
REACTION OF THIOPHENOL WITH UNSATURATED 

IN THE PRESENCE OF IRON CARBONYL* 

I. I. Kandror, P. V. Petrovskii, 
and R, G. Petrova 

SULFIDES 

UDC 542.91+ 547.569.1+ 547.379 

The rad ica l  addition of thiols to vinyl sulf ides goes eas i ly  even in the absence  of spec ia l ly  added ini-  
t i a to r s .  In pa r t i cu la r ,  when thiols  a r e  vinylated with ace ty lene  it is n e c e s s a r y  to take spec ia l  p recaut ions  
in o rde r  to supp re s s  the secondary  reac t ion  of the fo rmed  vinyl sulf ides with thiols,  leading to the f o r m a -  
tion of 1 ,2-dialkyl(aryl) thioethanes  [1, 2]. The e lec t rophi l ic  addition of thiols to vinyl sulfides is usual ly  ac -  
compl ished in the p r e s e n c e  of acid ca ta lys t s  like HC1 and SO2, using hydroquinone as the rad ica l  addition 
inhibitor;  he re  a mix tu re  of products ,  f o rm ed  by Markovnikov as  well  as ant i -Markovnikov addition, is f r e -  
quently obtained [1]. The rad ica l  addition of thiols to al lyl  sulf ides goes with g r e a t e r  difficulty than to vinyl 
sulfides,  and the reac t ion  r equ i re s  init iation with e i ther  perox ides  or  UV- i r rad ia t ion  [3]. Elec t rophi l ic  
addition to al lyl  sulf ides p roceeds  only in the p r e s e n c e  of ionic ca ta lys ts  and rad ica l  reac t ion  inhibitors [4]. 
We found that i ron pen tacarbonyl  is an effect ive inhibitor of r ad ica l  chain reac t ions ,  in which thiyl r ad ica l s  
s e r v e  as  chain c a r r i e r s .  Thus, Fe(CO)5 inhibits the rad ica l  addition of thiols to ~-o lef ins  [5] and ace ty l -  
enes [6, 7], and also the cis - t r a n s  i somer i za t ion  of f i -subst i tu ted vinyl sulfides [7]. The inhibiting effect 
of Fe(CO) 5 is apparen t ly  a s soc ia t ed  with its abil i ty to t r ap  thiyl r ad ica l s  according  to Scheme (1): 

Fe (CO)5 ~ as" [Fe (C0)3SR12--* Fe (SR)2 (i) 

In the present paper we studied the reaction of thiophenol with the following unsaturated sulfides: vinyl 
aryl and vinyl alkyl sulfides, ~- and fl-aryl-substituted vinyl sulfides, and (~,fi-diaryl-substituted vinyl 
sulfides, and also with allyl phenyl sulfide, in the presence of either iron pentacarbonyl or hexacarbonyl- 
diethylthiodiiron (HTI) [Fe(CO)3SC2Hs] 2. For comparison the indicated reactions were studied under the 
same conditions in all cases, but in the absence of iron compounds. The reactions were run in sealed am- 
puls in an argon atmosphere, and analysis of the reaction mixtures and proof of the structure of the reac- 
tion products was accomplished employing NIVIR spectroscopy. The obtained results are given in Tables 

1-3. 

As can be seen from Table I, vinyl phenyl sulfide (1) at 35 ~ quantitatively carries out anti-Markovnikov 
addition to thiophenol (Expt. I); the addition of Fe(CO) 5 inhibits this reaction completely (Expt. 2). At 150 ~ 
the reaction of thiophenol with vinyl phenyl sulfide (I) (Expt. 3) and butyl vinyl sulfide (IV) (Expt. 5), in the 
absence of iron compounds, also proceeds with the exclusive formation of the corresponding 1,2-bissulfides 
(II) and (V), i.e., products that are formed by anti-Markovnikov addition according to Scheme 2A, but, under 
the same conditions, in the presence of Fe(CO) 5, the manner in which thiophenol adds is reversed com- 
pletely (Expts. 4, 6), and mercaptals - the products of Markovnikov addition (Scheme 2B) are formed in high 

yield: 
- - - "  CsHsSCH2CH~SR (A) 

! 

