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The r e a r r a n g e m e n t  of homoallylic radicals  of type A to radicals  of type B [Scheme (1)]is of g r e a t i n -  
t e re s t ,  since the r ea r r angemen t s  of radica ls ,  with a cleavage of the C -  C bonds, have rece ived  little study: 

c[I~=CItC R~CH R' rearrangement CII2=CHCH WCR... (1) 
A B 

The possibi l i ty  of such a r e a r r angemen t  was f i r s t  indicated in [1] while studying the complex process  
for  the format ion of p-xylene during the gas-phase  dehydrogenation of 2 ,4 ,4 - t r imethy l -2-pea tene  with iodine 
at 450-500 ~ Subsequently it was shown that the A2-cyclopentenylmethyl radical ,  fo rmed during the decom- 
position of ter t -butyl -A2-cycl0pentenyl  peroxyaceta te  at 140 ~ undergoes i somer iza t ion  to the 4-cyc!ohexenyl  
radical  [2]: 

~H2 

( ~ '  ma~angeraent ( ) -  (2) 

In [3] the theory  was expres sed  that the previously  descr ibed  r ea r r angemen t  of the alkenyl radicals ,  
formed during the addition of the isopropyl  and te r t -bu ty l  radicals  to e i ther  acetylene [4] or  propyne [5], 
includes the step of the i somer iza t ion  of the homoallylic radical  C, with the in termediate  format ion of the 
cyclopropylcarbinyl  radical  D according to Scheme (3). 

A r e a r r a n g e m e n t  that proceeds  easi ly  is descr ibed  in a se r i e s  of papers  [6-9], which formal ly  r e p r e -  
sents 1 ,2-migra t ion  of the vinyl group; fo r  example,  the format ion of 1-pentene,  together  with 3 -methy l -1 -  
butene, in the decarbonylat ion of e i ther  3-methyl -4-pentenal  or  2-methyl -4-pentenal  [6]. The authors 
postulate that the r e a r r angemen t  goes in two steps:  f i r s t  the homoallyl ic  radical  C is conver ted  to the cyclo-  
propylcarbinyl  rad ica l  D, in which the opening of the ring leads to the format ion of both the s tar t ing radicals  
C and the r e a r r a n g e d  radicals  E: 

c = c - c - d a  ~ c - - c R  ~_ d - c a ~ c = c  (3) 

\c/__e 
C D E 

The authors  s tate  that they were  unable to re l iably  identify the in termedia te  format ion of radicals  of 
the D type, since in the mentioned cases  of the decarbonylat ion of 2-methyl -4-pentena l  and 3 -methy l -4 -  
pentenal the format ion  of 1 ,2-dimethylcyclopropane,  if it did occur ,  did not exceed a yieId of 0.12% of 
theory  (identified by gas - l i qu id  chromatography (GLC) only f rom the retent ion time). The formation of the 
corresponding cyclopropyl  der iva t ives  failed to occur  during the deearbonylat ion of t r a n s - 3 - m e t h y l - 4 -  
hexenal [71, t r ans -2 -me thy l -4 -hexena l  [7], 4-pentenal -2 ,2-d  2 [8] and c i s -4-pen tena l -5d  [8, 91. 
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In o r d e r  to s t u d y  the  b e h a v i o r  of h o m o a l l y l i c  r a d i c a l s  of the  type  

CH~.=CHCHCHCH~SC~H~ 

R 

R ~ CHz=CH--, C1CH~ --, CsH~SCH CH:-- 

we s t u d i e d  the h o m o l y t i c  add i t i on  of th iopheno l  to  t r i v i n y l m e t h a n e ,  5 - c h l o r o - 3 - v i n y l - 1 - p e n t e n e  and 5 - p h e n y l -  
t h i o - 3 - v i n y l - l - p e n t e n e .  In the  f i r s t  c a s e  (R = - C H  = CH 2) the  f o r m a t i o n  of p r o d u c t s  wi th  the fo l lowing  s t r u c -  
t u r e  cou ld  be e x p e c t e d :  

CH~CH CHCH~CH~SC~H~ (Ia), 
I 

CFI=CH~ 
CH~=CHCH--CHCH~SC~H~:(IIa), CH~CHCH.~CHCH~SC~H~ (Ilia). 

