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'illie o;t"pf. ndin · i'i(i·ld 1 - Oilrr~lltl.v onul~: n6 c on.o1d~rl)bl{· 

1nteJ'(':nt , ! , 'Yj !r'cl lly 00 1: [5 .1 ~ G r:1ec.:mn1m.tl ( 1:;":) ) . i~,O~'tevcr 

intr.- '.rating !'e not '0 CGivil1 . t he " ttc-tltion t l (D'l d(, ';l~rve _ 

, , 10 !JUC:H o04":oW1<" if! cLrl- ' -l cl.:.lo 1 '0 . 

' 1 " '"7 , - j ') . • 
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·l. i o . rCl' C!: ' t,.-d OUt in e.' l Uf.iCUO or £lc f:' t i c r~id oolution. 

ir!vol vl n.', trc l·l l t ion r lC tr~ ion . It he.;.!.! t b r r fo c 

l.tion · .... ·. I1e} ;;.d. :., 1.t el.l 'e .r r. l(·vnnt to ot t I' trPJl~1t1on 

!~ . tal o:x:i d.a tiCM •. 

wi tJ: uj.l;oihl r~n'{".c .nce to t he lll( lu t .l. nhr:l involv U. 

'_' he i'o11o\\'ina ·J i. L'tcri tH~i SHX" .. "(-:,' 1 f '::l b(' In 
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,c tic . i . : tnr . did not 11{ f-' 

r 01 vcnt ~ (: i '. ,fUT t l' nj . , tH cnuoe t e 

~ 1t, t!(' ru'ction occur" d nt t!.t.)r~ 1; f! ~l C i " t ll :' f : . • 

O' .Or: to _ '€' C ~"r ;~on .11 ~~u1 1 h1d .. b e-neu € he t i!'.,pr l 'At \ re 0 

t h li'. r Aotio 1, C0U~-J the '\ not ('xo(; .. d 46(i . t o,e i Oil inr 
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EJl,ecifll .1 y car bon tc"trf"O llorici o , h , Ye been u s ed by 

If). · ' r \ "orkers . I t 000 llcl be e l~ph, (Jize d the:!; it wOe-) 

only t . €' u se- of auch non- olnr solvent s thDt t'nEtbled 

r.tnr-d and Duboequ nt wer era to i solute t l e brown 

noor:phous fi.d iJucto 00 cho.racteriotic oi~ t l eoe l"'enctionn . 

l~or cenv nicnce t ile rcmnin' er of t l 10 

oec'tiOl'l. 1s arro.u,. >d in number of parte, cHoh d e.ling 

W1Ul the ondatio.n of' rel ted compoW1da. 

i) ;xidntioq of oen~en(, Oe 

- turd (21) r port. d t l ., t benzen f'orrlec1 nn 

ad tiuct v.nnl~ eine e.s C6 :f4e 2( Cr "2 "'1), h;/droBcn ehlor! e 

l.l '1ng eXl)elled durint~ t JIC rC'ne t ion. " How ver 0 oolvent 

\V: JO u ... d and , i ndeed t l e ro .etlon nolution 'Ina boile • 

'1' he .. uct [,rt-1V'e' on h.!u.rol yoia, a Qu.1110ne . Grr.: t,erov and 

':Onoi:lClrchuk ( 37 ) " ctcd n mixture of be.n",cne (nd : lOno
I 

ucuterOtJcnze.oe wit .. ollI'o~yl chloride t rooo. t :'tper'" ture, 

to '" lOW thc.t the on tion d id not p r oceed vI i t l an 

i Dotope effc·ct e Ho evolu.tion 0 1 h;tdroeell chlo.ci de 

ooourred. uring tt e ond tion an t he nd .;.uct laO :found 

to p..nf'.1yse as C6H6 . 2( lJr02v1 2) . 

tnrd ( 2l) r ported t lat bromoquinone, 

)-ltibroro.oqu1none. ctlloroquinone und ibromo-p-quinone 

were fOI"'".J.ed on Jqdrol'ra1 0 of the ad ucts o btained by 
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Dt'n .1 ohloride; e.n :from o-1o(lotolu .n, 1 :!(Ht 

xolu81 ft~y o-1odcbennl olll.or1 e . 1110 led t }i • 

workero to ugget~t t hl tt th 1nititll. h 'r ' l roly ,t~1 product 

,'( :. " ben!Ull chlorldc wbioh. 'it 5 t ~ en co.nvel"t(·d to the 

oldellydo. H OW(;lver &.0 Hohd" ( A Ht li.~ t ('.' i'; thi. 10 ur.Uikel-, 

Slir.c.e t d' J' I turn in t l' e r egion of 14 ) - 1· 0 is 

rel~uJ.r e to (' .ff' ,ot 0\\.011 n oonve-rs ion. t'lheel r (1~1) 

reportt!! ( hi $1 :riel ,0 of t .,O f) flldel'lYu ttl from 0 -0 11 oro 

. n.."ld 0-' ro tolut'n s ' 0 Vi '.ll. no tl. 14 '" .'1 . 1tl of 0 -10 ' 0 -

b~n£4ld e- de iron t.he io(otoluEne . 

't a.rtl ( :~5. 26) re:port f..1d tlH ~t, taste d of t l16 

&.ld hyde . n1trotolaquinone 11) fcr'.!.I. d fJ G the h. r1 rol.Yt'~ i.o 

produot wh ·n c . ,rout''' l ohl oride " n r 'r:ot f'd with !.IdxtlU'e 

of 0- .m '-nitrotolu~llea . Th ~ll ot1on WflS1 p'.!rfol"li'led 

witbout n nolV'e!1t. .nd ti\t 2000
11 C2,one m"t) rf'"port. 'd to 

~..tlve b n c volv~d . ; , tE'r work b .~ VY.J:fi / ~tieJ.tE-I· ( t~ ) 

Bho't: d t he n'! ~\ rol" is 1'1"0 uot 'to b · ~ -nitl~1 ' l,S'll'''C 1c 

Mid . It · t: l. ~'o r ,, ! H' t , d t bc l"e 'otton u oine cil (,. ~r!· 

oondition;) obt ( ining t ,.~~ ou .tOi:"J:~~· ~.( duct. Wh i .ch Hf':V'f

t n nitro l d ei! ' J e in 70 . ~/ i( Id . :'1' e \l€'r (111, . l ee 

reported oht i ll1ng .~dtro- , nnu<1(!l rd fro.~l\ . - nitro

toluC'-n& . ;:1 t l: o- n1 trotolu('n~ von .(ilhter ( t.JO) o~ti.ncd 

n tlVQ !T.olc citrO",~J ot!lo '1d(; .dd'ition pl'Oduct whioh 
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(...~. , 
g inl,.v o- nitrotolu nee ~i G l~:r ( lll) 

t t 0 J tion obt i n.! ' 7 y .1 1d of' 1 (1 ·: 

r wor 'e ra ( 37) ht1 t:o obt in ,,, t oof 

tro n::oio aoid. 

t ooi.."\g to von :deht r ( eo ) 't 0 nd.tro · 

e;roupe 1G '''' the 00 

i l'U.rtM no r(' ,' otion 

to o.U(: ion, tor 

~ di trotol n . 

(ill) tE ........ " .... , 

wli . t11'i ' ct ,orsv.nic nt r-1 1. fro 

.W; ~ll / 1 r10, of 

t-uy , otol\1~n t t.,M 

no rt't otio r - .r:leroJ?q to-

tolut!\ • 

"x) ep r.t10B oJ;: l!1elM..;: t! l";'l l l,Jr c;:u , 

.CGar i to L:t xi U~9 ) lt9 

Wi~U '1.1 'p . of dd . c t t CS 

00 O' 

byGl 

• 
10 of t hio dduot. 

n un;if ~ ,, "';1 

"" : thJl.l b 'nwd~ilY e 

U ~tc ~d 1 ~ d t t the 

• 

u.,r;i cl t() • C t 1 om ric :. l~n s . 

~or ( 8 ) ' c 11 r (!Od , l U) ve mport d 

:1cl La 0 - tolw;· ld h -t (·· n 

tol ~ 1(1 by () fron 0 -

,' ~ol:r (lll) l~OWlU t t 1C hro 1 omo ... 10 x/ 1 (1< , 0 

r ot u t 



to r" t . ~I ('~1)' '" n.r . . 

" . II ," ,.. ( "1 ) 
." .. '..,1, 1 ,.. .... £!"\ . ./I 41 r \. ,, '\ ." .,., • 

{;.1 . .• 

c llorid , t;. ocor ~ 1n~. 

cO'ill ttHO. , ·i t l t~r t l e oc t iQl or -: et :!ylt'nc _.roU t or 

b tl . i 0 \; Vf;.r he l ' l" could oa ly i '" 01 to ' J,' cn;.,~ l ;4C.(~t-

ud: . . at (.' Hi" ;t ; d ~.:; r >r ... 6~. r:. ;! ") .~;; ( '" ' , . '. ( ; . ., ~l ) c n n1·.f 1:'(';\3 
J to. 



t '. ,' tll (J' ~'1tl t · 1 (' ',.1 $ r '1uoot:1 ty 0.1 ben"'c-~ l e Lla i J . 

all 111li c' c nt 1fiC'{1 c ~1 ol'Ol{t;·· tOll ",1 c.y .: 011:.' w (l~) .Jl< 

von ;.:1llt"r ::n.d .. ohd.c (70 ) . ,· n inttl!lo1vc , t , ' ;t of ~:-..iG 

(117). '.,tlle:/, oonf1.n:llt,a. , uG1n~ n- x- r ow1-Z ?-!") cn:..~ene . 
'" 

l.,-lno they found t Hct t concffntl' ,tiont of t Lt' ree<.t t f),ntt 

1nflu I cec..l t il .l'vt 10 of t ~ : e k t nic ~ ,rc.c.u" i B . 

.. ~ 1.1 " J i l n -

1 "N1.u" r f nt i ollHI k ton Ot LO~ - . ,h ' Zl,/l-l-Iro f I , 

i ilr rol!nbl ;- b' .. i't.1 f ' t 't.;' 1(.; ' i n at hnl (119 ) . t , fllrthf.'r 

r.rtu. "Y "£ t L io 0 -1 " !tio \";r~ un' crt;~'~ n y l;e.1 .. 1!.(,' I'.I.lO 

t 01 . ( 79) . W'ho c:oul no i flol n t !j. li.l't! ' . ~ entia ~lI , t !'i "1 

:frop tile u crnnt~1J'lt l i quid . n found 211 tll l - c ';.!l oro-

1- -h Ivl r ' r H e in"th UUF€- f' t o"C l.i(aui . Thor t 'tu~~ 

um;f:nted t /lf:.. t the r oult of ·, 1b rg tt l . i l'lc i crt (;. 

t l'l. t .. y , nc1t.h ,r C'j!olUA~ ~ .1.0 1 t;'i ~ · f 'Om. t.'.c;.ir f11tr t10n 
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:from 1 to 30 , . ., j f:':1 i t'lolt,te n1x -w:,lrol ., 1 i products . 

Jl'Otluot 3, l - I ,h n '1-2-

o lloro-l- r r 

~(m B I') 1 ~':r<H'(1U: d ut:'1~n€ ~ ~ tu.rt~tn;", Golut1on of ~;C2 ' 1-

I'! e~{l ropnn-l-ol ~'1 ', £f L l ~:o 0 ·t;~in 'd • 

.i'O • cYlJ:w nt. : tnrti 0 \ -le ! !3 

tl te l"'Olyoic · I'Ot~uct . how 

; .ill r E.n .<ohd c (70) e l 0 .. ~ d t ~f ... t t ,e 1: in proutl.eta 

i !l.o.().l; ro ;yl g,roU'J;,. 

I.l t t;ouCh , tCt In~ ' l t i- .ll'\Yl ( t'l.ll enz e 

rc J. ~ t ~u :.o rz r l~r' : 'tt', .. ( 

\' .. rv.lYfiie 't,rouuct • 

co u1'lr!'1 d Y It .. tlt·r (11 3) , .. ~ 0 · t , .. f·l .ne tH ' t _'l j 

l. \( u:-nt1 t i ca 0 .. e t i ,roduct • 

' 1 

I 
!. 

r 
I 



t h . infrc- rf' d [I~ otru:. f' t ,,! r . C v ,> N~\ :, t~"l't- '1\l.t ; 1-

benlr n@ , tho ':11. 10 r:r(l.; c1I 1tf 'te f'Oi.'rnf.;d Vlit ~ '. ' , 4-I '1 1nitro

} \1(\ ~'1. / lh,d ra "i n • 



1:, ~ I 

OX l' ,tic .. ", 1 l!vol vi~ 

oo:r..'l-.let 1 r \..i.e l ,,} ted. . 

.... "'"\ , ..... 
" .r' 

hl o j , e ".v b . n t ) uci 

r :t·:rt.~ ll~;;tH.l It l'On01o .lonlJ.y to uo ::;:on~' trtt~te how t.h~· Vt~ ' 1o \), e 

t · ..; o 'i f 0 of ~~ 't1"'l c t, :t--e , nr Y. o flc111r-tecl 1 l 'OJu.1" it:.' . 

' tfl l"<l ( "l) , t l t"1.r~1t workf!'r to ob b~i t . :~-e 

t oiucn . llo vi;. on 

O- i~' 
\. 

. " 

';l 
I 

(1 ) . 

in ,·n 0 1~' ti 'n .. t{!t )'f four . f . ... t 1 ooli d oont 1n.1.n& 

Ch !'ouiU$ i n t' i Gte t , Wt ~ · ri\ r volutionr1r i d , ~ . 



(ll~) ) l't n<i o.Vl'\:t otb r WOrk f 'l" ( 95 . 1 '.:) je I l r;o . 6011<.1 

oon.po ·mdn cant ·' 1Iung chro"liunl i n the ox:ide.ti(>t~ nt , t f. ~J 

:r i'our no . f 1-vfl uro no ';;'1 kn.own • . tor 1not~' no • ')~ , riw:tl 

106 . hydro;.; 11 C !lor1dc , C:l( f or t 'H~OO ::~lr OU! l.:f frC)'l':N~ fro m 

't.he to· '.t :-ueu llc t ·t .t ... .! { 21) ';',g1 r·d :.truotu.rc J. I , 

e.g ~ 1n oontr,ininr two OhrO.ili III E.~ tor.u" in (l Vf' .. l nc' ti t: ~ ~ cf 

f our, but '. 6,"fi in, for no f!ounu rE · ~10n. 

(·- ~r 

f~_"I~ 
\ ===-! r 

;J tru.otur ' ~ 1.1 - oncl J \f :re!,r 'C' . ~nt t ~j , 

(11) . 

co ... "l'CHl ondi.o '" d( iota , i n 1te ce"3e of 1:) nzyl ahl ori a • 

~-

O~- (;i 
- I 
- -- ... 1 

-';r -- Uf , 
'1 

<Xl I) .• 



~~' h. n lo "!; of 1- dro f:cn cJl l orl tl t o ";1 ~ :-

':;1 
I 

( -- Cr==-

O~ -~l' 
- I 

Cl 
( 11) . 

£. tc.rd l OnmUL.tCl d s truotur -s 0 " the o.bove 

I .1' t1:t tccr t to . ~s1t_n titr',.u; t·u!.'"{:~_.' Wf. tl 

{_ ' e w lt11 t . "cvit,;-w f : .(l,h - ( ( 4 ) t ~11 ;·.t :':,!,( · 0 

jI'CI I \lot o.nly . 

' .. l~ 

,, .. 



u"'ed hi s etruct r o 

d(>oomp;'H~ tl v:' t Lc-r .. n . t\l.cohol . ;. 01" t he oomf'ound 

oct .i.ru"(.. fro"! t he toluene "nduct n h f tina. otructu '-e 

v ' .. pr c po ue-d b:r ,ohd • 

1',oh 6 c con~~id r '.:. the t t · C!' '\.It U .I~ d d 1 t ion 
I 

i~roduot f o . ( 11u..rin t \ c re c 't ion cnrri{r out 'by 

car~?,t "nj n (l3 ) , ui the f1xo('no ne tic (~.ci<.i 't h en ·o ~ Wf'c1 

t n b nu:.l<l -rue t.o e lib rott! ' . 

ox1 .. !1' .eQ , ,e .., 1· ciE..lly 1:f t l e olution " c . ot cool~. , 

0 ' 0 w-or ' .• 

y; t ;;J n.t1on t .ltructU.I' f, .. " J( U"t~ in " 

Jntera ( ')1 ) , fort y ,{ re l ·t ,1" . 1 · .h(~1 



U. f n(~ 0 • • 1"'C ·,1 c}l.l ;~1d. on:1r:t 1on~ of 1 : ;'; el .'l ool,o , 

t t he 1n1ti '"1 comrl~x 1" u t 'le tru,oturo V, t ~€" t 

,oned cy :\o} d , ut t l'on r :'.oted :rUl J er , ~ !o t h tl t tho 

l 1 duuot bt.,. ~ ntruc t.ur-e 1. J:roJ o ced b" t r·.rd . .' trt · (~r . 

