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C E R T A I N  T R A N S F O R M A T I O N S  OF 

2 - A  L K Y L ( A R Y L ) - 2 - T H I O N O - 1 , 2 - O X A - 4 - P H O S P H O L E N E  

N.  I .  R i z p o l o z h e n s k i i ,  R .  M. E l i s e e n k o v a ,  
a n d  V. D.  A k a m s i n  

D E R I V A T I V E S  

UDC 542.91:547.1'118 

2 - O x o - l , 2 - o x a - 4 - p h o s p h o l e n e  de r iva t ives ,  the p rope r t i e s  of which were  studied in detai l  [1-3], r eac t  
with al iphatic alcohols with r ing opening and fo rmat ion  of ~-ketoalkyl  phosphonates or  phosphinates [1]. It 
could be expected that de r iva t ives  of 2 - a l k y l ( a r y l ) - 2 - t h i o n o - l , 2 - o x a - 4 - p h o s p h o l e n e  (TOPh), the p repa ra t ion  of 
which was repor ted  e a r l i e r  [4], wil l  r e ac t  with alcohols  with fo rmat ion  of ~-ketoaikyl  thionophosphinates.  
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React ion  of TOPh with alcohols  occu r s  with evolution of heat.  E lementa l  composi t ion  of the obtained 
compounds c o r r e s p o n d s  to products  of addition of one equivalent  of alcohol.  However ,  f rom IR and 31p NMR 
spec t r a l  data ,  the obtained compounds a r e  2 - a lky l ( a ry l ) -2 - th iono -5 -a Ikoxy- l , 2 -oxaphospho lanes ,  and not T- 
ketoalkyl  thionophosphinates.  Consequent ly ,  a lcohols  r eac t  without opening of the phosphoiene r ing and add 
to the double bond. 
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Absorpt ion  bands a re  absent  in IR spec t ra  of the obtained compounds in the region of 1600-1750 cm -~, c h a r -  
ac t e r i s t i c  f o r  C = C bond and C = O group. 3ip NMR spec t r a  have a singlet  inthe region o f -  106 to - 126 ppm ( r e l a -  
t ive to 85% H3PO4), which is c h a r a c t e r i s t i c  for  compounds containing a thiophosphoryl  group of s im i l a r  s t r u c -  
ture  [4]. 

Aliphatic m e r c a p t a n s  add analogously to alcohols  at the double bond of TOPh with fo rmat ion  of 2 - a lk y i -  
(a ry l ) -2 - th iono-5 - th ioa  lky 1-1,2 -oxaphospholane  s. 
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Resul ts  of the acidic and basic hydrolyis  of these compounds also conf i rm the s t ruc tu re  of 2 -a lky l -2 -  
thtono-5 -alkoxy (thioalkyl) -1,2-oxaphospholanes.  Thus,  we isolated ethyi-(c~, a -d imethyt -7-ke tobuty l )  phosphinic 
acid [11 upon acidic hydrolys is  of 2 -e thy l -2- th iono-3 ,3 ,5 - t r imethy l -5-e thoxy( th ioe thy t ) - l ,2 -oxaphosphotanes  

CH~ 0 

O--C + HOH -~ C2H~P C--CH2--C--CHa + C2HsXH @ H2S 
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S C--CH2 
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Its IR spec t rum was identical  to the spec t rum of ethy[-(c~, e-dimethyt-T-ketobutyDPhosphinic  acid obtained by 
the method of [3], i .e . ,  not only saponification of the alkoxyI(thioalkyl) group and opening of the oxaphospholene 
ring but also cleavage of H~S occur red  during hydrolys is .  The la t ter  fact agrees  with data of [5]. 

The d i f ference  in behavior  of TOPh and 2 -oxo- l ,2 -oxa-4 -phospho lene  in re la t ion to such nucleophilic 
reagents  as alcohols and mercaptans  is explained as follows: Substitution of the phosphoryl  group by a th io-  
phosphoryl  group evidently hinders  nucleophilic substitution on the t e t r ahedra t  P atom and together  with this 
faci l i ta tes  occur rence  of react ion at the double bond. 

We obtained in teres t ing resu l t s  during the study of the react ion of TOPh with chloral :  the i r  desu l fu r i za -  
tion and t rans format ion  to 2 -a lky l ( a ry l ) -2 -oxo- l , 2 -oxa -4 -phospho lenes  occur  in this case.  Constants of the 
obtained compounds coincide with data of [2, 6]. Values of 531p also agree  with the s t ruc tu re  of the obtained 
compounds.  

