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Prev ious ly  it was shown that the acid chlorides of the e s t e r s  of ethylthiophosphonous acid (I, R 2 
= C2H5, Hal = CI) reac t  with acryl ic  acid to give the acid chlorides of fl-(alkylthioethylphosphinoxido)-pro- 
pion!c acids [1]. As a continuation of the investigation of the proper t ies  of (I) we studied the react ion of 
(I, R 2 = C2H5, Hal = CI, Br) and (I, R 2 = C6H5, Hal = CI) with unsaturated ketones and obtained the c o r r e -  
sponding 2- th iono- l ,2 -0xa-4-phospholene  der ivat ives  (III) 
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Adduct (II), formed as the resul t  of the 1,4-addition of an 04 fi-tmsaturated compound to (I), undergoes 
the second step of the Arbuzov r ea r r angemen t  with the cleavage of alkyl halide and the format ion of the (III) 
der ivat ives .  An opening of the 1,2-oxaphospholene r ing fails to occur  for  the reason  that nucleophilie attack 
by the halogen ion on the carbon at the double bond is hindered.  It is known, for example, that the Arbuzov 
r ea r r angemen t  of dialkyl vinyl phosphites and alkyl divinyl phosphites always proceeds  with a cleavage of 
the alkyl radical  [2]. 

We assigned the s t ruc ture  of the (III) der ivat ives  to the obtained compounds.  The IR spec t ra  and the 
31p NMR spec t ra  are  in agreement  with the postulated s t ruc ture .  Quite intense absorption, with a maxi-  
mum at 1680-1705 cm -t, is observed in the IR spectra ,  which must  be assigned to the vibrat ions of the 
C=C bond. The high value of this frequency cor responds  to the fact that the double bond is found in a 
s t ra ined ring and has a substituent [3]. The presence  of a double bond is also indicated by absorption in 
the 3060 cm -t region, which is cha rac te r i s t i c  for the ~ 'C-H at a double bond [4]. Only one band of not ice-  
able intensity is observed in the 1100-1300 cm -1 region.  The absorpt ion of the WC-O at a double bond 

should appear  in this range;  other bands, which would indicate the p resence  of the P=O bond, are  not ob- 
served .  The bands observed in the 600-700 cm -I region should be associa ted  with the vp= S [5]. In addi- 
tion, as for other compounds with f ive -membered  rings that contain phosphorus and oxygen, ve ry  strong 
bands are  observed in the vicinity of 800 cm -1 [3]. 

The 31p NMR spect ra  have a signal in the region f r o m -  114 to - 1 3 2  ppm relat ive to 85% H3PO4, which 
is cha rac te r i s t i c  for compounds that contain a thiophosphoryl group. Rear rangement  of the (III) der ivat ives  
to 2 -oxo- l ,2 - th ia -4-phospholene  derivat ives,  as is postulated for  the react ion product of the acid. chloride 
of dithioglycol phosphorus acid with methyl vinyl ketone [6], was not observed by us.  If the r ea r r angemen t  
did take place, then the 31p signal would be fur ther  upfield [7]. For  example, the chemical  shifts for the 
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two i somer ic  compounds (C2Hs)P(S)OC2H5 and (C2Hs)2P(O)SC2H 5 respect ively  have values o f -  104 a n d -  65 
ppm relat ive to 85% H3PO 4. 

The data, given in [7] in establishing that the s t ruc ture  of one of the products  is 2-(f i-chloroethyl-  
th io ) -2 -oxo-5-methy l - l ,2 - th ia -4 -phospho lene  (IV), evoke doubt. The authors of [6] compare  the IR spec-  
t ra  of the react ion product and 2- ( f l -ch loroe thyl th io) -2-oxo-5-methyl - l ,2 -oxa-4-phospholene  (V) and note 
that both spec t ra  are  identical except for the 700-850 cm -1 region. However, the spec t ra  of (IV) and (V) 
cannot be identical, since, in par t icular ,  replacing the oxygen atom in the ring by the sulfur atom should 
lead to a reduction in the absorpt ion frequency of the double bond [8]. 