~ th 0 Cf! of J-ni trotolu 110 , t ley Con ' i d ; r d t ~:e f1!'lDl 

U~l .1f'(! en t }l 0 r. rvnt10n thnt o- n i trotol uenfJ wus 

~ .l.eE1 96d on h r : ro l..! is of t Le flCi l1u ct . 

( T ,J..) . 

,,I t- ,ck and e. t rl~ pOl' t\1lL t ed :fCJr t h 1p cn~f': 
I 

- 'I t t t( 1 tr<.~n/': : (~ l c "t. ron ' .. ith- ,Jrp..w1ng {d~· ;.\,· ot i 1; ,,1(:' 

1nr.l nitro £:rou~ , do ::~ lot allow l ec t ron £tH~tr~ et i an 

!"- the Ol romiur. no t n .. t r th r r .o.rrn .. :t":! nt i n 1nhl .... 1t 'd . 

In the 1r re vi o rr h, rt fo rd a;.d t, arrin ( 4 ~') ) 

~ i'o l"W ' n. " i x y'o1nt r: I, .ich t ic ' conr~i \~f' l'td · .. v 0'trt ct·u'c 

\UtI 1 , YC t (.ccount tor, 1 £J :!C l :" ; 

• U 9 H 11:1 't 'l\' O ·:tOle ~' t'! t!~e ehrot. r1 chl , r 1 i; .' 'm1 t~ • 1tl. 

~. iOl o f t if; or) ,.!lic eo;' OWl ; . ~ 1 th con. i lj ~ l' '( bl 



-.. :(}-

-. (' lxtic:l o .f . (': t . r 0 1 r .. :;f' i n a lour . 

r , ucts .::. fAY be "or.::t . d • 

r) . 11th fJO , co: ~ oun ~ e . Jt'rticul ! ~1 1 t ;'I1-' -n ,., • • : ,rr'-

ntructure I , lIre ; .u!.~ 1. t oou1.d not Y.,plry in t he- :r€:' C :n ·' I'f·tion 

of nitro 00 :1.f·oun(," on ~(: 1"'01 ;, s1 ~ . ~\b~ ! o i nt ,'t \ out .. hr 't 

t CO-o l"-! intttion numbf'r of :five :for 01 romiu.r ( '/1 ) , ~ " 

if. WP l~ urJike l y . 
I 

::fl r t : oru ; l1d I' ! ~"rin lOt) ntr t t h o tt l n I:.ll t ,i (U"tl 

r o r..tulfJ (d t hnt t 1 rd;l at:, !U'~ fo 't d b'J util1~f' t1on of 

h~(d ro :f>n .ondr:' . ' we QF.;o1b111t1 I~ ff>re cpn :i.e V:I'Gcl , 



- . .1 1 .... 

11 
\ -. .1- 'ji ' - :;1 

( , 

- - - - ,· ~·l- !r - Cl 
II 

0 ' ~ ;; -( 

a 
I 

: =- '!r = 
I 
,)1 

I 
...:1 

I 11) . 

( 1..' • 

oo-cr .inDtion o f 1_ .J."'OL"l1UJ::l \ I J) 1 $ r ,t,dne-<' in bot! • 

~on I • 10 ' ! ,,:r . ' .i ro rfn ! :lo l'1 ~~ , h€I~\,;C 11 rtfO l ( d " '- . '" 

.. rrill P • j'I r d ! : t f '\l. t ru . ~.' . \11 i oh on h ," t. in iS w,uld 

:1 '~ 1 £ 1 t s c l. lo ' ln~ ; , ! h r fSf: c}:l r i ::i e t o :f, rom 

co .. , fun. .. ..... .t vinc, 



"' 1/~-

a 
I 

-- ~:r (' 
I 
',!l 

- . \" ====-
,,,a 
I 

, ... 1 
I 
.:r-= \ 

( -' i •. • ) . 

: L rtj,o n '!, ~ :1 ': . f! r " 1n :t'Oi:1t f'f.l out t }: e' ',le.:!.n 

o j cct i OE' to t .' !" i l' , tr'..l t u.:: ' Vir '" t ·. ~ li r:-.h. he '.. 0 t" 



to 

{' 1.1." (' at p 

\ . r, t t t u ...... ~ 

1.)-

.:. ; ~i . J. t . H.I " : t.C 0 ~ r sf" 11 

('" ~ .u o:.niUJ. (I) . 

t ·, \ ""'~\ ' , . . .,: .. _ .... " 'r I!l'.r :- t> t ~: ot,}ov r 

[ ul te o 1 H i l ~ ·t ud 1 (1< • it !. ~~ i x:t f!l 

~T. · re t oo l' io cvi 'e lOC .' r 't ~ .. E' r e ' i d for_it. tic of lJ Er bl 

·ro tic r11 ~ .:, ~d t hp. 

, te.' , h 1'0 '(! 

\ 1:ffc.t '. t " ~ Ic;t . ·i th h N ' V"J o ~ . ~ g n l(lbe, l ~.... rn t .r . 

I n teo .s 01: he tolu nc' ~ '..let no 00 0 ' u.oirJn 1. could 

:)(, r ·· [': c {'O L' for w~c rnr id ·;r.p ,h 1.(;' oj:' tn . o·f,." :rn cce r 'rf' t'. , 
I 

1) ( tW("f"n tl ... f- hI' ~f', J (J f. . i. li t ) f !'!Iicd {~mt t !, ll: ' ('fl .. :n t .. ·l"f 

in ' 

. ,,1'1" ;: .nt 

i :.C ( I'.:,d 'by 

, . . . ' 

J re' J .' ( .! i· ~ 

I:, !" (t-:.. n 0': J t~ t1 let • ·'f tlwr r r. intc- :, . ., 



- 34 -

~ . n:rtfor 

ct.ro um 1 r . ( 1130 

{ , ~I l '} . 



.. - ,,,) .. 

( , 

II 
- ""'''' - '1· 

" ', \... 
O~-I;l ! 
-I .. '1 , 

~r - ':1 
II 

( 'J" . • 

I 
.. ur.'lb f1!' of oolvf nto . 

I 

.. l.r~':\'f ~ od ( ,C , ,.-idol co r e-;Jr- t t~.'C i~t ·;i.~fnCe of ')0 ] 'IT nt 

~o c ollio . 

...'h oxi " t i on 0 

r;.10 l'1·;· '{: n :t.UI .. j (,£, VI i b . . c .: , Il l " "11 ( n ' ~ o : , t; r ( J7J 



} r' l:J t 

c!'Xi i" 'i, ion of. 
• 

- 3G-

. :1 
I 
I; r _ t~ i; 

I 
,)1 

,11 

O~- "/ t"1 v 
-,vn "I '; 

t:. • 

- ~.;1 

i. ___ Jr- Gl 
I 

, L, 

( ) . 

( ~. ) . 

i .:otO". f' . ffeo t by s t ("' L tV} ~jl . o:t i d .. t i c n of 

of toll ' 

• 



. .., 
- r -

('.x • .ci,; .. : 41 . , ' ,L·t, .. ': .... ' (,)V I U !. • un ",' . rc.r~u.k (.I' r! 

~ . v ~ \ . - !U 1;.1.'0 t olu c L.t ' t: '!' J '0 I 

., 
.JJ. 14' .,.- ~ 0 i 1 f .~' . ' ~ f 1:' 1 r I t. . (:It r true u..r c- ~ . 0 1f 

t-. 
..I • .... . .t'.r '" '\ .... r:~ctu.r o::.r- l~ . 

( ... 1 
I 
' ,r - l. . 
I 
• ",1. ( : ' 11) • 

. ~1~ {!i 

u!.d.n . 

\'1.' t { I'.." . 

+ ' .. , . 

.. ' ... I '" .... , yr .. ", '~lO:Y 

l (.n •. " i.-·W tio c owe- vel" t t c·,y 0' 10 t:' .t 



tJ l , 4 r,t -/" ", • f~ .' '1 0( • ~ l ' l '. C'" ." '. ""'; " .. . .. "1 \ ''t .i$ t .... .... .~ ~ 'V ~J. : j 

co ,ll d act ~, u 

o ~h', ;".h~uct > i.l '''' 11 1 :Df' nc 

mot t 111 l~r ~ t ~:. r: of 

• 

., 
, , 

''' J.. , " 

0- I I ~ ~l 
,,..1 .,, - , ... :r - 1.' - .: r 

I \\ '-..... .;1 
,; 1 L 

in 1' . 

:=1 ~ 't ~ 

0- t 
,:1 

:1 .f- .,.../ 
~r 'r 

I \\ "- a 
;1 

( .1. : ) . 



- i } -

~l 

(j-." .. I I ,/ 'J 
tk-- ; r -- - -- ,; r 

I II '" a 
:;1 

( ) . 

" , 
i •. ; • 

: t 1':-••• .:t: 1 • 

·1 
I I 
~r- ;1 

0-
. :1 

" ( i -.1 • 
if 

I 
- .;r_ :~1 

I 
\;1 



'0 Wl .t .. .. . (," 1.~'~. (114 t .:.. 1 

"::.: ...i .I'il.! W ~ h. o( , .x, 0<, tr1. ~ ,', . v " t c.· l u,.... .;} .~ ... 1 ~~ .. o ·, t ,t (. 

'li :' , 

, ' . t t' ·c u c t ( 1 . 

l..;,~ { rt ii. CKi (j IJ' r ( 

71 COl j ii\X . 

~ n"; c nni · .. 



-; . j ) 

, 

,. , ., 

'., '" .. , 

• 

I .. 

i. i' .: 

1. "I 

..•.. 
'" 

(. r J :(~ l ' t' (7· ... .i . . h .' 

t , r " , 



c . . .' '1 : ,. 
~ ... " 

" -'~, -

j' rC' o d in , a c 1.iL.n (; t , co:.~· l(n :,'.t't:'d."-:' . 

::-cvi .. ''/ b I. !..t"'t t'c ," 

r(I ! . u.2t(~ 0 1 (~~ " f ,~ 

) 

, 
'} ,, - , 

... 

~l '~l 
",/ 

- ;r 
I 



..... 1 _ 

. t · ., .1 } 

. 11 1:.,,. t . i e f 11 . T 

• . j > h ' . . , 'r .: .J.? 



.. . 

[ ' ~ . 
' ~ 

L. _ /' ,,;1 .., 
~ 

;'0 ,t ' in 

tri;, b.t \ ) .&. 

" 

' ~ , ... f f. .f 

,,' 'r ' '. , 

'l + , .; 

.: 

; l~' : ic 

...... .. f. \ l..,; U • • ; 4- '. 
tH.u;. , t: ~. t C . 

.. 
~ I '. ' 

I ' -t 

:r ,. ,1, . ~ 

.' nr· to 0 

' .r 

{. 

V 
. !.; . 4 ;"-

[ .1:l. 

. -. .. 
L-:o , . . 1) ~ :, " :11 ... t-

r(' -1 t :~( i t i cmic 

( >.'.i r. t ~ .1 O ~lrl , 

. "', 
,.X" ', ' ) ~ J. . 

','" "1 -- .... , ', 

> 

va t~ 

c r;,r l 'r. 

to 

o ':' t i ,f 

I'~ t t ~.c~ 

\ 

t 

-ulf: . j 

, 
.I. . 

... 
J .; • 

, , 

<1 o btc 1 :1 t . 



:r ' , " I , 
r 

, f~I;.i.'r. ,.' 

or if 

ro t ~ . 

' t,r' . Yo ot 

th' t .. 

l '"!'. 

~ .~..,.. . ( .. " ) -"\ ,,\ '. ~.:l .. ' """, \ 
" , 

lv. '.' 

t j 

whi :. CO~ ... : (1 ' t"( )! to :r ..:l, \ I'l 
", 

I 
I I, <l::'l"" , t')t'l~ .,f . "t· b1 { 

i d 

r ~ ~r f 



. ].. ut f 0,. li.lio 1'{";O ', 

Htl1t~ o f 

. --. 
/ ' 

~ . 

1 ... .. , • 
" . 

' ,( [J) 
-, 

, .. 

, . t, , 

> 

¥ 'f \ I , 

f 'r' O«" -. 

t' ., 

r E -';-..L " j \, t: t · 

. l ' 7 ' l ' i f li tJ· 1, :. I , oona .. , e Jt(J" 
I 

"'-
' . .. 

" ::> / 
,.1 

:r 

l ', " /~l 
..,.-/! ~ ~\ - ,1 

1... 

/ 

'1 .... -



-47-

1avolvi,~ f r of '::- e.!l{' P-lJubflt1tt d toluene., 

,vr.· t~ l" epo~ ... t a b r . tn1ro ( 1)4) . ; (j 1 'l t .,. r , t f'l.~ h i n rer.ultu 

t.~1n8 il ;lm~tt ' !l r ( 1 tiou, obt : 1nin;; 1.h. follo~'i1ng wluEta 

for C: - leY4 f i t l () . - " .m.> f!t 2~O cmd - 1 . 5t, a t t ,0 . 

i 'or'tior1 or ) 1 01 '.' Buell l , . ... "1 
• • ' 04 2 ·... • 

tlw rt't~:(" r 1 " 0 v: 1 . octn,1n .. f or ).: , I ) - -8 

('· vi , ' o ~ ce f.'or Ii .... comr:l~. x t ort ('t1on. ;St~, 1 re ( '.i 3 hr~tl 

E: f ' .1:'11 . .r 0 nclw.l(' , f"roJl 

of to u in (' n be.};' of 1 Vf'Jnt 1 ('.vi .-, i1 j' r.ine 

I ... L.: lectric t t , l~ .. t .. 1 f.' t' c ti Vt' t1 :n c(}7:I'f,l x ra 

not i nvo "(f" II J. wrt.. c l1,G in .F,ol r:\rit · .... . j~ ct".'t d t il l. t 

··tb1 ~ ut ; i t r:(' ... 3 of !,!lC d' l o C .~o ::!(mt ~I 'to l t t nc w!:icl

e f.l t : t " . 'c .. ulu rf'Vcrc(, i n ,j i re ction, '. u.ri~·:; the PIr ro .0 



~l 

_ .fl '--. .-

+ G o; v ' 3 

( 0 -4 ,, ) 

( .--. =- , ) t .no1 t10n t a.t e 

. ' \' 
~ . e 

o (~uil . 
~ 

" 

, ,.'" ., .... 

,1 ./ ' " // 
" r / ' 

.. ;1 ~. 

f 

Too ;;,~l x 

i .... r ·.':' 

End . 1 (,"' ntl.~ (: l (ll9 ) to r vi w ~~,~ln. tl~' U " , tl..OUJ 

1 nvolv1 "; ch l'Q .. C {' c1 d f I l.i. CJ , ro~'\Yl ohlori de , LeCOtl ~e 

t · Y co. ;:-1.' 1' , U t _Lt thr· r ] _~ ' r y : n1 t (' "cu cent : i.n.{ u 

: 1 (' .ott r 1 aon, 1 . e ' . ci. t tl t h: drO •. :f}n f l.t C:1 r bH t .!' ~·' oti()n \I'#~ C 

t H 1n~ ti l c)'te:f _ : 0 t :'.c con: i . c, " PC o:{ lie i!)t(" . ·"·. ~e ( . i(·. t( 



<.11 not 

unlL·. -: .ly t h t ::~ lio 1nt ('.~'1ac · 1. tc~~ would l'Dr :'-A with t l (' 

l~ I'Ucturr· l ' .; J11{~ .l· ohro~.#l chloritl . ::(lIJul B of 

+ 

) . ., 
.1.'3 ''"' • 

b ) . . l " . 

or 

or 

or 

'1 2 

..... X' ('1 \." . '2v '" 
~ 

'to 

It 'l C( ·r~ .. :l'J 
." 

+ 

, 1'1 '- ...J ,. :) f'l .. .. , 1"...,". "; "'-\ . ..I 2 
.) 

