brown1 on thebothef hand does nof sfate the
magnitude of the induction periods he observed or how fhey were assessed.
Bésed cn the criteria of the times for £he appearance of green-blue
colours and the rate of nitrogen evolution, the conjugated olefins
used in this study can bg placed in an appréximate order of decreasing
reactivity:-

Chloroprene, 2,3-Dichloro-1,3-tutadiene, 1-Chloro-1,3-butadiene)

Isopren{> 1,1,4,4-Tetramethy1-1,E-butgdiene:> trans, trans- {

1,4-Diphenyl-1,3-butadiene » 1,4-Diphenylcyclopentadiene. (Table 11),(p., 111).
It can be seen from the table, thatlin most‘cases there was a time lag
between colour formation and nitrogen evolution to reacn a maximum.
This favours the suggestion that nitrogen was evolved from some metastable
intermediate derived from a coloured nitroso monomer. Hexachloro-
cyclopentadiene was found to be inert towards nitric oxide even at
higﬁ»'temperatures. This is probably a reflection of its lack of
- reactivity towards nitrogen dioxide as found by Schribner® and is
therefore consistent with the idea of nitrogen dioxide initiation.

Using the flow systen described in the ezperimental section
it was difficult to determine accurately the time when nitric oxide
 absorption wasrat its greatest. diih thg more feactivé dienes it was

evident that absorption was taxing place from the slowing of the bubble .
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rate.of the gas exit bubbler and this was simultaneous with the reaction
solu£ion vecoming coloured. On the other hand with the less reactive
olefins this bubbler effect was barely noticeable.

2) Initiation. If we consider the general éase of the conjugated diene
© (1), initiation will take place by attack by a radical Z* to give the

allylic radical (Ia) and (Ib), assuming attack in the 1-position.

I - S S . 1 2 3 Ak 1
CR=CR™-CR’=CR, + Z+ -» ZCR,-CR“=CR -éR2 < ZCR,

(1) (1a) (Ib)

-éRZ-CR3=CRg (6)

The exact nature of the allylic radical: will depend, inter alia, on
the nature of 2+ and the nature of the K groups. It is therefore
relevant to consider the problemn of initiatio; and in particular the
evidence throwing light on the identity of 2.,

Bro_wn1 found that his periods of induction were obviated by
the introductioh of products of an earlier reaction, or more significanily,
by nitrogen dioxide. He is the only author to reporf that pure nitric
oxide does not react with liquid olefins when they were stored in contact
for an unspecified time. Hazeldine4 has attempted purification of nitric
oxide by shaking the gas with mercury for four.days in drder to remove
traces of nitrogen dioxide. He was unable to find evidence of a
significant induction period when he treated tetrafluoroethylene with
gas purified in this manner. In th; course of the work described in
this thesis it was héped to prepare the reactants in a high degree of
purity by the use of a high-facuum technique and then study any evidence
of inhibition. Despite a thorough preparation of apparatus and , |
purification of reéctants, no evidence of an induction period was found
even with the relatively unreactive trans,trans-1,4-diphenyl-1,3-butadiene.

,Because of this it can be concluded that any initiating species wés not
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removed or that its concentration was not reduced to a level which
prevented the steps 1 to 5 becoming fully established. If the initiating
radical is nitrogen dioxide, then it is possible that traces of oxygen
were left occluded to the'élass irsypite of the considerable ceonditioning
vpériods and this led to the formation of traces of the higher oxide.
This trace amount cannct account exclusively for the occurrence of a
high proportion of nitro groups in the products. Hazeldineh has

noted the sléﬁ decomposition of nitric cxide to nitrogen dioxide and
nitrogen, a rrocess which was accelerated by heat and pressure. An
alte;native approaeh to test for nitrogen dioxide initiation was to

add the gas deliberately to the system before the introduction of the
chloroprene substrate. It was hoped that a large number of nitro-
alljlic radicals (2 = NOZ‘in Zquation 6) would thus be generated
quickly and that there would be a significant alteration in the observed
reaction variables. This would indicate that either.nitrogen dioxide
was the initiator or that the oxide participated with an unknown
initiator. Although the ratio of solid to oil prodﬁcts did vary, as
did the consumption of chloroprene, there wa; no reéognisable trend with
increasing émounts of added nitrogen dioxide. | Table 17). Since the
time for the formation of nitrogen to reach a maximum did not alter
significantly it may be interpreted that either nitrogen dioxide was

not an initiator or there was a rate determining formation of some
intermediate leadinz to the release of molecular nitrogen.v On the basis

of Burrell's’

work it is suggested that the latter is the more probable
explanation. ‘This author examined the reaction that occurred when
monomeric nitrosocyciohexane and nitric oxide were irradiated with high

energy electrons. Subsequent infrared analysis of the product showed

the presence of nitro and nitrate groups which were attributed to
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nitrocyclohexane and cyclohexyl nitrate. This agreed with the
earlier thermal work of Donaruma and Carmodyé. Burrell was able
to show that the rate of disappearance of the nitroso monomer was
.independent of nitric oxide concentration. It was suggested that
the unreacted monomer in the bresencé of excess nitric oxide was
in equilibrium with an unstable intermediate which was thought, by
analogy with Brown, to be a substituted hydroxylamine nitrite:-
fast

KO + 2NO —— N(NO)ONO (?)
.! fast

)

i

Because of this equilibrium the rate of monomer disappearance would

be equal to that of the intermediate. Thus the half life of 0.2 sec.
(250) observed for the monomer disappearance was also the half life

for the rearrangement of the intermediate, which, again by analogy with

Brown, was assunmed to be a dizzonium nitrate:~

slow fast .
N(NO)ONO —————-§[intermediate]-——-—) *+ N, + ONO, (8)
(8a) - (8b)

Tt was implied that the break up of the diazonium nitrate (Equation 8bv)
was very rapid since Burrell suggested that reaction 8a was rate
controlling and the nitroso monomer was related to the intermediates
-by the rapidly obtained equilibrium 7. |
An alternative is initiation by nitric oxide itself. However,
nitric oxide seems to be a particularly unreactive free radical - see
the gas rhase reactions discussed in Chapter 3. Also there is no
evidence from thi; work that nitric oxide dould add to fhe double bond

and the resulting 1-nitroso radical be trapped by a second nitric oxide
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radical to give a dimeric dinitroso compound (ONRIO),. This might
reasonably be expécted to be insoluﬁle in the solvents used although
it must be borne in mind that any dinitroso moﬁomer may have rapidly
reacted further with nitric oxide.