When the synthesized (III) der ivat ives  were treated with P2S5 we were able to replace the oxygen atom 
in the r ing by the sulfur atom and obtain 2- th iono- l ,2- th ia-4-phospholene  der ivat ives .  F rom the IR spec-  
t rum of 2 -e thy l -2 - th iono-3 ,3 ,5 - t r imethy l - l ,2 - th ia -4 -phospholene  (VI) it can be seen that the ~C=C actually 
has a lower value (1630 cm -~) than the VC= C for 2 -e thy l -2 - th iono-3 ,3 ,5 - t r imethy l - l ,2 -oxa-4-phospholene  
(VII) (1680 cm-t) .  The intense absorption of ~C-O ~ 1200 cm -i  that exists for (VII) is absent in the spec-  
t rum of (VI). In turn, in the spec t rum of (VI) two intense absorption bands a re  observed at ~ 600 cm -1 

s 
] 

(575 and 665 cm-i) ,  and must  be assigned to the P group; this absorption is absent in the spec t rum of 
\ 

s 
(VII). 

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  were taken on a UR-10 spec t romete r  as a thin layer  between KBr plates, in which 
connection the crysta l l ine  compounds were p repared  in advance as Nujol mulls .  All of the syntheses de -  
s c r ibedbe lowwere  ca r r i ed  out in a CO 2 a tmosphere .  

React ion of Mesityl Oxide with the Acid Chloride of Ethylthioethylphosphonous A c i d .  A s t i r red  mix- 
ture of 23.5 g of the acid chloride of ethylthioethylphosphonous acid and 14.7 g of mesi tyl  oxide was heated 
at 135-140~ for 2 h. Vacuum-dist i l la t ion gave 18.2 g (64%) of 2 -e thy l -2 - th iono-3 ,3 ,5 - t r ime thy l - l , 2 -oxa -  
4-phospholene, bp 62-64 ~ (0.02 mm);  n ~  1.5173; d~ ~ 1.0656; 5 (31P)-132 tool. wt. Found: C 50.23; H 7.84; 
P 16.35%; MR 54.02. CsH15OPS. Calculated: C 50.52; H 7.95; P 16.28%; MR 53.71. 

Reaction of Mesityl Oxide with Acid Bromide of Ethylthioethylphosphonous Acid. To 9.8 g of the acid 
bromide of ethylthioethylphosphonous acid 4.9 g of mesi tyl  oxide was added in drops.  T h e  flask contents 
were heated for 15 min at 100-115 ~ and then vacuum-dis t i l led.  We obtained 5.7 g (60%) of 2-e thyl-2- th iono-  
3 ,3 ,5 - t r ime thy l - l ,2 -oxa-4-phospho lene ;  bp 61-63 ~ (0.02 ram); n2~ 1.5182; d~ ~ 1.0675. 

Reaction of Methyl Isopropenyl  Ketone with the Acid Chloride of Isobutylthioethylphosphonous Acid. 
A mixture of 18.5 g of the acid chloride of isobutylthioethylphosphonous acid and 8.4 g of methyl isopropenyl 
ketone was heated up t o  105 ~ in which connection the tempera ture  in the flask rose  to 125 ~ Then the flask 
contents were heated at 110 ~ for 1.5 h. The volatile products  were removed in vacuo. After distillation we 
obtained 11 g (62.5%) of 2 -e thy l -2 - th iono-4 ,5 -d imethy l - l ,2 -oxa-4"phospholene ;bp  69-71 ~ (0.06 mm); n~ 
1.5240; d 2~ 1.0977; 5 (31p)-114 tool. wt. Found: C 47.86; H 7.54; P 17.46%; MR 49.11. CzH13OPS. Cal-  
culated: C 47.73; H 7.43; P 17.58%; MR 49.09. 

Reaction of Ethylideneacetone with the Acid Chloride of Butylthioethylphosphonous Acid. A mixture 
of 11.7 g of the acid chloride of butylthioethylphosphonous acid and 5.3 g of ethylideneacetone was heated 
at 125-135 ~ in a bath for 2 h, and then vacuum-dis t i l led.  We obtained 6.7 g (60.3%) of 2-e thyl -2- th iono-3 ,5-  
d imethy l - l ,2 -oxa-4-phospholene ;  bp 59-61 ~ (0.09 ram); n~ 1.5226; d 2~ 1.0869; 5 (31p)-121 ppm. Found: 
C 47.93; H 7.47; P 17.42%; MR 49.49. CTH13OPS. Calculated: C 47.73; H 7.43; P 17.58%; MR 49.09. 

