
The carbonylation was carriedout in glass ampules placed in a 0.15-1iter steel autoclave 
at 170~ with i00 atm initial CO pressure (at 20~ and a-C6HI2:AcOH:H20:HI mole ratio = 
1:1:1:0.2. In the experiment, we took 4.2 g (0.05 mole) l-hexene, 3 ml o-xylene, 3 g acetic 
acid, 2.4 g (0.01 mole) 47% HI, and 0.9 g (0.05 mole) water. The reaction products were 
analyzed by gas-liquid chromatography on an LKhM-8MD chromatograph on 2.75 m • 3 mm steel 
column packed with 15% polyethylene glycol adipinate with 3% H3PO 4 on Chromosorb G (60-80 
mesh) at 175~ The sample inlet temperature was 2500C. A flame ionization detector was 
used. The helium carrier gas flow velocity was 30 ml/min. 

The authors express their gratitude to A. L. Tarasov for taking and discussing the ESR 
spectra and to P. I. Slyunyaev for determining the palladium content in the catalysts on the 
S a t u r n - 2  spectrophotometer. 

CONCLUSIONS 

A catalyst obtained by the deposition of palladium(ll) on weakly basic anion-exchange 
resins displays high efficiency in the carbonylation of l-hexene with the formation of a 
mixture of enanthoic and 2-methylcaproic acids. 
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SYNTHESIS AND REACTIONS OF ORGANYL CHLOROETHYNYL 

S[FuFIDES WITH PHOSPHORUS-CONTAININGNUCLEOPHILES 

A. N. Mirskova, S. G. Seredkina, I. D. Kalikhman, 
and M. G. Voronkov UDC 542.91:547.379'131:547.1'118 

Organyl chloroethynyl sulfides RSC~CCI (I) were previously obtained by the dehydro- 
chlorination of organyl ~,~-dichlorovinyl sulfides upon heating with KOH in vacuum without 
solvent in 40-50% yield [i] and in DMSO at 5-I0~ and normal pressure with yields up to 
80% [2]. 

In thepresent work, we used phase-transfer catalysis to simplify the preparation of 
these compounds and avoid the use of organic solvents. The yields were raised to 90-95%. 
The reaction was carried out in water using triethylbenzylammonium chloride (TEBAC) as 
the phase-transfer catalyst: 

RSCH=CCI2 ~o~, TEBAC RSC~CC1 (Ia-- f) 
H~O 

The opt~m~l reaction conditions include a sulfide:alkali:TEBAC ratio of 1:2:0.1, 50% 
alkali concentration in water,:5-6 h reaction time, and 20-22~ Heating to 30-35~ led to 
the partial polymerization of the desired product, while cooling to 10-15~ led to a 
marked decrease in the reaction rate. 

The physicochemical characteristics and yields of (Ia)-(If) are given in Table I. The 
IR spectra of the chloroacetylenes show a medium-intensity band at 2150-2170 cm -I in the 
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region close to that for chloroethynylphosphonates [3]. 

13C NMR spectroscopy was used to study the polarization of the triple bond of sulfides 
(I). Comparison of the chemical shifts of the acetylenic carbon atoms of sulfides (la) and 
(Ib) (Table 2) with the analogous shifts in ethylthioacetylene (C2HsSC--CH , 6C I = 72.8, 6C 2 = 
81.6 ppm) reveals the significant role of back electron polarization [4]. 

We have previously shown that organyl chloroethynyl sulfides react with secondary and 
tertiary amines [5, 6] in ether and with thiolates in DMSO [2] to give the chlorine substitu- 
tion products. Products of the addition of amines and thiols at the triple bond were not 
observed. 

In a further investigation of the chemical properties of sulfides (I), we studied the 
reactions of these compounds with phosphorus-containing nucleophiles. Thus, the reaction 
of phenyl chloroethynyl sulfide with PPh 3 in abs. ether leads to triphenyl(phenylthioethynyl) 
phosphonium chloride (II), which is a yellow crystalline compound soluble in water, alcohols, 
acetone, and acetonitrile. The structure and composition of (II) were confirmed by elemental 
analysis, 13C and 31p NMR, and IR spectroscopy. The IR spectrum of (II) shows a band for 
stretching of the C-=C bond at 2100 cm -l. The acetylenic carbon atom signals in the I~C NMR 
spectra of (II) are downfield relative to the starting sulfide (I) (see Table 2). The spin- 
spin coupling constants of the sip atom with the acetylenic carbon atoms (31P--13C~--180,7, 
31p--13C~--28 ~ Hz) and the phenyl carbon atoms (31p--I~CI--I00,I Hz, ~IP--13C2--12,2, 31P--'3C~-- 
13,4, 31P--I~C4--3,7 Hz) are characteristic for triphenylphosphonium chlorides. 

Halocetylenes have three sites susceptible for nucleophilic attack, namely, the halogen 
atom and both acetylenic carbon atoms. In order to elucidate the direction of the 
nucleophilic attack on the organyl chloroethynyl sulfide molecule, we carried out the re- 
action of phenyl chloroethynyl sulfide with PPh 3 in aqueous acetonitrile. }{owever, in con- 
trast to the reaction of phenylethynyl bromide with PPh 2 in aqueous acetonitrile described 
by Hofman and Forster [7], the terminal acetylene (phenylthioacetylene) is not formed. The 
only reaction product was phosphonium salt (II) obtained in aprotic solvents. This indicates 
preferential attack of PPh 3 on the sp-hybridized carbon adjacent to the chlorine atom. Phos- 
phonitem salt (II) is recovered unaltered after heating at reflux for 3 h in aqueous solution. 