A third possible type of initiation is that due to
homolytic fission or inéuced decomposition of a peroxidic species.
It has recently been demonstrated7 that t-butyl hydroperoxide rapidly

reacted with nitric oxide at 25° to give initially t-butyl nitrate

and t-butanol according to the scheme:-

£-BuOOH + NO ———> t-BuO+ + HONO (9)

t-BuO- + £-BuOOH ——» t-BuOl + t-Bu0O+  (10)

£-Bu00+ + KO —— [;_-Bucono] ——> t-BuOlo, (1)

The authors suggested that the regction was an induced decomposition
caused by nitric oxide. The reaction Qas shown to applyvonly to-
hydrOperoxiaes. -Thus the oxide also reacted with n- and s-butyl
hydroperoxides as well as with m-chloropefbenzoic acid, but it was
virtually unreactive towards dibenzoyl peroxide, t-butyl peracetate and
di-t-butyl peroxide. Vhen one éonsiders chloroprene specifically,

we can take advantage of the recent worx of Baileys,«who has made a
comprehensive study of the autoxidation of chloroprene and has
concluded that the major peroxidic content is in the form of 1,2~ and
1,4-dialkyl-polyperoxides - the latter predominating. - The possibility
of hydroperoxidé end groups of the polyperoxide could not be excluded.
The chloroprene peroxides are known to decompose even at o° presumably

to alkoxy radicals, and to initiate the facile polymerisation 6f the
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monomer. The gas phase reactions of nitric oxide with alkoxy
radicalé has been discussed in Chapter 3, where carbonyl and nitrite
compounds are formed.‘_ Therefore there i's a real possibility of
reacéion bet&een nitric oxide and chloroprene peroxides decomposition
products with the initial férmation of nitrites. It was therefdre
pertiﬁent to this study‘to, (a) remove all traces of chloroprene
peroxides by thorough purification and (b) to add chloroprene
peroxides; Since it was observed by Kern et gl? and cénfirmed by
Baileys. that chloroprene does not form a volatile peroxide, the
method of purifying chloroprene described earlier should have removed
aﬁy traces of peroxide matter and rigourous trap to trap distilléfion
had little effect on the onset of reaction with nit;ic oxide., Also
the introduction of paréially oxidised chlofoprene had no noticeable
effect on the reaction, éither with regard to colour changes, gases
evolved or product composition. It is therefore'concluded that there
is no evidence to support éhloroprene peroxides or their decomposition
products as initiating species.

It can be postulated that nitrozen trioxide is a product
of nitrig oxide and olefin interactions‘(Equation 3) and céuld there-
fore act as an initiating species, particularly as the oxide is
reported‘tp be a more reactive radical thanknitrogen dioxide1o,but
there is no evidence to support this.

It is:therefore concluded that, as there is no evidence to
support either nitfic'oxide, chloroprene peroxides or nitrogen
trioxide as initiatofsvand the fact that nitrogén dioxide was shown
to have some effect - albeit haphazard = on the reaction of nitric
oxide with chloroprene,_nitrogen dioxide was the most probable

initiating radical.
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If then we consider the radical resulting from the initial

attack by nitrogen dioxide on chloroprere, this would take place

predominantly in the 1;position,

Cl
| . ‘ . .
Cd2=C-uH=CH2 + uOZ-————f)OZNuﬁa-Cvl-ba-una (12)

because this gives an allylic radical which derives additional
stability from the chlorine. | In the.general case of addition of
ions or radicals to 1,3 conjugated dienes the thermodynamically
stable proaucfAis the 1,4-addition product and this is in agreement
witﬁ the oSservation of almost éxclusive 1,4-addition of nitrogen
dioxidé and nitric oxide. This can be compared in Certain respects
to the u.f. initiated addition of thiols to tﬁe same olefin which
gave predominantly 1,4- (72-95%) as opposed to 4,1~ addition products.
Nd 1,2- adducts were found11. Similarly, predominantly 1,4-
addition might be expecteé with the other dienes used.

VThe stability o1 the intermediate allylic radicals
derivea from fhg dienes used can, to a certain extent, explain the

order of overzll reactivity as measured by the colour formation of

nitrdso compounds (p. 168). fThus trans, trans-1,4-dipﬁenyl-1,3-butadiene
would be expected'to react more slowly‘tﬁaﬁ chloroprene because of the
enhanced stability of the 1-ni£ro aliylic radical due to the phenyl
groups.v | N | |

The initiation reactions in the case of chloioPreﬁe are

envisazed to be as follows:-

e ~ . - ) -y \v - ) ‘ ' - - .. - .

CHi=CC1-Cii=CH, + NO, ———3 OZLCdZ-CCI-Cd-CHZ (12)
fast > ; —— :

R + 10 —— RO (where R = 02NCH2-CC1—CHCH2) (13)

A , slow .
RO + 2HO0 —) [Intermediate] — R + NZ + OI'XO2 ‘ (14)



175

If the nitro allylic radical has a relatively long life then the
concurrently produced nitrogen trioxide (Equation 14) can escape
from its environment épd.react further with nitric oxide (Equatien 5)
forming more nitrogen dioxide which can then act as a chain carrier.

‘ON02 + ¥O — 20,  propagation (5)

That nitrogen dioxide is produced in the reactions of this sgudy

is inferred from‘the considerable'quantities of nitro groups shown

by infrarsd spectroscopy to be‘present in the reaction products, and
b&-the appearance of a blue sélid —'attiibuted to dinitrogen.trioiide -
in the cold trap when cerfain'of the dienes wéré treated with nitfic
oxide (Table 11). ‘ |

3) Termihatisn. AS ;hé final products of the reactions sfudied e
have not been fﬁlly characterised the nature of the termination steps
must necessarily be somewhat speculative.

A termination of importance when one considers chloroprene
and 2,3-dichloro-1,3-butadiene is dimerisation of the nitro-nitroso
cohpound‘dr"dimerisation and pfecipitation,‘which'iﬁ this way removes
it from the system. Considering the generallsase of the diene
monomer M and its nitro allylic radicai Re (OZNCQE:é:E), these’dan‘A
polymerise adcording to the scheme:-

M (x

M+ R — RMe —2 R+ = 2 to 10) (15)

Some of the more probable termlnatlon steps involvinﬂ the radicals

RIx R- and nitrogen ox1des are given in reactions 16- 20.

R (or R:-ix- ) + NO — RNO —— RCEsNOH (16)
R+ (or RH_» ) + N02 —_— RN02 . (17)
"R+ (or RHX- ) + ONO2 —3 RON 5 o (18)
“ R+ # R+ — 2R o (19)

RMX‘ + Rv ——— RZMX‘ , - (20)
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The inclusion of 15 as a termination step is justified by the
- detection of hydroxyl groups in many of the reaction oils. The
most probable sterps involved in the formation of the oils are 17 and 18
as this would account fof the nitro and nitraté groups and low
molecular weight polymers found in most cases. The indications are
that none of the dienes gave rise to high molecular weight polymers
and therefofe reactioh 20 is not siénificant.

