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o - C A R B O R A N Y L - C O N T A I N I N G  E S T E R S  OF 

P E N T A V A L E N T  P H O S P H O R U S  A C I D S *  

E .  G.  R y s ,  N.  N.  G o d o v i k o v ,  
a n d  M.  I .  K a b a c h n i k  

UDC 542.91:547.1 '127'i18 

Pentavalent phosphorus compounds,  in which the P atom is attached to the C atom of the earborane  mole-  
cule,  were synthesized previously [2, 3]. However,  up to our investigation [1], e s te r s  of pentavalent P acids 
with a carboranyl  group in the e s t e r  port ion of the molecule were unknown. 

We developed :methods for the synthesis of the carboranyl  es te rs  of phosphinic, phosphonie,  and phospho- 
r ic  acids f rom the corresponding acetylenic e s t e r s ,  deeaborane, and dimethylaniline. 

The S-o-carboranylmethyl  es te r s  of pentavalent P acids were  synthesized as follows. F i r s t  the react ion 
of salts of the pentavalent P acids with propargyl  chloride in absolute alcohol at ~ 20~ gave the corresponding 
S-propargyl  e s t e r s ,  which were then reac ted  with deeaborane in the presence  of dimethylaniline. 

R SO R X 

\ P /  M @ + C1CH~C_----CH --. \ P /  B,~H,, > 
/ % / \ 2P~NMe., 

R' X R' SCH~C----CH 
(la--b). 

R X 
\p/ 
/ 

R' \SCH~C----CH 
(IIa--d) B10H10 

R =Me, R' = OEt, X = 0 (a); R = Ph, R' = OEt, X = 0 (b); 
R=R '=OEt ,  X = S ( c ) ; R = R ' = P h ,  X=S(d) 

Compound Id was obtained fron~ crude S-propargyl  diphenyldithiophospMnate, which was not isolated analyt i-  
cally pure. 

To obtain the O-(o-carboranylmethyl)  derivat ives we synthesized the corresponding propargyl  e s te r s  
from ei ther  the O-thiyl methylcMorophosl~honates or  O-ethyl methylchlorothiophosphonates and propargyl  a lco-  
hol in the presence  of t r ie thylamine.  These es te r s  were converted ~o the carboranyl-conta in ing compounds by 
t rea tment  with deeaborane. 

* See [1] for p re l iminary  communication.  

A.  N. Nesmeyanov Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR, Moscow. 
Translated f rom Izvestiya Akademii  NaukSSSR, Seriya Khimicheskaya,  No. 11, pp. 2640-2644, November,  
1983. Original ar t ic le  submitted March 12, 1983. 
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Me X ~ Me X 
\ p ~  Et,N \ ff B~oHI~ ~- HOCH2C--CH ~ P ~ +  
// / \ 2PhNMe~ 

Et0 \CI ,Et0 "0CH~C--CH 
(Id, e) 

Me X 
\ p / /  

/ \  
EtO OCH~C--CH 

BXB~loHlo 
(~J e, f) 

X ~ O , S  

Similarly, the reaction of 2 moles of propargyl alcohol and triethylamine with the phenyl and methyl di- 
chlorophosphonates or methyl dichlorothiophosphonate gave the bis)propargyl) esters, which when treated with 

deearborane and dirnethylaniline give either O, O-bis (o-carboranylrnethyl) phosphonates or O, O-his (o-earbor- 

anylmethyl) thiophosphonates. 

x x x 
R--P//C12 + 2HOCH~C~---CH ~Et.N // 2Bl.I-I,, / /  ~, R--P(OCH~C~.CH h ~ R---P(OCH~C---~H)~ 

4PhNMe~ ~ / ~  
BloHD 

(IIIa--. c) (IVa--c) 
R.=Me, X=O(a);  R=Me, X=S(b.); R : P h ,  X--O(C} 

The reaction of phosphorus oxychloride with propargyl alcohol leads to tripropargyl phosphate. Tris(o- 

carboranylrnethyl) phosphate was synthesized by reacHng the latter with 3 moles of deeaborane in the presence 
of dimethylaniline. 

