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During the l as t  2-3 y e a r s  a num ber  of inves t iga tors  have been concerned with the reac t ions  of f luoro 
olefins with hydrogen sulfide [1-5]. In absence  of ca ta lys t s  the addition of hydrogen sulfide to t e t r a f luoro-  
ethylene,  hexaf luoropropene ,  and octaf luoroisobutene cannot be brought  about, even at 180 ~ In p r e sen ce  of 
subs tances  which ca ta lyze  the addition of thiols to f luoro olefins (sodium hydroxide,  alcoholic alkali ,  etc~ 
a compl ica ted m i x t u r e  of addition products  is fo rmed,  f rom which dif luorothioacet ic  O - e s t e r  has been i so -  
lated. The reac t ion  of ch loro t r i f luoroe thylene  with hydrogen sulfide in p r e sence  of benzoyl peroxide  goes 
when the reac t ion  t e m p e r a t u r e  is  r a i s e d  to 100-110 ~ . Individual reac t ion  products  can be isolated only when 
a 100% excess  of the olefin re la t ive  to the hydrogen sulfide is used. 

2CFz ---- CFCI --I- H2S -+ S (CF~CHFCI) 2 

At a 1 : 1 molar ratio of reactants we were unable to isolate an addition product. The probable ex- 
planation is that ~,o~-difluoropolyhaloalkanethiols readily lose hydrogen fluoride at an elevated temperature 

and polymerize [i, 3]: 

s 

CHFC1CF~SH-~-~ CHFC1J --~--(--CFS--)~- 
-HS \ I 

F CHFC1 

I t  was shown in [4] that prolonged i r r ad ia t ion  of a mix tu re  of chlorotr i f luoroethylene and hydrogen 
sulfide in p r e s e n c e  of catalyt ic  amounts  of benzoyl  peroxide (15 days,  500-W lamp) leads to the format ion  
of mn unsa tura ted  sulfide: 

GF2 =CFC1 + H2S]:~ [S (CFsCHFGI)2] - j ~  S (CF=CFG1)2 + [S (CF = CFC1)2]n 

Fo r  the p repa ra t ion  of products  of the addition of hydrogen sulfide to fluoro olefins at  a 1 : 1  rat io,  
the conditions of the photochemical  reac t ion  have proved  extremely convenient. We have studied the r e a c -  
tion of hydrogen sulfide with f luoro olefins for  te t raf luoroethylene ,  chiorotr i f luoroethylene [1], vinylidene 
f luoride,  and hexaf luoropropene  [2]. The reac t ion  of te t ra f luoroe thylene  with hydrogen sulfide with a 4 -6 -h  
i r rad ia t ion  of an equimolecular mix tu re  of r eac t an t s  in p r e sence  of t r a ce s  of acetone (sensit izer)  leads to 
the fo rmat ion  of a mix tu re  of addition products  in a total  yield of m o r e  than 90%. As main  react ion  prod-  
ucts 2H- te t ra f luoroe thaneth io l  and bis  (2H-tetraf luoroethyl)  sulfide a r e  fo rmed  in 2 : 1 propor t ions .  When 
the re  is a 100% excess  of the olefin re la t ive  to hydrogen sulfide, the yield of the sulfide is m o r e  than 70~0, 
and the thiol is comple te ly  absent .  Also,  a sma l l  amount of a mix tu re  of high-boil ing products  of the te lo-  

m e r i z a t i o n  of te t ra f luoroe thylene  is fo rmed .  

-+ CHF=CF~SH 

CF2=CF~ + H~S hY --> (CHF2CF2)2S 
___> H (CFe)nCF2SH 

The addition of hydrogen sulfide to te t raf luoroethylene  was often accompanied  by the explosion of the 
quar tz  tubes in which the reac t ion  was conducted. 

Under s i m i l a r  conditions (time of i r rad ia t ion  4-6 h) file reac t ion  of hydrogen sulfide with ch lo ro t r i -  
f luoroethylene leads to the fo rma t ion  of  2 - c h l o r o - l , l , 2 - t r i f l u o r o e t h a n e t h i o l  (up to 50%), bis ( 2 - c h l o r o - l , l , 2 -  
t r i f luoroethyl)  sulfide,  bis  (2 -ch lo ro - l , l , 2 - t r i f l uo roe thy l )  disulfide, and a smal l  amount  of h igher-boi l ing  

products ;  total  yield about 100%. 