"A reaction of the type 17 was probably responsible for
the formation of 1,4-dinitro-1,1,4,4-tetramethylbut-2-ene which was
iéolated in low yield (p.107). The low yield is in agreement with
the greater réactivity of the OO, radical compared with NO,. Finally
it can be concluded that reaction 18 was of importance for trans,trans-
 1,4-dipheny1-1.B-butadiéne where some 1,4-diphenyl-1-nitro-4-
ﬁitratobuﬁ;z-ene was formed (L4%).

Reaction Intermediates.'

It has been pointed out a£ various stagés of this work that
metastable intermediates such as nitroso compounds or nitroxides can
be given reascnatle consideration. Since a dimeric nitroso compound

‘was isolated from chloroprene and 2,3—dichloro-1,B-but;diene and this
was associated with the green/blue ¢olour, believed to be a nitro-
nitroso monomer, attempts were made to trap the correspohding
chloroprene compound. Inéold12 has reported that monomeric nitroso
benzene reacted with the Schiff base p-chloro-methylene aniline to

give a 1,2,4-oxadiazetidine:-
? _— Ii‘-CGHQCl-E .

Y 3 =NC - —
PHNO + CH,=NC(H, Cl-p —— CHN — CH, (21)

The reaction of the same nitroso compound with 1,2-dipheny1acetyiene

is'reported13 to give a nitrone:-
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PHCSCPh + 2PRNO ——) PhG — CPh (22)
oIl im0
Pn  Th

The§separ$té introduction §f these two compounds into the reaction
of‘nitric oxide and chloroprene resulted in high recovery of fhe
réagent -~ this was probably due to thé nitroso compound only being
present in low eoncentrations and the fact that fhe monomer appeared
to be unstable as indicated by the rapid fading of the colour on
flushing the solution with argon. It is’interesting to consider the
‘fgtecof the nitroso monomer formed in the reaction of nitric oxide
with dienes, particula;ly as only in two cases wefe dimeric nitro-
ni;rpso compégnds found, viz..chlordprene and 2,3-dichloro-1,3- |
butaaiene.‘v Tﬁe dimerisation of the nitroso compound(ié presumablyr
Ain competition with its tautomerisation to the oxime and this
qgmpetition will depénd on the structure of the particular diene ,

being considered.

RSN .
| 2RCHNO == (RC112N0)2 | (23_)‘
RCHNO &= RCH=NOH ~ - (W)
14 ‘

Gowenlock”and Liittke  have suggested that when the monomer is present
in small concentrations the oxime formation is preferred.. . On the
other hand the same authors have stated that dimer formation is
dominant in non-hydroxylic sblvents.‘v Since nitric oxide addition

to the qitroso monomer is postulated as part of the rgactién sequence
between olefins and the gasvfhe picture is further complicated by the -
equilibriumi- , , _ ) ‘ o - _

. RCHNO + 20 &= [chiau(wo)ox«o]' | (25)
5

Burrell” has suggested tpat the nitroso monomer and the substituted

hydroxylamine are in equilibrium and has shown qualitatively that the
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addition of nitric oxide to monomeric chloronitrosocyclohexene was

rapid even at -80°. Ginsburg et §l15 have similarly found that there
‘was a rapid reaction when trifluoronitrosomethane was treated with
nitric oxide even at -100°.  There is no evidence for other reactions

occurring such as.a Diels Alder addition,-

I + 1 — I I (26)
R-C N R-C N-R
AN \

:o; of radical addition across the nitroso group as suggested by Brown1.
(b. 61) and these are not considered. It may be that, whereas in
~ the cases of chleroprene and 2,3-dichloro-1,3-butadiene, the dimers
were insoluble in the benzene solvent, the dimers of the other olefins
used were soluble, dissociated to a greater or lesser extent, and ’
thereforé reacted further with nitric oxide, A simiiar explanation
has been advanéed by Ogloblin gg‘gl'(p. 50) to explain the formation
of anomalous prodﬁcts of nitrosochlorination. It is also reasonable
f;om a Eonsideration ofvthe overall reactivities of the conjugateﬂ
olefihé (p.168) that the nitroso monomers in these two cases were
proauced rapidl& and therefofelan appreciable concentration accumulated
causing reaction 23 to compete successfully with routes 24 and 25.
Only in one cése can the failure tc isolate a nitfoso dimer be
attributed to steric hinérance, that of 1,1,#,4-tetrame£hy1-1,3-
. butédiene. Thié is supported by the observation that tetraﬁethyl-
‘ethylene forms-only a monomeric nitrosochloride on reaction with
nitrosyl chloride16. | |

| Ginsburg et 5115 havé‘recently suggested that theﬁreaéfion
of nitric oxide with trifluoronitrosbmefhane proceeds ggg‘an i&ter-

mediate nitroxide radical,
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N0
CF,i=0 + NO ——> CF N-0r ——> CF,lCNO (27
~ 4 .
~ NO i

e

but no radicals were detected by electron spin resonance spectros-
copy carried out at zan unépecified low temperature., Recently it

has been demonstrated by the same technique that nitroxide radicals
are produced by the addition of free radicals to nitroso compounds.
Thus Perkins17 has used 2-methyl-2-nitrosopropane (II) as a radical
trap in the study of the radicals generated during the g-bﬁtyle
peroxyoxalate initiated polymerisation of styrene at room temperature.

Ct-BukO  (II)

The €.5.r. spectfuﬁ due to (III) was observed:-

2
t-BuNO-

PHGHCI 0Bu-t (1I1)

It does seenm reasonable that nitroxides are formed in the reaction of
nitric oxide with.olefins and this can be used to explain the step
yielding the N-nitroso-N-azliyl-hydroxylamine nitrite (Equation 2).

.A much favoured intermediate has been the diazonium nitrate
but when one looks &t the evidence it seems that many authors are working
by analogy with the work of Bamberger (Ch. 3) who reported on aromatic
diazonium nitrate which he deduced éfter fdrmation of an azo dye with
2-naphthol. In the work déscribed in this thesis addition of such reagents
as mefhanol, 2-naphthol or m-dimethoxy benzene failed to give etherg or azo
éémpoundé. The‘mqst probable exrlanation §f this is the extremé
instability of aliphatic diazoniun salts. Two claims '0*12 have
Eeen made for the isclation ofthe possible diazonium salt derived
from treatment of ethyl diazoacetate with hexachloroantimonic acid,.
tut the exact structure of the compounds in each case was uncertain.

zollingerzo has stated that aliphatic diazonium salts are incapable
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of existence because the -¢—N= bond is net stabilised by rescnance.
A phenyl group is able to stabilise a diazonium ion to a limited extent
through delocalisaticn of'the charge. Suck! delocalisation cannot
occur in an alkyl diazonium ion and decomposition, with the elimination
of molecular nitrogen, follows. an aliphatic diazonium nitrate, the
.s1ggested reaction intermediate of olefins and nitric oxide, would not
therefére be expected to be stable and would have but transient.
existence even at low temperatures. |

‘Some evidence for the existence of radical intermediates in
thé reacfion of nitric oxide and chloroprene has been obtained in two
ways;‘ The first of these involved the use of two stable nitroxides;

2,2,6,6-tetramethyl piperidine nitroxide (IV) and its ketonic analogue (V).