3Et~N SBloH~ 
CIsP=O + 3HOCH~C_~CH ~ (HC~CCHoO)~P=O~ SPhN1ge:,~ (HC--CCH20)sP:O 

% z  

BIoHI0 
(v) (vi) 

The IR spectra of all of the synthesized phosphates and phosphonates have the clmracteristic bands of the 
P =O group in the 1220-1240 cm -I region. The spectra of the carboranyl-containing esters of penta~lent P 

contain a broad band in the 2590-2600 cm -t region (BH). Intense bands of 3230 and 3330 cm -I are characteris- 

tic for acetylenic derivatives (Ia, b, c), (Ilia, e), and (V), which bands are caused by the formation of a hydro- 

gen bond of type C =- C-H ... O =P and ~-cornplexes ~ ~ C-H [4]. However, in the spectra of acetylenic com- 

fi--c-c 
pounds (Ic, d) and (IIIb), which conta in  the P = S . g r o u p ,  only one b r o a d  a s y m m e t r i c  band at  3300 crn -1 was d e -  
t ec t ed  in the a b s o r p t i o n  r eg ion  of the HC ~: g roup ,  which c o r r e s p o n d s  to the inabi l i ty  of thiono su l fur  to .form 
a hyd rogen  bond,  

EXPERIMENTAL 

S-Propargyl Esters of Phosphorus Thioaeids (/a-e). With stirring, to a solution of 0.07 mole of either 
the Na or K salt of the appropriate pentavalent P acid in EtOH was added 0.07 mole of propargyl chloride and 
the mixture Was stirred for 3-5 h, reiluxed for 30 rnin, let stand overnight, the obtained precipitate was fil- 

tered, and the solvent was distilled off. The residue was treated with 15 rnl of water, extracted with ether, 

and the combined extracts were dried over Na2SO 4. After removal of the ether the residae was vacuum-dis- 
tilled. Compounds (Ia-c) were obtained. Their constants are given in Table I. 

O-Propargyl Phosphonates (Id-e). A mixture of 0.1 mole of propargyl alcohol and 0.1 mole of EtsN in 

30 ml of ether was added in drops to a solution of 0.1 mole of either O-ethyl methylchlorophosphonate or O- 
ethyl rnethylchlorothiophosphonate and the mixture was stirred for 1 h at N 20oc, refluxed fo]~ 30 rain, and let 
stand overnight. The obtained Et3N.HCI was filtered, the ether was removed, and the residue was vacuum- 
distilled. Compounds (Id-e) were obtained. Their constants are given in Table i. 

O,O-Bis(propargyl) Phosphonates (H/a-c). Similarly, (IIIa-c) were synthesized from 0.05 mole of the 
appropriate dieh[orophosphonate, 0.1 mole of propargyl alcohol, and 0.1 mole of Et3N in abs. ether. Their 
constants are given in Table i. 
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Carboranyl  Phospha tes ,  Phosphonates ,  and Phosphinates  (IIa-f) ,  ( IVa-c) ,  and (VI). a) A mix tu re  of 0.02 
mole  of p r o p a r ~ l  der iva t ive  (I), 0.02 mole  of decaborane ,  and 0.04 mole  of dimethylani l ine in 50 m!. of to lu-  
ene was heated until the hydrogen evolution ceased ,  cooled,  and t r ea t ed  with dilute HC1 solut ion.  The toluene 
was r emoved  and 30 ml  of EtOH was added to the res idue .  The mix tu re  was ref luxed until the hydrogen evolu-  
t ion ceased .  Af te r  r emova l  of the alcohol the res idue  was e i ther  r e c r y s t a l l i z e d  or  pas sed  through an SiO 2 
column,  us ing  a 2 : 1  h e x a n e - a c e t o n e  mix tu re  as the eluent.  Compounds (IIa-f) were  obtained. 

b) S imi la r ly ,  f rom decaborane ,  dimethylanil ine,  and e i ther  (Kin-c) (mole ra t io  2 : 4 : 1 )  o r  t r i p ropa rgy l  
phosphate  (V) (3 : 6 : 1) we re  synthes ized e i ther  (IVa-c) or  (V1). 