T r a n s l a t e d  f rom Izves t i ya  Akademi i  Nauk SSSR, Ser iya  KhimicheSl~ya,  No. 2, pp. 341-346, February ,  
1967. Original  a r t i c l e  submit ted  October  12, 1964. 
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I---,HCFCICF~SH 
• ~ I~(CHFCICF2)~ S 

CF2=CFC1 ~ H2S-- --~(CHFC1CF2)2S2 
--~H(CFC1CF2)nSH 

More prolonged i r radia t ion  (more than 6 h) of a 1 : 1 mixture of hydrogen sulfide and eh!oro t r i f luoro-  
ethyIene leads to a sharp  fail in the yield of the thioI. As well as the main addition product - 2 -eh loro-  
l,l,2-trifluoroethanethiol - a small amount of the product of addition in the opposite direction - l-chloro- 
1,2,2-trifluoroethanethiol- is formed, though we were unable to isolate it in the pure state. The presence 
of the latter compotmd is indicated by the products isolated in the reactions of the isomeric thiols with 
diethylamine and with potassium fluoride, which in the case of the second thiol were N,N-diethyl-2,2-di- 
fluorothioaeetamide and difluorothioacetyl chloride, respectively: 

HN(C~Hs)_~.~--~CHFC1C(S)N(C2Hs)2 " 2HF 
'---CHF2C(S)N(C~.Hs)~ @ HF -~ HC[ 

CHFC1CF2SII ,CHF~.CFCISH-- "CHFC1C(S)F~-- (--CFS--)~- 

- LoCHF2C(S)Ct  

Diflurothioacetyl  chloride differs f rom fluorothioacetyl  f luorides in their considerably higher s tabil-  
ity. It can be kept in a glass  vesse l  a lmost  without change at room tempera ture  for  more  than one month, 
whereas fluorothioaeetyl f luorides polymer ize  spontaneously at room tempera ture  during the f i r s t  few days. The 
chlorine in the acid chloride can be t i t rated as chloride quantitatively after  decomposition with aqueous alkali.  

In the addition of hydrogen sulfide to chlorotr i f luoroethyiene under the action of x rays ,  Har r i s  and 
Staeey did not observe the formation of l - ch loro- l ,2 ,2 - t r i f luoroe thane th io l .  However,  study of the PIvIR 
spectrum of the sulfide obtained in this react ion showed the possibil i ty of the presence  (less than 3%) of 
an i somer  containing the CHF 2 group [i.e., HCF2CHC1SCF2CHFC1 or (CHF2CFC1)2S ] [3]. The react ion of 
hydrogen sulfide with vinylidene fluoride under the action of UV radiation also leads to the formation of 
two i somer ic  thiols, a smal l  amount of a sulfide, but only v e r y  smal l  amounts of te lomeric  products .  

h~ ~--~CH~CF~.SH 
Ctt2 = CF2-~ H2S -- ] - -~CHF2CH2SIt  

I ---~(CHaCF2)~S 

Reaction is practically complete in 3 h. Increase in the time of irradiation lowers ~he yield of thiols 
and raises the amount of telomeric products. In the reactions of hydrogen sulfide with vinylidene fluoride 
and ehlorotrifluoroethylene no explosions were observed. We were unable to separate 1,l-difluoroethane- 
thiol and 2,2-difluoroethanethiol by fractional distillation, probably because these isomers form an azeo- 

tropic mixture. By decomposing the azeotropic mixture of thiols with alkali and determining the amount of 
fluoride ion in solution we showed that the mixture contained 36-42% of l,l-difluoroethanethiol and 64-58% 
of 2,2-difluor oethanethio I. 

NaOH 
CHF2CH2SH - - - ~  NaSCH2CHF2 -~ H20 

CH3CF2SH -> CHiC (S) ONa @ 2NaF @ H20 

In the t rea tment  of the azeotropic  mixture with alcohols the corresponding thioacetic O-es t e r s  wore 
formed,  and pure 2,2-difluoroethanethiol,  which does not r eac t  with alcohols, was isolated. 

KOH 
CHF2CH2SIt, CH3CF~SH ----> CHF~CH2SH @ CH3C (S) OR -:  2HF 

In the i r radia t ion of a 2 : 1 mixture of hydrogen sulfide and vinylidene fluoride with x rays ,  Har r i s  and 
Stacey [3] isolated only 2,2-difluoroethanethiol.  Our resul ts  on the composit ion of the react ion products  
are  confirmed in [5]. 