H,C CH

37N\ /7773
,1130/ N \c:j
.(])'

(Iv)

These types of radicals have been shown by Buchachenko et al 21,

confirmed later by Ingoldza, to react with alkyl rather than peroxy
radicals and have been used by Bailey8 in his sfudy of the autoxidation

of chloroprene. It was hoped by the use of (V) to trap any intermediate

radicals, such as

r———
OaNCHa-Cvl-C-CH2

(v1)
and to isolate from the reaction products a suitable derivative of the
carbonyl group rresent in the heterocyclic ring. Examination of the

infrared spectra of the resulting oils showed that the characteristic
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nitroxide absorption was missing suggesting its consumption by some
radical intermediate. It is also interesting that only traces of
the nitroso dimer were iéplated froﬁ‘most'of the reactions suggesting
that some interception of the radical (VI) may haye occurred. It was
shown that the nitroxide (V) combined rapidly with nitrogen dioxide

to give an unidentified unstable sclid (p.133). ~Since nitrogen
dioxide is a likely intermediate in the reaction then it is probable
that some of'the'nitroiide was consumed in this maﬁner. The'speed of
nitrogen evolution in these experiments appeared to be'affected in a
haﬁhazard wéy for which no explanation can be advanced.

Some aéditional evidence was obtained for radical intermediates
by performing the reaction of nitric oxide with chloroprene in the
presence of iodine. " Agéiﬁ little or no nitroso dimer was isolated
and fhe major product was an intractable oil. ~ Analysis showed that a
considerable quantity of iodine had been consumed (T%ble'19).‘ The
intérvention of nitrosyl icdide, formed by the combination of nitric
oxide and iodine atoms;ié'not'thought likely as this is reported as -
beiﬁg ﬁnstableZB. PorterzB‘has postulated its existence to account for

the absorption spectrum observed when a mixture of iodine and nitric oxide

were Subjected'to flash photolysis.

Sirnificance of Dimers derived from Coniurated Dienes.
¢ ¢

- It has been known for some time that chloroprene forms dimers

2k have shown that the

" on standing at room temperature. : Robb et al
dajor componentsdf the dimer mixture are cyclobutane (VII) and vinyl

cyclohexehe‘(VIII) compounds, but these are formed only slowly at 35°.

c1

(VII) : (VIII)



182

Even'though the interection of chloroprene and excess nitric oxide at

6° in non polar solvents is a relatively much faster reaction, it was

felt that the effect of nitric oxide on these dimers should‘be checked.
The action of nitric oxide on a mixture of dimers (p.109) under standard
reaction conditions was found to be a very slow process giving, after
eight hours, a dark green viscous oil.  Although there was an early,
slight evolution of nitrogen this dropped off quickly and fqr the
remainder of the reaction period there appeared'to be a very slow nitrogen
evolution. The observed nitrogen maximum and the very small amount of
solid 1solated can be attributed to the chloroprene monomer impurity
(gg.:1%). It would seem therefore, that chloroprene dlmfrs are unlikely
to be involved in the reaction of the monomer with nitric oxide under
standard conditions. It muet also be‘borne in mind that in thie work,
reaction solutions are very‘dilute.(gg. 2%) and this must decrease the
possibility considerably of chloroprene dimerisation. Some confirmation
of the conclusion was obtained for ﬁhe vinyl cyclohexene cumponent by the
observation of a comparably slow reaction, with little nitroaen erlutiod,
of cyclohexene and nltric oxide under the same conditiono. uimilarly
the dimers of 150prene are not likely to play a 51gnificant part in the

25

reaction™ while the relatlve ease of formation of the dimers of
2,3~-dichloro-1,3~butadiene and their reactivities have yet to be determined.

Nitrite Intermediates;

Qne of fhe most puzzling facts concerning the constitution of
the reactieh products of conjugated dienes and nitric oxide is the large
emeﬁnts of nierate esters and the‘virtual non-existence of nitrite groups
ae ehown by infrared-sﬁectroscopy. In view of the’known dual
reactlvity (p. 5 ) of nitrogen dioxide some nitrite esters would

reasonably be expected. Since none were detected it suvgeststhat they
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were intermediary in the formation of other groups. The earlicr
explanations of Levy et al (p.18) who sugveoted ritrogen dioxide
oxidation of nitrite to nitrate groups has been guestioned by Bonetti
and co-workers (p.18). . Shechter26 has suggested oxidation of the same
group by nitrogen trioxide but has no evidence to support this. An
alternative explanation is the dissociation of alkyl nitrites into

alkoxy radicals and nitric oxide.
RONO ——> RO. + NO (29)

This has been put forward by Perk et al®’ in their study of the inter=
action of nitric oxide with fluoro-olefins at 22°. The alkoxy radicals
so produced could then undergo a number of combination and

disproportination reactions. (Shown for a primary alkbxy radical)zsz-

——> R+ CiL0 (30)
RCHaé__——R—Oj—) RCHO + R - (31)
; y RCHO + ROH (32)
*—LH—% RCH,OH + R (33)

The reactions of the type 31 and 32 could accoun& for the minor amounts
of carbonyl groups, and 32 and 33 for the possible hydroxyl groups found
to be present in the infrared spectra of some of the oil adducts,

It is has been demonstrated that the reaction between nitric
oxide and conaugated olefins under the conditicns used led to complex
reaction products. Cnly in a few cases were identifiable solid products
" formed - theymajor proéuct in all cases was a brown, viscous, polymeric
oil. Evidence was obtained for induction periods leading to an
unxdentifled metastable intermediate. but the data collected from the
experiments designed to test initiation do not clearly point to any
single species being responsible. In the absence of any contrary

evidence it is felt that nitrogen dioxide was the initiator., The work
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carried out to trap postulated reaction intermediates failed to prove
their existence and the participation of aliphatic diazonium inter-
mediates must still be regarded as highly sPecuiative whereas the
indirect évidenée for free radical intermediates is more satisfactory.
The coloured reaction solutions and the isolation of nitro-nitroso
dimers giVe good:reason'to believe that nitroso monomers are reaction
intermediatés and. the consumption of nitroxide radicals apd iodine
>dufihg the feaétioh’points to the involygment of free radicals. It
is Eonsidered at this stage of this investigation that the mobt likely
reéctién sequence is as follows:=-

" Diene + Noz}—————e Nitro Allylic radical........ initiation

Allylic radical + NO

1,%-nitro-nitroes compound (RCHZNO)

' 2RCH KO = (RCH2N0)2 ........ applies to Chloroprene and
: . : 2,3~Dichloro-1,3-butadiene .