The constants  of (IIn-f) ,  ( IVa-e) ,  and (V1) a r e  given in Table 2. 

CONCLUSIONS 

Some new carboranyl esters of pentavalent phosphorus acids were synthesized from the appropriate pro- 
pargy l  e s t e r s  and decaborane .  

LITERATURE CITED 

1. M . I .  Kabachnik,  N. N. Godovikov, and E. G. Rys ,  Izv.  Akad. Nauk SSSR, Ser .  Khirn . ,  1455 (1980). 
2. L . I .  Zakhark in ,  M. N. Zhubekova,  a n d A .  V. Kazan t sev ,  Zh. Obshch. K h i m . ,  41, 588 (1971). 
3. A . N .  Deg tya rev ,  N. N. Godovikov, V. I. B regadze ,  and M. I. Kabachnik,  Izv.  Akad.  Nauk SSSR," Ser .  

Khi rn , ,  2369 (1973). 
4. V . V .  T a r a s o v ,  Ya. S. A r b i s m a n ,  N. S. Rylyakova ,  Yu. A.  Kondra t ' ev ,  and S. Z. Ivin,  Zh. Yiz. Khirn. ,  

42, 2720 (1968), 
5o E.  Cherbul iez ,  M. Gowhari ,  and J .  Rabinowitz ,  Helv.  Chirn. Ac ta ,  47, 2098 (1964). 
6. A . V .  Kazan t sev ,  N. G. Meirarnov,  A. I. Kovredov,  and L. I. Zakhark in ,  Izv.  Akad.  Nauk SSSR, Ser .  

Khirn . ,  1603 (1982). 

TELOMERIZATION OF TRIMETHYLVINYLSILANE 

WITH METHYL PROPIONATE 

A. B. Terent'ev UDC 66. 095.2:547.1 '128 

The telomerization of vinylsilanes by oxygen-containing telogens has not been described. The addition 
of butyraldehyde and benzaldehyde to trirnethylvinylsilane (TVS) to give adducts is known [1, 2]. The addition 
of ethyl bromoacetate at the C-Br bond to TVS in the presence of benzoyl peroxide [3], and of methyl trichloro- 
acetate to rnethyldichlorovinylsilane, initiated by ruthenium complexes [4], has been described. An attempt 
to effect the radical addition of ethyl brornoacetate and acetoacetic ester to phenyldichlorovinylsilane proved 
unsuccessful [5], which is explained by the effect of electron-acceptor substituents on the silicon atom on the 
reactivity of the double bond. 

A study of the telornerization of vinylsilanes with carboxylic acids and their derivatives is of interest 
from the standpoint of studying the reactivity of R3SiC --- radicals in chain growth and transfer reactions, and as 
a method for the synthesis oforganosiliconmonomers that contain carbofunctional groups. 

In the present paper we studied the telornerization of TVS with methyl propionate, initiated by tert-butyl 
peroxide (TBP), which leads to the formation of telorners of general formula H[(CH3)3SiCHCH2]nCH(CH3)CO2CH 3 
(Tn), with n = I, 2. Telomer T, was isolated in the pure state and characterized (Table i)o The structure of 
T I was confirmed via the 13C NIV~ spectra based on the signals characteristic for the monomer and the telogen. 
Together with the 13COO and OCH 3 signals, the corresponding signals of the ~3CH3CH and 13CH groups [6] are 
present. The rnonomeric portion of the molecule is represented by the 13CH3Si and 13CH2Si (13.6 pprn) signals, 
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