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Previously it was shown that the reaction of S-alkyl dieblorothiophosphites, S,S-dialkylchlorodithio- 
phosphites and S-alkyl alkylchlorothiophosphonites with allyl alcohol leads to the formation of trivalent 
phosphorus thioacid derivatives, whereas the dihalophosphines, S-alkyl dichlorophosphites and S,S-dialkyl 
ehlorodithiephosphites react with allyl mercaptan to give pentavalent phosphorus derivatives [i]. We con- 
tinued to shady the reactions of the chlorides of trivalent phosphorus thioacids with unsaturated alcohols 
and mereaptans. In the present communication we report the data that were obtained in studying the reac- 
tions of the S-alkyl alkyl(aryl)ehlorothiophosphonites and S-alkyl dichlorothiophosphites with propargyl alco- 
hol, and al~o the reactions of the S-alkyl alkylchlorothiophosphonites and ethyldiehlorophosphine with pro- 
pargyl mercaptan. 

The reactions of acetylenie alcohols with the chlorides of phosphorus acids, devoid of shlfur, have 
been studied in considerable detail [2-6 ]. As a rule, pentavalent derivatives, containing the allene group- 
ing, are formed as a result of these reactions. However, in some cases a further prototropie isomeriza- 
tion takes place, with the formation of the acetylenic isomer [2, 3]. 

The reaction of S-alkyl alkyl(aryl)chlorothiophosphonites with propargyl alcohol in the presence of a 
base leads ~;o the formation of S-alkyl alkyl(phenyl)allenylthiophosphinates as the main product. 

\ \ 
PCl + HOCH2--C~---CH -~ PCH=C=CH~ 

/ /N 
RIS RIS O 

R = C~Hs, C6H~; R I ~ Alk 

The reactions of S-ethyl ethylcblorothiophosphonite and S-propyl ethylehlorothiophosphonite with propargyl 
alcohol lea([ to the formation of only the allene isomers. The IR spectra of the obtained compounds have the 
absorption ~oand of the P = O group in the 1200 cm -i region and a split band with maxima in the vicinity of 
1940 and ic~60 cm -I, which can be assigned to the absorption of the allene grouping [6]. The 31p NMR spec- 
tra have a ,~dgnal in the -48 ppm region, which testifies to the formation of only one isomer. A mixture of 
the allene and acetylenic isomers is formed in the reactions of S-butyl ethylcblorothiophosphonite and S- 
isobutyl phenylchlorothiophosphonite. Besides the absorptionband in the 1940-1960 em -i region, the IR 
spectra of the crude products of these reactions have a weak band at 2200 cm -i, which corresponds to the 
vibrations of the C = C bond in disubstituted acetylenes [7]. We were unable to separate the mixed isomers 
by distillat~on. Prototropic isomerization occurs when the mixed isomers are heated with a catalytic 
amount of Na alcoholate, as a result of which the S-alkyl ethyl (phenyl)-l-propynylthiophosphinates were 
obtained. Znthe IR spectra of the isomerized products the 2200 cm -i band becomes intense, while the band 
in the 1940,-1960 cm -i region almost vanishes. S-Propyl ethylallenylthiophosphinate when heated with Na 
aleoholate !.s converted to S-propyl ethyl-l-propynylthiophosphinate. In the 3ip NMR spectrum of the iso- 
merization product of S-propyl ethylallenylthiophosphinate the signal in the -48 ppm region disappears 
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comple te ly  and a signal  appea r s  a t  - 1 8  ppm,  which is a ssoc ia ted  with the fo rmat ion  of the acetylenic  i so -  
m e r .  The i somer i za t i on  of the a l lene i s o m e r s  to the acetylenic  i s o m e r s  c a n b e  depicted by the scheme  
that was p roposed  for  the reac t ion  of diethyl chlorophosphi te  with p ropargy l  alcohol [2]. 