CH--CtI~ CH=Ct-I~ 

In the  c a s e  of 5 - c h l o r o - 3 - v i n y l - l - p e n t e n e  (R = CICH2CH2-) the  c o r r e s p o n d i n g  p r o d u c t s  would  have  the  
s t r u c t u r e :  

CH~-~CHCHCH~CHeSC~H~ (Ib), 

CH~CH~C1 
CICH~CH~CH--CHCH~SC~H~ (IIb), CH~.---CHCHCH~SC~Hs (I lib), 

CHCH~ CH~CH,~CH~Ct 

and in the  c a s e  of 5 - p h e n y l t h i o - 3 - v i n y l - l - p e n t e n e  (R =-CH2CH2SC6H ~) the  s t r u c t u r e :  

CH~=CH CHCH~CH~SC~H~ 
I 

CH~CH:SC6Hh(Ic), 
C6H~SCH~CHeCH--CHCH~SC~H5 (IIc), CH~-~CHCHCH~SC~H~ (IIIc). 

CHCHs CH~CHzCH~SC~H~ 

In th i s  c o n n e c t i o n  i t  s e e m e d  m o s t  i m p o r t a n t  to us to iden t i fy  the i n t e r m e d i a t e  f o r m a t i o n  of the  c y c l o -  
p r o p y l c a r b i n y l  r a d i c a l s  of the  D type  [see  S c h e m e  (3)]. In s e l e c t i n g  a m e t h o d  f o r  g e n e r a t i n g  the h o m o a l l y l i c  
r a d i c a l s  we s t a r t e d  with  the fo l lowing  c o n s i d e r a t i o n s .  In the  f o r m a t i o n  of r a d i c a l s  by  the  h o m o l y t i c  a d d i -  
t i on  of any addenda  to  s u i t a b l e  u n s a t u r a t e d  compounds  the  p o s s i b i l i t y  e x i s t s  of v a r y i n g  the r a t e  of cha in  
t r a n s f e r  a s  a func t ion  of the  n a t u r e  of the  t a k e n  addendum.  In the  g e n e r a t i o n  of the  s t a r t i n g  r a d i c a l s  by  ti le 
d e c a r b o n y l a t i o n  of a l d e h y d e s  the  t r a n s f e r  of the  c h a i n  i s  a c c o m p l i s h e d  on ly  v i a  a r e l a t i v e l y  i n e f f i c i e n t  cha in  
c a r r i e r ,  which  ma a l d e h y d e  i s .  The s e l e c t i o n  of t r i v I n y l m e t h a n e  e x c l u d e s  the  p o s s i b i l i t y  of  m i g r a t i o n  of any  
o t h e r  g r o u p s ,  e x c e p t  v iny l ,  in  the  i n i t i a l l y  f o r m e d  C r a d i c a l s ,  and,  in add i t i on  to  t h i s ,  t h e s e  r a d i c a l s  a r e  
doubly  h o m o a l l y l i c .  The s e l e c t i o n  of t h iopheno l  - an  e f f i c i e n t  cha in  c a r r i e r  - a s  the  a d d e n d u m  gave  hope 
tha t  the  f o r m a t i o n  of the  i n t e r m e d i a t e  r a d i c a l s  of the  D type  cou ld  be f i xed  a s  the  c o m p o u n d s  (IIa},  (IIb),  
and  (IIc),  s i n c e  the  r a t e  of cha in  t r a n s f e r  by the  D r a d i c a l s  [s tep b,  S c h e m e  ( 4 ) ] c o u l d  p r o v e  to be f a s t e r  t han  
the r a t e  of the  c o m p e t i n g  r e a c t i o n s  of r i n g  open ing  ( s t eps  a and c). 