\.~ . \ . 
"3 



- 5()-

I n 1 (·r o .... CC t h ·y oonolu' ~ d t .:.£'1; 'tho 

f 1,rot mod rtl.t ~f t ebl int o : 

I.n 1Cent1c 1 mt: Cf f..:.n i t'i 1 e n by ,,1 ere in n r ocntly 

r bl1., . Q boo (1 ' ) • 

.:he e onolu_1on tl' .. t th :rotc df;· terr.un1n ~ 

step in the- OhlO7'yl eblon.: ox.i(~ction of "'"olu. n,,~ 

involvr:r; t tl ret.king of cCI.rbon- hydroe n clud , vttd) 

conii' by l cr ( 114) 0 obt {)iood ;i:. vrlue of 

?-. for k . / using 
~ 

, trill utt'l'otol u .. nf. • , • 1 

~:.art ok 1 (3 , 4) (.i s gre- d with ., tu~ ·I f.! ' • 61 

oll> i.!J 1'01· t le in! t 1 1 fo tion of n .(r 0 0 1 pl cx luring 

t r ox1det101l . t tl e 8 r ctrum N 'pol'ted 'by 

ub elc r (11 ) 10.0 lmo t i i. nticr.l to t Oi l t ot chro!:\rl 

chlor1~ , [ I,nd lS i ! ,red wi d -l y .frcl·a t he sr.~otrntiw t he 

hed 0 t !!inc or t .h. f·.dd,uct a. 

The l ,t :.it P er ublioh cd I ( C 2) "'r ich WE ' S 

ubli . t.. durin t e 0 0 01 t ~1fJ invc!\ti. ; ~t1on, 1" ., 

b jI n1 t zC' ' 011 t 01 . { , .., 
'¥' J • ..i.n t h i t:l t· ~ cy X'f"i t(" r nt ·c t h 

01 1m t f~ t th in! tic..l 

.!nU in 1 de r. 1r obJ cctiont" to I io r e t fJ t . 01:',1 of 

i iJ01:ft c 1'1 oi n . 

11' 



- 51-

or the ' d ' 0 it 10 in t (: til: t , l 0 ' ~g( bond , eJ.lo~ 

to ' ct fI ! 

tm f1~ otl"O h11 , n.nd the otncr ,c n nucl ear .11.'·, . urine 

the t ( Vl) to chromil. ~" ( 1'/) . 

tbnt t h f 1l'1!Ul,tion of t .. t:'>ne procc(.C:~ eiL'Ull t€.'-'1r.-ou 1-:{ 

ith tho br,~: (l" intl of tle c l" rbon- 'I,\roBcn '('\001 . t !',r' h 

Q1c110 t 

ion, i s tr ffJrl d fro t" 01"'gfi n.io Cc t.!.j.;o u.nd to t he 

Cl ;1 C1 fJ l 

" .;E E-<-~> " ./ ..,r 
?' ~ . - ,/ " ..... 

I 
' I 
'' '--- '- tr_ (.1 

I , 
" t 

1l1tenf.bl , ( l.t re<tui d t.e £r€ 

to b r t in d 1n Gol vent c 

~ ,l 

~ !r_Cl , 

I 

. u:l.1cnl " 



.. c., ;_ ,. ~ 

" he fOl'f,~oinc h1li3torioe~ .. ru.rvey <::1 .. l ' l y 

0)'" • thE:tt 1: ~ icon' 1 'tencieo exi l'i.."r t in t... i"i.- ,l d. of 

chro 1 chlorid oy...id tiona, 

600 :~ f r further inv ct1g t1ou. 

t t t .re is aon,r;i~el"1 le 



1 I ''\ ~ ' 1, ' ·'·f .. ..,i· v \J Of ,; • .) , , 1 
I 



- y'J. -

i ) . ':.iCD{:ro l. 

t'l ! 1sto icn.l su,z-v ," ol f!; fll' Y ':::':lO'fIG t ,h· t 

b~' n 

r" r e rdin t } 

ni invol~ -d in tht' i-" u.otion. 

';,"'h C' lUi 1 1 't - on of tt -e vtl'uc tur " of il(; it .4d l.lOt o 

Wv , occur Wlt i l ~ .rely -'1 • Alt·(m ~ti V'( · l l if t lle 
• • 

of ti r.' at.rnct ~"(} of .;; l(. ( uuct t W I' th( 1 'f :ro .. 11.~ tc tr. 

t hf t I 



- 5:>-

• t 1u .C' .~' . Cleat t } o . oibl 0 I~ J in 

i l.tJ bl(l for r' I ct1on , 

l n tiwly 

.0 th& 11 the clU'O t oms aJJGuld b~ in t (' 

ox1d t10n ct t • 

i1 • ~ J (~ re} for n 6 1 vent 

in 0 dlfi I ' p l obl 

(; ul 'b llt1C'(! in 

1 i i .lly ~o in 

. .ur 11 r .- t. t r • ta 

lor i 1 nuo' 0 t>4 S . 

. t • 

t . 

\; I 

rtin~nt 1 ornu,.tlon 

(l"l J , . • • f , , 

L If . . . .. . V otro "(JOll , ~11dch 

eu1 . bl fJolv · t for t.l 

otlll~ r work :e'o •• t '.<1 at:: " wi t l onJ.y 
I 

nafilc' in r.o ' t 'pGl,l(~r . :i.n1tZt ~cu 

ot' - of 

~Jinc I 0', i ns to t ho1r 00': ), ' .. ~ 1nool u 11it: in u.ore in' 

svl 'i'f' t e , t e .. $1 ll l 'Ur~1c · t1on met lo de tiN not t\}'l '· 11c:. 1 . • 1> 

t ~d ct , l' e f t olu ne , £H! CO ~. ,ou1 t10n 

oh~or ... t; C to on 



- :i..-

't;o O. le , t .t 1 t..,e cl ' u~t "'d':.. G '1tud1 p(\ 1n1 .... 1rll ,y , flfl it 

W • ~~ • ough t tl1rl.t 1 t \V(l.O I,rotHtb f 0 • .• lr r ·j trl;;.otur('l 

. ~ CCl U.B~ or t h e onf 1 1ct!.n ", CVi U (il1C~ in t ~l e 

lit r .. tur co OEl ~t in , .• th of t i ~ tL. 1 (\' t l'u"t.' , 

.<:l , Y:..; ) t l' l ~; f' .u \. 1 " !1r :.t . I t '1 ,, 0 fO Ul thnt only 

(;''p. )rox1J t lS l:lRl:f' tl ,'d ', uot 't160 so l uble yen 1r 'J'e~r 

!: ry eth r, r' .. nd on j1 (l; t 1111n~ t h xoeo . ~t r from t h 

':01 :U I e rt10 t n : .. , r ";r ('n colia. S 0 t nin ;' , which 

, ~ et i r YU~ \)()llZo l dE'b. c. on n:/tl.rol.rsio. . u.boe t .ntl:r , 

~ ' ric i ne , t('!tx"" } rr ro fu.rnn Cr . I' . ~ .) d1 t } ' l n ll .hon. 

.f·nc " 1 x(. nr ',{'\r to di o '; lw t e t!;UQuct . · ,<\'1 t e 

( I O~ flol V't n :. . "<0 , t r e' i ot:Lnd t Q l :l b rnte 

bcn£t.l~ ; '1Y' e !'ro.. t; col \ . li t 10 evi e 'lt 

f!'()~'i t £0110 1 0 0 lfJid . 

) . 
of '.h aolV(·nt u U fl ': . 

) . ~ .e ,u.o r I'C f , \u'e d1 Bti~l tion of 1oxt n~ ,.olution -

y1C! l d ' '.rk irE' (In. w l Uldnoun .;;oli a 1Tom 'dJlch env,-

o l d hyde ...rl'Cl oolvent ml oul :.. "Ie 11bert},t., on 

hYvl"0119,i ; r 1 V'(· tJ 17,'{ .;~~ oli;'or..u:t -:;.l' r l~y Iln<1 i l:rc: , 

,'f: U D!H''' ctror co ; ' . J i nr 1 "rr ... ot1on'· of d i !l t ill:" to contt ~in · ' a 

I t l"; , Gw::·ntit1 of • en~' 



... ) ,. .. 

t ... . 
.. ~ ...... It ... .. J 

fr<.: . t~ e 1 t t r . 

~ were found to 

, , .. ". \ " ('1 l ' \ - ••. • ~ • ) '" Jr ..... "\ . . . • 
.t:. J 

c n l~r . ro 1.. " 51 of t l ce 

()('~ nt u on ( .- . : • i?' . w ,~n I .teot 

t hrou .... :r. .' ( . y. , ) Cr - l ' f 1 • ,. ' fr___ ,I " " ' ·,1' . ~ " • • ' •• ' ) ,) . ,. . ~_ 1t"ti/ ot .{, ,,-.. 

"" .1 t:' 

to 1 w the w 

r . "'h 1i (l . ' (' tL n o r . pn~tu. " '1 " " ' •. on t (~·" uct "\ 

l,H cruo' it rov d t h f" t til c~r 011;, 1 oy.:yr'cn . u.: ii l' t b f' L C 

Wft t' ~_bl(' 0 I TOV'C . 



.~ . i • ,",Til.ena for co- o,rtiinuti(Jn 

\..!on.currf~ntly t h e infrr.~ r d rjF ,,·" c t, rf~ of t h€' 

( ' I. c1 ucrt £1 w re obtt~ ine d . l'etl ti ~e "' duuot , ,g rr ,V'< ' t;Qo·Cj 1!1:frn 

1 ·eot 

i ll tJ .fint'd but showing n l~·dro:lC 1 £l'O ~,. . As 0 1. b e nee • 

.lI. t n'bl 14. '1 '1c; ~ ~ . ; ~ ~: end I , . t Il t ' 1n.fn\ lNC ', Ol~ f ' ctro, 

o . + e1ueu ru,m t"i e toluene 

'·Of. o~(,lt' 1131'( dona t -ly Qon()oi ;t~·d wi 'th th · or ) ,111.0 

com~onet tlUE rC Dlut $U&g st 

,~ i ~r.tcnt 'i' i b ·,n·· ot t l E' po « t l ... J. t t:d tructtU'f' ; but vccor(, :':: 

r 'i th the f oot t -.:: t . c r. the f.td :.. n",t ''; G.;' Vt~ ~-, ~ n:"sl ell I. e. 

in ;;.oro t ~.n 90 y i ,1 ' on 1" ch""OJ.¥ .~ 1e~ 

,:", l1trol' g oo-ol'.: 1nr ticn col'V('nt p:ld t ~ ~t t 'te O K~ ;,~n rr.:..i. f, t 

C('.. f ron t ~ l OJ 1I'<.1 -1 chl r i d\" , aU~bl'(;" f t d t l ( t the 

b , n:~f 1 - ',hy ce J7: 1 fo : :0 , }\out,h oc-ord inr~te '. toe 
I 

~j inorc n1c nucleue r t 
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to 

.n ~l b 

. , -

1 '~lcohol ., r o.7.idi :,~['a v;. i ·",J 

a '0 .11 olllori< c: '11 e J \.l to 8. fJr ('d1ot,? , wore t Ol.UlL: ~ o 

• ' 1Vt:) n·i t .il " i :~:.t' , .d 

o ':.lori ~. 

t h 1::1111. '1 t y • 

fO\Ul l1£ O ',.ry 

c",l o i · C" in t il 

'Of le 1' .. 

.·o th of t 

fl XQ Of: of o t'.: .. ror ,/ l 

xi tion of vClU!\rl ).00ho1, otherv/i ~C-

,(':nooic ~oi '1 f ( ' 't~ lib 

:\t;Bi • t i 6 t ), b (' I ' , d wn 0 .tni ticl! . 

00- 0 i.ru:.~ t r . to t Le 

r .. o1 , b:: t h E: C, .:, n ohroliWl c~ lori ~ t' . 

1 t 1& i nt r' ct ~; t o not, . t :~r,t (' l cohole hr-v · 'b~~n .1J ;, (: Y 

:'.'i nc( :.,t . "(1 ' ., tii:3C 0 l' b r.'l"tl t(:\' t he r·rodll,ctt. of oxi·:: ,tiOll 

c u.c t s , thoug}' no e:q;l anat1on :for uoh 

o.f · .rod reviou l :l . 

t~ ev1dcnc 1ndic ted ;t t he to' ductD 

w r 0 0 -01 l.lwtlon 0 0 .1 ·x 0 , :In t .. t teltlJ)t n H ! ·.~<i c t o 

L"J'n\o jlf;H~if.l u:t:!t(> ~ 10 co'" ·1 xen f t 1e t" I'~ ' tor 00 :I f" . 'i nQ ~ . 

r'o . 1" ,r nce coul ~ e f ounu. t o C·.::l. l o· .:. 



.1 t i l 'll.{ COllplt: x po 

c '. othel" r:wt , ~r' 1 

U :tw , J.1o chlor i oG 

d . con c 1 in t , ~f' r i I 

nz 1( ehy ( _ Uld fl nu.'l1 er 

l.:o'10wn (77) . ., ooar 1 :: 

ben~elde :1d , \\"'f. O pr ,J.'fl.r c(; f ' [) 

Q.ot1on k . J':> C .n be ~e: 

Oro co ,o..ri h 1 £ )'''0. I d :p e t rum of t h i o 0 0 lplc'x 

t . 1E 29 . it oern opolr~, Wi t: thO O4S of th .. (jbov~' 

:",.0 lt1on(! .. d tU(yt • 

' ,h C' d d ota 

0- chloro : na. nit 0 bn 

\:11, ',ilr'.T rr.c'.lln , l~ -.vi t tll 

t~in d y t .. o ... 1d t i on or 

1 ohlorid n we~ 001'1 lii J'r d in L 

oorrc: 1ng cO-or JinH,t1 In 

COlt 1 ~ (5 , ",'0 :l C. r.t en the tJ.l.b ... tit'J.tt:d ~n.,'.;l d h ' 0 

en ' crJ"O <40 ol11 l.Jride. inf- red .... ,!! Otl:1 obt in : (\XC 

co t n1n ( ,t. in bl :) 16 M d 2'9 . 4.:116 ev:h ,no . 10 .. J. ~.o 

coll otCL in figs . "4 to t:'I<J , •• 1" !.1 a{,(lc t j f ' ,1 t :' p 

t olu {;; , Ill be n"'"" 1 llorid" 'uu-otG nu t ho co-o i M tl.CJn. 

co .... ,l uc f:;.r( L._Ov. f!.tLcet~.El' v"'" (; ' ,clt nuln 't1tu t ~ S , (: i t' . 

~'l: s i 1 ·1 t .. ... n t , r.; , ctrrl of illY et of .. rt: c tr . ' 

'lit tl L Ot. J,t 1L:l or t e o- :u.tro 0 , e , i s ' v1 ' E''nt 

i :::!."X' H ' t 1·' . .. . "1.1 ct.:; . :':), V't1\# tb c.~c tio,n, 

f; .1 ';?1ificl , ltl,r Jf ti e c- l1trc I. c1uots , h.i e h , i ~· ' l , (~ 0 . 

t' l l.: r'! .,. f \ (,'r . '. i.o d ' n .: .. , lroly ... 1 0 of th ~:, d,' h,tc t f1 tnt! 

CO! .1 X~ ~ • 



.,., ~ f nt.!': t 

d ~ ! 1 to 1m. 

_ \f.,_ 

lit . J t 

inoc thi a .tight h ve 

ng ' :f'eifcr (77) t hio c " 11 x 

r d O})cotJ:"U1!l obtr: in .• :d!C 

t. .. ~ . in, 'tb~ t bl . 30 , 010 17 r " Icn-t l u 1 t ,he 

~c otrum from 1,: 10 enzcl ' "1 .,:"'..1· ohro e 0 ~101"i (:~ 0 0 . l(.x 

t'.l" ,t 11 -~1 t t e 'r' O t rr of t nt" dducts 

t o 't n2i l df' c . 

an: rurol:J t: 'J t· 

l .t.'" i t 

" c} ft tt Je ll.!. nt i 0'£ 1ilt .r nt. : n obV:1ou·j O : ~ 1 illt r 

1 9J co-o 'i,n.r ti cn 'b -t Ie 11 tn 100 .p :\.ir clc:lot. · ',nu O.l. t he 

c: r n: 1 ox Y" n t. d t h. . ell .n • :!o '(, wr f or oo::" , le :'-

r.lao e eone i d rt> c1 , tor 

1ntrt .... nc~ , 0 0 , 1 t he 1 :ct :r.'ontJ 0 1 tt(~ 

n unl1 . ly :tin nOr.'~lly OCOur'l."f .• 

,.,1 t b :. (; ,( 1 t l i n low 

-' 0 -In t h(:t , £or (' o:7l O'K:U -n tl Otl tion in co-or . ru t i n 
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b enr.81 h ru t>· in 'rtd nt frcli'\1 t J',)l . 14 aJ'ld . .1, th , na Jol' 

tl ifrt .renop. , arAJtrt fro ( t ' c ~hRenot of h.'r rox(t l. f!. "r.ot"p tioJ'l 

'cine; nn I 'f.' · rt t f1 1±"t of tb c U"'bo·~>. 1 \:) ,I.n t", f ro ... 1701 C1!.l-l 

to If.t40-161~ cm- 1 tl t 1$ h shift of' 61 . 6 om - 1 , wh1{; 

if."! of tho (',)l.'"dex- requ.1r d bj'f 1. · ~Fe-rt t " oriterion tOl" 

duct : 

COapound , P 

t he pro-' uct of l'f·du.otion ct t 1. ' chrO~' l l oillor1 i t" . I t 

i f:l nl sc f( rt in "Ilt to 1':' t10n t~Jt:t t hi o. t llcor:r (j·Jtfere r.~ 

l"t~ !':\dy ·Xll nati )(1 o f ·.rp(':.n1nt!ln mtl11e " in t h E' lit 'n tur c 

tHJ will _ s,· 11 l nt (·r. (~l ue t b at ducts cnn b E!' contt1 , ~: r(' ~~ 

~a of th . i'orlll ~ h f.! Wll. in f 1g . 30 . 