RCH2N0>;===£ RCH=NOH ........ applies to 2,3-Dichloro-1,3-butadiere
ROHAHNO + KO === RCH N-O- _552_5 RCH,}i-O0li0

&

N=0 : N=0
| slow
| | RCHy + N, + ofio,
RCHy + OO, —— RCH,0NO, ........ identified for trans, trans-
) : 1,4-Diphenyl-1,3-butadiene

RCHé + NO, = RCH,NO, .......... identified for 1,1,4,4-tetra-

2 , e - methyl-1,3-butadiene and probably
occurs with oil products

ONO2 + NO —> 2N02

and where polymerisatidn occurred

Ry + 1O (or NO,; ONO,) ——— RN NO (x = 2 to 10) applies to
' ‘ o “0il products. ‘
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Thermal searrangement of Chloroprene Dimers and Their Significance in

Mass Spectrometry.

Juring the course of the work described in this thesis it was
necessary to prepire and isolate some dimers of chloroprene (p. 82).
fart of the identification procedure adopted involved the use of mass
spectral anal&sis and the results obtained and the conditions used are
listed in Table 10,

1) Thermal Characteristics of Chloronrene Dimers.

Kecently Robb et 311 have demonstrated that major components
from mild temperature (35-38°), chloroprene, thermal dimerisation are
1,2-dicnloro-1,2-divinylcyclobutane andi 1= and/or 2-chloro-4-(X-chlorovinyl)=-
cyclohexene-1. A small amount of 1,6-dichloro-1,5-cyclo-octadiene was
also found. The failure of earlier workers to detect the cyclobutane
compound was attributed to the higher temperatures (90° or above)
previously used in the preparation or isolation of the dimers. At these
elevated temperatures Robb et al suggested this derivative might undergo a
;ope rearrangement to 1,6-dichloro-1,5-cyclo-octadiene. Indeed, a peak
that corresponded to the latter compound was observed in high temperature
gas chromatograms of dimer samples that had been shown spectroscopically
to contain no cyclo-octadiene before injection. In a later paper2 it was
noted tuat such thermally induced isomerisation was not quantitative.
It wis suggested that both trans- and cis-1,2-dichloro-1,2-divinylcyclobutanes
were formed, but it was only the cis- form that underwent rearrangement
to the cyclo-octadiene. In the sume publicatidn evidence was presented
which led the authors to propose that the cyclobutane- and cyclohexene-
type dimers were formed yia isomeric diradical intermediates of very similar

.
2
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free energies:-

— C\

It is apparent that both 1- and/or 2-chloro-i-(c¢-chlorovinyl)-cyclohexene-1
could be formed. Althouph the intermediates I to III could give rise to
cyclo-octadiene, in fact only minor amounts of this compound wére formed.

: This‘prébably reflects the degree of stability conférred on the radicals by
the chlorine'substituents. This might be expected to be at a maximum
where the chlorine is o to the unpaired electron - thus a high yield

of the cyclobutane would be expected from the intermediate (Ij{

In addition to thermal isomerisation, hydrogen chloride
elimination can occur, for when chloroprene dimers were hegted for a
nunber of hours at temperatures below 950, the following compounds were
identified3 as well as the chlorovinyl-cyclohexene and dichloro-cyclo-
octadiene:~

1-chloro-h-vinyl-cyclohexa-j,3-diene
‘1—chloro-47ethyl benzene

methyl chlorobenzenes

2) Mass Spectra of Isomers; Substituted Cyclobutanes, Cyclohexenes

and 1,5-Cyclo-octadiene.

ba,b,c

Also of relevance is the recent work of Brittain et g; who
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have reccorded the mass spectra of some of.the dimers of isoprene,
pbntn-T,ﬁ-diene and puta-1,3-diene., They point out that the fragmenfation
patterns of the respective cyclobutzne and cyclohexene dimers (and 1,5-
creclo-cctadiene in some cases) of these compounds are very similar in
intensity end that in most cases the isomers shdwed the same metastable
transitions.‘ Cne result of electrén impact on these compounds was ring
cieavage lJeading on the one hand to the corresponding diene monomer
rragmenfs snd on the other, to the loss of ethylene. Né metastable ions
correstoniing to the loss of ethvlene were fpund and only in two casestHBL
were the metastable ions corresponding to tﬁe.production of diene monomer
recorded. The authors sugzgested thaf these facts indicated that procesues
involved in the cleavuge of’the ring of the molecular ion were rapid.

In the cases of the cyclohexene derivatives it was found that
losses of an ethyl radical and propene occurred {ca. 10-20% ) and their
proposed fragmentation route leading to thése is shown in Figure 37

for tiic typical case of 1,b—dimethyl-h—vinylcyclohexene;1.

+

. - N CHI\ /PHZ\
CH P CH Cil, - CH,  .CH
2 2 (‘ ¢ - i 2
| hydrogen ;
CiaCH-C-CH=lH, 4 CH, T——— cd
! P c _'_i C yd 3 transfer o+ / 3
CH m* (5.0 Cl ; e el
3 s’ D CH=CH,, e’ NCH=CH
n/e G4 Lo
-\,ZH5
(m* = identified metastable) m* 84,2
i
+ N
CH =CH{ -C~CH =2CH
v 1 2
n/e 107 7 e o= CH

2
) Zz ; '
Fipure 37 A Frogsmentation Route”> of 1,4-Dimethyl-b-vinylcyclohexene=1.
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~ The cyclobutanes und 1,5-cyclo-octadiene also exhitbited losses of ethyl
radicals andfprcp.ene and because theéé éould not be readily~éxplained .
by a direct route from tﬁq respective molecular ions, Briﬁfain.gg élhb’c"
‘yo;tulutod thet some isomerisution of the molecﬁlar ions of the éyclob&tangs
and 1,9=cyclo~-octadiene, to their corresponding cyclohexene isomers,had 
dccurred in thé mass spectrometer under the influence §f electron

impact. = Rearrangement {ollowed by bond cleavage as described above ﬁhen
gave rise to the observed losses.  That such a rearrangement.to a
six-membered finc can occur - at least in the case of thekthermala
isomerisation of trans—1.2-dimethyl-1.Z-divinylcyciobutane - is illustfated

by the work of Trecker and Henry5

who have observed isomerisation of this
compound at 98-130? to 1,4-dimethyl-b-vinylcyclohexene-1 (70-77%; 25hr.).
It is interwsting to note that the other major products were isoprene

(ca. 18% ) and 1,6-dimethyl-1,5-cyclo-octadiene (ca. €%).