CH~CHCH RCH~CH~ ~- C6H~S-> 

CH~CHCHRCHCH~SCGH~ (C) -HSC6H~ CH~=CHCHRCH~CH,SC6Hs (Ia, lb,Ib) -~ C~HhS 
I r a  

CH2CH--CHCH~SC6H~ (D) HSC6H~ CH~CH--CHCg2SC6H5 (IIa,IIb,IIb)J r C6H~S (4) 
\ /  b \ /  

CHR CHR 
~c 

CH~=CHCHCH~SCGH5 (E) HSC'H-~' CH~=CHCHCH2SCGH~ (IIIa, IIIb, IIIb) z~ C6H~S" 
I I 

�9 CHR CHaR 
a--R = CH~.=CH--; b)-R ~--~ C1CH~CH~--;c)--R ~--- C6H~SCH~CHz-- 

The m o s t  i n t e r e s t i n g  r e s u l t s  w e r e  ob ta ined  by  us  when  s tudy ing  the r e a c t i o n  of t h iopheno l  wi th  t r i v i n y l -  
m e t h a n e ,  which  was  run  e i t h e r  a t  80 ~ in the p r e s e n c e  of be nz oy l  p e r o x i d e ,  o r  a t  25 ~ wi th  U V - i l l u m i n a t i o n .  
The r e a c t i o n  m i x t u r e  was  a n a l y z e d  by  GLC and by  the  p a r a m a g n e t i c  r e s o n a n c e  (PMR) me thod .  In o r d e r  to  
i den t i fy  the  r e a c t i o n  p r o d u c t s  we s y n t h e s i z e d  c o m p o u n d s  (Ia) and (Ilia) [see  S c h e m e  (4), R = - C H  = CH2) by  an 
i n d e p e n d e n t  r ou t e .  5 - P h e n y l t h i o - 3 - v i n y l - l - p e n t e n e  (In) was  ob t a ined  a c c o r d i n g  to S c h e m e  (5): 

soc12 CsHhSNa CHCHC C CH2~---CHCHCH~-CH~ .~ Ct-I2~CHCHCH~CH~ - ~ C H ~  H~-~ H~ 
1 C,H~N 1 ] (Ia) (5) 

CH~CH20H CH~CH~C1 CH~CH~SC6H~ 
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D- 

3- ( Phenylthiomethyl)-  1,5-hexadiene (IIIa) was ob- 
tained according to Scheme (6): 

CH2=CHCH~CH--CH =CH~ L1Altt2 CH~=C[I CH2CHCH =CIIz 
I I 

COOH CH~OH 
socl~. CH~=CHCH~CH--CH=CH~ C~HsSNa 
C~HsN ' 

CI{~CI 
CH~=CHCH~CHCH=CH~ (Ill a) 

I 
CH,2SC~H5 

The constants of the obtained new compounds are 
given in Table 1, while their  s t ruc ture  was verified by the 
PMR spec t ra  [10]. Using synthetic mixtures ,  a method was 
developed for the quantitative determinat ion of small  
amounts of product (IIIa) in admixture with product (Ia) 
employing GLC and the PMR method. The accuracy  of 
these methods was 1-2 absolute %. 

An analysis of the react ion mixtures  by GLC dis-  
closed that thiophenol adds to tr ivinylmethane with con- 
s iderable difficulty: in 10 h the yield of addition products 
is 8-12% of theory;  5 -phenyl th io-3-v inyl - l -pea tene  (Ia) was 
identified in all of the experiments ,  while 3-(phenylthio- 
methyl) - l ,5-pentadiene  (IIIa) was not found. The PMR 
spec t ra  of the react ion mixtures  made it possible to identi- 
fy in the mixture,  together  with unreacted tr ivinylmethane 
and product  (I), also the presence  of compounds containing 
the methyl and cyclopropyl groups. This gives us reason 
to postulate the formation of the expected 1-methyl -2-  
vinyl-3-phenytthiocyclopropane (IIa). By means of control 
experiments  it was shown that nei ther  tr ivinylmethane nor  
product (Ia) undergo any changes under the react ion con- 
ditions. A compar ison of the PMR spec t ra  of t r ivinyl-  
methane with the spec t ra  of molecules  of the type of (In) 
and (IIIa), made by us in [10], made it possible to establish 
that neither of these products gives signals In a s t ronger  
field than 1.3 5. 

Consequently, the appearance in the PMR spectrum 
of the react ion mixture,  obtained by the react ion of t r ivinyl-  
methane with thiophenol, of signals in the region f rom 0.3 
to 1.5 5 can be sa t i s fac tor i ly  explained only by assuming 
the appearance in the react ion mixture of substances con-  
taining eyclopropyl and methyl groups. Conclusive proof 
in support of the cyclopropyl  origin of the main port ion of 
these signals is the shape of the envelope line, the great  
width, and also the position of the "centers  of gravi ty"  of 
the signals (~0.85 and 1.25 6). The maximum on the envel- 
ope line of the PMR spect rum of cyclopropane is found at 
0.3 5 [11]. At the same time, in the methyl es te r  of cyclo-  
propanecarboxyl ic  acid this maximum is shifted to 0.93 5 
[11]. In al lylcyclopropane [12] the signals of the cyclopro-  
pyl protons are  found in the region from 0.2 to 1.33 5; in 
methylthiomethylcyclopropane [13] this region is bounded by 
the values 0.2 -< 5 -< 0.9. The vinyl signals in al lylcyclo-  
propane and methylthiovinylcyclopropane are  found in the 
region f rom 4.8 to 5.9 5. As a result ,  the signals observ-  
ed by us fall in a range that is l imited by the indicated 
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member s  of the cyelopropyl derivatives.  The great  width of the observed line and the complexity of the 
s t ruc ture  of this port ion of the spec t rum can be associated with the format ion of s t e r eo i somer i c  t r i subst i tu t -  
ed cyclopropanes in the react ion process .  

