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Abstract--Z-benzenediazo t-butyl sulphides isomerise to the E-modification and at the same time 
decompose into t-butyl aryl sulphides, substituted benzenes, t-butyl disulphides and t-butyl thiol. 
These are first-order reactions. 

In decomposition, the enthalpies, AH:~, and the entropies, AS~:, of activation decrease as the 
solvent becomes more polar and as the substituent becomes less electron-accepting, indicating a polar 
reaction mechanism for the rate-determining step. 

The rate of isomerisation appears to be almost independent of the solvent, thus suggesting to an 
apolar reaction mechanism. In the case of isomerisation there is a linear relationship between AH~ 
and AS~ with all the solvents and substituents studied. 

INTRODUCTION 

The literature concerning the preparation and prop- 
erties of Z-benzenediazoalkyl sulphides is not very 
abundant '-4. Van Zwet 2 isolated two kinds of isom- 
ers the more stable modification being called the E- 
isomer, the other the Z-isomer. The Z-isomers of 
these sulphides have been studied in solution, but 
only in the presence of the E-form and/or other 
compounds. The workers ~-' in this field assumed 
that, on heating, the Z-form was completely con- 
verted to the E-isomer, the latter decomposing by a 
radical mechanism on further heating, 2 so that the 
following reaction scheme-" was proposed (Fig 1). 

In our examination of the pure Z-isomer we dis- 
covered that both decomposition and isomerisation 
occurred on heating. In more polar solvents decom- 
position was found to dominate. 

The UV spectra of the E- and Z-isomers of the 
diazosulphides differ quite appreciably, whereas 
the spectra of the decomposition products almost 
coincide with that of the Z-isomer, the disappear- 
ance of which during either reaction could there- 
fore be monitored more easily by means of NMR. 

R E S U L T S  AND DISCUSSION 

We were able to isolate and obtain in a pure state 

the following two Z-isomers: Z-3,5-dichloro-4- 
N,N-dimethylaminobenzenediazo t-butyl sulphide 
(Z-l) and Z-4-nitro-benzenediazo t-butyl sulphide 
(Z-2). 

By means of NMR we were able to observe the 
disappearance of these Z-isomers and the appear- 
ance of the E-isomers as well as of other products. 
These products were identified as t-butyl-3,5- 
dichloro 4-N,N-dimethylaminophenyl sulphide and 
3,5-dichloro-N,N-dimethylaniline if the starting 
compound was Z-I, and t-butyl-4-nitrophenyl 
suphide and nitrobenzene if Z-2 was the starting 
compound; t-butyl disulphide and a small quantity 
of t-butyl thiol always accompanied the reaction 
products, irrespective of the starting material. 
Under the same reaction conditions, and in the time 
needed for complete disappearance of the Z- 
isomers, no decomposition of the E-compounds 
could be detected, hence thermal decomposition of 
the E-form cannot here explain the formation of 
these products. The disappearance of the Z-isomers 
as well as the appearance of the E-isomers and of 
the other products accorded with simultaneous 
first-order reactions. To explain these facts we 
would suggest the following new scheme (Fig 2). 

The nature of the reaction products did not de- 

X - ~ N = N . / S - - R  

Z-isomer 
R = alkyl 

AT 
> 

X 

aT___~ Decomposition 

N = N ' ~ s  R products 

E-isomer 

Fig 1. 