Reaction of Mesityl Oxide with the Acid Chloride of Propylthiophenylphosphonous Acid. A mixture of 
11 g of the acid chloride of propylthiophenylphosphonous acid and 4.9 g of mesi tyl  oxide was heated at 135- 
150 ~ for 1.5 h. We obtained 7.5 g (63%) of 2 -phenyl -2- th iono-3 ,3 ,5 - t r imethy l - l ,2 -oxa-4-phospholene ;  bp 
106-107 ~ (0.006 mm); rap. 66-69 ~ Found: C 60.48; H 6.35; P 13.03%. Ci2Hi5OPS. Calculated: C 60.48; 

H 6.35; P 13.0%. 

Reaction of Methyl Isopropenyl  Ketone with the Acid Chloride of Isopropylthiophenylphosphonous Acid. 
A mixture of 21.9 g of the acid chloride of isopropylthiophenylphosphonous acid and 8.4 g of methyl i so-  
propenyl ketone was heated at 140-150 ~ for 1.5 h .  The isopropyl chloride was distilled off. Vacuum-dis-  
tillation of the residue gave 14.4 g (64.3%) of 2-phenyl -2- th iono-4 ,5-d imethyl - l ,2 -oxa-4-phospholene ;  
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bp 125-128 ~ (0.07 rata); mp 83-84 ~ (from benzene). Found: C 58.91; H 5.81~ P 13.83; S 14.42~c. CIIH13OPS. 
Calculated: C 58.89; H 5.84; P 13.81; S 14.30%. 

Reaction of Methyl Vinyl Ketone with the Acid Chloride of Ethylthioethylphosphonous Acid. To 7 g 
of methyl vinyl ketone was added 15.7 g of the acid chloride of ethylthioethylphosphonous acid in drops~ 
at such a ra te  that the tempera ture  in the f lask did not exceed 30-35 ~ This mixture was heated up to 110 ~ 
in 2 h, maintained at this t empera tu re  until the l iberation of C2H5CI ceased, and then vacuura-dist i l led.  
We obtained 10.5 g (64.8%) of 2 -e thy l -2 - th iono-5- rae thy l - l ,2 -oxa-4-phospho tene ;  bp 70-72 ~ (0.05 ram); 
n~ 5292; d 2~ 1.1303; 5 31P-120 ppra. Found: C 44.44; H 6.95; P 19.21%; MR 44.27. C6HllOPS. Calcu- 
lated: C 44.43; H 6.84; P 19.10%; MR 44.47. 

React ion of P2S~ with 2 -Ethy l -2 - th iono-3 ,3 ,5 - t r i r ae thy l - l ,2 -oxa-4-phospholene .  A mixture of 14 g of 
the oxaphospholene and 3.5 g of P2S5 in 20 ral of dioxane was heated under reflux for 2 h, and then the di-  
oxane was removed in vacuo. After two dist i l lat ions in vacuo we obtained 9.4 g (61.8%) of 2- ethyl- 2- thiono- 
3 ,3 ,5- t r i rae thy l - l ,2 - th ia -4-phospholene ;  bp 73-75 ~ (0.025 tara); rap 45-46 ~ (from pet roleum ether) .  Found: 
P 14.66; S 30.92%. CsH15PS 2. Calculated: P 15.01; S 31.08%. 

React ion of P~,S~ with 2 -E thy l -2 - th iono-4 ,5 -d imethy l - l ,2 -oxa-4-phospho lene .  Under the conditions 
of the preceding experiment,  f rom 13 g of the oxaphospholene and 3.5 g of P2S5 was obtained 8.2 g (57.8%) 
of 2-e thyl-2- thiono-4,5~-dimethyl- l ,2- thia-4-phospholene;  mp 28 ~ Found: P 16.16; S 33.30%. CTH13PS2. 
Calculated: P 16.12; S 33.28%. 

C O N C L U S I O N S  

The acid halides of the es te r s  of thiophosphonous acids reac t  with o~,fl-unsaturated ketones to give 
2- thiono- 1, 2-oxa-4-phospholene der ivat ives .  
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