2) . The Mass Spectra of Chloroprene Dimers.,

Bearing in mind the work outlined in Sections 15,ahd 2) above,
it was of interest to examine the mass spectra of some dimers of
chloroprene. In this work the dimers were introduced‘into thé spectrometer$
(1M.5.2 or N.5.9) using heated, glass, gas inlet systems (for témperatures
see Table 10), and this, combined witn the efféct of the séurcé‘temperatures
(_2. 2060); immediately raises the question of the magnitﬁde of the theimal
frocesses - isomerisation und dehydrochlorination - which could 6ccur prior
t5 ien impact. © also these thermal processes coujdvbe subject‘to metal
~catalysis within the instrument.  Aplin and b‘rearson6 ha§¢ shown that
transition metals can catélyée the isomerisation of ;—uéhydrbxy ketones

avove 130o and this accounts for the skeletal isomerisation of these

compounds during mass spectrometric analysis.

Y T
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a) Frasmentation Reutes Common tr all Three Rins Svystems.,

The cracking patterhs of 1,2-dichlorq—1,2-diviny1cyclobutane,
1- and/or 2-chloro-4—(&-chloro#inyl)—éyq]ohexene-1 ahd 1,6-dichloro=-1,5-
cycio-octadiene’are shown in Table 10 (to facilitate comparison all
intensiiies‘in the Table are corrected to values correspon&ing to al;
value of 100 for m/e 88; in fact the true base peak for the cyclobutane
compound was m/e 105 for the Spéctra obtained with the M.3.9 Spectroﬁeper);
It can be seen from Table ﬁO that the fragmentation patterns are véry-
similar, although tﬁe cyclobutane isomer shows important’differénceé which
will be discussed latér. Possible fragmentation routes 6f the isomers’
{involving icns of relative intensity greater than or equal to 10% of
thekbuse peak = 100% ) are shgwnfin Figures 38, 39 and QO. _Whére_possible,r
these assignmenté zre mide on the baris of observation éf metasfable ions.
1t can be seen thet the isomers have certain metastable transitions in‘
“common viz., m* = 0.5, 72.2, 75.65, 5%.4 and 56.5. Thése correSand

respectively to the transitions indicated in the equations 1 to 4.

o =ty m7 905 /e 113 (1)

Cyfiac

Cl, m/f 176 — /e 149

>y m/e 105 (2)‘

(3)
~2H s
—_— me 77 ()
m* 75.05 -

~The cyclobutane derivative exhibited a greater number of metastable ions
(p.194%) in keeping with its more complex cracking pattern.
The molecular ions were very weak (1-4% ) and this indicates

their comparable instability. A secondary process of importance is the

/
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Figure 38 Major Fragmentation Routes of 2-Chloro-l-(x-chlorovinyl)

~cyclohexene-1.

n/e 176, 178, 120

R

L,é bond fission

l 135 pond .
e W1, fission -v2d4
]f ' +
CH,=CC1-CH=Cl, on2=?-cu=cu-f=cuz]
el l m/e 88, 90 Cl ¢l
m* 78, m/e 148, 150, 152

(very weak)
Chlorcprene Spectrum ‘

-Cl‘
n
m/e 105 CH‘,=:-CU=CH-C=JH2
1
: -C_H
-C,H, 24 w/e 113, 115
n* 59.4 _56'5
-ujﬂjbl
m/e 79
- 2K m/e 39

m* 75.05

m/e 77

(n/e for major chlorine isotope underlined; assigned metastable peaks:

are indicated with an asterisk).

-
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Figure 39  Major Fragmentation Routes of 1,6-Dichloro-1,5-cyclo-

octadiene.

Ci _]-f
8 A6
1 5
2Y3 % /e 126, 178, 180
. c1
: 1,5 bond 4,6 vond fission
—_— mie 141, 143 fission
) -+
ok - VYT )
L \,-.12:6(41—\/11&,1{2-] o
m/e 3,90 o "]r
CH =C-CH=CH—C=CH2

~C2H“ l ‘ v 2 I l

-IC1 m* 90.5 °1 °l
Chloroprene m/e 148,150,152
m* 7.2 Spectrum —
(very weak)
y -C1
-
CH2=C-CH=CH-lC-LH2
‘ Cl
n/e 113, 115
-CZHZ »
m* D -C_H,Cl1
- & 3"
-2 H,
oh
m* 56,5 w/e 79
%4
mn/e 77

“{m/e for major chlorine isotope underlined; assigned metastable peaks

are indicated with an asterisk) i.
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Figure k0 Major Fragmentation Routes of 1,2-Dichloro—1,2-diviny1-

»cyclobutanea.

e”’/)’ | c1

. .,
CH,=CC1-Cl=c |* = |
n/e 88,90 I

"Cl.' M TSI I - '_ . ?
l - ’ uda—uﬂ—T = f CH_LHZ]
\ 4
Chloroprene Cl C1
Spectrum — L ,
% 4 ‘ m/e %8, 150, 152
S (very weak)
ClL. ,
-r — .
.__.—‘ ey w/e 141, 143 . 1A
me J_f—g, ']42 e . : ) - -Cl-
wer o N\CL,
C1 ‘ y
— 1 - m* 78.2" m* 90.5
; T~
Cil ,=C-CH=CH=C=C
CMZ-C CH=CH ? >
' g1
n/e 11%, 115
m/e 103 ‘ :
n/e 104 ‘
, -C_H_Cl
37377

v s e
m/e 77 : ‘

m* 76.02

(m/e for major chlorine isotope underlined; assigned metastable peaks are

indicated with an asterisk).
. 4

, : 1
a  Additional routes are indicated in the text e.g. p.199, 200. -
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ready fission of the rings to give the 'ion of m/e 88 and its associated
' 3701 isotope peak at m/e 90, attribﬁted to chloroprene.  In most cases
this is the hase peuk.
-C4H501
C8H1OCl2 °‘“-———> ) m/e &8 , . (5)

In agreement with the analogous findings of Brittain et al, there is no
metastable ion co;resbonding to this transition, indicating that this is
a fast process, and there is & similar, small loss of ethylene to give‘fhe
peak at m/e 148 (3501) - again there is no corresponding metastable ion.