4169 



4170 J. BROKKEN-ZIJP and H. V.D. BOGAERT 

k, 7 

--N2--S--R 
× 

Z-isomer 

R=alkyl  

x ~ - - N 2 - - S  --R 

E-isomer 

, ~  ))-- S--R (i) 
X 

R--S--S--R (i |) 
R--S--H (|ii) 

x ~ (iv) 

Fig 2. 

isomerisation 
product 

decomposition + N2 
products 

Table la. The products formed from Z-3,5-C12-4-N,N-dimethylaminobenzenediazo t-butyl sulphide in differ- 
ent solvents at 20 ° 

Solvent E 3,5-C12-4-N(CH3)2-benzene 2,6-C12 dimethyl- t-butyl disulphide 
t-butyl sulphide aniline t-butyl thiol 

r 

Decaline* 100% 
Benzene* 100% 
Dioxane 100% 
Acetone 6% 
Dimethyl formamide 70% 
Dimethyl sulphoxide 30% 
Acetonitrile 3% 
Nitromethane 15% 

66% 27% 27% 
14% 14% 14% 
63% 7% 7% 
68% 28% 28% 
68% 16% 16% 

*At higher temps decomposition products are formed to a greater extent. 

Table lb. The products formed from Z-4-NO2-benzenediazo t-butyl sulphide in different sol- 
vents at 20 ° 

Solvent E 4-NO2-benzene Nitrobenzene t-butyl disulphide 
t-butyl sulphide t-butyl thiol 

Decaline* 100% 
Benzene* 100% 
Acetone 28% 47% 25% 25% 
Dimethyl formamide 90% 4% 5% 5% 
Dimethyl sulphoxide 95% 5% 
Acetonitrile 10% 63% 27% 27% 
Nitromethane 52% 36% 12% 12% 

*See Table la. 

pend on the solvent used,* but the ratio of the pro- 
ducts did (Table la, lb). However, the rate of de- 
composition was influenced greatly by the polarity 
of the solvent used (Table 2). With increasing polar- 
ity of the solvent the reaction rate increased drasti- 
cally. When we used the experimental ET scale 5 as 
a measure of the polarity of the solvent we found a 
more or less quantitative correlation, so that the 

*An exception to this was found with benzene as sol- 
vent. Of the above decomposition products, the 2,6- 
dichloro-dimethylaniline was not found, instead, 3,5- 
dichloro-4-dimethylaminobiphenyl was probably formed. 

rate determining reaction would appear to be 
mediated by a polar transition state both with apo- 
lar and with polar solvents. 

The sterically hindered Z-compound has a weak 
N-S bond. 2 In the transition state this bond may in 
part have broken heterogeneously, resulting in the 
formation of diazonium ions or ion pairs. 

The presence of these ions or ion pairs in solu- 
tions of Z-diazo compounds has been observed by 
several authors, 1'6 in consequence of the ability of 
these ions to couple with /3-naphthol to yield an 
azo-dye. With Z-diazosulphides a coupling reaction 
with /3-naphthol was observed by van Zwet 2 and 
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Table 2. Influence of solvent on the first-order reaction constants of isomerisation 
and decomposition of Z-diazosulphides ° 

x ~ N =  N - -  S- -C-- (CI~J3  

X = 3,5-C12-4-N(CH~),- X = 4-NO,- 

Solvent b ET c k~(s ')" kd(s ' f  k~(s ,)e kd(s ' f  
Decaline ~ 31.1 ~ 2.1 x 10 -~ --- 10 ,2 2.5 x 10 : > 10 '-~ 
Benzene' 34-5 1.4x 10 ~ 2.0x 10 -~ 2.0x 10 : > 10 '" 
Dioxane ~ 36.0 1.0 x 10 ~ 2.5 x 10 ~ 
Acetone 42.2 1.6 x l0 ~ 3-4 x I0 ~ 0.8 x l0 • 2.0 x l0 ~ 
Dimethyl formamide 43-8 2.0 x l0 -~ 5.6 × l0 " 1.6 x l0 ~ 1.8 × l0 " 
Dimethyl sulphoxide 45.0 1.3 x 10 ~ 2.9 x l0 ~ 0.1 x 10 ~ 9.8 × 10 ~ 
Acetonitrile 46.0 5.0 x l0 7 1-7 x l0 ~ 0.4 x l0 ~ 3.9 × l0 r 
Nitromethane 46-3 7. I x l0 -" 2-2 x 10-' 4.5 × l0 ~ 4.1 x l0 • 

"Measurements were carried out at 20 ° in the dark to prevent isomerisation by 
light. 
hDeuterated solvents were used. 
Experimental scale for polarity of solvent'. 

eEl--value of cyclohexane. 
"First-order reaction constant of isomerisation. 
~First-order reaction constant of decomposition. 
~k-values extrapolated from measurements at higher temperatures. 

