
to an adduct of the C2H5SO ~ radica l  with the t rap .  F r o m  this it was concluded that breakdown of (IV) under 
photolysis  is exc lus ive ly  by m e c h a n i s m  (la).  

Although the p re sence  of peroxides  is known to promote  the breakdown of the a lkanesul fochlor ides  [8], 
there  is no a g r e e m e n t  as to which of the sulfochlor ide bonds it  is that is a t tacked by the radica ls  resul t ing f rom 
peroxide  decomposi t ion .  Study was the re fo re  made of the breakdown of (IV) under the act ion of acety l  peroxide 
in the p re sence  of MNP. F igure  2 shows that  the spec t rum obtained here  contained the t r ip le t  with a N = 12.2 
Oe and a t r ip le t  of doublets  (a N = 6.9 and a H = 1 . 5 0 e ) ,  the l a t t e r  a sc r ibed  to an adduct of the CH3~HSO2C1 radi -  
ca l  with MNP (Exp. Nos. 14, 15). Thus the CH a radica ls  fo rmed  in the photolysis  of acety l  peroxide can detach 
e i t he r  a C1 atom or  a CH 2_ group H atom f rom the molecule  of (IV). 

E X P E R I M E N T A L  

The expe r imen ta l  methods followed he re  have a l r eady  been desc r ibed  in [9]. The concentra t ions  o f  the 
sulfohalide solutions in benzene ranged f rom 1.5 to 3 mo le s / l i t e r .  The t e r t -bu ty l  p e r o x i d e - t r i e t h y l s i l a n e  s y s -  
tem was used to initiate reac t ion ,  the concen tra t ions  being TBP, 0.8 and Et~SiH, 2.4 m o l e s / l i t e r .  The concen-  
t r a t ion  of  aee ty l  peroxide  when used as  an in i t ia tor  was  fixed at  2 m o l e s / l i t e r .  

C O N C L U S I O N S  

E lec t ron  spin resonance  s tudies  using 2 - m e t h y l - 2 - n i t r o s o p r o p a n e  and phenyl - t e r t -bu ty ln i t ron  as spin 
t r aps  have been c a r r i e d  out on the homolyt ic  breakdown of e thanesulfochlor ide ,  sulfuryl  chlor ide ,  sul furyl  
f iuorochlor ide  and benzosulfohal ides of the fo rm PhSO2X (X = C1, F,  Br). 
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Rt 
The t r i azenes ,  compounds of the type ) N - N = N - R  3, a re  among the m o s t  widely used sources  of f ree  

R2 
radica ls  in organic c h e m i s t r y .  In broad outline the m e c h a n i s m  of rad ica l  breakdown of these compounds has 
been sa t i s f ac to r i ly  es tab l i shed  by chemica l  methods [1, 2]. 
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TABLE 1. ~H C P N  Ef fec t s  in Tr iazene  T h e r m o l y s i s  

Triazcnr Solvent (T, "C) 

/ 

Methylphenyltriazen~ n-Decang~ hexaethyldi- 
~MPh~e~ [ siloxane ~HEDS), riitro- 
�9 ~" I hellene. :l, 1,2, 2-tetra- 

I chloroethahe-(120 - 130) 

Ethylptmnykriazene In-Decane, 1, 1, 2, 2-tetra- 
(EPhT) 

tert-Butylphenyltria- 
zene (BuPhT) 

Benzylphenylt~iazene 
(BPhT) 

Diptmnykriazene 
(DPhT) 

chloroethane (110) 
1,1,2,2-Tetrachloro- 

ethane (110) 

n-Decane, HEDS (120) 

HEDS (t80-200) 

Triphenyltriazene HEDS (t80-200) 

(TPhT) I H Diethylphenyl~ia. EDS (230) 
zene (DEPhT) 

CPN 

within the cage 

C6H~NHCH~ 

E 

C6H~NHCH2CH3 
E, E/A 

C6H~NHC (CH3) 