React ion of thiono-4-phospholene der iva t ives  with chlora l  can be presented by the scheme proposed for  
the react ion of thione phosphate with chlora l  [7]. 
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Format ion  of the phosphonium betaine occurs  at the f i r s t  stage of the react ion.  Desulfur izat ion occurs  i n t r a -  
molecular ly  via format ion of an unstable compound with a f o u r -m em b ered  ring as the in termediate  product.  

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

2-Ethy i -2 - th iono-4 ,5 -d imethy l -5 -e thoxy- l ,2 -oxaphospho lane  (I), To  35.7 g of 2 -e thy l -2 - th iono-4 ,5 -  
d imethy l - l ,2 -oxa-4-phospho lene  with s t i r r ing  was added in drops 9.3 g of ethanol. During this,  wa rm-up  of 
the mixture  to 35 ~ was observed.  After  the increase  in t empera tu re  ceased the mixture  was heated for 1 h 
at 80 ~ and dist i l led.  We obtained 30.7 g (68.2%) of (I), bp 77 ~ (0.01 ram), n~ 1.5050, d~ ~ 1.0700, 5a~p -106  ppm. 
Found: P 13.98; S 14.81%; MR 61.59. CgH1902PS. Calculated: P 13.94; S 14.43%; MR 61.28. 

2-Ethyl -2- th iono-3 ,5-dimethyl -5-e thoxy- l ,2- -oxaphospholane  (tl). Analogously f rom 15.2 g of 2 - e thy l -2 -  
th iono-3,5-dimethyl- l ,2--oxa-4-phospholene and 4 g of ethanol was obtained 10 g (54.6%) of (II), bp 77 ~ (0.04 
mm),  n~ 1.5010, d~ 0 1.0588, 5alp -119  ppm. Found: P 13.90; S 14.37%; MR 61.82. CsHlsO2PS. Calculated: 
P 13.94; S 14.43%; MR 61.28. 

2 -E thyl-2 -thiono-3 ,3 ,5 - t r imethy l -5  -ethoxy -1,2 -oxaphospho lane (HI). F r o m  18.3 g of 2 -ethy [-2 - thiono-  
3 ,3 ,5- t r imethyl - l ,2-oxa--4-phospholene  by react ion with 4.4 g of ethanol was obtained 18 g (79.3%) of (III), 
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bp 75 ~ (0.03 ram); n~ 1.5022; d~ ~ 1.0588; 531p -122 ppm. Found: P 13.52; S 13.49%; MR 65.88. CIoH2102PS. 
Calculated: P 13.21; S 13.57%; MR 65.89. 

.2-Ethyl-2-thiono-3,3,5-trimethyl-5-butoxy-l,2--oxaphospholane (IV). From 8.5 g of 2--ethyl-2-thiono- 
3,3,5-trimethyl-l,2--oxa-4--phospholene and 3.3 g of n-butanol was obtained 7.5 g (62.7%) of (IV), bp 80-81.5 ~ 
(0.003 ram); n~ 1.4977; d~ ~ 1.0301. Found: P 11.68; C 54.65; H 9.52%; MR 75.19. C12H%O2PS. Calculated: 
P 11.71; C 54.50; H 9.53%; MR 75.13. 

2-Ethyl-2-thiono-4,5-dimethyl-5-propoxy-l,2-oxaphospholane ' (V). Reaction of 17.6 g of 2-ethyl-2- 
thiono-4,5-dimethyl-l,2-oxa-4-phospholene with 6 g of n-propanol yielded 16 g (67.8%) of (V), bp 87-88 ~ (0.02 
mm); n~ 1.4980; d~ ~ 1.0494. Found: P 12.90; S 13.40%; MR 66.00. CI0112102PS. Calculated: P 13.15; S 13.57%; 
MR 65.89. 

2-Ethyl-2-thiono-3,5-dimethyl-5-ethoxy-l,2-oxaphospholane (VI). From 13 g of 2-ethyl-2-thiono-3,5- 
dimethyl-l,2-oxa-4-phospholene and 4.5 g of n-propanol was obtained 10 g (57.5%) of (VI), bp 82 ~ (0.04 ram); 
n~ 1.4970; d] ~ 1.0473; 6~1p -120 ppm. Found: P 12.85; S 14.08%; MR 66.02. C10H2102PS. Calculated: P 13.15; 
S 13.57%; MR 65.89. 