Y a m a d a J  We d iscovered  that  Z-I  and Z-2 coupled  
wi th /3 -naph tho l  also in n i t romethane .  Fur the rmore  
it is known that  the thiolate ion couples  with the 
d iazonium ion to fo rm the Z- isomer  in so lu t ionf  In 
some cases ,  at least,  Z- isomers  are there fore  in 
equil ibrium with ions or ion pairs of  d iazonium 
thiolate.  However ,  they seem to be p resen t  in very 
low concent ra t ions ,  since they  cannot  be de tec ted  
by  NMR.  

Par t  of  the p roduc t s  fo rmed ,  viz. (ii,* iii and iv), 
suggest  a radical mechan i sm for  the p roduc t  deter-  
mining reaction.  Howeve r ,  the d e p e n d e n c e  of  the 
values  of AH~e and AS~: on the polari ty of the sol- 
ven t  (Table 3) is such that  a homolyt ic  dissocia-  
t ion seems improbable  as the rate de termining  step, 
in contras t ,  for  instance,  to the  d e p e n d e n c e  of  AH #e 
and AS=k in the homolyt ic  decompos i t ion  of  
pheny lazo t r ipheny lme thane  on the nature of the 
solvent .  7 

F rom the l i terature some resul ts  are known  of the 
decompos i t ion  of d iazonium salts by a radical 
mechanism,  8 or by an ionic mechanism,  9 in either 
case  with the evolut ion of nitrogen. The products  
f o rm ed  depend  on the solvent  and the d iazonium 
salt used.  The d iazonium ion is known to be suscep-  

*Neither the sum nor the ratio of disulphide and thiol 
changed when these experiments were repeated in a nit- 
rogen atmosphere, so that oxidation of thiol to disulphide 
by the oxygen present in the solution is excluded as the 
only reaction leading to disulphide formation. 

tRecent experiments disclosing CIDNP effects, sup- 
port this interpretation of the reaction mechanism. These 
experiments will be described later '7, 

tible to reduct ion  8Cae while the t-butylthiol anion 
b e c o m e s  oxidized rather easily, so that it is pe rhaps  
able to cause an electron to be t rans fe r red  to the 
d iazonium ion within the ion pair. Fac ts  have fur th-  
e rmore  been  descr ibed  in the l i terature,  8°~ which  
make it probable that  the role played by the free 
radical  mechan i sm of  the decompos i t ion  of 
d iazonium salts b eco mes  greater ,  the greater  the 
stability of the radical fo rmed  under  the condi t ions  
of  the  exper iments .  8ab Diazonium borofluoride de- 
c o m p o s e s  in an ionic way in several  of  the so lvents  9 
men t ioned  in Table 3, because  the  fluorine radical  is 
mos t  unstable.  However ,  the t-butyl- thiyl  radical  is 
ra ther  stable"; hence,  radical decompos i t ion  of 
d iazonium thiolate as the p roduc t  de termining reac-  
t ion s tep seems to be possible ,  so that  p roduc t s  (ii, 
iii, and iv) may be fo rmed  by a radical mechanism.  
The sulphide may be fo rmed  by a radical mechan-  
ism as well as by an ionic mechanism.  

On the basis  of  our resul ts  we would p ropose  the 
fol lowing react ion scheme  for  the decompos i -  
tionS" of  Z-benzenediazoalkyl  sulphides  (Fig. 3). 