-CZHQ

gl ofly, —> m/e 148 : (6)

c
This cduld.occur by ring cleavagé aithough hydrogen transfer and fhe losé
df a side chain doﬁld apply in thé case of the four‘and six -membered riﬁg :
compounds. Loss of atbmiévchlorine from m/e 148 follows to»giVe‘the ion
Cof me 113 (COCD).
o -C1

m/e Wd ——> m/e 113 - (?)

It can be seen from Table 10 ﬁhat, with a few exceptions, the
spectra below m/e 28 are similar to that of chloroprene;f One of the
differencés is the fragment of m/e 39. This could be derived frdm any
of a number of ions, one of which is m/e 113 (see Figures }8-40)vwh£ch
could lose 33H3Cl giving the ion in question.  The strhcture of this
jon may be that of the doubly ch:xfged C6Hg1++ ion or more pfobably ’t‘llnat
of é cyclopropenium ion. = The latter is considered reasonable since
Breslow et 317 have'prepared 3-chlofocy010propéne and have isolaﬁéd from .

it a stable éalt of the cyclopropenium ion. AiSo‘fhese workefs have .
recorded the mass spectrum of the parent élefin (molecular ion m/ev74,‘

°2C1) and found a strong peak at m/e 39 (85% ) waich they attribute to



the structure,

ppinting out that this can be considered asyéf&matic and théfefofe stable.
There was also an ion (intensity not recorded) of m/e 73 (3501) correspond-
ing to the chlorocyclopropenium ion, It can be seen that weak ions of‘
m/e 7% and 73 are foun: in the spectra 6f chlorobrene dimers (Table 10)
which sugsests that some formation of 3-chlorocyclopropene occurs in the‘

mass spectrometer.

v)  PFraments with Sifnificant Intensity Differences.

The ions of m/e 140 and 141 (for 3%¢1) are readily explained‘by‘
loss of hydrogen chloride and atomié cﬁlb;ine rcspecfivély from the
molecular ions.  The point of interezt here is the significant differences
in relative intensity of these ions as exhibited by the three isomers.
Considering the ion of m/e 140 (loss of HC1) it can be seen thét this
occurs moct readily from the éyclobut&ne - the higher the temperature'the‘
greater is the loss - and least readily from the cyclo-octﬁdiene. The
loss from the cyclohexene isomer is only just greater than the 1atter.’
This overall order can‘be explained by the fact that.the chlotines ére
allylic in 1,2-5ich10ro-1,Z-d;vinylcyclobutane and thereforé hydrégen"
chloride is more eusily eliminuted from it, or from an intermediaté
Gerived fro@ it - in fnét for this compéundvthe ioss of hydrogen
chloride is preferfed to the alternative loss of atomic chlorine as
f5h°W5 by the relative intensities of the peaks at m/e. 140 and m/e 141,
The other twO'diﬁers contain onlj vinylic chlorine which is not readily
“lost as hydrogen éhlobide, This point is illustfated.by the chloropyéné’

dimers,

e
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C ’ | i

Ci o
aw (v

which differ only in the position of the chlorines-(IV) containing an -
allylic chlérine. In fact this dimer (IV) so readily loses hydrogen
cliloride that it is normally isolated only as its dehydrochlorination o
product 1-chloro-ﬂ-vinylcyclohexa-1,3-diene1. The observation thatb 7 ‘ i
1-chloro=li-{at-chlorovinyl)-cyclohexene-1 (V) does lose hydfogen chléride»

in the muss spectrometer may indicate that under tnese conditions it

uhdergoes bnnd fissiéﬁ to ive an intermedinte that cqhtnins an allyliéy
chlorine. Juch on intermediate can be represented by the diradicall
intérﬂediute (IT) (p. 138)  This proposal of‘bond fission can be extended

to the other isomers. The intermedinte (I), from the cyclobutﬁné.

contains two allylic chilerines therefore explaining the more.facile

loss of hydroan cﬂ}nride noted above, If the corresponding inter-

mediute from the cyclo-octrdicene is,

(V1)

which contains no allylic chlorine, then this would explain the almost
negligible loss of hydrogen chloride cbserved from this isomer.
The formation of the icns of m/e 105, 77 and 79 can also be -

explained cn the basis of the intermediates discussed above.  Thus, in

the Figure 41, which represents the appropriate eliminations from the

;M

1
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intermediate (I) derived from the cyclobutane, route 1 leads to the ion of
" m/e 79 and route 2 leads to the ion of m/e ?7. Both paths pass through

the ion of m/e 105 :nd zre accomganied by the corresponding metastable iomns.

i, i, 'lT CH, CH, ‘]T
2 2 2 2 .
4 N e 7, N
CH . Cud CH . ' CH
LA TR A
. . C. -C
/ N\ / N\ A / N\ . .
C1 i il 651 Ci -~ Cl C1 m/e 140,142
2 2 2 S ,
(1) w/e 176, 178, 180
1 -Gl
S, CH ¥ CH, cH t
o R
o Ci, ¢ cH
N\ /© N\ vE :
CH — 052 m/e 105 Ci— CH m/e 105
l <ol l =t
CH + CH.
// 2 —l // 2 +
CH CH
| P
+C Cli, C +Ci
N\ 7 N 7
CH—CH C—CH
me 79 n/e 77
Route 1 Route 2

(m/e for major chlorine isotope underlined)

Figure 41  Possible Frapmentation Houtesof 1,2-Dichlorn-1,2-divinyi-

cyclobutane leading to Ions of m/e 140, 105, 79 and 77.

Analogous routes can be drawn for the two remaining dimers.
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¢)  Frazmentation of 1,2-Dichloro-1,2-divinyleyclobutane.

‘ This isomer, under electron impact, shows certain significany;
Aifferences from the other dimers (Table -10). Using a M.5.2
spectrometer the base peult:-is that of the monomer;‘ MHoweQef, Qsiﬁg
the same‘accelerating potential (70 ev) as before, the base peak of
each of the spectra obtained for this cempound using a M.S}9

"spectrometer ut varying inlet temperatufes, is net that ¢f the monomer,
but rxther that of the ion m/e 105 which subpests a more ready loes qff’
atomic chlorine and hydrogen chloride in these cases. »

It has been postulated earller (Lquatlon k) that the 1ons of
n/e 77 and 79 are formed from the fragment of m/e 105 by loss of
ethylene and ucetylene respectively. uxcept for thne highest temperature
employed, in the case of the cyclobutane 1somer,\the ratio of the ions
of m/e 77: 105 has values in the range 0.5-0. 7, dependlng on the inlet
temperature, and the ratio of the ions of m/e 79:105 has values 1ying.
between O. 3 and 0.5, again depending on the inlet temperature. The
values of the correspondlng ratios for the cyclohexene and cyclo-
octadlene isomers are lower (in the ranges 0.1-0.2 and 0.1-0. IR
respectlvely). Thls suggests that the losses of ethylene and acetylene'
may be more facile from the cyclobutane than from the other two
derivatives. One pessible‘explanation'for this could be the release of
ripg strain. - |

In the cyclobutane case the fragment of n/e 78 can ba ﬁroduced
by at least two routes viz., loss of hydrogen from the idQ of m/e 79 
(observedAmetastab1e 76;9),and by the elimination'of‘ethylene (obeerﬁed
metastable 57.4) from the fragment ofvm/el106.1 This latter ion

arises by loss of 35¢1- from the species of m/e 141.