CH~.:CH--SR + C6H~SH z5~176 1 SC6H~ (2) 
J / 

(CO~ CH3CH\ (B) Fe 
SR 

* This paper is published on the basis of a resolution made by the Conference of Chief Editors of the Jour- 
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TABLE 2. Reaction of Thiophenol with Phenyl Allyl Sulfide (X-VII) 

Expt. No. T.,~ 

t 35 
2 35 
3 80 

4 80 
5 t50 
6 t50 

Aa~t~,o as a result of anti- 
. . . . . . .  Mar kovnikov addi- 

tion 

Fe(C0)5 

F~(C-0), 

C6H~S(CH~)aSC6H~ 
(XVIII) 

(XVIII) 
(XVIII) 

Addition iroducts* 

yield, % 

0 
0 

24 

0 
32 
2 

as a result of 
Markovnikov addition lyield' % 

CGHsSCH~CH(SC~Hs)CHa 002 

(~X) 0 
(XIX) 1 7 
(XIX) I 3 

* In Expt, Nos. 3, 5, and 6, besides the indicated compounds, only the starting phenyl 
allyl sulfide was present in the reaction mixture. 

Thus, acetaldehyde diphenyl mercapta l  fiII) is formed in the case of vinyl phenyl sulfide, while a 
mixture of mercapta ls ,  containing acetaldehyde butyl phenyl mercapta l  (VI) and the two symmet r i ca l  m e r -  
captals (III) and (VII), is fo rmed  in the case of butyl vinyl sulfide. The course  of the react ion of thiophenol 
with 1-phenyl- l -phenyl thioethylene (VIII) (Expts. 7-12) is more  complex. Apparently, the high nucleo- 
philieity of this unsaturated sulfide facili tates the electrophil ic addition of thiophenol; consequently, 
even in the absence of iron compounds both at 80 ~ and at 150 ~ together with the product of anti-Markovnikov 
addition, namely 1-phenyl- l ,2-diphenyl thioethane fiX), the product of Markovnikov addition, namely 1-phenyl- 
1,1-diphenylthioethane (X), is also fo rmed (Expts. 7, 10). At 80 ~ this react ion in the p resence  of either 
Fe(CO)~ or HTI leads, as was to be expected, to the  formation of the product of 1Vtarkovnikov addition (X), 
with only a small  amount of the i somer ic  product  (IX) as impuri ty (Expts. 11, 12). In addition, it was found 
that running the d iscussed react ion at 150 ~ leads to the formation of a certain amount of 1 -phenyl - l -phenyl -  
thioethane (XI) (Expt. 7); in the p resence  of iron carbonyls this sulfide becomes the main react ion product 
(Expts. 8, 9). This is explained by the fact that, as was shown ear l ie r  [8], 1-phenyl- l , l -d iphenyl th ioethane 
is thermal ly  unstable and at 150 ~ in the p resence  of thiophenol, it undergoes decomposition with the for-  
mation of the sa turated monosulfide and diphenyl disulfide according to the scheme:  

C~H~SH 
C6H5--C (SC~Hs)2--CHa ~ C6Hs--CH (SC6Hs)--CHa ~- (C6HsS)z (3) 

(X) (XI) 