The remaining signals in the PMR spec t ra  are  easi ly identified in harmony with the data given in [10]. 
Thus, the presence  of a charac te r i s t i c  quadruplet (5 = 3.33), with t r aces  of fur ther  complex splitting, proves  
the presence  of the tr ivinylmethane molecule in the mixture,  while the signals with shifts of 1.6 and 2.74 /5 
have a shape and position that coincide well with the signals of the methylene protons in 5-phenyl thio-3-  
v iny l - l -pen tene  (Ia). Integration of the spec t rum of the react ion mixture disclosed that it contains approx-  
imately equal amounts of cyclopropyl products and 5-phenyl th io -3-v iny l - l -  pentene. Taking into account the 
total yield of adduets (8-12%), it must  be assumed that the yield of 5-phenyl th io-3-v inyl - l -pentene  (Ia) and 
1-methyl -2-v inyl -3-phenyl th iomethylcyc lopropanes  (IIa) is each equal to 4-6%. 

The addition of thiophenol to 5 -ch lo ro -3 -v iny l -  l -pentene and 5 -pheny l th io -3-v iny l - l -pen tene  in the 
presence  of benzoyl peroxide at 80 ~ went smoothly,  and l -ch loro-3-v inyi -5-phenyl th iopentane  (Ib) and 3- 
vinyl- l ,5-(bisphenylthio)pentane (Ie) were respect ively  obtained in good yields.  A study of the react ion mix-  
tures  by the PMR method disclosed that if the format ion of the cycIopropyl products  (iib and IIc, r espec t ive -  
ly) did take place, then their  yield was insignificant. Apparently,  the initially formed C radicals  [see 
Scheme (4), R =-CH2CH2Ct (a), R = -CH2CH2SC6H 5 (e)] r eac t  very  rapidly with thiophenol. The s t ruc ture  of 
products  (lb) and (Ic) was proved by the PMR method. In addition, product  (ib) was converted to (Ic) by the 
scheme:  

CH~=CHCHCH~CH2SC6Hs(Ib) braSC'g~ CH~=CHCHCH~CH2SC~H5 (IC) 
I t 

CH~CHeC1 CH.,CH~SC~Hs 

The PMR spec t ra  of the products (It), obtained by the two methods, are  identical. 

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

Addition of Thiophenol to Trivinytmethane.  A solution of 0.94 g of t r ivinylmethane in benzene (2 M 
solution) and 1.10 g of thiophenol were heated with benzoyl peroxide (5 mole %) in a sealed ampul for  10 h 
at 80 ~ The experiments  using UV-illumination were  run in a quartz ampul at 25 ~ Analysis  of the r eac -  
tion mixtures  by GLC was run using a f lame-ionizat ion detector,  a 3 -me te r  column with an inside d iameter  
of 2 ram, Celite-545 as the solid phase, high-vacunm silicone grease  (5%) as the s ta t ionary phase, ni t rogen 
as the c a r r i e r  gas, a flow rate  of 15 m l / m i n ,  a column tempera ture  of 105 ~ and a vapor ize r  t empera tu re  
of 190 ~ The following were identified in the react ion mixtures  by OLC: t r ivinylmethane,  5-phenyl thio-3-  
vinyl- 1-pentene (Ia), thiophenol, and diphenyl disulfide. 

Analysis  by the PMR method was run using "Hitachi H-60" and P e r k i n -  E lmer  P-12 spec t romete r s .  
The chemical  shifts are  given on the 5 - sca le  (the signal for  te t ramethyls i lane  is taken as equal to zero),  
while hexamethyldisi loxane (6 = 0.05) was used as the internal standard. Besides the enumerated  com-  
pounds, cyclopropane derivat ives were found in the react ion mixtures  by the PMR method. 