The rate of the react ion dec reases  if the sub- 
s t i tuents  of the benzene  ring of Z-1 are replaced by 
that  of Z-2. The same influence of the 4-nitro- 
subs t i tuent  is obse rved  on the react ion rate 
of the coupling of /3-naphthol with Z-4- 
n i t robenzened iazo- t r ipheny lmethy l  sulphides.  4 
Y amad a  4 found  a negative o-value  for this react ion 
and expla ined this by a lower  concen t ra t ion  of  the 
4 -n i t robenzenediazonium ions in solution than in 
the case  of  the less e lec t ron-a t t racking subst i tuents  
because  the 4-ni t ro-subst i tuent  destabi l ises  the 
d iazonium ion to a greater  extent .  
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Table 3. Influence of the solvent on the thermodynamic parameters of isomerisation and 
decomposition of Z-benzenediazo t-butyl sulphides. 

X ~ N ~ - ~ - N - - S - - C - - ( C H : ~ ) 3  

Table 3a: Decomposition a 

X = 3,5-CI~,-4-N(CH3)2- X = 4-NO2- 

Solvent AE logA A H ~  AS~b  A G e  AE logA AH~ A S ~ b A G  

Decaline >38 >20 
Benzene 37.0 19.0 36.5 +27.0 29 >38 >20 
Dioxane 32.0 15.0 31-0 +13.5 27 
Acetone 25.0 13-0 24.0 0.0 24 
Dimethyl formamide 26.5 12.5 26.0 - 3.5 27 27.0 12.5 26.0 - 4.0 27 
Acetonitrile 21-0 11.0 20.0 -12-0 24 
Nitromethane 11.0 3.5 10.5 -44.0 23 22.5 10.5 22.0 -13.0 26 

Table 3b: Isomerisation 

X = 3,5-C12-4-N(CH3)~- X = 4-NO2- 

Solvent AE log A AH# AS+ b AG:~ AE log A AH:~ AS# b AG~: 

Decaline 27.0 13.5 26.5 + 1.5 26 27.5 14.0 27.0 + 3.5 26 
Benzene 27.0 13-5 26-5 + 1.0 26 27-0 13.5 26.5 + 1.0 26 
Dioxane 28.0 14.0 27.0 + 3.0 26 
Acetone 28.5 14.5 27.5 + 5.0 26 
Dimethyl formamide 28.0 14.0 27.0 + 3.1 26 28.0 14.0 27.5 + 4.0 26 
Acetonitrile 20.0 8.5 19.0 -21.5 25 
Nitromethane 10.0 2.5 9.5 -50.0 24 22.5 10.5 21-5 -13.5 26 

a k-values were calculated from measurements at several temperatures (at least three tempera- 
tures for each solvent). The deviations form AE and log A are -+2%, AG4:, AS# have been 
calculated for 20 °,6 
hAS# = entropy of activation (cal/mol°K) 

X / ~  N 2 - S R  

Z-isomer 
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X 

Fig 3. 

Qual i ta t ive ly  the  va r ia t ion  of AH4= in the  differ- 
en t  so lven ts  is in a g r e e m e n t  wi th  our  p roposed  
m e c h a n i s m ,  but  the  va lue  of AH4: f o u n d  in nit-  
r o m e t h a n e  is r a the r  low. P r e s u m a b l y  this  c an  be  
a sc r ibed  to the  acidic  cha rac t e r  of  the  s o l v e n t J  ° We  
o b s e r v e d  tha t  small  quant i t ies  of  acid great ly  accel-  
e ra t ed  the  decompos i t i on  as well as the  i somer isa-  

t ion r eac t ion .The  r a the r  low value  of  AS=~ indica tes  
also a s t rong so lva t ion  of the  t rans i t ion  s ta te  a n d  
can  be  in t e rp re t ed  as loss of  f r e e d o m  of  m o v e m e n t  
of  the  solvent .  