C6HsNHCH2C6H5 
E 

(C~Hh) ~.NH 
A 

(CsHs)~N 

CsHhN(CH2_ CH~)2 
E 

~roducts 

~tside the cage 

o-CH3C6H~N02 

CHa 

.4 
C~_H6 

E 
H2C=C (CH____~) 2 E 

HC(CH~)~ E, E/A 

(CsHhCH~) .. A 
C6HhCHo~ 

C~H.._.2NH2 o, p =E 
m=A 

C~H6 E 
Cr E 

.(C6H~) 2h'H 
(CH3CH2) 2NH 

A 

"E designates emission, A abs~rpdon and E/A a ~nultiplet effect. Product yields in the 
~hermolysis of MPhT, EPhT, BuPhT, BPhT, and DPhT are given in [2]. Yields in the 
thermolys~s of TPhT and DEPhT have not been determined. 

The p r e s e n t  w o r k  was a s tudy  of the c h e m i c a l  po la r i za t ion  of nuclei  (CPN) a c c o m p a n y i n g  the t h e r m o l y s i s  
of va r ious  t r i azenes  in s t r ong  magne t i c  f ields (Table 1). The aim was to obtain addi t ional  in fo rmat ion  c o n c e r n -  
ing r a d i c a l - r e a c t i o n  p roduc t  p r e c u r s o r  i n t e rac t ion  in such  s y s t e m s  and, at  the same  t ime,  develop  a deta i led  
m e c h a n i s m  f o r  C P N  ef fec ts .  

Study of C P N  effec ts  in t r i azene  s y s t e m s  has been l a rge ly  l imited to the t h e r m o l y s i s  of 1 ,3 -d ipheny l t r i -  
azene  (DPhT) [3-5]. The m e c h a n i s m  of D P h T  decompos i t i on  can ,  a c c o r d i n g  to [1, 2], be d e s c r i b e d  by the fol-  
lowing r e a c t i o n  s c h e m e :  

C6H~N =N--N(R)CsH5 ~ C~HhN~- �9 N(R)C6H~ 
(t) I 

l t 
C6HhN(R)C6H~ ~ CsH~" "N(tt)C6Hs S ~ CsH16, C~tthNHR 

(2) 
Scheme 1 

This s cheme  is c o n s i s t e n t  with data  applying to 13C and 15N C P N  effec ts  in this reac t ion ,  and with the fac t  that  
1H C P N  effec ts  a r e  obse rved  in benzene and ani l ine,  the r eac t ion  p roduc ts  [3, 4]. 

Detai led s tudy of the t h e r m o l y s i s  of D P h T  in hexae thy ld is i loxane  solut ion at 180~ showed not only ~H CPN 
ef fec ts  in benzene and ani l ine,  but  a l so  an  in teg ra l  po l a r i za t ion  of the phenyl protons  of d iphenylamine ,  the 
p roduc t  resu l t ing  f r o m  cage r ecombina t i on  (cf. Table 1). This would a l so  be c o n s i s t e n t  with Scheme 1. Unfo r -  
tunate ly ,  the data  p r e s e n t l y  avai lable  give no indicat ion as to which of the rad ica l  pa i r s  (RP), (1) o r  (2), is the 
s i te  of the IH C P N e f f e c t . *  Only benzene po la r i za t ion  is o b s e r v e d  in the the r m o l y s  is of t r i p h e n y l t r i a z e n e ( T P h T ) ,  
the s i tua t ion  h e r e  being d i f f e ren t  f r o m  that  m e t  with DPhT.?  The s ign of the benzene CPN effect  is a l so  c o n s i s -  
tent  with the r e q u i r e m e n t s  of Scheme 1. Diphenylamine  is not po la r i zed  in this r eac t ion ,  obvious ly  because  of 
the high s tab i l i ty  of the d iphenylazo  r ad ica l  (TRNu < 7R).$ 