E 
I 

r ~ - .... -

)---_.-; == t , : - Gr ': 

y 

l nwlv1n j oo-ord1t'l t10n b f'l twf:l7~n ~ld,e .h.1d~' t.~ r. .. c' VJ r:1.()'u~ 

'"' 'wi" (;lci d !'~ , "':1 1 H<>1(i tt: ~ f . ~ 1.ntermcdi ' t 'rt i n ott'J(,r 

r · c:t1ons con. \letr,fl, under r.: i m.:ll lr co.ndi t:l.ont:': . !.)uoh 

f:.olventS. 1"01" inst:. aO ot~ t he 't'riedel ':"rr; f t o ~l.OV lll t iol~ 

~:,.1 f · eh:r(i. co-ordin "t1on eO~llr l . "";:, f-"S UTe '.:t~l..Wd in t he l 61ft >,r 

reLation to prorootfl it . 

~ol.lo ';, ·in8 t i11a work. ,vi "" f;' 10e of com: lexlni~ 

hr.vc ~n ho'~ n to con- i I t O:lcto e . r.:.nt~ ('~· t Cl'a 0 0 -



ortl1ll( ted to t il r-f(] \ 0 d, ol;I"OJ'lt, l c hlori {> . U f'i~: t ilC 

nct ho c out lin(' '; in t h t~ U i o. t 1e fCI"!'lt" r 'work -'0 

1 W 0 t , inE" con l ex u b t"Wf' , 11 ol romo olllo t'1de no 

quinoooe . "he 1 ttor work rtl oht~ in ,d 0 0' pl . xr.- t' (' t~1eent 

chromio ct~or1de, rnn c k ton ~ n eat ~e . 

I n cont ' t (~ oonoi del"ot i on of t t bl ~1 14 . J :) 

and {;\ ' 0 e thnt (\1 t ouc..h the- in!".. f d SIp "ot f i. o:r t .f:' 

o-nitrotolu n n o- n1tro enzvl ahlo.r1de :,cl uuct·- t:re 

oim11l r. tl c:~ l ' r little r 6emlllflce to t . 0- ltro-

benzc~ eD3/1 0 ohl oride OOtll~lex. 't'h i a i i'L - H.y 

m.tr}"'r1 ~;ine ~ ino . 11 ttl nl ~ ,.,de 1s obt.~ 1nf d on 

1'(r .. tro1/ oi {\l of t J . e nuot (4 2), t he ( ~J.rf2u"'Cnt l 'JI'O,luct 

b€'1.ng the il , d.roo r ben 1toelf. ~he writer obtu1n f.l 

1'1 1 of 11 " of the .. l deiqde 'nc.\ p} roxl! ' t e l y )0 , O J: 

the nitrotolu no , r ow 11 r~ a \ J. .nt1ty of ttJf~ n1tl''O 

oai d , in c .. typici l .' n :;e'·, U" tiVf i nvcRt i 6 \tion 

=:,.';0 ( ., ' t I't . 0 \~u_ - t i t y 0 1: r c iti r f '.lo ~ in~ 1 

tte o . eo to the 0 , oraium { t' 1tl:iJ.cu· result or l.ui!lOncv 

br..: b In r '(" rro to in t 'i hi ntor icft...l OlU'Vl \ , }l1, l~e 11 • 

7{'n T;r ' CJ.1,i t t .lon 0 :1' t-he ollrc~. Uta b=! ril.t:'1On.i ' 1 '(1 'on d 

di not r If 'E. C t i!o v- 01 t~0 " l1zo1c ~ ·. ol<l , V}~iC !l .0""" v r 

[i.lOwn to 'e 't Eut ':,- '; / i co.' bu :'t1on nn.L1J ~iB nd 

in 1(:<.1 OJ.> otrc ! e i r 0 t ~ · j rr. ' i ; i t ted , -< . rl ' t. "c cilr"tr'4c 

ox1.0 • 
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t o 11. I ctU4bon wtJ:) f Wlc" toO i •. J recent in r.: l.1C·. 

j'rcoip i tt tt':c r nt l t ho in .. ~n:: r ed 11'f'Ctrum \HH1.t 

with thll't (I f t l e ohroo1um. r c iT i t ,te obt .. i :'1(,0 in t ne 

r oenc o1~ ut ~ntia old { :.nt i\)Wld to we l"l i zpJ.lc"l • 

.I n d' i t1on, it "'If.. . , f ou.n( t s t t ho n' ,~' l c;;l.or1 " o' c..duc t 

. t n oi t if1 r tly l' 1 e in ~ trc en en . (.!ind o-ni tro 

in 

n< t t v- nitrotolu(nc t J e lut10n .v p1dly t ur:lE.' (~ L'.r]t 

b .. wn nd (,<:1 

I f !to\.' "vcr c c..rt·on 1 eulr,hi Ie , or c r on t<' tn C ilol'io. 

e tl,ddC'Q r raci;-1tLt1on occurr d i . e i t ,ly . It \'11 -, 0 

concluu I.l tlU '1i the inte:n' di .. te' 'iVt~O ('!o lubl ;. cr.ucfI,: c;f 

th 00- 0 ~ n(' tlng propc rti "0' H.lb,t1t we ' . • of t he n1t .l"O 

sroup- . o- oruinfit1on between nitro- roc~rbon Qnd 

ocrt in (l 1~C (,:to,rO t no I on ,,~ n len ,Yin , 'nd t i l. }1 €. OO!:1p-

ou.."l' .. G h . vo be-('n u r' I ~~ ti v . ~J9) f'or 1<.1 ntif1c ... tion. 

};eE'.ring in . d t' e bo¥ , 1, C o- n i trotolu ~;lC' 

a.ntl tJ- 1l1 tro len~!l oh loride Qxld(" t ono Cli'n u(: ' xr l r: ine J 

within t h ovc·r 11 nt r. l'n 0 8 i'ollowa. l(be chl:'Q~l 

ohlori ~ t .1e ni tro-l'l\i, roonrbon 1m t i f' lly rOf at to 

f: rn the uow ~ r l " . yue C ·-or 1.nn.tion cC:i;.t'ound . 

bo" vcr li en t:e of th CO r(~ iru t1ng pow r of t :; e n, t .'0 

. ou . ,tid t he lont ... r€'~ tct ion t1l'1,~ , t i:c "oll e} ! e i t 

... :1al,l.r cc ': n « • e\~t.\cntly ox t" 1~ I t o t. c'- rf.'!o ~)· 11c 
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aoi( . ~ 0 .01 I the n . tron ...;r co- oro ' 11 ." t ~' wi t il .. 11 ' 

:$.ntU!"Ol('nt 190 i 1 r or f'lnt to -, tU:l'1', t {' t h .' oh . . i l.lf:'l 

q :.ec1t ;:, . )0 t l t 0', 01' ·e f.' X C ! Of o- nitro COI:l .'O n~ i c 

~ rouzht 1 '·'!' l .. L t 1 lL" 0 r 1 t~, t:(~ . n h,!c ro 'l.:o i t"l th~ 

, .'.;let . '''Ibis tl ory e X])lcdn~ wlW in t h 100-

tOl~10 inv"' ~:· i }. ti.. n of .... 111i13t!. t d Grnp;(,,!l.'OV ( 99 ) the ! 

rf' l.orte 'i t . ; f~ t. t t. 0 - troto ' uttn£ i f' ol nt . t; 1"1'00 "Ii} €·1 .. r 

1. '1 1.lct . 1e 

.. rE. Jf r ov (37 . 1 ,0 r r- ();rt no 1aotoi lc cf ct ~l: ' c1r. t 1 

. 1 tl too 11b IT.t d o-ni tl'l tolu n r r L \. tluct . 

.... uli . . t .n t.~rov ( 99 ) r .po r tfr ti. ti,nt ' tt .r 

r" t:..f n.c r f.,1.1 .11 0 c.. - ni t otolu(~n f ron t l 'h <.l\lOt t I Fr ' .. n 

t .. df.l <An G F t· . • 1 1~ 1 11ffj j .n · r.r: ·it~ '\1' t " :"_ r\ a!~> r O~-
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r~ \o't1on • 

(J S i .... ( > t + . x -< > "1+ •• • Ii -f • • 

!1 

'J.l: r n t I I C!t l".lCtu:l I . pr a ~ 1 t o t he t rtm.oi t10n 

at t f r r ctt 

Cp' J"~ tion 

die cl . ~hat is, 

II, lWI Chh 'ge 

1 , ~or r~l Lt1wl.'i unr . ot1ve 

md1o~ BUoh fi '1 cl t.lonne woul.d 

t 'Ave 10 ne tin e'" 'YBl.ue. to x' f'.l.t .IoU&h bighly 

lcotron ~ tiV'f' it is alec ~ 11~ r r~c iv.."' . Jon 1"S4.!ly 

ch t' O triobl.oro ·t -lor bn p no '·t o[le , .c.ve 

".....lue' 0:£ C '" or -1·4~ fUld -1-05 (5l ,104) t recp(!(it1vsl.y, 

C <I t tl- ·1r 10 'N' ot Vi y nd bfeh el ftotronaer'·t1 vi ty . 

It ebCI\U bt etrce· (J t ·h .l t oAl.y rJ- 10 l~ 0:[ t i t j 1)1 otr-

n Iru· tl 1 or r.he -l fOul not -'c t.~xp'coteQ 'to u1 0w 'thi s 

tel . l . ..nC,{ , f. n · lcr~ l. t u. 

00' b " t llJ t c ~ '1 hlor1 ~ 1 fJ9 



row. eelcctrou.c!}l tiVtt , t berefon .' If. ~ · · ... ;tir rltz(1nt1ve 

'Inlue for e waul,' c expectecl . Ho?.'ever a. ' 1 U~ ove;r 

- 2 l' r e -+ i , l;rob~bly too high ewn :for muci'l 1'1~ l 1c . 1, . 

a t'Cil:llJl "t'b:,tl 01 rot . c t;: 1d: o ~.1d; \ tionu o£ tn numte'l" oi" 

f.lU~Hj)t1tu ecl t lUf"n "I.' (76) h~':' ve b oon corl"elf ~;f;(~ \1 1th l~ 

"$) tl e "It ut: found for e+ for the ohro~l 

ollorid ox1<$ tion of flubst1wted tolu ne :: is 1nt.fU'U(iU1 t. 

(\r bQn1um ion , th10 would ~at th~ t the o;t Cl110 

!ilftOl~In1 S1!1 corl" 'l ,.tee th~ i r",oto moat! t:h~f,. ctory . 

$ ]'11' eX"t'f. t o b n l'£!.u.oity of 1n:f"ortU'...t t 1on 

on e + wlue .l , for c:rol.1a trt: 1 i :t10J1 stnt .o. HO\', (lj1fr'r 

t h r. :rollo'o'f .... a{~ two c $. [~lthough not i dentio:' 1 f:rc 

f fl,.} logou i.n i nVOlv111€ intcrrt d1(~t e c1!tlrg~ <~ (r~lo:r!2.ent. 

nolwlynio 0 ' be1'1f\l1. h~,11 ~ f) " • I f 't h ' ""tt ncking w£ltfcr 

moleoule 1s con~ 1d.ere-d t o ropr~G'6 t tt Q nu.ol.eophilio 

o:tY 6'~" n of ehrol chl.ol"lde (f'1g. 31) f~O ·thr t o·f.rbon-

0:1.:'1' .. c:n bonii £0 tion il1) o ,,;cur1n.g 1n b:;,·t:!~ c~s/~: a t ( no th(! 

ng of 0' rbo~hlo,rine b'on( 1 t~ conGid :-- r e d to 

f"ef:f'f' oenii tbc h ~d:i.nl~ of t, · e c I'bon-l~:{ ·\ .. t:;(ln 1;)on 1 o:f 

11 e tolu( l'1 tl 'nthc two sy tOtllf,! tr'\'.r~ )f ~n to be ai~l: jr. 
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.. ~:tlue :for 

'. u :,rnchronou 3 rc:~:ov; 1 0 
I 

.. iQ ono · e.1;j, ~in tL.' tmnr~1t1on 

( t h r' l" t n~ i ti n nU' .r 1 o :r.1d r~ ti("}n ~,> of to1u{-nc 

:l:or whie} · 

the. 

+ or I 

£011 ov, ~ n£ rt'l' ort . 
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.1t ( 01" - 3. 7; fol.' t l e Q . 1 .t1 ,11 of 



-"J7-

r . ~ nt u inc; 0 r1 ~ ,.t C"'1) ~t t : , ox! ,: ,nt 

( 0 ("D to (' t , . 
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\'fn ,tho ;' th~ oy-el1c ctt~· in"II'Cl°., 0 ",~ 9U1uJ.t

two el ctron r- .1: r, or at r. i 1H' two c;:..leotJ:'On 

1 not 01 • J Bot , U by :tooele ( 82), 

"'t.ne I coe :,it t. cyclic mo 1 . • • • • • • • • •• the 

o bon-h 1"0 .. :.n OM ~ co {. l.~fU clcrtrly d f1n('~ . f : ' 

I t 1e in . t111G to note , 'thl·t r limiting 

o of t is cyclio t ntd.t1on 01 f,€ couJ.d be oouti1 .( rtJd 

to b~ the t~lln1t1an ~t " gc f vo~d by 'tl i bt}:r, ~'i.ely 

the tn';l inC of the r..dlc .1 'l,nd Chroi!d.um (V ) u,pc1ot: 

to th r in 001 ~nt 0 a,nd, I .. ub soqu&nt r~(.\ct1on. 

t llDf r ~ t d by Denit eGOU 

clio G ;, woulu b 'C. oth&r 1 · t . 

oonolu 1o.n~ , ' tw,6l11 tude 

of tM f t t the ·t~d of p+ 10 

ui : ct con e :;,ueno of' tl pol er:r' \, uir . e.nttl of t e 
I 

rencti n 0 ntr . iQ\;r .1.' it 10 known (ll··~ ) th(, t i t' ~ , 

prior t o t f. ~ t <: tt:(.t ' nillB at ' 1 t 

for r o II b . o bttdn d. it 

bton (111) thct 7r c ' oeur - rri 
to ' nd rt this GO then tb~ W11Ufl l could 

(} oomr01 1 t :. Yhl , !.r.u.l. l~c!.11'10 tion 

... 

( trt o 1&.tdnt1c 1 ~liot'.t10,n~ . 

J.l t~lOl ' ;h . 
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V'Vo-"tl ; no lOllI •. r U(' I o"Ond <> er. ~"f i s 1'0 l. . l ,O ~eV'er. 

nol V't'nt r "lotie"n , i d not d1,1Ter mnrke ly .fl'on t h e rr~te 

.,rint1on 

'i " 1n t (t"ct 1. 00 thtm th('t obsc~d, i n t he i nvf.. ntitv.tnt1(ln 

of ~t 1r~~ ( ;L j in ~1 1ch t il r {: nction .: t\ ~. C r 1 .. ' d out in 

n '!l1J);1 er of t 1] hut1c f.101V't.!utn o f ·' 1 t.( (1:t"in J e 11; 1(' ~lll(>ntfl . 

f 1'1 compl ,xi , oocur t d. then th(' U C( of bcn .... r.,:-~ to 

wid e the oh .... ""'O ' 1 c·1l0rid€ fr'O c; be . K f ' t .:. ~ toe nr1{ - J 

f!OOtu ' lW ve ' die J.ly 1 t("l: II tl' (I' l:"( :.t . . ..~ lU · · I rotl i t , 

11.t P 't cki ( 3, t h o c< con-ell .ion VI . x 'b ~n(-! 0 _ 

tion. 