R~ , )- P +- C=C=CH~ --, PC~_~C--CHs 
R'S / O 2 RI / IoI R~ / 0 H 

In the f i r s t  s tep,  which p roceeds  through a f ive -cen te r  t rans i t ion  s ta te ,  the S-alkyl  e thy l (phenyl ) -2-pro-  
pynylthiophosphonites a r e  r e a r r a n g e d  to S-alkyl  ethyl (phenyl)allenylthiophosphinates,  while the l a t t e r ,  
undergoing i somer i c  t r ans fo rma t ion  of the pro to t rop ic  type,  lead to the fo rmat ion  of S-alkyl ethyl(phenyl)-  
1-propynyl th iophosphinates .  The S-alkyl  dichlorothiophosphi tes  r eac t  with p ropargy l  alcohol in the s a m e  
manner  as  the alkyl (aryl)diehlorophosphines [4] to give S-alkyl(phenyl) a l lenylchlorothiophosphonates .  The 
s tabi l i ty  of the a l lene s t ruc tu re  in these  compounds is a s soc ia ted  with the p r e s e n c e  of the acid chlor ide 
a tom [5]. The reac t ion  of S-ethyl  dichlorothiophosphite with 2 M of p ropargy l  alcohol leads to the f o r m a -  
tion of O-2-propyny l  S-ethyl  al lenylthiophosphonate.  The IR spec t rum of the compound has intense a b s o r p -  
tion bands with m a x i m a  at  1940, 1960, 2125, and 3210~ 3290 cm -1, which conf i rms  the p r e s e n c e  of the a l -  
lene and ace ty lenic  bonds.  

When compared  to the a lcohols ,  the acetylenic  m e r c a p t a n s  have been studied to a l e s s e r  degree  in 
the reac t ions  with t r iva len t  phosphorus  ch lor ides .  As is known [8, 9], these  reac t ions  lead to the f o r m a -  
tion of the thiono de r iva t ives  of pentavalent  phosphorus  ac ids .  We obtained the S-alkyl  e thylal lenyldi thio-  
phosphinates  by the reac t ion  of S-alkyl  ethylehlorothtophosphonites  with p ropargy l  mercap t an .  The s t r u c -  
ture  of the obtained compounds was conf i rmed by the data of the IR and 31p NMR spec t r a ,  and a lso  by the 
e lementa l  ana lys i s  data .  The IR spec t r a  of the obtained compounds have the absorp t ion  band of the a l lene 
grouping with m a x i m a  at  1940 and 1960 cm -1 [6]. The absorp t ion  band in the 600-700 cm -1 region can be 
a s soc ia t ed  with P = S [7]. The 31p NMR spec t r a  have one signal in the - 6 4  ppm region,  which co r re sponds  
to compounds with a s i m i l a r  s t ruc tu re  [10]. 

The reac t ion  of ethyldiehlorophosphine with p ropargy l  m e r c a p t a n  in the absence  of a base  leads to 
the fo rmat ion  of the pentavalent  der iva t ive ,  namely  ethylal lenylchlorothionophosphine.  

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

S-Ethyl Ethylal lenyl thiophosphinate  (I). To 21 g of S-ethyl ethylcblorothiophosphonite  in 400 ml  of 
e ther  a t  -10~ was  added 13.5 g of  t r i e thy lamine ,  and then 7.8 g of p ropargy l  alcohol was added in drops .  
Af te r  12 h the p rec ip i t a t e  was f i l tered,  the e ther  was r emoved  in vacuo, and the res idue  was dis t i l led.  The 
dis t i l la t ion gave 16 g (67.8%) of (I), bp 75 ~ (0.006 ram);  n~  1.5410; d 2~ 1.0881, 531p-48 ppm. Found; P 17.89; 
S 18.54%; MR 50.89. C~H13OPS. Calculated:  P 17.58; S 18.19%; MR 50.53. 

S -Propy l  Ethylal lenylthiophosphinate (II). In a s i m i l a r  manne r ,  f rom 22 g of S-propyl  e thy lch loro-  
thiophosphonite,  13 g of t r i e thy lamine  and 7.2 g of p ropargy l  alcohol we obtained 17.2 g (70.2%) of (II), bp 
81 ~ (0.01 mm) ;  n~  1.5360; d 2~ 1.0686; 53i P - 4 8  ppm. Found: P 16.41; S 17.16%; MR 55.50. CsH15OPS. Ca l -  
culated:  P 16.28; S 16.85%; MR 55.25. 