The  ra te  of  i somer i sa t ion  is on ly  slightly influ- 
enced  by  the  polar i ty  of the  so lven t  (Table  2), so 
tha t  an  apolar  r eac t ion  m e c h a n i s m  seems  plausible .  
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The  va lues  of  AE'i~om in the  di f ferent  so lven ts  
(Table  3) suggest  the  same,  excep t  those  meas-  
u red  in n i t r o m e t h a n e  and  acetoni t r i le .  P e r h a p s  the  
acidic cha rac t e r  of n i t r o m e t h a n e  plays a role here,  
too,  as men t ioned  in the  d i scuss ion  of the  decom-  
pos i t ion  of the  Z- isomers .  

B o t h  wi th  Z-1 and  wi th  Z-2 a l inear  cor re la t ion*  
b e t w e e n  AS+  and  AH~: for  i somer i sa t ion  is f ound  
in all the  so lvents  used.  If  th is  " i sok ine t ic  rela- 
t ion  ' ' '° holds,  t hen  it may be  a s s u m e d  tha t  the  
m e c h a n i s m  of  the  reac t ion  will not  change  if the  
so lven t  and  the  subs t i t uen t  are changed .  Hence ,  the 
same  m e c h a n i s m  m ay  be  opera t ing  in the  polar  as 
well  as in the  apolar  so lven t s  wi th  wh ich  we ex- 
pe r imen ted .  Th ree  m e c h a n i s m s  have  a lways  b e e n  
p r o p o s e d  to expla in  the  d i f ferences  in i somer i sa t ion  
ra tes  of d iazo  and  azo  c o m p o u n d s .  2"3"" The  first is 
an  inve r s ion  m e c h a n i s m ,  i.e. hybr id i sa t ion  takes  
p lace  a round  one  or  b o t h  N-a toms ,  so tha t  in the 
t r ans i t ion  s ta te  the  sp: -orbi ta ls  change  in to  sp-  
orbi ta ls  (the molecule  b e c o m e s  l inear)  and  t hen  be- 
c o m e  sp2-orbitals aga in  on  f o r m a t i o n  of the  E- 
isomer .  The  second  m e c h a n i s m  invo lves  an  uncou-  
pl ing of the  I I -orbi ta ls ;  these  orbi ta ls  ro ta te  a r o u n d  
the  sp2 N-N bond ,  tak ing  wi th  t hem the  N-S bond .  
Af t e r  ro ta t ion ,  the  ~r-bond is f o r m e d  again. Accord-  
ing to the  th i rd  m e c h a n i s m ,  the  Z- i somer  decom-  
poses  to  a comple t e ly  f ree  pos i t ive  d i a z o n i u m  ion 
a n d  a nega t ive  th io la te  i on . t  T h e s e  ions  couple  
again  to fo rm the  E- isomer .  B ecaus e  the  d i f fe rence  
of AE~o~ to b o t h  Z- i somers  is r a the r  small ,  ro t a t ion  
or  inve r s ion  m e c h a n i s m s  are  more  likely. T he  only  
m e c h a n i s m  wh ich  opera tes  in  the  i somer i sa t ion  of 
s t i lbenes  is the  ro ta t ion  m e c h a n i s m .  H o w e v e r ,  the  
AE~o~ values  f o u n d  wi th  s t i lbenes  (34-37 kcal) ~2 are 
m u c h  higher  t han  those  f o u n d  wi th  a z o b e n z e n e s  
(21-24 kcal).  The re  is no  indica t ion  tha t  the  b reak-  
d o w n  of the  ~r-bond is m u c h  eas ier  in azo  com- 
pounds .  On the  con t ra ry ,  ca lcu la t ions  show tha t  ~-- 
b o n d  b reak ing  requi res  more  ene rgy  w h e n  there  is a 
N ~ N  double  b o n d , "  so tha t  a ro ta t ing  m e c h a n i s m  
is unl ikely.  

In our  case  the  va lues  of  nEi~o,, are  close to those  
f o u n d  wi th  azobenzenes .  Hence ,  an  inve r s ion  
m e c h a n i s m  is p r e s u m a b l y  opera t ing  here ,  too,  the  
t rans i t ion  s ta te  b e c o m i n g  polar  in s t rongly  polar  
so lven t s  such  as ace toni t r i le  and  n i t rome thane .  