�9 The a t t empt  was made  to c l e a r  up this point  by s tudy ing  the IH C P N  ef fec t  in the benzene resu l t ing  f r o m  the 
weak  magne t i c  field reac t ion .  The s ign of the CPN, and the value of the coe f f i c i en t  showing the arapl i f ica t ion 
of the CPN ef fec t  with i nc r ea s ing  magne t i c  field s t r eng th ,  w e r e  such as to sugges t  the R P - 2  as the p r inc ipa l  s i te  
of 1H po la r i za t ion .  
?The PMR s p e c t r u m  gave no indicat ion of  t r i pheny lamine  f o r m a t i o n  in this r eac t ion .  
STRNu is the t ime r equ i r ed  f o r  s p i n - l a t t i c e  re laxa t ion  of the r ad ica l  nuc leus ,  r R the p r ecombina t i on  l i fe t ime 
of the r ad ica l  R. 
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TABLE 2. 13C CPN Effects in the Therrnolysis of Benzylphenyl- 
t r iazene in n-Decane 

;arbon 
, toni  

CH2 
C-I 
C-2 
C-3 
~C4 
C-V 
C~2' 
C-3" 
C-4' 

2 2' .~--% _ / / - - - ~ ,  4\~/--CH~ NH--~4 

e, ppm CPN 

48,4 A, E/A 
140,3 E 
1~7,6 
t,27,6 
t~27,2 A, E/A 
1.58,2 A 
li3,6 E, E/A 
127,2 A, E/A 
1t8,0 E, E/A 

2 2 4 2 
4 ~ - ~  CH. CH2 ~ A  . ~ - - ~ - - N H 2  \ ~ / - -  -- - - \ ~ / _  

~, ppm CPN 

38,2 A / E 
t41,9 A 
128,6 
t28,6 
126,0 

6, ppm CPN 

146,7 E 
dt5,4 A, AlE 
128,0 E, A /E 
ii8,8 A, A/E 

The mechanism of a l i p h a t i c - a r o m a t i c  t r iazene thermolys is  has also been largely developed from study 
of the thermolys is  products [2]. This mechanism can be represented by the following scheme! 

CeHsNtt--N~NR --, CeH~NH. �9 R S ~ C6HbNHR 

(3) l 
RH, C6HsNHz ~ Solvent CeHsNH., R" -'~ CeH6NH..It s 

1 C4) 
~ F  R--n, R(--H), RH ~-R..n 

Scheme 2 
Study of Scheme 2 suggested the presence  of products f rom the recombination and disproport ionat ion of RP 's  
with uncorre la ted spins (F pairs) ,  the situation here being different from that met  with the aromatic  t r iazenes .  
The products f rom such pai r  recombination are  indicated by R - R  and R( -H) ,  Rtt in Scheme 2. The analysis 
of the tH and 13C CPN effects summar ized  in Tables 1 and 2 was aimed at est imating the relative contributions 
of the S and F pairs to the total polarization of products  obtained from the therrnolysis of various t r iazenes .  
Analysis of the IH CPN effect  in the N-alkylanilines result ing from thermolysis  of MPhT, BPhT, and EPhT (cf. 
Table 1) indicated that these compounds are largely  products from cage recombination of the singlet RP (3) 
pairs  : CeH~NH ..R S. 

Because of the high activity of the CH a and C2H 5 radicals  in detaching H atoms from the solvent, CPN ef-  
fects in CH 4 and C2H s, the products obtained from reactions outside the cage,  also trace back to the RP (3). 
The fact  that the signs of the CPN effects in CH 4 and C2H 6 are different  can be understood by noting the differ-  
ence in signs of the hyperfine interaction (hfi) constants for  the methyl  protons in the methyl radicals (aCH a < 
0) and ethyl radicals  (aCH a > 0, aCH_ < 0).* Thermolys is  of MPhT in nitrobenzene yields not only CH 3 but also 
posi t ively polarized o- and p-ni trot~luenes.  The fact that the signs of the NCP effects in CH 4 and the n i t ro-  
toluenes (CH3 group) were the same,was  taken as indication that the NCP of the lat ter  compounds t races  back 
to the p r i m a r y  singlet  RP. It is c l ea r  that the pair  with uncorrelated spins is the immediate p r e c u r s o r  of the 
react ion products 

H F CHa 

~___/>--NO 2 �9 R ~ RH q- --NO2 

though it i tself  does not contribute to CH 3 group CPN. This situation probably reflects the low value of the hfi 
constant  fo r  the CH 3 group protons in the cyclohexadienyl radical  [6]. 