'r"') ... . ~ .... 

J - ni .L'ot'o ... u(n~ 

"1h l"f"t ~ 0 ·trdncd ,re 



o on 'doul !b1 • 

e..re t h r tor , wJ.id . 11 cOl!ij)l Xing 1s Jhown not 0 

t~ cy~11e t.ra.n t10n st .tc wuuld b ("%l.' ~, et~ (; 

to br-- 11lfiucnc r 1 ~ "'kr.Jly tr,{ !r.t 10 f r c 't tl . I n thi f: 

oont · rt t 

th crtllo 2u bot i tu d toluc1'l(,! 0 nr in.formnti ft . 

,If.·ft (100) 

ot Hl.tb tit 

1 ) • 
t . 

t br.: t t 't artho t f.'r ic ( ,£f <:t 

by .. log . ko / k t, \Ul . r 

}:o !J1 }:r J~ t t \< r l' e 00.11 , t ute :f'or t h 0- f nil . 

ffil Bt1 t u(' nt o .1' 'ot1 YCl;/ • i'ill . o terio .1.nt ' m ction 

t f ' co of ortl1o nd 1-' ' . l.lboti tUf>nt l' 

• 
!tOW thtlt t u 0 1.-\r 1c rr et. 18 i1 gi.i t : i ' J."~ ! iI' 1.~1.fi 

•• I'll I.e . of th 
~ 

:>:t1tut (. 1; 0 won , ' to 10' ' It 

"Y't!.~ll 
, t l ' n 0 t 1. nl tor the I . 0 ~otiV'(> mt't ,,-

I 

u t '~ ~ t ~l!' ~ t o ,on o . ~;uoh f. I t::r ~'. ortho ,"1'£( ot Yt'O, l d 

not b oon ;i : l, £IJ' J 

Wl nO .Wf: 1 d t~· 

:. 0001' l..n to '" 'ft ' s ~ l\.t,~ ,.) of 1> ( ·t . r 10 

0: ub. t.1t \.11' nt ¢(1n~ t . n t) t: ;11 ' ro gro lop t1t .01.Ud I (;1 vt! : 
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' l . ,rge l' ~t f? ric f £ ct th . ..Q. t i: oluoro r u.b t':! t.1tut",ut in t l.t1 

ortho j: 001tlr1 • t ~!" l OrlH ~(,l t he n111r> gro\ll~ i e oor.1 nar 

.. rJ. th the b n"f' o(' r i:!;£,_ :1,' c conv~ ' f: i n tr. 1~' thf\ ! 1 tro 

n1 tro grouv a 

k 
10, • .:2 tor nitl'O lrUbut1tut1on lilt -0 . 35 at i?So 

~ 
r -0. 35 . t400 

f .. r ohlol'O Gub$1I1tutioll • -0. ,1 at 25° 

-0 - 5t' r::t 400 

"'n .bove 

t o th£: {. ro .tic ring. 
, ,. 

l'or r '3(J :lfI'..tlCe 11 t r ot:: on, t t , l 'e l Ht1ve 'Oti1tlons of t he 

r'c ,'JUl,.. tot .1e ~ f 'f. c't . 

.;,',., '" . ~ ,1; : 

:, i '''-'11 ' .1' ct!ect of t i. ort to ' ub~ t tUE?nt 



O.r VI · 1:'oo~rL·on 

r I)"ort 0 f n 1ml. r 

urtng t ' i invp. s t1 . tton. 

(,lel t fIJ f oith: ' t 

in t h in inw :, ti t1 It ,h16h St f't.il"n 'wn. un~ble to do 

~..: t:- 1rt·\ r VP Nn 1 kin tic t mt'; ()!'lT.\'tu.l'e ill t he vio1n1t.: ... 

o . 340° '. . ' ~h16 UD\1 mLlly 10 tmd. ;xner (3~) bt· a (JtfJ.t 

the t it CRr, l ) .a)i:n~\.~·' ''' , t h t t ' e 1 ok:inot1c t ~rr · .!·1> t ~i 
I 

1 ~ 1w • f r II'OtA ~ "'r 

f " vnlu i Q t inecl in t his 

·lle 01' 730°;" , . rhi )h 1~ of 
I -

~u , :-. of 

dLl;J / J(r f Jt1 G- I ;;tf (!\\nd dAll· Idu. 1~he l'il.:rae Vt"ll.ll? of 

dDt!. Ido ( 25 . • 0&1. ) , :..i t 1r"l ·atL1,. " , 1nd1cn t«d ,. 

ou}}otr'..nti 1 01 ctron. d 

1.1 ,0 r.X'!" l tl.in ~ \ l ' T'g~ 

. l' l.otion ~1t _. n 

, ' a ~ .. 0 :!'or i t1!.l 7T c01'iljf11 . l ag. : t ' 1r J c · r11 . r 

'ork: ine1ct t 
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mrl to oeo t 1\.1' t :I1D OQn:!.J.1 '" 1':11 • t' ",'\1.l t n 1.(' " l .l{:".i,;e ~.t fJ' d 

in olv1n,: di polfl 1n~ r 0 1 1., 11$."; . ':.. h( ' v: ~ .. . ( r of 

dA i / Ju ant. J.!l oJ /'Jr 

on 'j til' . of j .ll': t1 U. , fA 

fl~. b n 1 hlor i 

obt j , ( ttl fl" t ill l nw 

olo.rl t · of h... .d , Juet ~ . 

\,1 th 1r 00 1 nne. 

t ~,t1on 

t 

tolu(' m! , , ' uct Goo co 0 r c e (- :t'e oat n d , • 

I d t rt:~ f;O con · 'n .f) r. t SO d. 400
• con lnt d by rt. '. r <ll ~'3 

of the H~ tt l ' 1; 'C1011 "bi , ~~r f own in f.! {~ . 9. 

f.~hp. t ound O'r 'till · I ~tt~'t e+ :re ' 

I 
". ~o ! 0 -1.6 p+ for :u t1!.u. J 01' or-looo t 1:1 -1-71 

( f(.r nu11 t .." u.t . 
· U •• .' 1 0111 01"1 c f. .t 40~ =- - 1 -6 ' ..-

0 - 16 -
v1n8 medium ! r ci t'1on or , .' . ('be 1nd1v1du 1 rt: t 

cone.tf:nt for . ~ cub titu n't , n', f; d~ r uc '~ r .· l · t ivf .. to 

t.e oorre jon tolucn. ~h1s i s ill ~ 'f.'(l .Q't, \ i th 

t f'ir ' .. ( ) r; lit t1. , but con l ie t. '1 with 

d : urna ( 9 ,:110 l i ort { (·tc conH 'nnt fo r 
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' l • cr 

O<o.lOl'inr CltO:A •• ",. ) . . . f ot 

ctronic 'uol nr 

'. lor1,1 }1' Vt ) •. rJ .~J ow • 1n th t '~ ",HJ cf 0::' '{'tu:' , t ; 

• J.' d· '! (" tl (J 1 , t t € c"e , by~ ' ogy with el~ctl~~hi110 

u tlr.J Bt1 tut1on. Unt t h efct o:f r>( 811 ti t ut10n 

i~ n t r 01ct . l~ . 

10 f ro 'tl c t 1 :ctron 

but 1" ,. 1'4' t;olllmo oont ~1b t10n ttl 81. t 11 ' . 

t r , r ·!'t1V( to t.: , ol .... r cl'ilo -in . • for 1 th 

~ ie 

it-to ,; . 
t ~O\~R t' ttlt: r .due 1 n T.b,('. r~ ' 1"(' t.t:.f' 

u'b .. titu . ion 01 

r. t • r f't (1 )} r 0 l' r ort d t t t h VfIllu .. !: of ~ 

o 

( Jolur o.ffcot of nub t tit\:: 1: .. , int~1on te t 1 t an ~ c: cl 1"0 

h .• n 

~ vr!lu 11 . 

hem""" _ -'bl or1 

lCl 1:' : f .1 .ct t f n t>( 1"0 . e l l ' 

bait) 1 t would: ~ Jtppcted t ' It 

-:\11 r f et ... lo\' f:r n..tl..d not :r . at r t :h.-:tn 
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fl.!!:::l HO I v t t'. ,. '!' VEl .... J 

0( 
Of' nub titu nt ~ .. ) s :r ~l"¥'cd , "4n 

1:t Yi..ng A f' .ie C''t' H ct 
0< 

~ 1nc ' n titu.ent h ·· , b ,( n 

fo to r . UC . t ~ e of 0 d on :i t t' a,b..ro:- . 1 ohloride, 

11 tty to 0 ., 1 ohlor1det 

: 1 ou th t) tor t}u'" , n .. 1 c lond 8 

f!' 10 tnt ,()(:' tor t tolu n a d fr 1 ro o ch t hO ' 

'1 ot , 

h 

rec o·-t1 n . J a riot 0 0 " riOOD 1f. 1tri , M of 

~..l.u 0 1n~I"odu.c d ) r11f!r for the :l'1o-ufJ li1£>C le.nl :t~ 1. 

not j1& t1 1 , ' . • 

i(lo from t};- 1 

itb j. twt4!l' of th 

mo. ific. tion. 'i he f 

"....nd not (~ l:lOno t lore : . t lwl i,:.i } ] .j . 

f+ .1 D moot l:t.kely l~(, uir 

1iJlil.ar chi n)Ll to;; tOl~l1e 0 J? 1 , Opt t1 v< " 

1 Vl 1 U('i' ot a* / .nd . It I ( ·ft 1.36 k . ce.l 

f d 5- 5~ 0 uJ g , . sp ·ot1vol,y jor n~l ohlorid () .i dclt1on. 
. . 

IL'h(HJ~ "It 1 u. co 110 ooncluoi one to be 
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or t he tolu("nf' 

. ) 10 -0 n1. t o t} on ~ 

ch lor1d (3 lu: v · H ~ tr.!t· 4, :ft ot'tl.o n r '1tl flf ·~ · ot . whi cll 

l'~i d, : . t l.,.t fOl" n Qrt '0 1 at1 tu. "t '" , J:. • . :rl chlor1(ff' 

10 . f' U l n h t of the f)Orl~ .. end' ~" 
t , ble fl . • 

en f (" r e t c."l r '~ ot1 ne 1e r 

it 10 u 

t :f ot on bo U .nt n .' ot ' 0011" tho h

i gb .1 ot ron ~ tin t:- ".nd 10 

rl'S ono! , to ],01 

of t 

dOno co .. (; u ntl tu'tion t;lu t t 

ni l')' ti t",t1on. 

n-byn ro~:. n bono 

, p:~o'to-cr.J.ol· . t1 .lJ'l 

. '~~l .\" .nluU'.lO t\ by 0< 
\ 

by fu,rtl ¢r Ohloro 
I 

J.'" 0 ; (.1.' tl~' .f'1r~~t 

t vr 1 tri OJ 101"0 ~.:. vt1t utiQn. In 

bro ... t1on ( ~ll ) • '" '~l 'O t nt', ~h . t () or r con i r l c t ly 

C0 :10 d to ~o / n c .. . ,:,xuC ' t, r i / eubfiti t, fH', I 

I' 

(50 t 'ore ~ntlvJ.1 y 



t ~c . t c ~t 1 

o 

-l! 

to :run ion B n 

I. it .. 

1 t~.er 

in u1 1 ne.nn r 

to o. 'orin e.nd b dne ~ toms, thu t jO o Jt.1dflt1on of 

1:1 1 C lorld b 1'1.more :t'ac:ll .e tlw.n t 

ox1d t 0 nt· to.lur ne . "hio " 0.8 not f ooo . 'rh1!3 

m1'ortua: ,. -ly c- nnot b", t t ~ n . G 'vid . noe inot t h ;. 

0 8 blc re ro orrl l1IJ.t of ' alu~'f "1 ohlo ~ l ac beo D 

it e oblo '1 

introduotion () 

to It Be 

f. rc to funotion (: 

rc to .f\ulc tiQ!l . Ee n. 10 U 1.0 . 

! . 0 (' 11 wro'l1l.d X'c t " 

p¥"Ob . )1 th ~t it 011%'0 1 ohlo 1d 

1. 1 t h ,n 1 t ~1ll t nd to be 

~'-"04. .. r to tl · t1 1 dio -1$, b oau . teir , 
1 ot1v1V ~l{'ot n t1Vit! ould. mor oomp . tble, 

tlmn ~it - I 
I 

ondtttion ot b~ntml ohlol"i e 

in which th 0 0( h \J.ogf?nD .. .. ~ undort on 9 1 t 

,tho t thtl it m.1 t -: i~l.d ('<.1\ 1nt r s tinEr r'-" f~ult of 

, ch.n1 10 impOrt nef . Th lit r turr: stntll'd ( 4? ) t t 

(I r(!l.1.ot on OoCUr!' d . f ;' r otlon C:S 10 ~nd to 

oocur 1 t l1 t'lC wlution of k-t,.i-l "l'Y\ 
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, -P . , "1.1 ' 0 ' ;" " , , ., " 1 ~ t, 1 \ ",ouno.! \. , • .;.1 . • ;t~ , 4: "' ..:. , \JJ:"J .... - . I .4 , ~t:. . • 

; 'S J1)(! ' ~) rt> ~uiJ:' · . , 

'.11' t if . 1 ~ 1 %:.101:' • 

, " 6 . ,r , _ • . I 

one :t!O 1 cot" 

~ b nt,:010 ; ... ei • 

. r-n ...... 1 Gl lori ' 

r ut 0 the 

i rt'tt i o G. th 2"ten ; tol\hn~ , 

ld :.. nZ( C or1d e ';. t" fount to be 

trrt e t 0 (en XI', nsi ~ i h.fl.u n O' d,} ou.er~ ~ ichloro 

. l1 pt of th t om .. ; utul t d . wld.oh '{IO tl~ C i , ' ll..v 

. tie-rio · ly 1.nnu~nod in t i lt "f}th ):lor Oi ~Lri fJon 

lit 1 t f\n · ; .. 0 t VOured b t edd · r ( 91) 

31.10 :1 t 40~ G 25 t711 ~ 25° . 

"th : r t~ n t 

t11 ki t1.e'\ 

l.nwl vine rt: e t~ 

~llu · <:: loul t 

(U5 .. t.(~ .n indio lt10n of th ~t .,ric· 
f 

re ct1 .. , tIl$ 10 'o{ :r l .rt .1n to 

conq.l (';x l~l ClJlc, . J' O Wl:: ftr t l l' 
I . 

l or ~n J. c lJ.orice i s -4 3-4 oal /' . ~ , 
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,q) . . 'urtllPr i nverti , .. tion t 1e ~ti.:lctic 

~he . luoctt 0qu ' ti n Ot ,n l';~ con~ i cl r- Y'ed [l i.) 

Ii l inN r entro}:y/ n.th r 1p;v r e l a tionshi p , ~.lthonffh 

r: mn tt p r ov -:: h i '" '? "~lJ , t1on f r c on Flt ant cnt r oJ. c oer: . 

V riou. . t t n ts ha v 'rn nlLdr' to ext nd t} e i nforn"'tion 

t hr· t cnn be obt i n( " froT:l .dnotic reaul t a t b'lJ ~.tudyinc; 

d i 'ectJy the vr ,tin tion i n f' ntropy an enth l !, . • 

I nc of -the firnt r porto , b;{ '~' . ' . 'ro\'yn ( 11) 

roooe;!".i !1e d t h ('l '.1.. t nee of f <1r..ili(' s o f co. 1"01 n <1!:' , who rt(" 

cntrop.r U enthn~p; ar e 1inr r rE I t t f:' d by t h e e '~I.l • . tion: 

= A H* o + 

.. b re ~ 0 'r.: .O consi red t o be f. tm1V~ . .co 1 

cen t l.nt of 1 )roxi ' tely 30,)c t or ult1:pl e e of 3UOo, 

r . rl t F .:1 C. t l ':' iuok ine ti e: tc l:' r "' turt . J' 1e . 17 Sll OVfC 

t i '. f' c . t r oT'Y 

i nvf·ot i trt:on for t l ' subLtitut r~ t o ' uene:i . It i c POFl ible 

to obt . in t lUl. ber of f'~ ,p '1i :1 , onft sv.c} being fJ lO ';;n 

( d otteu l ine> ,-- .. ) b t \f t~n t I . 1) "1" : . lo (~rnc . l 'he ~31oJl(' 

oi' tlt1a line C!1'l ronL.· '''l,f ~ro 'i ll U13CU J i n f !Iu l i c a 

t o sum~eot F":xtc 13ion :'"' , 'npf'ciell y , ~ le {':'f:IrU~! the v r.J u('·r3 

in c t ..L~O l y/ c-nt ;l. l py rel p,t i ons:lip ::: '{ere 
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Pig. l7. Valueo of A 11* and L1 S* obtained for the 

oubst1tuted toluenes. 
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.1"( vi 'l. ( U b- 11 fflc • ( G _ ) '(ho , r s t.( · :., n..lr N ·u· 'c n fJtr t ,(: , 

ll crivcc the fo1 ] \' i nt, xpr{:! ;:~ion i nvolvin.{:S tl lEl 1 00 in t ic 

i(,j'lJ'crr tare ~. 