*AH~e = 0,33 AS:~ + 26'02. Correlation factor = 0.99. 
tFrom the values of AEi~om and AE,oo in polar solvents 

the impression may be created that isomerisation also pro- 
ceeds via a pair of diazonium and thiolate ion. This would 
imply, however, that the E-isomers would be formed di- 
rectly from a diazonium and a thiolate ion. In the synth- 
esis of diazosulphides in acetone ~ the starting materials 
are a thiol or a thiolate and a diazonium ion. But if these 
experiments are performed at sufficiently low tempera- 
tures, only the Z-isomer can be detected in the reaction 
mixture. For this reason we do not think the intermediacy 
of paired diazonium and thiolate ions to be probable in 
isomerisation. 

CONCLUSION 
The  thermal  reac t ion  of Z -benzened i azoa lky l  

su lphides  leads to i somer i sa t ion  as well as to simul- 
t aneous  decompos i t ion ,  bo th  in a c c o r d a n c e  wi th  
f i rs t -order  kinetics.  

In a more  polar  so lvent  the decompos i t ion  be- 
c o m e s  dominat ing :  the degree  of so lvent  polar i ty  
de t e rmines  the acce le ra t ing  effect  on the ra te  of 
decompos i t i on  to a great  extent .  This  effect  is 
caused  by a lowering of A H 4  in more polar  sol- 
vents ,  bu t  is c o m p e n s a t e d  part ly by a lower ing  of 
AS+ .  This  poin ts  to a polar  t rans i t ion  s tate  in the 
d e c o m p o s i t i o n  react ion.  Hence ,  we propose  as the 
ma jo r  r a t e -de te rmin ing  step the  fo rma t ion  of 
d i azon ium thiola te  ions or  ion pa i r s ,which  reac t  to 
give fu r t he r  decompos i t i on  products .  Some of 
these  decompos i t i on  p roduc t s  are p robab ly  fo rmed  
by a radical  mechan i sm.  T h e r e f o r e  decompos i t i on  
of d i azon ium thiola te  ions or ion pairs is l ikely to 
p roceed  via radicals.  In ag reemen t  wi th  this  
m e c h a n i s m  is the  dec rease  of  the ra te  of d e c o m p o s -  
i t ion of Z-2 as c o m p a r e d  to tha t  of Z-1. 

An  examina t ion  of the inf luence on AE~ .... of the  
so lven t  and  subs t i tuen t s  in the  b e n z e n e  r ing indi- 
ca tes  an  apolar  t rans i t ion  s ta te  fo r  Z- to-E i somer-  
i sa t ion  in mos t  solvents .  The  l inear  co r re l a t ion  
f o u n d  b e t w e e n  A S +  and  AH:~ indica tes  the  ap- 
pl icabi l i ty  of an  " i sokine t ic  t e m p e r a t u r e  c o n c e p t "  
in r e spec t  of i somer isa t ion .  

A c o m p a r i s o n  of our  resu l t s  wi th  those  ob ta ined  
wi th  a z o b e n z e n e s "  suggest  t ha t  an inve r s ion  
m e c h a n i s m  may be  opera t ing  he re  too. 

EXPERIMENTAL 

The Z- and E-compounds were synthesised by the 
method described by van Beek et al?. The two Z- 
compounds were recrystallised at least four times at low 
temperatures from n-pentane as solvent for the 4-nitro 
compound and diethyl ether and methanol for the 3,5- 
dichloro-4-N,N- dimethylamino compound. The crystal- 
line compounds were kept at - 6 0  °. 