S -Propy l  E thy l - l -p ropynyl th iophosphina te  (III). A mix tu re  of 10 g of (II) and s eve ra l  drops  of a s a t u -  
ra ted  Na ethylate  solution was heated a t  80-90 ~ for  1 h. Dist i l lat ion gave  7.8 g (78%) of (III), bp 76 ~ (0.01 
mm) ;  n~  1.5190; d 2~ 1.0580; 63i P - 1 8  ppm.  Found: P 16.47; S 16.90%; MR 54.56. CsH15OPS. Calculated.. 

P 16.28; S 16.85%; MR 54.08. 

S-Butyl E thy l - l -p ropyny l th iophosph ina te  (IV). To 15 g of S-butyl ethylchiorothiophosphonite in 300 
ml  of e ther  a t  - 1 0  ~ was added 8.2 g of t r ie thylamine ,  and then 4.6 g of p ropargy l  alcohol was added in drops .  
Af te r  12 h the p rec ip i t a t e  was f i l te red,  the e ther  was r emoved  in vacuo,  and the res idue  was heated with 
s eve ra l  d rops  of a sa tu ra ted  Na ethylate  solution at  80-90 ~ for 1 h. Dist i l la t ion gave 12.7 g (76.5%) o f  (IV), 
bp 86 ~ (0.01 mm) ;  n~ 1.5130; d 2~ 1.0423. Found: P 15.32; S 15.75%; MR 58.88. CgH17OPS. Calculated:  P 

15.18; S 15.67%; MR 58.70. 

S-Isobutyl  Pheny l - l -p ropyny l th iophosph ina te  (V). In a s imi l a r  manne r ,  f rom 34 g of S-isobutyl  
phenylehlorothiophosphonite ,  14.8 g of t r i e thy lamine  and 8.2 g of p ropargy l  alcohol we obtained 24.3 g (66%) 
of (V), bp 125 ~ (0.008 mm) ;  n~ 1.5530; d 20 1.0818. Found -P  12.29; S 12.36%; MR 74.62. C13Hi7OPS. Ca l -  

culated: P 12.24; S 12.68%; MR 74.52. 
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S - E ~ y l  Al lenylchlorothiophosphonate  (VI). To 25.4 g of ethyl diehlorothiophosphite  in 500 ml  of e ther  
a t  - 1 0  ~ wa~ added 15.2 g of t r i e thy lamine ,  and then 8.4 g of p ropargy l  alcohol was added in drops .  Af ter  
12 h the p rec ip i t a t e  was f i l te red,  the solvent  was removed ,  and the res idue  was f ract ional ly  dis t i l led.  We 
isola ted  19~,8 g (69.5%) of (VI), bp 74 ~ (0.06 m m ) ;  n~  1.5540; d 2~ 1.2683. Found: P 17.02; C1 19.08%; MR 
46.05. CsE:sC1OPS. Calculated:  P 16.98; C1 19.44%; MR 46.01. 

S - B u ~ I  Al lenylchlorothiophosphonate  (VII). In a s im i l a r  manne r ,  f rom 34 g of butyl d ichloro th tophos-  
phi te ,  18.2 g of t r i e thy lamine  and 10 g of p ropa rgy l  alcohol we obtained 27.1 g (72%) of (VII), bp 87 ~ (0.06 
ram);  n~  1.5350; d 2~ 1.1911. Found: P 15.03; C1 16.69%; MR 55.07. C?H12C1OPS. Calculated:  P 14.71; C1 
16.84% ; ME: 55.25. 

S-Phenyl  Allenylchlorothiophosphonate  (VHI). F r o m  30 g of phenyl dichlorothiophosphite ,  15 g of 
t r i e thy lamine  and 8.3 g of p ropa rgy l  alcohol we obtained 11.8 g (35.7%) of (VIII), bp 107 ~ (0.04 ram);  n~ 
1.6100; d 2~ 1.3221. Found: P 13.45; C1 15.63%; MR 60.48. CgHsCIOPS. Calculated:  P 13.44; C1 15.37%; 
MR 60.88. 