The react ion of hydrogen sulfide with hexafluoropropene under the same conditions always ended ex- 
plosively. We were  able to c a r r y  out the react ion in an iner t  perfluorinated solvent, which made it possible 
to interrupt  the process  at the stage at which 60% of the reactants  had reacted.  The i r radia t ion of an equi- 
molecular  mixture  of hexafluoropropene and hydrogen sulfide dissolved in octafluorocyelobutane in p r e s -  
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ence of traces of acetone for 28-30 h led to the formation of a mixture of addition products, from which we 

isolated two isomeric thiols and a small amount of a mixture of high-boiling products of the telomerization 

of hexafluoropropene. 

: C F s C H F C F ~ S H  

C CF ~ I CFsCF(SH) CHF~ 
F3--CF~- ~+H2S--_.H [CF (CF~) CF2]n SH 

-~HS [CF (CFs) CF2]~ H 

Attempts to use other  solvents,  such as toluene, were  unsuccessful .  2H-Hexaf luoro- l -propanethiol  is a 
stable compound, which can be distilled at a tmospher ic  p res su re  without decomposition. 1H-Hexafluoro- 
2-propanethiol  is an unstable compound which readi ly loses hydrogen fluoride with formation of 1H-penta- 
fluor o- 2-propanethione: 

CF~ F Cles 
\/ \ 
C _ H F  ~ C=$ 

/\ / 
CHF~ SH CHF~ 

1H-Pentaf luoro-2-propanethione does not reac t  with alcohols,  in aqueous dioxane it is converted into 
1H-pentafluoroaeetone, and when kept it appears  to be converted into a dimer:  

CFs CFs S CF8 
\ \ / \ /  

C=S --+ C C 
/ /\/\ 

CHF~ CHF~ S CHF2 

Attempts to ca r ry  out the react ion of hydrogen sulfide with hexafluoropropene with a conversion of 
more  than 60% always led to explosions, explicable by the explosive react ion ar is ing from the radica l iza-  

tion of the unsymmet r i ca l  thione: 

s 
CFs / CF3--C-I-'CHF~ \ 

C----S by< S" 
\ 

/ CF's q- "C--CHF~ CHF2 

I t  may  be regarded  as established, therefore ,  that under conditions for photochemical react ion hy-  
drogen sulfide reac t s  with fluoro olefins with formation of the corresponding thiols and sulfides together 
with a se r i e s  of te lomerizat ion products.  In react ions with unsymmetr ica l  fluoro olefins i somer ic  thiols 
a re  formed,  which confirms views expressed  previously concerning the radical  mechanism of this reaction. 

H2S h ~  HS'~- H' 
\ / \ / 

HS'+ C=C ~ HS--C--C" 
/ \ / \ 

\ / \ / 
HS--G'--C ~- H~S -+ HS--C--C--H -~ HS" etc. 

/ \ / \ 

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

A d d i t i o n  o f  H y d r o g e n  S u l f i d e  to  T e t r a f l u o r o e t h y l e n e .  A mixture of 2 g of HzS, 4 .5g 
of tetrafluoroethylene,  and 5 drops of acetone was i r radia ted  in a sealed translucent  quartz glass tube (vol- 
ume 30 ml, external  d iameter  13 ram, wall thickness 3.5 ram) at room tempera ture  (cooling with fan) from 
a distance of 25-30 cm for 5.5 h with a PRK-2 quartz  m e r c u r y  lamp (375 W, mean wavelength 3650 A). The 
quartz tube was cooled and opened. The products (6.5 g) were fractionated. We isolated: a) 2H-te t raf luoro-  
ethanethiol, 2.6 g; b.p. 31~ d420 1.4910; nD 2~ 1.3230. Found %: F 57.7; S 24.5. CzH2F4S. Calculated %: F 57.1; 
S 23.9. b) Bis (2H-tetrafluoroethyl) sulfide, 3.2 g; b.p. 100-102~ d42~ 1.6240; nD2~ 1.3280. Found %: F 64.83; 
S 13.74. Mol. wt. 235. C4H2FsS. Calculated %: F 64.95; S 13.68. Mol. wt. 234. c) Telomeriza t ion products,  

0.7 g (not identified) 

* With the part icipation of I. Ya. Lyubchenko and K. V. Frosina.  
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Addition of Hydrogen Sulfide to Chlorotrifluoroethylene. A mixture of 20 gof 

chlorotrifluoroethylene, 6 g of dry H2S , and 5 drops of acetone was irradiated in a sealed quartz tube fr 
ume 230 ml) at room temperature for 6 h with a PRK-2 quartz mercury lamp. The cooled tube was opened. 