2-Pheny!-2-thiono-3,3,5-trimethyl-5-propoxy-l,2-oxaphospholane (VII). A mixture of 11.9 g of 2- 
phenyl-2-thiono-3,3,5-trimethyl-l,2-oxa--4-phospholene and 3 g of n-propanol was heated with stirring for 
3 h at 100 ~ Distillation separated 8.5 g (57.0%) of (VII), bp 140 ~ (0.02 mm); n~ 1.5460; d~ ~ 1.1013; 531p -113 
ppm. Found: P I0.i0; S 10.79%; MR 85.76. CIsH2302PS. Calculated: 1 ~ 10.39; S 10.75%; MR 85.93. 

2-Ethyl-2-thiono-3,5-dimethyl-5-thioethyl-l,2-oxaphospholane (VIII). A mixture of 8.4 g of 2-ethyl-2- 
thiono-3,5-dimethyi-l,2-oxa-4-phospholene and 3 g of ethyl mereaptan was heated in a tube for 4 h at 130 ~ 

o , ~20 1 5500 d~ ~ Distillation in vacuum separated 7.2 g (63.1%) of (VIII), bp 110 (0.02 mm~; ~'D " ; 1.1146; 531p -88 
ppm. Found: P 12.98; S 26.95%; MR 68.10. C~I19OPS 2. Calculated: P 13.00; S 26.91%; MR 67.63. 

2-Ethyl-2-thiono-3,5-dimethyl-5-thioisopropyl-l,2-oxaphospholane (IX). Analogously from 6.8 g of 
2-ethyl-2-thiono-3,5-dimethyl-l,2-oxa-4-phospholene and 2.9 g of isopropy[ mereaptan was obtained 5.7 g 
(58.7%) of (IX), bp 104 ~ (0.01 ram); n~ 1.5425; d 2~ 1.0932; 631p -88 ppm. Found: P 11.83; S 25.17%; MR 72.70. 
CIoH21OPS 2. Calculated: I ~ 12.28; S 25.42%; MR 72.25. 

2-Ethyl-2-thiono-4,5-dimethyl-5-thioisopropyl-l,2-oxaphospholane (X). From 11 g of 2-ethyi-2-thiono- 
4,5-dimethyl-l,2-oxa-4~phospholene and 4.7 g of isopropy[ mercaptan was obtained 8.5 g (54.1%) of (X), bp 
85 ~ (0.015 mm); n~ 1.5640; d 2~ 1.338; 631p -91 ppm. Found: P 12.64; S 25.45%; MR 72.39. CIoH21OPS 2. Calculated: 

P 12.28; S 25.42%; MR 72.25. 

2-Ethyl-2-thiono-3,3,5-trimethyl-5-thioethyl-l,2-oxaphospholane (XI). We heated 18 g of 2-ethyl-2- 
thiono-3,3,5-trimethyl-l,2-oxa-4-phospholene and 5.9 g of ethyl mercaptan for 2 h at 130 ~ in a tube. Distilla- 
tion separated 16.7 g (70.0%) of (NI), bp 114 ~ (0.04 ram); n~ 1.5470; d~ 0 1.1132; 631 -92 ppm. Found: P 12.40; 
S 25.36%; MR 71.90. CIoH21OI:}S 2. Calculated: P 12.28; S 25.42%; MR 72.25. 

2-Phenyl-2-thiono-3,3,5-trimethyi-5-thioethyl-l,2-oxaphospholane (XII)~ Analogously to the experiment 
described above from 7.9 g of 2-phenyl-2-thiono-3,3,5-trimethy[-1,2-oxa-4-phosphoiene and 2 g of ethyl mer- 
captan was obtained 5.4 g (54.5%) of (XII), bp 153 ~ (0.01 ram); n~ 1.5910; d24 ~ 1.1648; 5~Ip -74 ppm. Found: 
P 10.32; S 21.20%; MR 87.12. CI4H21OPS2. Calculated: P 10.32; S 21.35%; MR 87.66. 

Acidic Hydrolysis of (HI) and (XI). We heated 7 g of (Ill)or (XI) with a threefold excess of 10% HCI for 
6 h. The solution was evaporated and the residue was extracted with benzene and dried with Na2SO 4. After 
removal of benzene the residue crystallized. Recrystailization from ether yielded correspondingly 4.2 or 4.8 g 
(73.6 or 82.8%) of ethyl(c~, ~-dimethyl-T-ketobutyl)phosphonic acid with mp 111~ mixed sample with the acid 
obtained by the method of [3] did not show a melting point depression. Found: C 49.55; H 9.21; l ~ 15.75%. 
C8H17031~. Calculated: C 49.97; H 8.84; P 16.07%. 