O - 2 - ? r o p y n y l  S-Ethyl  Allenylthiophosphonate (IX). To 32.6 g of ethyl dichlorothiophosphite  in 500 
ml  of e ther  a t  - 1 0  ~ was added 40.5 g of t r i e thy lamine  in d rops ,  and then 22.4 g of p ropa rgy l  alcohol was 
added in d rops .  Af te r  12 h the p rec ip i t a t e  was f i l te red,  and the e ther  was removed  in vacuo. Dist i l lat ion 
gave 20.3 g (50.2%) of (IX), bp 93 ~ (0.006 ram);  n~ 1.5380; d 2~ 1.1592. Found: P 15.28; C 47.11; S 16.03%; 
MR 54.55. CsHllO2PS. Calculated:  P 15.33; C 47.48; S 15.85%; MR 54.27. 

S-Pr~pyl  Ethylal lenyldi thiophosphinate  (X). To 17 g of S-propyl  ethylchlorothiophosphonite  in 300 ml  
of e ther  a t  - t 0  ~ was added 10.1 g of t r i e thy lamine ,  and then 7.2 g of p ropargy l  m e r e a p t a n  was added in 
d rops .  Af te r  5 h the p rec ip i t a te  was f i l te red ,  and the e ther  was r emoved  in vacuo. Dist i l la t ion gave 6.5 
g (31.5%) of (X), bp 81 ~ (0.01 ram); n~ 1.5720; d 2~ 1.0779; 531p-64 ppm. Found: P 14.83; S 31.08%; MR 

62.96. CsHIsPS 2. Calculated: P 15.02; S 31.08%; MR 62.64. 

S-Butyl Ethylallenyldithiophosphinate (XI). In a similar manner, from 13 g of S-butyl ethylehloro- 
thiophosphonite, 7.2 g of triethylamine and 5 g of propargyl mereaptan we obtained 5.4 g (34.8%) of (XI), 
bp 85 ~ (0.015 ram); n~ 1.5520; d 2~ 1.0403; 63ip-64 ppm. Found: P 14.29; S 29.20%; MR 67.66. C9HITPS 2. 
Calculated,. P 14.07; S 29.12%; MR 67.26. 

Ethy~allenylchlorothionophosphine (XII). To 19 g of ethyldiehlorophosphine in 20 ml of CH2CI 2 was 
added 10.4 g of propargyl mercaptan in drops, and the mixture was heated for 15 rain and then distilled. 
We obtained 9 g (37.4%) of (XII), bp 55 ~ (0.015 mm); n~ 1.5790; d 2~ 1.2435; 531p-82 ppm. Found: P 18.64; 
CI 20.96; S 19.36%; MR 44.52. CsHsCIPS. Calculated: P 18.59; Cl 21.30; S 19.24%; MR 45.18. 

The IR spectra were taken on a UR-10 spectrometer. The 31p NMR spectra were taken on a KGU-4 

NMR spectrometer (10.2 MHz). 

C O N C L U S I O N S  

1. The reac t ion  of S-alkyl  a lkyl(aryl )chlorothiophosphoni tes  with p ropargy l  alcohol or  with proparg~yl 
m e r e a p t a n  in the p r e s e n c e  of a ba se  leads  to the fo rmat ion  Of S-alkyl a lkyl(aryl)a l lenyl thio(di thio)phos-  
phina tes ,  which when heated  with a sodium alcoholate  a r e  conver ted  to S-alkyl  a lky l ( a ry l ) -1 -p ropyny l th io -  
phosphinates. 

2. Alkyl(aryl)dichlorothiophosphites react with propargyl alcohol to give S-alkyl(aryl)allenylchloro- 
thiophosphonates, while the reaction of ethyldiehlorophosphine with propargyl mercaptan leads to the for- 
mation of ethylallenylchlorothionophosphine. 
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