As a result ,  in the case of 1-phenyl- l -phenyl thioethylene it can be stated that also at 150 ~ the addi- 
tion of thiophenol in the p resence  of either Fe(CO) 5 or  HTI proceeds  in harmony with the formation of m e r -  
captol (X). The react ion of thiophenol with 1-phenyl-2-butylthioethylene (XII) (Expts. 13, 14) proceeds  
with more  difficulty than in the case of the vinyl sulfides, which contain a terminal  methylene group; here  
the convers ionof the  s tar t ing sulfide reaches  only 50%. Inthis  case the manner in which thiophenol adds byboth 
the radical  and the electrophil ic  type is apparent ly the same; actually, the same product,  namely 1-phenyl-  
2-butylthio-2-phenylthioethane (XIV),* is formed both in the absence and the p resence  of Fe(CO) 5. Although 
in the given case it is difficult to es t imate  the effect of the Fe(CO) 5 additive on the react ion course,  still, 
by analogy with the other studied examples,  it is possible to assume that also here  the addition of thiophenol 
in the absence of Fe(CO) 5 goes by a radical  mechanism,  while in the p resence  of Fe(CO) 5 it has a heterolyt ic  
charac ter .  In the absence of iron carbonyls the addition of thiophenol to c~,/3-diaryl-substituted vinyl sul-  
fides prac t ica l ly  does not go (Expt. 15); in the p resence  of Fe(CO) 5 the sole react ion product was 1,2-di-  
phenyl- l -butyl th ioethane (XVI) (Expt. 16), the formation of which is apparently also explained by the initial 
Markovnikov addition of thiophenol and subsequent decomposit ion of the obtained adduct by a scheme ana- 
logous to Scheme (3). 

As was to be expected, the radical  addition of thiophenol to phenyl allyl sulfide proceeds  with more  
difficulty than to phenyl vinyl sulfide (see Table 2, Expts. 1, 3, 5). Iron pentacarbonyl  inhibits this react ion 

* The identity of the adducts, obtained in Expts. 13 and 14 (see Table 1), was proved by comparing their  
NM:R spect ra .  In this react ion the format ion of both the compound C6HsCH2CH(SC6Hs)SC4H~ (XIV) and the 
compound C6HsCH(SC6Hs)CH2SC4H ~ (XIII) is formal ly  possible.  Assignment of the obtained NMR spect rum 
to s t ruc ture  (XIV) was made on the basis of the charac te r i s t i c  chemical  shift of the CH 2 group in the f rag-  
ment C6H 5 -  CH 2 -  C - S [compare with s t ruc ture  (XVI)]. For  compound (XIII) the signal of the protons of 
the CH 2 group in the f ragment  C6H 5 - C H -  CH 2 -  S is apparently, as was to be expected, shifted downfield 
by 0.3-0.4 ppm [compare with s t ruc ture  (IX)]. 
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T A B L E  3.  P a r a m e t e r s  o f  N M R  S p e c t r a  o f  S t u d i e d  C o m p o u n d s  

C h e m i c a l  shifts, pp~r~ and s p i n -  spin c o u p l i n g  
Compound  

constants ,  Hz 

K(1) 
C,H~S-CII= C / (I) 

(a) ~\H (25 

O) 0) 
CeH~SCHzCH~SC6H~ (II) 

SC6H~ 
/ 

CH~--GH (III) 

SC~H~ 
H(1) 

(3) / 
C4FigSOI-I = C (IV) 

\ 
H (2) 

(1) (2) 
C~SCI~CI~,SC0~i~ (v) 

SC~H~ 
(t) (~) / 

CHs-- CH (VI) 
\ 
SC~H~ 
SC4H~ 

(O (~) / 
CH3--CH (Vll) 

\ 
SC~H~ 

H (~) 
/ 

C~H~S--C (C~Hs)=C (Vlll) 
\ g  (2) 

(I)H CsH~ 
I (a) / 

C6H~S--C-- CH (IX) 
I \ 

(2)H SCaH~ 
(~) 

C~H~C (SC~H~)~CHa (X) 
(0 (~) 

CH~--CH (C~H~)SC~H~ (XI) 

(1) (2) 
c i s -  C~H.~CH~CHSC~H. (XII) 

(1)H SC~Hs 
I ~3) / 

C~H~--C--CH (XIV) 

I-I(2) SC~H, 

cis- and trans- C~H~GH=C(SC,H~)C~H~ 
(D (xv) 

(DI~I SetH, 
(~)/ 

C~H~--C--CH (XVI) 

H(~) C~H~ 

(4) (a) /H (t) 
C~H~S-- CH~--CH = C (XVH) 

H (2) 
(t) (2) (~) 

C~H~SCPIeCH~GH~SC~H~ (XVIII) 

(1) (2) (a) 
C~H~S--CH~--CH--CHa (XIX) 