The only products of the reaction of organyl chloroethynyl sulfides with trialkyl phos- 
phites are organylthioethynylphosphonates (IIIa-c), which are the Arbuzov rearrangement 
products : 

RSC----CC1 ~- P(OEt)a ~ RSC -- CP(OEt)z 
H 
O 

(IIIa--c) 

The s t r u c t u r e s  o f  ( I I I )  were  shown by IR and 13C and 3~p NMR s p e c t r o s c o p y  and c o n f i r m e d  by  
e l e m e n t a l  a n a l y s i s .  The p h y s i c o c h e m i c a l  i n d i c e s  and y i e l d s  o f  ( I I I a - c )  a r e  g i v e n  i n  T a b l e  1. 
The IR s p e c t r u m  o f  ( I I I a - c )  h a v e  s t r o n g  bands  f o r  t h e  s t r e t c h i n g  v i b r a t i o n s  o f  t h e  C-=C bonds  
(2115 -2120  cm - x )  and P=O bonds  (1265 cm-Z) .  The c h e m i c a l  s h i f t s  and c o u p l i n g  c o n s t a n t s  
i n  t h e  31p and z3C NMR s p e c t r a  o f  t h e s e  p h o s p h o n a t e s  a r e  c l o s e  t o  t h o s e  f o u n d  f o r  R-E=CP(O) 
(OEt)  2, where  R = Alk [ 3 ] ,  and i n d i c a t e  a s l i g h t  p o l a r i z i n g  e f f e c t  o f  t h e  o r g a n y l t h i o  g r o u p .  

EXPERIMENTAL 

The IR spectra were taken neat and in Vaseline mull on a URn20 spectrometer, while the 
IH, 13C, and 31p NMR spectra were taken on a Jeol-90 Q spectrometer. 

Ethyl Chloroethynyl Sulfide (Ia). A mixture of 15.7 g ethyl 8, 8-dichlorovinyl sulfide, 
22.4 g 50% aq. KOH, and 2.27 TEBAC was stirred at 20-22~ for 6 and extracted in ether. 
The extract was washed with water and dried over CaCI 2. Ether was distilled off, and the 
product was distilled in vacuum to yield 11.7 g (Ia), bp 44~ (12 man), nD 2~ 1.5105, d~ 2~ 
1.1063. IR spectrum (~, cm-1): 2170 (C~C). Found: C1 28.92: S 26.65%. Calculated for 
C4HsCI: C1 29.46; S 26.55%. Sulfides (Ib)-(If) were obtained by analogous procedures. 

(Phenylthioethynyl)triphenylphosphonium Chloride (II). A sample of 1.68 g (If) was 
added to a solution of 2.62 g PPh s in abs. ether at 20-22~ maintained for 12 h, and then 
filtered to yield 3.56 g (83%) (II), mp 50-52~ IR spectrum (~, cm-1): 2100 (C~C). 
Found: C 72.48; H 4.55; C1 8.97; P 7.54; S 6.40%. Calculated for C2GH20CIPS: C 72.46; 
H 4.69; CL 8.22; P 7.18; S 7.43%. 
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TABLE 2. IR and 13C and 31p NMR Data for (I)-(III) 
0 

Compound 

C~HsSC2~CICI (Ia) 
CsHTSC--=CC1 (Ib;) 
(C6HsSC=--CP+Ph3) C1- .(II) 
C~HsSC~CP (0) (0C~Ha) 2 (IIIa) 
CaHTSC-~CP(O) (OCzHs)z (IIIb) 
n-C4HgS'C~CP(0)(0C2H~)2 (IIIc) 

69,57 
68,65 �9 

76,97d 01=180,7) 
86,t5 01=29,30) 
86,74 ('3"=300,3) 
85,874 0I=300,3) 

6, ppm, (J, Hz) 

13C2 ~,pfr0m 
1It~O4 �9 

59,7t " I 5931 
1t2,3 d (~1=28,t) -6-/35 
93,71 (2./=50,4) I 6,00 
93,30 (21=50,5) [ 8 0 
90,68 d(2Y=57,4) 1016 

"+L C M  -~" 

2170 
2t50 
2100 
2tt5 
2tt5 
2120 

~Ethylthioethynyl)diethylphosphonate (llla). A sample of 16.6 g triethyl phosphite was 
added dropwise with rapid stirring to 12.5 g (la). The mixture warmed spontaneously to 
60-65~ and was then stirred for an additional 2 h at 20-22~ Vacuum distillation gave 
12.65% (57%) (Ilia). Phosphonates (lllb) and (lllc) were obtained by analogous procedures. 

CONCLUSIONS 

i. A method was proposed for the preparation of organyl chloroethynyl sulfides by the 
dehydrochlorination of organyl 6, ~-dichlorovinyl sulfide by alkali under phase-transfer 
catalysis conditions. 

2. The reactions of organyl chloroethynyl sulfides with triphenylphosphine and triethyl 
phosphite lead to the products of the normal substitution of halogen in chloroacetyiene, 
namely to organylthioethynylphosphonium chlorides and organylthioethynylphosphonates. 

. 

2. 

3. 

4. 
5. 

6o 

7. 
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