The ions of m/e 125 and 91 derived from the cyclobutane lsomer

by

1
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are much more intense than the other two ring systems. This can bé{

rationalised in terms of a chlorotropylium ion and tropylium ion

respectively.

~Cil3
3

et — /N o

~HC1

NT' o1 -city
/e 141 —— n/e 106 — . (10)

m/e 91

Intermediate I

The last transition of equafion 10 is supported by a weak metastable ion?
at m/e 78.2. - Additionally, in agreement with the findings of Jennings

8

et al, who studied the fragmentation of some tropylihm ions in the mass

spectrometer, there is a weak metastable ion (46.5) that corresponds

to the tfansition:f

vr I M 7 : L e o
Cth, 1 —— 05}157 o C‘?Hz | (11) o

m/e 91 m/e 65 ne 26

The ions of m/e 125 and 9f are commonly fdundg to be in high abundance
and their further fragmentation is in keeping with the ioné at m/e 105,1
27" and )1. Although these can "easonably be deri&ed'from the diradical
(I) by ion 1mpact an alternative explanatlon must be considered. viz.,
does a thermal elimination and 1somer1sat10n to glve 1~chloro-h-ethyl benzene'
as demonstrated earlier (p.188) play a part heref; Indeed it is
significant that reéﬁlts, comparable to the above fragmentation, ha&e been
reported1o for 2-,3- and 4=-chloro efhyl benzenes, which show base'pééks

M
1,
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at m/e 125, strong peaks at m/e 105 (48-88% ) and a weaker ion of m/e“51
(ca,13% ).  Also 4-ch1§rotoluene exhibits its strongest ion at m/e 91;'
while that of m/e 125'is of relative intensitj 17. Thermal processeé
could also explain the fact that the base peék in the M.5.9 analyses iji;
the cyclobutane derivative is at m/e 105.  On the ofher hand none bf,tﬁe‘
intensities for the ion of‘m/e‘125 are ve£y~1argé (ca.10% of base‘peak =
100% ), which sﬁggesfs that initial formation of aroﬁétic compounds may
not be of major significance. If one.confines thg question tovthe
fragments of m/e 105 and 91 (the strongest of thosé under discussioh), it
is evident that these vary in intensity with the élteratioﬁ of the.
temperature of the inlet system, aithough they do not vary in a like
manner.  On the informution available it is not possible to ascertain
whetﬁer this effect or the isomerations‘discuésed above, are due to (a)
. metal catalysis within the instrument, (b) thermal rearrangement befofe
électnniimpact or {c) electron impact itself. It is unlikely that the
source temperature.‘which remained constant for éll the analysés, was ,
the cause. . The fact thaﬁ the‘spectra obtained on M.3.2 and M.S.9"'
spectrometers do differ with respect to the intensities'ﬁf the ions of
m/e 105 and 91 favours (a) or (b). |

 as recorded earlier, (p.188) Brittain et al have suégested
isomerisation of cyclobutanes (also 1;5-cyclo-octadiene) under electron
"impact,to their cyclohexene isohers. ~This waé followed.by ring.éleavage
to give linear structures from which 1oss§s of propene énd an ethyl
radical occurred (Fig. 37). Their postulate was suppérted by the
observations of the appropriate metastable ions. In thé:casés ekamined |
by these authors the intensity of the fragments so formed varied between

11 and 22%. If 1,2-dichloro~1,2-divinylcyclobutane were tolundergo an

1

analogous rearrangement to the corresponding cyclohexene deriyative,‘as
. - ) H
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suggested by Brittain et al, then the equivalent bond cleavages to those
postulated by these workers, would lead, on the one hand, to loss of
ClCH:CH2 and on the other, to loss of éHacl. fsuch rearrangenents WOu;ﬁ'j

be as shown in the Figure k2.

_'_Tr ’ c1
21 ‘

isomerisation

Cl
cleavage at bond (a)
, 0 CLUCH, gy Oy
CH=CH-C-CH=CH,  ¢———— ~cH CH,,
i ' )
~ Cl
- el
' %CH/ CH:CH2
m/e 114, 116
: ' H transfer =
C1 ,'CH2\\
'9H2 .CH
‘ | a1
+
cH cl.
N Cl=
Neg” Cil=CH,
f -CHZCI
(n/e for major chlorine
isotope underlined). . : cl
|
+
CH=CH~-C-CH=CH
- 2
CH:CH2

m/e  12 , 129

Fifure 42  DPossible Rearrahggment of 1,2-Dichloro-1,2-divinylcyclobutane .

leading to losses of CICH:CH, and CHC1., iR
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It is apparent from_Téble 10 that if these losses occur from chlqroprene
dimers then they are very small indeed. It appears therefore, the
_ postulate of Brittain et al is ﬁot generallylébplicable.
Conclusions. (

ihglgonclusions that can be drawn’from‘the‘mass'spectra of the
chloroprene‘dimerskexamiﬁed is rather tenuous é;d would benefit frpm av
knowledge of the appearanée potentials of certain of the ions (ég. m/é 91,
105) and the effect of lowering the electron.beam‘energy. fhe cfacking
patterns éf the three isomérs do show similarities as regards thé‘major
fragmentation routes and in the position of the metastable ions, and are
characteristic of organo chloriné compounds in their ready loss of Cl and
HC1. . The‘differences obsefved in the case of‘1,2-dichloro-1,2-diviny1-
cy;lobutane c&n be explained by release ofxring sﬁrain And formafién of
an excited triplet state intermediate having.allylic chlorines which"
readily eliminate hydrogen chlorlde from the' molecular ion and subsequently .
1form tropyllum ions. Thermal and/or metal catalysed, induced rearrange-_»
ment to aromatic like species are an alternative interpretatlon. There
was no evidence for‘a Coype rearrangement.of‘the cyclobutéﬁe to 1,64dichloro-i‘-
1,5-c§clo—octadiene since this latter compound does not readily lose’
“hydrogen chloride - rathervatémic chlofine. The rearrangements to
cyclohexene intermediates a§ supgested by B*lttaln et al may not be

anpllCuble to those isomers containing hetero atoms similar to chlorine.
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