SC~H~ 

5 l . =  5 , t 8 ( d ) ;  5 = = 5 , t 5 ( d ) ;  6 2 = 6 , 3 8  (dd); 
J12=0; J12=9,3; J~a=i7,3 

61 = 2,94 (s) 

6 1 = 1 , 4 6 ( d ) ;  6 2 = 4 , 4 4 ( q )  ] 1 e = 6 , 7  

51 = 5,03(d);  52 = 4,97(d); 5~ = 6,27(dd);  
J i 2 = 0 ;  J l a = t 0 , 5 ;  Y ~ a = i 7 , 2  

Mul t ip l e t ,  cha r ac t e r i s t i c  for the AaB 2 sys tem,  in 

the range  5 =2 .20-3 .01  

5 1 = t , 4 5 ( d ) ; 5 2 = 4 , 1 2 ( ~  Y 1 2 = 6 , 7  

51 = t ,45 (d); 52 = 3,81(q); Yl2 = 6,7 

5 1 = 5 , 5 1 ( s ) ;  5 2 = 5 , 2 5 ( s ) ;  Y , 2 = 0  

51 = 3,27(dd);  52 = 3,45(dd);  62 = 4,31 (dd); 
J 1 = = t 3 , 0 ;  J i a = 5 , 3 ;  Y e a = 9 , 3  

51 = t , 76 ( s )  

61 : t ,47(d); 52 : 4,25 (q); J12 = 7,3 

61 = 6,05(d);  52 = 6,28(d);  Y12 = t 0 , 5  

51 = 2,92 (dd); 52 = 3,09(dd);  62 = 4, t9  (dd); 
o'12= t2 ,6 ;  J l a = 6 , 0 ;  J e a = 8 , 0  

51 = 6,68 (s) (e is  --) ;  51 = 6,88 (s) Urans --)  

51 = 2,99 (dd); 62 = 3 , t 4  (dd); % = 3,98 (dd); 
J I 2 = 1 2 , 0 ;  J i 3 = 7 , 3 ;  J 2 2 = 8 , 0  

51 = 4,98 (m); & = 4 ,89(m);  & = 5 ,76(m) ;  
54 = 3 ,36(m) ;  J12 = 1,2; s = i6 ,8 ;  J2a = 9,3; 
Y u =  1,3; Y2~ = 0 , 9 ;  Ya~ = 6 ,4  

61 = 2,80(t) ;  & = t ,  72(m); Y12 = 7,1 

51 = 2 ,85(m) ;  5~ = 3,0 (m); & = t ,33(d); Yea = 6, q 

Note: s = s ing le t ;  d = double t ;  d d =  doub le t  of  doublets ;  t = t r ip l e t ;  q = quarter;  m = 

m u l t i p l e t .  

but in this case, in contrast to phenyl vinyl sulfide, even at 150 ~ only a small amount of the Markovnikov 

addition product is formed, which is associated with the much smaller nucleophilicity of the double bond 

in phenyl allyl sulfide. 

As a result, it was shown in a number of examples that the addition of thiophenol to vinyl sulfides 

and phenyl allyl sulfide, in the absence of either added initiators or catalysts, in most cases does not obey 

the Markovnikov rule and has a radical mechanism. Only in the case of strongly nucleophilic sulfides (for 

example, l-phenyl-l-phenylthioethylene) does this direction compete with Markovinikov addition, which 

h a s  a h e t e r o l y t i c  m e c h a n i s m .  
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In the p r e sence  of i ron pentacarbonyl  or  HTI, at elevated tempera ture ,  thiophenol adds to vinyl sul-  
fides in harmony with the Markovnikov rule .  Apparently,  also in this case, i ron carbonyls  effect ively in- 
hibit radical  addition, in this way creat ing conditions for  the heteroly t ic  Markovnikov addition of thiophenol. 