In addition to these effects ,  intense 1H CPN signals were observed in the thermolysis  of MPhT and EPhT 
in all solvents ,  the signs being such as to indicate the presence  of products from cage react ions.  In the case of 
MPhT,  we have ascr ibed  these signals to the CH 3 group (5 2.05 ppm, J u  CH = 8 Hz) of the product result ing 
f rom CH 3 radical  introduction into the anti rad ica l  ring; in the case of EPtiT to the CH 2 group (5 2.66 ppm, 
J H - C H  2 = 4 Hz), of the product result ing from C2H 5 radical  introduction into the anti radical  ring, i.e., to 1- 
methyl -2- imino-3 ,5-cyc lohexadiene  and 1-e thyl -2- imino-3 ,5-cyc lohexadiene .  It is also possible that 1-methyl -  
4- imino-2 ,5-cyclohexadiene  and 1-e thyl -4- imino-2 ,5-cyc lohexadiene  a re  formed in these react ions .  

�9 The principal contribution to the C2H 6 polar izat ion comes from the CH 3 protons of the C2H 5 radical.  
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I 

Fig. 1. Observed (lower) and ca l -  
culated (upper) NMR polarization 
spec t ra  for the CH 2 group of N- 
ethylaniline (a), and 1-e thyl -2-  
im ino-3,5-cyclohexadiene (b). 

CH3 CH~CH3 
I I 

%/2 "NH 11 NH II 
NH NH 

The possibil i ty of the formation of these side products has been discussed in [1], but separat ions were not un- 
der taken there.  Even we have not attempted to c a r r y  out such separat ion,  the yields of these products being 
quite low in each case.  Products  were identified by comparing exper imental ly  developed polarization spec t ra  
with spect ra  obtained through theoret ical  calculations (Fig. 1).* 

Thermolys is  of BuPhT and BFhT leads to the format ionof  t-C~H~ and C6HsCH ~ radicals which show low ac-  
tivity in the detachment  of hydrogen atoms and disappear  f rom solution largely  as a resul t  of recombination 
and disproport ionat ion [2]. Here one should anticipate CPN effects in RP with uncorrelated spins. An analysis 
based on the Kaptein rule showed the CPN effect  in isobutaae to be a superposi t ion of an integral polarization 
in the RP (3) (cf. Scheme2) and an a multiplet effect in the F pair  consist ing of two t-C4H 9 radicals .  

It is possible that N-alkylaniline formation in the BuPhT and BFhT reactions proceeds through ei ther  the 
RP (3) or  the F pai r  (4). The resul t  is to reduce the values of the polarization coefficients of N-~ert-butyl-  and 

*The NMR polarization spec t ra  were calculated by the methods of [6-]. The relative populations of the nuclear  
spin states were obtained from the expoaentiai model ,  assuming J = 0 [6]. The frequencies and transit ion 
probabili t ies of [7] were used in developing the NMR spect ra  of the A2B 3 and A~B3X spin sys tems .  The NMR 
mult iplet  polar izat ion spec t ra  were obtained by multiplying the nucleus spin state populations by the c o r r e -  
sponding t ransi t ion probabil i t ies .  
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N-benzylani l ines  in c o m p a r i s o n  with the values for  the N-me thy l -  and N-ethylani l ines ,  the CPN of the S and F 
pa i r s  being a s sumed  opposite in sign [8]. This l a s t  assumpt ion  is supported by the fact  that  addition of excess  
thiophenol,  a hydrogen atom donor ,  to the the rmolyzed  BPhT led to an i n c r e a s e  in the m e a s u r e d  value of the 
CPN coeff ic ient  for  N-benzylani l ine .  Under  these condit ions,  dibenzyl  was fo rmed  in only insignif icant  p ro -  
por t ions ,  toluene being the pr inc ipa l  product  obtained f rom react ion outside of the cage.  