The addition products (26 g) were fractionated. We isolated: a) 2-chloro-l,l,2-trifluoroethanethiol~ 9.1 g; 
b.p. 64~ d42~ 1.4750; nD2~ 1.3880. Found %: F 38.43; Cl 23.96; S 21.09. Mol. wt. 145. C2112F~CIS. Calcu- 
lated %: F 37.87; Cl 23.59; S 21.26. Mol. wt. 150.5. b) Bis(2-chloro-i,l,2-trifluoroethyl) sulfide, 2.6 g; 
b.p.71.5 ~ (60 ram); d42~ 1.6350; nD2~ 1.3920. Found ~c: F 42.83; Cl 26.30; S 13.71. Mol. wt. 258. C4H2F6CI2S. 
Calculated %: F 42.59; Cl 26.53; S 11.95. Mol.wt. 267. c) Bis(2-chloro-l,l,2-trifluoroethyl) disulfide, 8 g; 
b.p. 70 ~ (2 ram); d42~ 1.749; nD 2~ 1.491. Found %: F 38.5; Cl 23.9; S 20.67. Mol. wt. 296. C4H2F6CI2S. Cal- 
culated %: F 38.2; CI 23.8; S 21.4. Mol. wt. 299. d) Telomerization products, 6 g (not identified). 

Difluorothioacetyl Chloride. 7.4 g of 2-chloro-l,l,2-trifluoroethanethiol and 2.9 gof cal- 
cined KF were sealed in a glass tube and kept for 12 h at room temperature. The tube was heated in a 
boiling water bath for 1o5 h. The tube was opened, and fractionation of the contents gave 0.47 g of a yellow- 
ish liquid; b.p. 56~ d42~ 1.386; nD2~ 1.4319, Found %: F 29.27; S 24.49; Cl 27.12. C2HF2CIS. Calculated ~c: 
F 29.19; S 24.52; CI 27.20. 

Addition of Hydrogen Sulfide to Vinylidene Fluoride. A mixture of 3.9 gofvinyl- 
idene fluoride, 2.2 g of H2S , and 2-3 drops of acetone was irradiated in a quartz tube (length 40 cm, exter- 
nal diameter 12 ram, wall thickness 1 ram) for 3 h with a PRK-2 lamp. The cooled tube was opened. The 
reaction products (6.1 g) were fractionated. We isolated: a) difluoroethanethiols (mixture of isomers), 4.3 g, 
b.p. 60-62~ nD 20 1.4040; d420 1.2362. Found %: F 38.68; S 32.99. C2HtF2S. Calculated %: F 38.78; S 32.70. 
b) Bisdifluoroethyl  sulfide, 0.8 g; b.p. 110-112~ nD2~ 1.3936; d42~ 1.2983. Found %: F 45.44; S 20.52. 
C4H6F4S. Calculated %: F 46.92; S 19.76. 

Addition of Hydrogen Sulfide to Hexafluoropropene. Amixtureof20gofhexafluoro- 
propene, 4.8 g of H2S, 3 g of octafluorocyclobutane, and 5 drops of acetone was irradiated in a sealed quartz 
tube (volume I00 ml) at room temperature for 30 h with a PRK-2 quartz mercury lamp. The cooled tube 
was opened. The addition products, which amounted to 15 g, were fractionated. We isolated: a) 1H-Penta- 
fluoro-2-propanethione, 3.6 g; b.p. 15~ (142~ 1.4463. Found ~c: F 58.21; S 19.38. C3HFsS. Calculated %: F 57.94; 
S 19.50. b) 2H-Hexafluoro-l-propanethiol, 4 g, liquid; b.p. 42-43~ nD 2~ 1.3270; d42~ 1.4766. Found ~c: F 60.77; 
S 17.89. C3H2F6S. Calculated %: F 61.83; $17.39. c) Telomerization products -- viscous liquid (not identified) . 

Fraction (a) was left for one week in a sealed tube in presence of KF, and pentafluoro-2-propane- 
thione dimer was obtained; b.p. 62-63 ~ (46 ram); nD 2~ 1.3627. Found %: F 58.16; S 19.62. Mol. wt. 323. 
C6H2FIoS 2. Calculated %: F 57.97; S 19.50. Mol. wt. 328. 

CONCLUSIONS 

i. The photochemical reactions of hydrogen sulfide with tetrafluoroethylene and vinyldene fluoride 
lead to the formation of the corresponding fluorine-containing thiols and sulfides together with telomeriza- 
tion products 

2. Orientation in the addition of hydrogen sulfide to unsymmetrical fluoro olefins is examined. 

i. 
2. 
3. 
4. 
5. 
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