= - CoL 

i i ntorp '(' ti r ... rC' ~ cticnt: ltv} ich !H· l4. ~ r"'1 J roximt.ting 
.- , 
I 

the LVCrt"I:~ t J. .·e r n . e , beo .u.se 1: 'Cl€ IJ0 6 cl bility "1' 

rron ou.t'> r ~ u.ltL foI' t ri vi .J. r .ther. '..t i cr ( son • 

. n i f one com::: icl rs P. c·-.n in rih ich!;h ror~ction 

r,olvent) i . necl1eib1c r:t . 11 t 

'IiIl ::.vrro::d.mt te C;,.Ioot ',n t nd ~ I , l ~' termin d f r O!; t ilt' 

o ... l:.ill rl .n o. V:' rtf ticn i i.. e rl' 'Le o~n t , n t s , wi l l be (: 

line ... fUncti n of' A .. ; , the olope ~ 

, V ' -: rf. {!.~ o f th f'XP(, l' i n e t~ 1 t f:.tp( r' 

Yollo~'liil : t c..ie 10 r i Dorou8 : " t If} '~ ' 10Ll 

trcr't! nt of ('ntrol=Y rnd c nt41f IJ,y rc-l: 'tionohipn ,or fJ 

reI.or/,( d by : xn 'j," ( t31 ) . . ' e Of -'\c to the concluoion 

tlll t in nn,.b r of opne . . ... , L~li (' , v " tb 

1 r 3r(n' r rc T:'.( r~ly TIll nifc Gt, t j,~ n o:f the .r!"'o r' invol v ( C. 
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: ~Il{ tionc , .. n 1 ~.~} :-,-"V~ "l, d l;,t (' :~# 'n 'L'tion . frf l; i r rif ' out " t 

t;.nr;p r r tur !J in th r. a '£ t::, ' 0 to 40° , t.l€' 3 1 0p(:' wo '\~d be 

1,: lOO k d f or i ldi .t~ (' c t·~r t by 'loti.ng loe. _ ~ Pet,;.ins t 

10e "k
2

, 00 t : t, 1"W ai :-.tol'-ti '.,· n 01 ( r-rcrs OOCur::'l , rt',· t h f'I' 

t h :. (:. i rc a tl r U ' invt · :: ti:..I' liio ... of b :i , t1 -!* j,l otn . 

:::''::tC pl oto of loe . k313 19.'.inJ; t log.~8 for the t oluene :; 

::' :'1. b enzy l c llori(l !3 : ' r al JOW 1 in f i g"' . 1V and 19 , 

rCGI)( C'l:;ively • . AccorCin~ to ~,xncr ' c c r 1t(:r i on C otrc i e;ll'l; 

line I, lot , : 0 fOWl<! to OCCUl.' for t e toJ.upne n {n ' benzyl 

c .llorlCco, ,' emonotrr-,t cf' the ( rl ~~tenc(! of l ine .I' f .:'(;c 

enerl~ rela t i on 11.i 1'C? 

'I(~ n the brok 'n l i ne from f i e . 17 i e l( "'ppco. 

cr c:c onto fig . 1e ( brokf'n line ~;:-- ) i n t H~ IIllll'ln.e r 

t , come~; avi " ent . 

~ :mcr £!.o )/U
1 th t t.l £l (,Jlope 0 , A , of 1 0g . 1"1-

'\ \ 
1.1 /\ 

th x;pro t'. nion : 

Ii 
I 
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Fig. 18 . Rate constants for substituted toluenes. 
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te constentfJ for suboti tutcu l>en:wl c lloridee. 
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C: ' rt"oinc 11 1;.tC' :r o rJ 6i~ I e vrl' r ::- 01' ~ to ' ... lh e v 1rio lW 

r OfJo11J.:.liti(' '''' nrc d i i'fE'r n.ti t! tec1 by the' Vp l ',lcn 0 t ninci : 

for f DJ1t"~ I :-I ~) / 

I . 

'j1 
1 -

A :::: 0 - 915 - 0 -01? ancJ (1 - 730 :!: 14 °L .• ,. " I I" 

':. 0 ..... 2' "1 ::: 

, T 2 I ''-1 » nne (J > ? no l ' 

thr.t this Te ot ion frlJ . int o TJcrlc r ' 0 cc t ('l60 T7! 3rt , nr.IDc 1.·y 

oor::tp nsction I nv holc10 (10 ) , ch .. ·n :""(' s in A "r*' r f'.rti ~11~ 

ll o':"l vcr ill the onse of t h benz. ·1 chlori:'C'o 

~ = 0 -9 G 1: 0 -017 , (3 
~l} UD , • 2 I 71< A < J. 
in ...:xncr' [) cr ... tcL":Ory 4. 

i l"icr.tion 1 U ' t 0 

= - 1L4 ! 206 and ~ 2 I 11 = C- )? e 

!Jll ~< 0 , hioh p l(,1.c cn t hE: rcrcti In 

:l1J1 1icntion of t l lis 01 .30-

n ttion no lon .er ocourc • . xner 

et c.tc n thr.t tLi, I Fltt r L f( l'cncc coul not 1; llrflVm 

d t he 

f xir·tencc: of t _ ::.0 c ntc[;ory ['h ov/ e tht t t he p o r,t ~:lation 

th. t Conq'lc::lor.tivn of IL .x'L\lll ter i s a uni v£'r8n1 n turf ~ 

1 ' ." nust be ccn~l ill c:r d fr·11r.cioue e ... u, 
.Lhe oonol u iono \/hioh cr'n b() clI'r·wn on t he 

hr:AiEl of xner ' e oln ('1f10 tion ! "('> not olecr, D.na • 0 

rC'Tlort of ito intt' 1)r('t. ti on h .,S Of; y e t b en reportf!d . 



, ' 
• l c r l.y i t i> ' not : o · 

- 11 '-

e i t ~duction of an 

-. : : t ' 1 rc . ·.t"O 'C l! Cl Dt. t i .n t o n n-oo PC.:.l .J t i on, or 

.. . 1( t If r J~ ..!i o i n r: 11<' :.:~cl i ll c nOl.1Cn o n . 

£ nl ' ~ '/;"l . nti on(c' a r uU'l"Y of t l c conv .nti 11: 1 · 

tJ: c cJ. uci (.1: t un ot' oi :-..:i l r r 

I re 1 .... : 'e i l ~l ·:pli c ; \ blc t o t hi :-:; ofotem. 

J • 
v11 t :;:"C'!lr.f'cr O J. t.rl Q le ctron~ 1 9 not 0 1 (;' / r IU1(: 

p:.ooro unlik 'lly t o Cl ( Ti f y tl e .'itll.: ' 't.ion . h( rei'ore 

n -;: n ;t ie et tl\.1:: l nvolVine ' J ot e " in nhi 'h t ' c ui i :!: .renecs 

d i e .'oJ. 1 cch~ ni ~!lt' Y:O J.1d 

b e"' ( _. oted to !lCll.ifc ot t p!:!Sel ~ t) 1 t' ';1 0 (1' i 1 .. cxt no' on . 

0..) ell ny 1;£:'1"' 1.i " ... Jt he t 1 ,i :pn, nylm t {' n t ' _ t i } CII:>' l-

'.t.h r OUDhout t he co 1,· r: c of t hip <li se w~ion . 

\111 repl · ,_i crtt l ~ f or OC lVNdence r fe r no C' ·, 1.ev be :. 

c t o p o , i id.! · xt:l~ ien: ' . Lp ' rt fror.'l '\:;1 o ce lre . 1 ~ 

. ~t ltion . cl t h i'o l l o \·tin!? t wo 11oar- i hil1 t i f-; c.re VI rth 

'i rcrt " i t ha c r cc cnt l:1 be ·n r r·nort .o ( .j 3 ) 
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that chromic (lcid eff'eota C'..n indUCed oxidfl tion of cyolo

hexanone. ThiG hn r been 01 imed (1 "" the f'i r l.' t r eported 

induoed 0 :d.<.I tion involving a s1mpl~ orgr.l.nic oompound. 

It i s onJ.y the econd involving o.n ora;tt.nio compoWld of 

any eecription the oth€r beinG the induced ox1<iat ion o f 

1ndi go ( 90). i'he pr0sencc of s uocinic (:.M adi p ic I'ciuu 

vn 8 t k en (H'J evidence of oxidution by chromium (V). 

Ilo r eport huo s yet been publiohcd on the r eaction of 

clU'OUWl ohloride an d oyclohexenone . ~he oecond poemi ble 

extension would be a etucly of the r e etion betwe en ohro!l\Yl 

ohloride and triphenylc oc t nldehyde. It ha.o been rgued 

( 82,120) thpt, depC'ndtng on the natur of tlc rEl ttotion 

triphenylottrbinol and carbon monoid. ic or triphcnyacotic 

acid ill be formed. .or inet nce ox1d tion by cerie ion; 

on! eleotron t rnnsf'er, gave triph nylc rbinol ( d 

c rlr bon mozaciJ e ( 82) , .. h r .0 o."i d ~ion by p l~nr: t a, a 

pro ... mncd t'70 r lect ron prooes , gave onl.y triphcnylncctio 

acid . 

I, hether cith r of the above· ouee · t iono 

·oul.d r pool vc t he problen i s not c c rtfl in. Indeed they 

ar both f r ught y:i t h <l1:ff icultiC'D , t .. e fi r Jt involv 9 

very sm;.ll qu titi ':"-: of i nduced 0 d tion product :::: . 
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1"Jhil.ot, 08 it has been pointrd out (120), triph l\Yaoet-

l d hyde ~ well b an &typioftl aldehyde, and whether 

oonoluniona rc .ohc on the basis of aldebyde oxidations 

must n ocsoary be applioable to hydrooarbon oxi d t1011S 

must be deb t~bl • 

III conc~uoion it oan be s een f'rom the 

di ecuva10n 'tlli,t the r e"'ctions of chroZ;Wl chl.oride, which 

. re oarri d out in non-polar 01 vente may often be wry 

diff erent from the e1nd1ftr oxidations carried out in 

polar solvents , by oxidanto such ns chro~c aoid or 

obrO~l oet te. Therefore it would poor inadvisable 

to draw concluoions re~rd1ng the pOs tJible r ( t ctione of 

ohl"OllW1 ob.l.oride on r ('sults obt incd from ohromio eoid 

or oI~~l cetate Oxidations , es ~~ be n done in tho 

past (73,119). 
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d). rldntion ate.t e of tho chromium in tlle e.duuct s 

Although the two proble-ms o:f structure end 

meohHnism hnvc been most cxten oively otuui ed, t he-re are 

other oprcts of intereot a o coc1ntrcl with the :.~ta.rd 

renot10n. r'or instanc e the nature 01' the chrorJium in the 

finn.l e.dduct. 

In the o :<i dr>.tions of chromium ( VI) in polw:' 

eolv(~nts , the f1nc.l~ st ate of the ohronium 1s chromiwn (II 1') 

although in some cacco e ohromium. ( III )-olirom1um (VI) 

complex has been i ooleted (91) from oxidut1ons in aoetic 
, 

oid . However chromium (III) 1s not nec( ocar1ly the 

fins.J. state during ond tiona involving chrol!\Yl chloride . 
I 

.L~ lthough chronium (1) and ohromium (IV) e..re Imown (120) 

to be unat nbl in ct qu OUB solution, the u s e of a. non

polar 001 v . nt and the rccipi t o. t 10n of the adduct (3 during 

chro~l chlorido oxi dati ons of the l~drocarbone · ~lows 

for tho poas ibility th t 1ntl rmedi Fte oxid . t 10n et c. t e o 

will be prcoent in the s.dducts. 

If ~ sin 1 · t wo e l ctron t r oJlefer had ocourred 

the chromium (VI ) vlould ha.ve be n r t,duced to chroaium. (IV). 

The p~ence of the 0 U'Omium ( IV) oould have been deteot ed 

by ouit4ile r e dox titrnt iona , <l pl'ly oic<.l t e ohniqu eG for 
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a termini ,J oxidr..tion ocr.:t E'n , suoh . e .. ;. r' . .... . or t h e ' OlJV 

JIl[160et io . J soept1b ili~J !oothod. r enit zescu at 01 (73) 

uaed the technique of } ,: . ~ . n . and conoluded thnt hnlf 

t hE' ohroroum i n the toluene dduct wne pr-,.rat'l..a.gnet1c, 

o.nd half d1 et1a, hence' BexiVlU nt. '.rhey ..-;ere unable ' 

to dif'.ferent1 .- t e be tween t h e 10 '~ r ond ~tion nt ntc , but 

oonoi dcred t he mo ot likely stat e to be f our, however 

71be l'g and Ei 6cnt hnl (119 ) re1nt('rpt ca nom t "eoou· 0 r e lr..u.t a 

and c1 ' d th:·t they were in f~~ot in gree"'1ent wi t h the 

oono1us ion t m'.t both ohromiuma nrc in oxid" tion at . t o four. 

Nh e ler (113) l1Qd lrc ~ me u:r (l t ho mngn tic su ocep

tib1llty of t he t ol u .. ne adduct, obtnining n value of 

3-16 Bohr gil tons pc r ohrondum tOLl. Thi fJ , he concl u ' ed. 

demonstr a t ed t , t both c r o.m:1uJI1 toms \;e r (': in on tion tate 

four ( aee t a.ble 13). Ie have fo~ t hat it i a mor e 

oonveni nt to me aur t h (> v .r ug _ oJddnt i on s t(\t . by 

menno of simpl e:' r edox t1 tr~tion·. . 1.0 t he b n :::'Y l ohlor i de 

ad( ucto cont don only one ohromum. atom, init1~~1 det(' r-

lll1.m tiona wc -.:.'e oa.r:-1cd out on th n . . eoult ~, of" "' OU\'{ 

deteroin tiona 1'1 d f r om 3- 2 to 3-64 R. ~,::: ., depending 

on the met hod u cd to p r c-p r o the ~ uct. "lhilf3t r 0dox 

titreti ons indic ted 1>etween 3 and 96,' OXid1zinlS pm ere 

.'. lOYI Gouy vn~Ul" shoulu , of ccurae , indicnt e a high 

o:ddiz1n£ ·'o 'er nd vice verB . 'or inot ance tho be~l 
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ohlori G r'~c1 uuct pre:pnrcd u ci uC no Gol v a t ~ . t 0 0
• but 

with rapi d i oolc.t1on h d t he vn1.uer.~ 3·2 ..3 . 1.1. and 96" 

oxid1£ing ~ were It VI .. c f'ound toot a t high temperature 

(45°) end in c rbon d1eu1phide r . t hcr t han carbon t e tra

ohloride so l ut ion lower oxid i zing ow res r !.Julte~ . 