We have a lso  studied the 13C CPN effec t  in the the rmolys i s  of BPhT (ef. Table 2). Expe r imen t s  with p r o -  
ton supp re s s ion  showed zero  integral  polar iza t ion  of the dibenyl a -hydrogens ,  with posit ive polar iza t ion  of the 
1C atom of the benzene ring. These  d i f fe rences  in the sens i t iv i ty  of the a -hyd rogen  a toms  and the 1C atom of 
the dibenzyl  r ing to in tegra l  C P N e f f e c t s  in the RP (3) t r ace  back to d i f fe rences  in the re laxat ion t imes of these 
nuclei  in the benzyl radica l ,  where ,  according  to [9, 10] 

' 1 [ t = P~-c ~ i0 

H e r e  the a-laC with the s h o r t e r  Tll~Nu value " fo rge t s"  the CPN ef fec t  in the p r i m a r y  RP, while the 1C with the 
longer  Tll~Nu value st i l l  r e m e m b e r s  it .  Monoresonance  leads to mult iplet  (A/E) polar iza t ion  of the a - c a r b o n  
a tom.  I t  would s e e m  that  such an effect  could a r i s e  0nly in RP fo rmed  f rom two benzyl radicals ,  a conclusion 
suppor ted  by theore t i ca l  cons ide ra t ions .  Thus,  analys is  of the 13C CPN effec ts  in the BPhT the rmolys i s  showed 
that  po lar iza t ion  of dibenzyl  is a superpos i t ion  of ef fec ts  f rom S and F p a i r s ,  the s i tuat ion here  being s i m i l a r  
to that  obse rved  with the 1H NCP ef fec t  in the isobutane fo rmed  in BuPhT the rmo lys i s .  

Compar i son  of the expe r imen ta l  and theore t ica l  13C s p e c t r a  for  the polar ized t r ip le t  of the a-CH 2 group 
of N-benzylani l ine made i t  poss ib le  to e s t ima te  the d i f ference  in g fac to r s  of the benzyl and anil radical  R P ' s ,  
the r e su l t  obtained being &g = 8 �9 10 -4. Knowing the value of g fo r  the benzyl radical  to be 2.0026 [11], the value 
of g for  the anil rad ica l ,  p rev ious ly  unknown, was calculated to be 2.0034. 

React ion scheme  1 for  the a r o m a t i c  t r i azenes  can be used in in te rpre t ing  the CPN effec ts  observed  in the 
t h e r m o l y s i s  of the a l i p h a t i e - a r o m a t i e  t r i azene  DEPhT.  

E X P E  R I M E N T A  L 

The t r i azenes  were  synthesized and purif ied by the methods of [12]. The solvents  were  cp grade ,  each 
purif ied by dis t i l la t ion.  T h e r m o l y s i s  was c a r r i e d  out in the s p e c t r o m e t e r  de tec to r ,  working a t  concent ra t ions  
in the 0.5-1 mo le / l i t e r  range.  The t e m p e r a t u r e  was held constant  to within •176 The NMR spec t r a  were  ob- 
tained with JNM-4I-I-100 and Var ian  4-56/60 A s p e c t r o m e t e r s .  

The 13C NMR s pec t r a  were  obtained with a B ruke r  HX90/8-15 s p e c t r o m e t e r  working at a f requency of 
22.63 MHz with supp re s s ion  of s p i n - s p i n  coupling {laC-1H] and 13C monoresonance .  External  s tabi l izat ion was 
with r e s p e c t  to the deu te r ium of Ds-dimethyl  sulfoxide,  n-Decane  se rved  as the internal  s tandard .  The pulse 
in te rva l  was 1 sec .  Each 13C NMR spec t rum r e p r e s e n t s  30 superpos i t ions ,  with record ing  begun 10 sec a f t e r  
inse r t ing  the sample  in the s p e c t r o m e t e r  de tec to r .  