Basic Hydrolysis of (Ill). We heated 10 g of (Ill) with a threefold amount of 10% NaOH at 130 ~ for 6 h. 
The solution was neutralized with HCi, evaporated, and the residue was dissolved in methanol. The NaCI was 
filtered and the filtrate was evaporated again. The residue was recrysta Iiized from an acetone-methanol 
mixture. We obtained 6.7 g (68.3%) of the Na salt of ethyl(~, ~-dimethyl-T-ketobutyl)thiophosphinic acid with 
mp 222 ~ Found: C 41.63; H 6.84; P 13.86; S 13.76%. CsHI6021~Na. Calculated: C 41.72; H 6.99; 1:' 13.44; S 
13.91%. 

Reaction of 2-Ethyl-2-thiono-3,3,5-trimethyl-l,2-oxa-4-phospholene with Chloral To 30 g of chloral 
(fourfold excess) slowly was added 9.6 g of oxa-4-phospholene; the temperature of the mixture increased to 
80 ~ After boiling the reaction mixture (i h) the excess chloral was distilled and the residue was distilled 
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in vacuum. We obtained 7.9 g (90.8%) of 2 -e thy l -2 -oxo-3 ,3 ,5 - t r ime thy l - l , 2 -oxa -4 -phospho tene  [3], bp 59 ~ 
(0.04 mm); n~ 1.4760; d~ ~ 1.0588; 531p - 7 6  ppm. 

Reac t ion  of 2-Ethyl -2- th iono-4 ,5-d imethyl - l ,2- -oxa-4-phospholene  with Chloral .  Analogously f rom 8.8 g 
of oxa--4-phospholene and 30 g of chlora l  was obtained 7.1 g (86.2%) of 2-ethyl-2--oxo-4,5-dimethyI-1,2--oxa-4-.  
phospholene [2], bp 73 ~ (0.01 ram); n~ 1.4840; d~ ~ 1.0985; 631p -7 0  ppm. 

Reaction of 2 -Pheny t -2 - th iono-3 ,3 ,5 - t r ime thy l - l , 2 -oxa-4 -phospho lene  with Chloral.  F r o m  11.9 g of oxa-  
4-phosphotene and 30 g of chloral  was obtained 9 g (81.0%) of 2 -pheny t -2 -oxo-3 ,3 ,5 - t r ime thy l - ! ,2 - -oxa-4-phos -  
pholene [6], bp 130 ~ (0.06 ram); n~ 1.5440; d~ ~ 1.1296; 5zip - 6 0  ppm. 

C O N C L U S I O N S  

1. 2-Alkyl{ary l ) -2- th iono- l ,2-oxa-4-phospholenes  r eac t  with alcohols and mercaptans  without ring 
opening, forming products  of addition at the double bond. 

2. 2-A lkyl (aryl)-2-thiono-1,2-oxa--4-phospholenes reac t  with ehloraI  with format ion of 2 -alkyl(a ryL)-2 - 
oxo- l ,2 -oxa-4-phospho lenes .  

1. 

2. 

3. 

4. 

5. 
6. 
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REACTIONS OF ~r-CYCLOPENTADIENYL IRON DICAR]3ONYL 

DIMERS WITH fi-IODACRYLIC ACID AND ITS ESTERS 

A. N. N e s m e y a n o v ,  M. I.  R y b i n s k a y a ,  
L. V. R y b i n ,  E .  A.  P e t r o v s k a y a ,  
a n d  V. A. S v o r e n '  

UDC 542.91:541.49:547.514. 
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In the preceding works [1, 2] the prepara t ion  of t rans-o-(f l -acylvinyl)cyc[opentadienyl  iron carbony[ c o m -  
plexes by the d i rec t  react ion of t rans-f l - iodovinylketones with the [ChHhFe (C 0)2] 2 (I) d imer  was repor ted :  

tram -RCOCH= CHI ~ [Fe(CO)2ChHh] 2 -§ tram-RCOCH=CHFe(CO).C~H 5 ~ IFe(CO)~ChH ~ 

F u r t h e r m o r e ,  it was shown that o ther  d imer ic  complexes of the t ransi t ion metals  can be used successful ly  
in this react ion,  specif ical ly iRe(CO)5]2 [2]. 

In this ar t ic le  we study the problem of extending this react ion to various der iva t ives  of vinyl iodide, and 
also thei r  s t e reochemis t ry .  In a t tempts  at using organic compounds containing the iodine atom on the sp 2- 
hybridized carbon atom (trans-di iodoethylene,  m--diiodobenzene, and acetyl  iodide) in react ions  with (I), the 

Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR, Moscow. Trans la ted  f rom 
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