Oxidizing power m.e found to 1;:1 t or t hr oughout ldnetic 

run, for i n nt anc t n :run done un<lC'? r the normal kine tic 

condi t i on e in cC'..rbon diaulphide ha d an oxidi z i ng powor 

of l3 .6 J~ nfter 48 hr •• a ·5,:· (d'ter 126 hr., and 5.3~ after 

517 hr., for compari son tbe re ' ction had proceed to 

75~: oompl eti on . f t er 96 hr. J'.. benzyl chloride adduct 

prepared in cr..rbon te t rnchlol' i de h ad an ox i di zi ng po\vcr 

of 44.6 ~ \ here a on J'Ir epar e<.i. in c arbon d i aulph1de El t 

450 had an oxidi zi ng }10 1Cr o f 3·8"~ . ~hc normal vr:l 1.l. 

obtc ined f or the benz:jr l ch10 -1de adduct s from the kinetio 

rune waD bct vlCcn 10 an ' 20 ~ ~ . 11 s1mi1::-r ei' J.' at Vlns not cc1 

I 
in t he cn <" e of toluene adduct , exoept t ha t t he oxidnt ion 

Vttl UO vn 9 norm:tlly bf.t' PC en 40 and 100~v . Generally ad ucto 

'" hich he d l mv oxidi zing pot'{cr asaunc d light purple 

colour, rc ~ther t lwn t he u "'w:.l browns . I t 1 0 t hcl'(';for e 

olear th t t he oxidi zi n power of I'n adduct 1 0 not . 

t c.nu'J.ro w nt i ty nu concluo1ona arc not ju t i f i ed if 

bv.oed on this ~ .... oumption • 

.. e b en' 1 chlor i de ,;d uct hcv1ng 96c~ 
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oxi u1 inc pow . If: S oubj ate!: to l ui i t: rentinl t · c:rnr.l 

(1..13'010. eXlOthon-ic pt"'v.k wa e obtEl1ne' ·t '~pproxir..l.E tely 

100 0 follo ',cd by endother mic peako , fig . 20 . 'nee . 

oo..op1e 01: t e dduot h'~ d produced the cxoth roie pe~ • 

Bubo f'iu ("nt cooling .n d r f' 6C ... :nning, did not pr oduce t he 

p e e k e 'G in. .\ simila.r C'..n,['cl y eio 'fro. ea CElr 1ed out on o.n 

C1 d 'uot 0 0 t c i :li n t.'glie ib1c oxidizing power. 1'. 0 

exothormio N ' l" ',1 S obt ined . It s ee .te d tl: (! r cforc th t 

the x ot . rm.1c :poak ." '"'" .1 aOGoci~ted '(11th t h0 re uction 

c f th chronium (IV) (or nny var1 .;tion, i.e., chromium (V) 

I.:1us ohromium (III ) ), ru d indeed it Vla o ollorm th.:t tl .. c 

hie;b o.x:1. 1 21 pow r , d el ct , contn,incd no oxid1 ~ine power 
. 

It's nn aJ.yaia ho vover hed 

not ri cI 00 s ide . blc. luu).ys1a of ad\'uct before 

exothe rmic rc ct1an 0, 28 -0; li, 2-3; Cr , 21-7, and 01, 

35.5;' . .:f'ter C, 29 · 8 ; Ii, 2-3; Cr, '21-7, and ',,1 , 31-5,;_ 

;, pos oiblo expl ~n tion of thc ne r c: sul.t o i {l thnt tl 

_u (Ult1 ty of t he oo-ordinnted benz l dehyde br..d been 

oxid i .cd to b nr~ic cit!. by t he ohrcl'.liu.-:l ( IV ). Cort r.Unly 

t h p quantity of ben:-;al.dchyde wa s l r eo after h e ting 

( : proxia:.tely 40 , ,), however th qunnt1ty o f ben20ic 

acid f ort C" d coul not be det rmin d accru.rnt e ly . 1s 

V ' O bee .use of t he ~ ct ( page 74) t h t the benzoic acid 

nttf' ched itoo1f atron'i~ly to the ch.romiun and defied 11 
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. t teIlIpto to .: uP.Ilti t otively dctn ch it t nlthoueh (., 

conoi t1ernble qu llti t-y w. D in<licEted by .., / H l'n f., l ysi ' _ 

During t h e t l ·n.Ml ft.nn} yeis t ht: ndduot lont 4-3" by 

weight . ~le following sequenoe would account for t he 

obaerv d i'ects : 

> 
......: 0 C1 

C I C"/" J 
6 5 ' (' _ er ._ C1 + lICl 

mhe theoretionl we1~t lo oe and final. quantity 

of benzald hvrde are 6-5 , end 5O/~ Ylbioll are in reasonable 

a,gre ment with the cxperilnental. resulta. 

l'he I nter endot heroio penks , fig . 20, are 

prcaumebly nsoo o1c.-ted with tho lose of' hy:l rogcn ch1oI'i d e 

which hno be n rcpoI~ed pr vioualy (42). 
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e ). ~he chlorinated nroduct . 

It is well }mown (42) that auring t he oxic'iat1onf) 

of ohrontY' l chloride Qunnt1 tics of chJ.or 1nf' t ed p roduct A 

are formed , whioh r €Jlnin in the rC Gction solution. 

Ij,~l e o:hlorinntcd product " :from the ond. tiona of toluene 

and benzyl chloride bei ng ben~l ohlorj.de nn d benzs l 

chloride reap _, otiv'ely, no other product o ~e!'e fO\:l.ntl . 

The role of t l (' DC o onpOUl1lh 3, i s not undel'Eltood , :mont 

\vorkcrs m. ... {te ",;t i ns f!ithc'r ::>.ccidC'ntE.J. IJhJorination (4 2 ) 

or r:..n indeppndl nt side rea ction (74). I t VI ,tO knov n 

howeve r th~ t v n if c.hlorin~ f r ee chrorn,yl chlorid e 

\'IElS used, chl.orinnt1on otill occurr('d (40). 

no ttcmpt h -:. d been l.1')£HJe to :rollo .· t h e growth 

of the c ',I.1orinf!.te 6p cieo or to ucterrune the r.'ffeot 

of vury1ng the ntvrtine L'lf ter i r, 1 6 . It wes important to 
I 

know hOVI r.lUch d llorinnt ed prod.uct was fom l.C'd in order 

t o correct the kinet1c r C:.Julto if' necees ... ,. -y . The 

eTm'rth O J: benznJ. ch.lor1do ch ..tr 11lG eUl oxidl: tion of benzyl 

chloride \\'1 ' [3 therefor f ollowed , u ning t rw techlU(:ue of 

gas lil{u1d chrorm,t0 g:ral'lly • The r Cl1Ultine ourve is shown 

in :fig. 21. ~hc plot of the relr!tionsh:1.:p bet'ween the 

mol -.r ooncr.ntr Ltion of ben2',nl chloride mel the molt"..r 

ooncentr ).tion of f; dduct fo!"'.:! ~ i s leo ; .lo"'m. 1'he 



r C>mllting s t ro i c;l t lin ind ic~.tc a th: .. t t h e t ', 0 r :-"ction'l 

(', '~e not incl 'pendnnt , but rth r b C"r a. cons t c,.llt l'~ ' tio 

to ( ' f. oh ot her. Thi s rotio ' th vtUue 0 ·196 . 

\:hua u . ing the n :t e found f or benzyl 01110 ~ i a oxil! tion 

r·t 25° , ( 2 . 45 .10- 5 1.mo1 e- 1 . s El c-1 . ) t h o r . . t e of fOl"nntion 

-6 1 -1 -1 of the b~n? 1 chlor i de i s , 4 -8 .10 . cole . o c _ 

'.h e qUflnt1t'T of bf':lz 1 chlor i de fo rt!lC 4 ·, . ; · r~ f oun " to 

be ind penclnnt of tl e i 11 tis 1 ooncr ntrl·,tiono of ~ en~rl 

chlori long 0 t he by~ _l"ocf' rbon r e];" .. i nn in (' xce O:3. 

A eiL'lil r ~ ' ralleli am of r nt e B t r: s b~'!:n de :ll.on ctI'(,ted (19 ) 

in t he C '- e of toluono ona t i on < nd b en zyl ehlor ' de 

fo l"!!lElt ion. ! conp ri :-'on of the two T'('oat 1 onh rever 1 

t he intere tin £: f at thf-t t c r r t 1o : mol c.' chlorinntea 

~';7 clroo rbon to !:li) l ot' ohro!l~l ohlor1<J e re fJ.Ct ea i s t e 

OJ e 'lithin prim ntal ( r r or . 

Ifhe pr od ct i on of t he chfor inot ed ooopountl ~ 

muf't cont r ibut e to t h e> lo ~c of ox1c 1zing J)ow~r from t he 

aUi...luc-t S f . 8 oould the , l re, y dinouoo~d f o:cr'1t. tion o:t 

benzoi o cid , but it hn~ I ;; yet not beon po oaible to 

d t u .. dnc the : xt' ot involv 1 :::f' nt o f th etC. f.,o s s i bilitieo . 

;\ rpoent p up(' r y llenit (' c..eu ('" t I'll_ (74 ) h[(' r e port .d 

t h r t t he r ntio be JVI en t h e p r olluc t r.: f on c d by 0 ./:1 d .. tion 

t.nd chlor inn.tion mL Y vr.ry con ":' i (,"l €' r {l'blay . They o1 !~o st t ed 

thL t t he proportion of ohlo:. i m t e<.: }'ll oduc \; s wr s not 
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inf l uenced by t ho initiJ.J. concentrtltion of r(?uctn:nt ~ 

r.~nd 1 . ine ' d ~ proximr t ely the D "Ilf:' wi th or without 

t r aoea of m: t( r , n<1 in t he pr (-> o€'noe or r:b nonce of 

o~gen . h r--y c onel ucd t h n t o ~,:1datio r ld oh1 0 inc.tion 

occurred 61r.tul t coualy but inc' opt'nof:ntl.v • 

.L h (1 :ff . ct of vnr1 tion of tll c i n1 't i nl 

concentrr. tion of r f' r.ot eJ'l.t o , ('1'1'/ ct of t 1:.'})( r e.t ur n , 

effect of t3ubotitution on the pro luct ion of t he 

hl o ::r1n' t ed oduct . houlc1 all 'bf' i nvY' ;';ti{.J t N in on 

nt tel.lpt to 'ctermin t hE? l'ole 0 1' t lC chl.o!'in ;. tp Lt 9Jl ci .: ~ 

in the rencti· ... n . It i cono 1 vnbl e thr t t h i [I !-,: ct 

could yif; l d r:ruch uaef ul int'Ori1f1 t':on. 
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As a.lrcady mentioned the r a tio: mole 

chlorint)ted hydrocar bon to mole of chron:wl chloride 

rctlot d. i s 0·196 , this will be approxiln,f tcd to 0.2 

during the follOwing di s oueoion. 

a). ~he toluene Chs e . 

'l.Yhe unoorrected r c.te expre t ~iol'l for t ide 

caoe i :."; : 

~ 
ut 

x' )( 13 

howeVtJr th hydrocar'bon i s being u s cJ. nt .;.. high{ r r nte 

beca.use of the forme: tion of the c ' lorin: ted spc'cie r. . 

,,"to o two mol e 0 of chroIi\Vl chlor i de are 1nvol v c'd t he 

Q, X - k.( A 
dt 

which on intcgrotion '~ive 8 : 

k . 22·303 
t.5.t 2A - f·4 :8, 

2x') 

x' .. xe the mo1e n of l"c . ctr:...J.'"lt s u~-3. d u t tine t , Me t he other 



t.t' \ X I~"' "i on_ 

11 or;-.r l 0 10 U Of' S . 

t. e o.lly C~l : "" ,l c of c ro'~ yl .nJ.or1 ', 18 

1 ~x,' ( .n - x) 

.;h i3 [1 0 i n -n ti ~ H .' 

( " ~. J. k . ·f~]J ) 10810 l;iP ~.1: -:IJ 

C' - .I, S -J. 

'~h ('n7.~ 1 ciuo '1<1 run >iv::1.~ ;0'1 U-"1COl."':r'( 'c t '(. ~ t(l v .lu(' * 

o:f 2- 31. l0 - 5 a t -:>r.; 0 
J fl corr ot u 0 2· b'· . 10-'> on 

:p ~1nl; t e for go i r tc ~' ,(pre ~, ion. 

oonolu3io:le , 

(·::r.o .. 1r 11- t ho. concluo1on b · ~ ... c on r( 1 "t i ' <', rr t ,,~ 

7'1.:.1c ~' would e . ~(. ifi Hi b t oonf't : n t ~",¢t<:ir. l!e'nC4' it 
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i 

l;O \1 ,~10 .' ..... l..:ed ~1 'W COl'r ' ct rl,;' '1 t !onot~ ', r to l.U' \ 

tJ c1-11 (~1' ,l108t l • 



- ,~ .. 

.. - '. -., 
• 



.., 

;Je ctio,n a , ,rcnrnntc 

\ i th t 0 C:XCCI,t i n of t ho G ll'l;; cJ. r01" 0 a ro.n:i c onlor1 0 

<. d four of t '1C ~) n~;y chlor1 ·· os . 

'.l.'le 0 lv nts Ul ' e ~ in tl ox.iu(~ti (;nD (cli.rbon 

-isulp "de and ct.roon tet r lC uoride ) ,.:; Ie u ne " l it 1 

\ , J. i n[) with fmI 'lllI'OUu ct. lc i ~\ ci.lorid d t !cn . n .. cti . ur l l.y 

(. i ut1llc 1 t (10 . 'he cr ... rbon tetrLohlortlie rr, c t i on boilii.lg 

: t rftl"t 760 mm of fIg., nn d t h c .. rbon ui oulphi Ie l "r ,ction 

boiling t 46 0 at 760 r:un of l.S., \·'eI~ colleoted . 

: h toluen · (h'1 d by tanding owr 

anh,r ~ l 'OUS cnlciur· c lloride l n U C (, \'Ii t l out furth r 
.' 

J. (> - nitro f... 1'- c lloroben~l 11orL~ ef.~ 

~e re trr rt: d i n ; 9 i 1 d.lar I en."'1cr t o the to l uc!l€' o. r 1 .. ' 1 

n- and o-chloro nd m- an ; o-ni tl"obcllz'r l c 110r1 eo VI · rc 

;prepareci by photo-cllorin "ti n of the corr'apo di ng 

tolu . ne ( PI rox. 200 lll . ) WI; S contained in t he out .r 

Vf. GG 1 \ , :fi g . 1 , D.nd dnt f. in .d bet '/ . ' n 150- 200° ~, 

th he r· tine ntl e n chl.ori.. ( :if S intra ucc ' fl'o ;:l n 

c.'Ylin or v1 l 1 (nc. CXOe01j c' llorine .. nd hy o.rog. Il C l.lori\.~ (' 
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Fig. 1. 
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~ h e oceono l".l(' t rl od i nvol vc6 r()()ox t1 trntiono 

w deb l t hou&ll incnr ble of' di:ffcrcntil tine octw(w n 

the actual oxi dntion st{jtes oi' tl e eh l'oaium, W8.0 

never the l(!oa found to be extrcocly U f:l€' i'ul :,".nd gnve 

t he nve raec ox1d~~t1on ota,te. '}he methoc i nvolved 

di o(,ol ving . \Down qu nnti ty o:f edauct in on aoidic 

solution of I otnnaium 1odt·te end t1 trnt1ng tbo l ibera t ed 

iodine Vii th ot andnrd sodium thiosulp~te , u o1ng s tarch 

indic tor. The method '.sa s checked by dctcrmin t10na 

with ferr ouG to ferric Nld stannous to stumic erJstema. 
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Scotion j. Infrn red a cctr~ of t he nduato. 

:;;p ectrv. obtninctl 1. 8 eeor ibed in fJc otion b. 

The following nbbr vi ··tiona nrc uced : 

0, strong oh, ohoulc1er w, weak m, medium. ----------------------------------------------
Tab1~ 14. Toluene nd 'ucta. 

3300 a 3300 s 

1618 s 1631 w 

1594 s 1613 w 

1572 a 1592 s 

1455 s 1560 B 

1387 m 1541 \V 

1377 w 1464 s 

1321 m 1418 VI 

1229 m 1379 m 

1174 m 1)18 w 

1023 v 1238 m 

845 m 1175 a 

755 m 1024 m 

676 980 w 

955 w 

60 m 

13 :m 

769 m 

3300 0 

1618 B 

1587 B 

1577 oh 

1515 w 

1460 a 

1377 m 

1326 w 

1311 w 

1299 w 

1258 m 

1170 oh 

1161 III 

1022 w 

9 80 ah 

784 VI 

750 w 

676 m 

j 
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Table 1.4. Infra red spectre of toluene ,dduct o continued . 

t 
_ p-_<_CI_' ..::::..3--..:) 3==-c-_ __ -t __ m-__ I_-____ 1--_P-_I_-_. __ _ I 

3300 e 3300 0 3300 e 

1618 oh 1616 s 1618 eh 

1594 B 1610 B 1610 0 

1 554 0 1571 e 1577 a 

]462 8 1555 eh 1550 e 

1417 m 1553 s 1465 ah 

1376 1511 w 1460 e 

1323 w 1458 s 1405 m 

1~39 m 1422 w 1377 m 

1182 m 1376 e 1316 VI 

ll23 m 1297 VI 1227 In 

1023 m 1218 s 1175 m 

996 1175 w 1053 m 

980 I 1058 w 1007 m 

955 'I 1021 m 845 m 

862 VI 954 VI 816 m 

837 w 787 w 692 \-; 

712 m 713 w 

680 Vi 

--------- ----..:------
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~nb1e 14. 

ifra red opeotrn of to1u nee oontinuc-d . 