Z-3,5-CI2-4-N(CH3)2-benzenediazo t-butyl sulphide: 
m.p. 31.5-32.5°; UV Vmax = 32400cm ~, Emax =4680 
(EtOH); IR 1472(s)-1418-1360-1160-950-878-803-575 cm ' 
(KBr); NMR 8 1.61 (-C(CH~h), ~ 2.93 (-N(CH3)2), 8 7.03 
(aromatic protons) (CC1,). 

Z-4-NO,_-Benzenediazo t-butyl sulphide : m.p. 
56.5-57.5°; UV Vmax = 33100 cm ', ~max = 8040 (EtOH); IR 
1600-1585-1515 (S)-1480 (S)-1345 (S)-1165-1108-880-858- 
720-674-580-550 cm ' (KBr); NMR 8 1.61 (-C(CH~)0, 
87.04-7.19-8.26-8.41 q (aromatic protons) (CC14). The 
sulphides were isolated from the reaction mixtures by 
TLC or by evaporation and recrystallisation (EtOH). 

3,5-CL_-4-N(CH~)~-benzene t-butyl sulphide: m.p. 
94-95°; UV vm~ = 33750 cm-',  e ~  = 5640 (EtOH); IR 
1480-1440-1420-1368-1168-950-896-790-619 cm ' (KBr); 
NMR ~ 1-30 (-C(CH~)3), ~2.90 (-N(CH0_,), 67.42 
(aromatic protons) (CCL), new compound. 

4-NO2-benzene t-butyl sulphide: IR 1590-1570-1508 
1418-1345-1154-850-742-687 cm ~ (between KBr win- 
dows); NMR ~ 1.34 (-C(CH~)~), 8 7.55-7.70-8.07-8.22(q) 
aromatic protons) (CCI,). 
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2,6-C12-dimethylaniline was prepared by reduction of 
the corresponding diazonium salt with an alkali stannite 
solution.'3 

t-Butyl disulphide was prepared by reaction of the t- 
butyl alcohol with t-butylthiol in a solution of H2SO,, bp 
148-149 °'4. Nitrobenzene and other solvents were of 
analytical quality (Merck) and dried on molecular sieves 
before use. 

Kinetic measurements. The reactions were followed as 
a function of time on an A60 Varian NMR spectrometer, 
mostly with deuterated solvents. 

The temp, chosen so that the E-isomer was completely 
stable in the time required for measurement, was checked 
for constancy before and after the experiment (_+ 0.5°). 
The starting concentrations of the Z-isomers varied be- 
tween 0.05 N and 0.2 N. No dependence of the rate of the 
reaction on the concentration could be detected. Neither 
the sum nor the ratio of the products formed in the reac- 
tion changed when these experiments were performed in a 
N, atmosphere. Comparison of the reaction in deuterated 
and undeuterated nitromethane revealed no differences 
either in the kinds of products or in the rates of 
reaction.* 

The concentrations of the compounds were determined 
at different times by integration. 

For each experiment some ten measurements were per- 
formed to cover a conversion of up to about 80% of the 
Z-isomer. The disappearance of the Z-isomer as well as 
the formation of the E-isomer and decomposition pro- 
ducts were first-order reactions. The k-values were ob- 
tained by the method of least squares (correlation factors 
0.99 or higher), being calculated for at least three temps 
(between 20 ° and 90°). The errors in the values of AE and 
log A did not exceed 2%. 

The presence of acid or water accelerated the rate of 
decomposition. We checked that influence of traces of 
acid or water on the rates of reaction in the carefully 
cleaned vessels and purified solvents is highly improbable. 

Product identification. The products were identified by 
comparison with authentic compounds by means of the 
NMR peak produced in the mixture and by TLC. It is 
possible to identify the different products as single spots 
with, as eluent, cyclohexane containing varying concent- 
rations of chloroform or acetone. Silica gel or aiuminium 
oxide was used as carrier material. The most sensitive col- 

*In dueterated solvents, deuterium substitutes in pos- 
ition four of the benzene ring. 

our reagent for sulphur compounds appeared to be a 
PdC12 solution in 6N HCI. '~ 
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