EXPERIMENTAL 

The Preparation of 1-Phenyl-l-phenylthioethylene (VIII) and Vinyl Phenyl Sulfide (I). This was ear- 
ried out using the modified procedure reported in [9]. Into a 0.5 liter steel autoclave were charged 64 g 
of l-phenyl-l,2-diphenylthioethane and a solution of (CH3)3COK (0.8 g of K in i00 ml of t-C4H9OH); the auto- 
clave was purged with N 2 and then C2112, after which C2H 2 was admitted up to a pressure of 12 atm, and the 
autoclave was heated at ii0 ~ for 5 h. The excess t-C4HgOH was distilled from the obtained reaction mix- 
ture, and 40 ml of water was added to the residue; the organic layer was separated, while the aqueous layer 
was extracted with ether, and the ether extracts were combined with the main portion and the whole was 

dried over CaCI 2. After distilling off the solvent the residue was vacuum-distilled. We obtained 28 g (65%) 
of (VIII); bp 141-143 ~ (2 ram); nD 3~ 1.6282; d43~ 1.0988 and 19 g (70%) of (1); bp 54 ~ (2 ram). The structure of 
both sulfides was confirmed by the NMR spectra (see Table 3). 

Reaction of Thiophenol with Unsaturated Sulfides. All of the experiments listed in Tables 1 and 2 
were run using the following procedure. In a 4 ml glass ampul were placed 5-10 mmoles of the unsaturated 
sulfide, 1-3 mole % of the iron compound, and 10-20 mmoles of thiophenol. The ampul was cooled to -70 ~ 
evacuated, filled with argon, sealed, and placed in a thermostat for 8 h at either 80 or 150 ~ or for 72 h 
at 35 ~ . The experiments without the iron additive were run in the same manner. The reaction mixtures, 
which contained iron compounds, were washed with 15% HCI solution, then with water, dried over CaCl2, 
and analyzed by the NMR method (in a separate experiment it was shown that this treatment does not affect 
the ratio of the reaction products). The yield of the reaction products was determined by comparing the 
integral intensities of the characteristic signals of the protons of each product. The NMR spectra were 
taken on a "Perkin- Elmer" R-12 spectrometer, using hexamethyldisiloxane (5 = 0.05 ppm) as the internal 

standard. 

The addition of thiophenol to vinyl phenyl sulfide was also carried out on a preparative scale using the 
conditions of Expt. 4 (see Table i). The l,l-diphenylthioethane was obtained in quantitative yield; bp 169- 
170 ~ (2 ram); nD 20 1.6312. According to [I0]; bp 166-171 ~ (1.2 mm); nD 20 1.6317. 

CONCLUSIONS 

We accomplished the Markovnikov addition of thiophenol to various ~,fi-unsaturated sulfides in the 

presence of Fe(CO) 5 or [Fe(CO)3SC2Hs]2, which inhibit the radical direction of the reaction. 

LITERATURE CITED 

i. E.N. Prilezhaeva, Dissertation [in Russian], Moscow (1963). 
2. M.F. Shostakovskii, E. P. Gracheva, and N. K. Kul'bovskaya, Usp. Khim., 3(}, 493 (1961). 
3. K. Griesbaum, A. A. Oswald, E. R. Quiram, and W. Naegele, J. Org. Chem., 28, 1952 (1963). 

4. C.S. Marvel and E. D. Weft, J. Amer. Chem. Soe., 76, 61 (1954). 
5. R.G. Petrova, I. I. Kandror, and R. Kh. Freidlina, Zh. Organ. Khim., 3, 1942 (1967). 
6. I.I. Kandror, R. G. Petrova, and R. Kh. Freidlina, Izv. Akad. Nauk SSSR, Set. Khim., 1373 (1968). 
7. I.I. Kandror, R. G. Petrova, P. V. Petrovskii, and R. Kh. Freidlina, Izv. Akad. Nauk SSSR, Ser. 

Khim., 1621 (1969). 
8. I.I. Kandror, R. G. Petrova, P. V. Petrovskii, A. B. Terent'ev, and R. Kh. Freidlina, Dokl. Akad. 

Nauk SSSR, 19.__!1, 835 (1970). 
9. H.J. Schneider, US Patent No. 3050563 (1962); Chem. Abst., 58, 1350f (1964). 

I0. A. Froling and J. F. Arens, Rec. Trav. Chim., 81, 1009 (1962). 

1260 