I· 
Ia-C1- p-Cl-

3300 s 3300 !3 

1629 sh 1623 ah 

1620 e 1618 e 

1.610 s h 1613 all 

1590 e I 1587 s 

I 1565 8 1559 e 
I 

]462 e I 1488 m 

1.435 ah I 1462 6 

1377 m 
I 1411 m , 
I 
j 
I 1384 m 1294 VI I 
I 

1 214 m 
I 1)05 w 
I 

1166 w I 1225 m 
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,- ------------------~ , 
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1616 

15 1 e 

l 559 , 11 

l554 s 

1484 w 

1458 a 

1407 m 

1377 m 
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1225 m. 
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1067 m 

1010 l'Il 
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817 w 
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1585 9 

1550 f3 
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Table 15. Intra r d ol'ea"tra of benzyl ohlorld 6 p.d duo t e. , 
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1-
-----------ri--------------~-----------
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lG23 h 

1616 

160 sh 

1~87 

1 56 0 

1517 III 

)464 

1433 

1376 

J.292 

1 2J.2 0 

ll6 

1073 

995 

9 :;4 

8 3 

79m 

741 m 

700 21 

666 m 

I 
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3300 e 

1(;26 all 

1616 a 

1585 D 

1558 e 

148 w 

1457 m 

1.412 s 

l379 m 

1304 w 

1292 Gh 
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10 9 s 

1012 • 
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25 m 

76 
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3300 e 
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1462 m 
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1279 s 
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, I 
, 
1 , 
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1174 m 
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t c t l1iz. t10n of t J... co .... ~ 1 '. x.ea WhS 

ox 1 ro- .nc' .a1 trob .>lu(:n \0 ' however nl t~lou.Gh . 

i scol v '_ , with th~ f! :tC p tion ()'! t j . (' ~ · , c t .; 

OC:.1 1 x ' th .y \li E.' r ec ~ vere:.i i n a cU .. :f r' r :It 

f (. _: 1 cOlnpo ei tion wert: OhaIl£~C(l into 

• 

. ' 0 U"C the chromo ch l oride oh t ,.illN! fro:" 

J tion ' . : : 1 J " (. . lei nt in Chl"Ol'.[dum Hll d ch.lorine . 
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cirtion. :..t i ~ lc1 m t hnt (7.) ) t hC:'re Ere t wo forms 



of ro c c. ori - , _ l 1'C 

oo-ordinE t10n es r(" d i Jy, i s ohang ld into 't/ e 

G co u t lon. " he:!"O:i' re i 1i 'it , ~ oonclu -eo 
tbnt, only the ~.., c chlorid formed by the dehy'drc,tion 

met} od is'' T lie bl to oOLlpl ex formation, and t b 

(. :£1 nci n 1nhcr nt in the 00 l exe '" at be a ocepted • 

..lr tion 0 . co 1 .. . 

Th f'ollowin6 prcpcrati n 13 typioal of 

the thod u d . 

J..54 ; 0 · OJ. mole of c.hromio olllori e en 

le of p-nitro eru:eJ. eltyde, m. p . 106- 5° 

war i tl 1 Lll of tbio.nyl ohl0ride. The mxture 
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KINETICS OF OXIDATION OF SUBSTITUTED TOLUENES 
WITH CHROMYL CHLORIDE 

H. C. DUFFIN and R. B. TUCKER 
Chemistry Department, Kingston College of Technology, 

Penrhyn Road, Kingston upon Thames 

(Received 8 November 1966) 

Abstract-The kinetics of oxidation of substituted toluenes with chromyl chloride in carbon disulphide 
solution has been studied. The value obtained for the Hammett reaction constant, p, is -2·20 ± 0'08. 
This is consistent with the theory that reaction involves a cyclic transition state. 

IT HAS been knownl that chromyl chloride reacts with toluene to yield a brown, 
amorphous solid the composition of which corresponds to PhCHa'2Cr02CI2 and 

. which hydrolyses to benzaldehyde. Recently,2 we have presented evidence directly 
related to the structure of the adduct. However, although kinetic studies3 have 
shown that reaction is first order with respect to each of the reactants, whilst isotopic 
tracer studiesU have shown that carbon-hydrogen bond cleavage occurs in the rate 
determining step, the mode of cleavage of the carbon-hydrogen bond has not been 
clarified. The mechanism of the related oxidation of diphenylmethane has been 
discussed by Nenitzescu6 and Wiberg,? the former favouring a carbonium ion 
mechanism and the latter a free radical mechanism. We have studied the effects of 
substituents on the rates of reaction of a series of substituted toluenes with chromyl 
6hloride in order to obtain evidence relating to the rate determining step. 

Our results show that nuclear substituted toluenes ' exhibit good second-order 
kinetics on the assumption that Eqs. (1) and (2) apply. 

Blow 
XC.H.CHI + CrOICI. ~ XC.H,CH./CrO.CI. (1) 

fast , 
XC.H,CHI/CrO.CII + CrOICI. ~ XC,H,CHa/2CrO.Clr (2) 

Thus, second-order rate constants were obtained by calculating the slope of the 
line of In B(2A - x)/2A(B - x) against time, where: 

A = initial concentration of the toluene 

B = initial concentration of chromyl chloride 

(B - x) = concentration of chromyl chloride at time t. 

The "least squares" rate constants thus obtained are given in Table 1. 

1 W. H. Hartford and M. Darrin, Chem. Rev. 58, 1 (1958). 
• H. C. Duffin and R. B. Tucker, Chem. &: Ind. 29, 1262 (1966). 
I R. A. Stairs and 1. W. Burns, Canad. J. Chern. 39, 960 (1961). 
• O. H. Wheeler, Canad. J. Chem. 42, 706 (1964). 
• I. P. Gragerev and M. P. Ponomarchuk, Zh. Obshch. Khim. 32, 3568 (1962). 
• I. Necsoiu, A. T. Balaban, I. Pascaru, E. Sliam, M. Elian and C. D. Nenitzescu, Tetrahedron 19, 

1133 (1963). 
'K. B. Wiberg and R. Eisenthal, Tetrahedron 20,1151 (1964). 
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doser to our value of -2·20 than is the value for bromination, the difference is 
probably still too large to be explained solely in terms of difference in electronegativities. 

'Before free radical formation is ruled out altogether it is necessary to consider 
the possibility of pre-transition state complex formation since this could lead to a 
significant increase in the value of p.IS Indeed, Wheeler has suggested that 1T complex 
formation may occur before hydrogen abstraction.16 If this were the case it would be 
reasonable to expect large solvent effect,s in changing from aliphatic to aromatic solvents. 
We have detected no significant diffet;imce in reaction rate for oxidation of toluene in 
carbon disulphide, carbon tetrachloride and benzene. The relevant rate constants are 
shown in Table 1. The observed changes in rate are appreciably less than those noted 
by Stairs for a series of halogenated alkanesP 

It seems probable, therefore, that the reaction of toluene with chromyl chloride 
involves a cyclic transition state of the type considered by Wilberg,~8 and believed by 
him to offer a possible explanation both for oxidations by chromic acid and by chromyl 
chloride. The value obtained for p is then explicable in that a bond is being formed 
between benzylic carbon and oxygen whilst the carbon-hydrogen bond is being 
broken, as shown in Fig. 1. 

Apart from its non-linearity, this transition state may be compared with that for 
the bimolecular solvolysis of benzyl halides. Thus, hydride ion abstraction may be 
regarded as replacing halide ion expulsion whilst, in each case, a bond is being 
formed from carbon to oxygen. The value of p+ for solvolysis of benzyl halides in 
48 % aqueous ethanol is reported as -2'18,11' Whilst it is recognised that significantly 
different solvents are employed in the two reactions, the similarity in p values is 
noteworthy. 

- We therefore conclude that the kinetics of oxidation of substituted toluenes are 
best explained on the assumption that the reaction involves a cyclic transition state. 

Whilst writing this paper we have become aware of a recent publication in which a 
transition state identical to the one we favour is postulated for the chromyl chloride 
oxidation of phenylmethanes.1S1 However, the writers draw their conclusions from a 
consideration of non kinetic evidence. Nenitzescu et 01.19 have drawn analogy with 
heterolytic mechanisms, as we have. However, there is no obvious reason why 
unpaired electron shifts should not occur in the proposed cyclic transitiory state since 
the degree of charge separation would be similar. Our earlier work2 has shown that 
the toluene adduct consists of benzaldehyde co-ordinated with chromium compounds 
in oxidation states intermediate between III and VI. Thus a second C-H bond has 
been broken at the adduct stage. It is unlikely that this second step involves hydride 
ion abstraction since the carbon is now bonded to a strongly electronegative group. 
It seems much more plausible that the organic group attached to chromium is an 
incipient alkoxy radical which readily loses a hydrogen atom to a second molecule of 
chromyl chloride. Further, no attempt has been made to explain why, if chromyl 

1& K. B. Wiberg, Physical Organic Chemistry p. 407. Wiley (1963). 
11 O. II. Wheeler, Canad. J. Chern. 36, 667 (1958). 
17 R. A. Stairs, Canad. J. Chern. 40, 1656 (1962). 
11 K. B. Wiberg. Oxidations in OrganiC Chemistry Part A; p.69. Academic Press, New York (1965). 
it I. Necsoiu, V. Przemetchi, A. Ghenciulescu, C. N. Rentes and C. D. Nenitzescu, Tetrahedron 22, 

3037 (1966). 
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The rate constant for the reaction of benzyl chloride, which forms only a 1: 1 
adduct,l was calculated on the assumption that the equivalent of Eq. (1) only applies. 
Again, good second-order kinetics were observed. 

Our value of the rate constant for the oxidation of toluene in carbon tetrachloride 
is 22 % lower than that of Stairs and Burns.3 However, this discrepancy is easily 
accounted for since Stairs and Burns used residual oxidizing power as their criterion 
for extent of reaction. We have found that residual oxidizing power is variable and 
usually less than theoretica1.2 Thus, rate constants based'on this property would be 
expected to be high. 

In agreement with the oxidation of substituted diphenylmethanes by chromic 
acidS electron withdrawing substituents are seen to slow the reaction whereas electron 
releasing substituents have the opposite effect. The "least squares" value of the Ham
mett reaction constant, p, evaluated from the kinetic data is -2,28 ± 0'08(0). The 
corresponding value for p+ is -2'20 ± 0'07(9). The values of G and a+ employed 
in the c~lculations were those given by Brown and Okamoto.9 The available data do 
not permit a choice to be made bt;tween p and p+ values. Unfortunately, methoxy 
substituted toluenes could not be included since the methoxy group facilitates attack 
on the aromatic nucleus.10 

The value obtained for p indicates that carbonium ions cannot be produced in the 
rate d~termining step, for, if they w~re, a value between -3 and -5 would be 
expected.s 

Cq'nversely, values of p+ for hydrogen atom abstractions from the side chain of 
substituted toluenes normally lie between -0,75 and -1'5.11 Wilberg has likened 
oxidation by chromic acid to ,hydrogen atom abstraction by bromine atoms since the 
two reactions exhibit similar selectivities.7 Further, Wiberg and Evanss obtained 
the value -1·17 for chromic acid oxidation of diphenylmethanes and compared this 
with the value -1,12 calculated from the results for the analogous oxidation of 
toluenes.12, The value reported for the bromination of substituted toluenes is -1,05.13 

In bromination, however, radical stabilization appears to be of greater importance 
than the electronegativity of the bromine atom since hydrogen attached to carbon 
directly bonded to halogen is more readily substituted than if the halogen substituent 
were absent.1S In contrast, it is well known1 that benzyl chloride is less readily 
oxidized than toluene by chromyl chioride. We find that the ratio of the rate constants 
is approximately I: 5 (Table I). Thus, in the case of oxidations by chromyl chloride 
the electronegativity of the attacking species appears to be dominant. It is probably 
better, therefore, to compare chromyl chloride oxidations with hydrogen atom 
abstraction by trichloromethyl radicals. Evidence14 indicates that the methyl group 
of IX-bromo-p-xylene is more readily attacked by trichloromethyl radicals than the 
bromomethyl group. The value of p+ reported for abstraction of benzylic hydrogen 
atoms by trichloromethyl radicals is -1·46.14 However, although this is appreciably 

8 K. B. Wiberg and R. J. Evans, Tetrahe'dron 8, ~13 (1960). 
• H. C. Brown and Y. Okamoto, J. Org. Chem. 22, 485 (1957). 

10 J. S. Strickson and C. A. Brooks, Private communication. 
11 H. H. Jaffe, Chem. Rev. 53,191 (1953). 
12 Y. Ogata, A. Fukui and S. Yuguchi, J. Am. Chem. Soc. 74, 2707 (1952). 
11 J. M. Tedder, Quart Rev. 14, 343 (1960). 
U E. S. Huyser, J. Am. Chem. Soc. 82, 391 (1960). 
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chloride is the powerful electrophile suggested by Nenitzescu and co-workers, the 
aromatic ring is so unreactive. 

Thus, although it seems essentially proven that a cyclic transition state is involved 
in the rate determining step it is certainly not clear whether the role of chromyl 
chloride is one of an electrophile or a free radical. 

Ar<;H,-----1-,l 
I I 
o~ .:;:-0 

./Cr ......... 
CI CI 

TABLE 1. S ECOND ORDER RATE CONSTANTS FOR THE OXIDATION OF 

SUBSTITlJI"ED TOLUENES WlTII CHROMYL . CHLORIDE 

Concentration Rate constant 
Hydrocarbon (mole/litre) Solvent (l/mole sec) 

Toluene 0'2175 CS, 4·67 ± 0·13 x 10- ' 
p-MesC- 0'2175 CSo 1-46 ± 0·03 x 10- ' 

: p -Cl- 0·2175 CS, 2·24 ± 0·04 x 10- ' 
I m-CI- 0·2175 CS, 7·23 ± 0·02 x 10- 6 

p-Br- 0·2175 CSo 1·84 ± 0·05 x 10- ' 
p-I- 0'2175 CSo 2·05 ± 0·03 x 10- ' 
p-NO.- 0'2175 CSo 1'21 ± 0·04 x 10- ' 
m-N02- 0·2175 CSo 9·20 ± 0·33 x 1O- f 

p-Me- 0·1088 CS, 1'59 ± 0'04 x 10- 0 

m-Me- 0·1088 CS, 6'54 ± 0·07 x 10- ' 
Toluene 0·2175 CCI, 4·38 ± 0·09 x 10- ' 
p-NOo- 0·2175 CCI, 1·27 ± 0·02 x 10- 1 

Toluene 0'2175 c.H. 7'13 ± 0·32 x 10- ' 
Benzyl Chloride 0·2175 CS, 9'56 ± 0·13 x 10- 1 

All reactions conducted at 40· with a chromyl chloride conc. of 0'1234 mole/litre. 
All rate constants are the average of two runs. 

EXPERIMENT AL 

Materials. All materials were commercially available. Solvents were dried over CaCI, and distilled, 
the fractions with the literature b.ps being collected. The substituted toluenes were appropriately 
dried and used without further purification. The CrOICI. was subjected to two room temp vac. 
distillations immediately before use. 

Kinetic measurements. Kinetic runs were followed by determining the rate of production of adduct. 
Samples (1 S ml) of reaction mixture, appropriately thermostatted, were pipetted into tared centrifuge 
tubes fitted with ground glass caps. The filled tubes were inserted into waterproof polythene bags 
and totally immersed in the thermostat. At appropriate intervals tubes were withdrawn, centrifuged 
and the solvent decanted. The adduct samples were twice washed with fresh solvent before vac. 
drying and weighing In situ. 
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has essentiaJly the same infrared spectrum as that of 
the adducts (see Table). Further, we have crystaJlised 
anhydrous chromic chloride from benzaldehyde 
solution to yield a crystalline solid with a composition 
corresponding to (PhCHO))CrCI 3 (Found: C, 53'1 ; 
H, 4·4; CI, 21'3; Cr, 10'9(5). C21 H1 S0 3Cl 3Cr 
requires: C, 52·9; H, 3'8; Cl , 22 '3; Cr, 10'9%). The 
infrared spectrum of this complex, as shown in the 
Table, corresponds with that of the adducts. 

We conclude therefore that the Etard adducts of 
toluene, benzyl chloride and benzyl alcohol are 
composed of benzaldehyde co-ordinated with reduced 
chromyl chloride. This conclusion in no way conflicts 
with previously published results and it is reasonable 
to assume that Etard-type structures are intermediate 
in the formation of the amorphous co-ordination 
complexes. 

July 16. 1966 C HEM 1 S TRY AND 1 N D US TRY 

Further work is in progress and results suggest that 
similar conclusions are applicable to related adducts. 

Received April I, 1966 
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