Addition of Thiophenol to 5 -Phenyl th io-3-v iny l - l -pen tene .  A solution of 2.0 g of 5-phenyl th io-3-vinyl-  
l -pentene in benzene (2 M solution) and 1.1 g of thiophenol were heated with benzoyl peroxide (5 mole %) at 
80 ~ for  10 h in an argon s t ream.  The solvent was removed by distillation. Vacuum-dist i l lat ion of the r e s -  
idue gave, besides  the s tar t ing product,  1.0 g (30% of theory) of (Ic), bp 188 ~ (1 ram): nD20 1.6030; d420 
1.0928. Found: C 72.42; 72.40; H 6.98; 6.99; S 20.41; 20.16%; MR 98.85. C19H22S 2. Calculated: C 72.56; 
H 7.05; S 20.39% ; MR 99.07. 

In the PMR spect rum of compound (Ic) are  observed the AA'BB'  signals f rom the methylene protons 
in the CH2CH2SCGH ~ groups (5 A = 1.55; 5 B =2.72), the complex multiplet of a methine proton with 5 = 2.20, 
and the signals of the ABC sys tem from the vinyl group with a center  of gravi ty  of 5 ~ 5. The integral  in- 
tensi t ies  co r robora te  the validity of the assignments .  

Addition of Thiophenol to 5 -Ch lo ro -3 -v iny l - l -pen tene .  The experiment  was run in the same manner  
as the preceding.  Here f rom 1.3 g of 5 - ch lo ro -3 -v iny l - l -pen t ene  and 1.1 g of thiophenol, af ter  disLillation, 
was obtained 1.45 g (60%) of (Ib), bp 130 ~ (2 mm); nD 2~ 1.5653; d42~ 1.0944. Found: C 65.19; 65.00; H 6.88; 
6.82; S 13.31; 13.45%; MR 71.70. C13H17SC1. Calculated: C 64.84; H 7.11; S 13.32%; MR 71.43. 
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In the PMR s p e c t r u m  of compound (lb) a re  observed  the s ame  l ines as in the spec t rum of 3 - v i n y l - l , 5 -  
(bisphenylthio)pentane, with the addition of the s ignals  of the methylene protons  of the CH2C1 group, 6 = 3.32. 
The chemica l  shifts  of the f i -protons  of the -CH2CH2C1 and -CH2CH2SC6H5 groups  approx imate ly  coincide, 
5 ~ 1.6. The in tegra l  intensi t ies  c o r r o b o r a t e  the validity of the ass ignments .  

P repa ra t ion  of 3-Vinyl - l ,5- (b isphenyl th io)pentane .  Sodium thiophenolate ( f rom 0.23 g of sodium, 5 
ml  of absolute ethanol and 1.1 g of thiophenol) was added, with s t i r r ing ,  at 70 ~ to 2.4 g of 1 -ch lo ro -3 -v iny l -  
5-phenylthiopentane.  The reac t ion  mix tu re  was heated for  1 h, a f te r  which it was diluted with wa te r  and 
ex t rac ted  with e ther .  Dist i l lat ion gave 2,6 g (82%) of 3-v inyl - l ,5 - (b isphenyl th io)pentane ,  bp 207 ~ (2 ram); 
nD2~ 1.6037; d42~ 1.0917. 

CONCLUSIONS 

i. A study was made of the homolytic addition of thiophenol to trivinylmethane, 5-chloro-3-vinyl-l- 
pentene and 5-pbenylthio-3-vinyl- l-pentene. 

2. The initially formed homoallylic radical (CH 2 = CH)2CHCIICH2SC6H 5 is cyclized to the cyclopropyl- 
earbinyl radical CH 2 -CH -CHCH2SC6115. These radicals are fixed by reaction with thiophenol, with the 

\ /  
CHCH : CH 2 

fo rma t ion  of 5 -pheny l th io -3 -v iny t - l -pen t ene  and 1 -methy l -2 -v iny l -3 -pheny l th iomethy lcyc lopropane .  The 
l a t t e r  was identified in the reac t ion  mix tu re  by the PMR method.  

3. 1 -Chloro-3-v iny l -5 -phenyl th iopen tane  and 3-v inyl - l ,5 - (b i sphenyl th io)pentane  were  r e spec t ive ly  ob- 
tained by the reac t ion  of 5 - c h l o r o - 3 - v i n y l - l - p e n t e n e  and 5 -pheny l th io -3 -v iny l - l -pen t ene  with thiophenol. 
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