The reac t ion  products  were  identified f rom NMR spec t r a  obtained by adding var ious  compounds to the 
reac t ion  mix tu r e .  

The authors  would like to thank Yu. N. Molin for  a d i scuss ion  of this work.  

C O N C L U S I O N S  

1. T h e r m o l y s i s  of doubly subst i tuted a l i p h a t i c - a r o m a t i c  t r i azenes  proceeds  through the fo rmat ion  of 
C6H~NH..R S radica l  pa i r s  (RP) in the initial s t ages  of the reac t ion  (R is an alkyl  radical ) .  

2. It is suggested that  t he rmolys i s  of m e t h y l -  and e thylphenyl t r iazenes  leads to the fo rmat ion  of 1-methyl -  
2 - imino-3 ,5 -cyc lohexad iene  and 1 -e thy l -2 - imino -3 ,5 -cy l cohexad iene ,  unusual compounds resul t ing f rom the 
recombina t ion  of ethyl and methyl  radica ls  with anil rad ica ls .  

3. In te r fe rence  of 1H and 13C CPN effects  in the C6H~NH .R S, CsHsNtt..R F and ~ . . R  F R P ' s  was observed in 

the t he rmolys i s  of benzyl -  and t e r t -bu ty lpheny l t r i azenes .  

4. A value has been obtained for  the anil  rad ica l  g fac tor .  
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CHEMICAL POLARIZATION OF NUCLEI IN REACTIONS 

OF AZO COMPOUNDS 

2. IH AND ~3C CPN EFFECTS IN THE THERMOLYSIS OF TRIAZENES 

IN WEAK MAGNETIC FIELDS 

A. V. Dushkin, I. M. Syeheva, UDC 543.422.25:541.515:547.236.2:541.139 
T. V. Leshina, and R. Z. Sagdeev 

One of the cen t ra l  p rob lems  involved in the t r e a t m e n t  of CPN effects  in weak magnet ic  f ields is that a r i s -  
ing f rom the e l ec t ron  exchange in teract ion induced in the radica l  pa i r  by the polar iza t ion  p r o c e s s .  Theore t ica l  
cons idera t ions  indicate that it should be possible  to de te rmine  the ene rgy  of radical  pa i r  (RP) e lec t ron  exchange 
in teract ion in solution f rom CPN data [1], but definitive information on the role played by such inlLeraction in 
fixing the weak-f ie ld  nuc lea r  polar iza t ion cannot be obtained in this way.* Values of the exchange in tegra ls  fo r  
the R P ' s  fo rmed  in ce r t a in  photochemical  reac t ions  have been repor ted  in [3,4] .  More recent ly ,  however ,  
these same  resu l t s  have been obtained without taking exchange in teract ion into account,  assuming  that J = 0. 

R/"=NN = NR 3 type The p re sen t  work  was a study of weak magnet ic  field CPN effects  in the radiotysis  of Rz f _  

t r i azenes .  The a im here  was to obtain informat ion  concerning exchange in terac t ion  in these s y s t e m s .  The 
rad ica l  s teps involved in the the rmolys i s  have a l r eady  been studied in detail  by s t rong field CPN methods [7]. 
Choice of the pa r t i cu l a r  t r i azenes  was dictated by the fact  that R P ' s  of var ious  composi t ion could be readi ly  
obtained by c o r r e c t  se lect ion of the subs t i tuent  R. 

The products  obtained f rom the the rmolys i s  of methylphenyl-  (t), benzylphenyt-  (II), 1 ,3-diphenyl-  (III), 
and t r iphenyl -  (IV) t r i azenes  proved to be e spec ia l ly  suitable for weak- f ie ld  studies s ince they had r a t h e r  long 
nuc lea r  re laxat ion t imes  (T1) and gave c l e a r - c u t  nonoverlapping polar iza t ion s ignals .  

*To date ,  the only conf i rmed  ins tances  of e lec t ron  exchange in terac t ion  ef fec ts  are  those assoc ia ted  with CPN 
in b i rad ica l  reac t ions .  
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