
1744 Russian Chemical Bulletin, Vol 47. No. 9, September. 1996' 

Formation of a Pm--C(spZ) bond by addition of  
diphenyl(trimethyisilyi)phosphine to activated acetylenes 
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Diphenyl(trimethytsilyl)phosphine reacts with alkoxy(alkyl)acetylenes to give mixtures of 
addition products, (2-alkoxy-2-trimethylsilylalkenyl)diphenylphosphines and (2-alkoxy- 
alkenyl)diphenylphosphines. The reaction is sensitive to the solvent; in MeCN, it gives only 
nonsilylated products. (l-Alkoxyethenyl)diphenylphosphincs were obtained as the  main 
products upon the reaction of Ph2PSiMe 3 with terminal alkoxyalkynes, irrespective of the 
reaction conditions. 

Key words: d phenyl(trimethylsilvl)phosphine, alkoxy(alkyl)acetylenes, alkoxyacetylcnes, 
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The  add i t ion  o f  f r agments  arising upon  cleavage of  
an  e l e m e n t - - e l e m e n t  b o n d  to unsa tura ted  substra tes  is a 
p romis ing  m e t h o d  for the  format ion  of  an e l e m e n t - -  
c a r b o n  bond  in the  synthes is  of  funct ional ly  subst i tu ted 
he t e roo rgan i e  a lkanes  and  alkenes tha t  c a n n o t  be pre-  
pared  us ing the  most  popu la r  me thod  involving organic  
der ivat ives  of  m a g n e s i u m  or  l i thium. 

Previous ly  we showed  tha t  nonca ta ly t ic  addi t ion  of  
the  P lU--Hal , l ,2  S i - - H a l ,  and  G e - - H a l  3,4 f ragments  to 
a lkoxy-  or  a m i n o a c e t y l e n e s  makes  it possible to syn the-  
size func t iona l ly  subs t i tu ted  atkenyl hal ides,  which  are 
va luable  i n t e rmed ia t e s  for the  synthesis  o f  he te roorgan ic  
di- and  po lyunsa tu ra t ed  compounds .  5 

To con t inue  the  studies on  the addi t ion of  P m - - h e -  
t e roa tom fragments  to  nueleophi l ic  alkynes, in the present  
work, we studied the  in teract ion of  d iphenyl ( t r imethy l -  

s i lyl)phosphine (1) conta in ing  a P - - S i  bond with internal  
and terminal  alkoxyacetylenes ( 2 a - - h ) .  

The  react ion of  c o m p o u n d  1 wi th  a lkoxy(a lkyl )ace-  
tylenes 2a,b ( S c h e m e  1) occurs  o n  keeping  e q u i m o l a r  

Scheme 1 

Ph2PStMe 3 + R1 C ~ C _ O R 2  70oc j ,  

1 2a,b 

Ph~P.., ...OR 2 Ph2P~. ~ _.....OR 2 

R 1/ 'C =C~ .s iMe3  R1. --~J L;-.~ H 

3a,b 4a,b 

R 1 = M e ,  R 2 = Et (a); R 1 = R 2 = Et (b) 

Table 1. Condi t ions  of the synthesis and yields and boiling points of the products for the reactions of 
diphenyl(trimethylsilyl)phosphine 1 with atkoxyacetylenes 2a--h 

Acety- R I R 2 Soh, ent Reaction Reaction Major Isolated B.p./~ 
lene duration/h temperature/~ product yield (%) (p /Tor t )  

2a Me Et - -  60 70--80 3a '~ 62 160 (1.5. 10 -2) 
2b Et Et - -  120 70--80 3b a 65 170 ( 1.5 �9 10 -2) 
2a Me Et MeCN 48 70--80 4a 75 125 (2.5 '  10 -2) 
2b Et Et MeCN 72 70--80 4b 73 130 (2- 10 -2) 
2d Me Me MeCN 36 70--80 4c 75 160 ( l)  
2e Et Me MeCN 72 7 0 - 8 0  4d 68 120 (2" 10 -2) 
2f Pr i Et MeCN 88 70--80 4e 77 150 (3" 10 -2) 
2r H Et --  48 20 5a c 50 105 (0.1) 
2c H Et MeCN l 0 70--80 5a 77 120-- 130 (0. I ) 
2g H Me MeCN 12 20 5b 68 125 (2.5" t0 -2) 
2h H Bu" MeCN 14 70--80 5c 72 140 (2" 10 -2) 

a 4a is fom~cd as a minor product (17%). b 4b is formed as a minor product (14%). c 3c is formed as a minor product (14%). 
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Table 2. Parameters of the IH and 31p NMR and IR spectra 
of (I-alkoxyalkenyl)- and (2-atkoxyalkenyl)diphenylphosphines 
3 a ~ e ,  4a--e ,  5a--c  

Corn- 6H (JPH, JHH/Hz) 6P v(C=C) 

Ix)- =CH or O--R 2 R I Ph /cm -t 

l,nd Me3Si (m) 

3a 0.33 s 1.24 t; 1.60 d 
3.70 q 

3b 0.33 s I.I5 t; 0.58 t; 
3.70 q 2.10 t 

3e 0.12 s; 1.20 t; --  
5.25 d 4.17 q 

4a 6.72 dq 1.27 t; 1.55 dd 
(15.6, 1.6) 3.92 q (2.4, 1.6) 

4b 6.43 dt 0.84 t; 1.16 t; 
(14.0, <1) 3.43 q 2.41 m 

,4e 6.62 dq 3.67 s 1.49 dd 
( 15.8, 1.4) (3.8, 1.4) 

4d 6.69 dt 3.65 q 1.00 t; 
(15.0, <I) 2.10 m 

4e 6.72 br.d 1.04 t; 1.20 d; 
(11.6) 3_72 q 2.45 m 

(1.5) 

56 4.47 dd 1.23 t; --  
(8.3); 3.81 q 

4.76 dd 
(24.5) 

511 4.53 dd 
(8.4); 

4.80 dd 
(24.4) 

5e 4.35 dd 0.72 t; -- 
(9.1); 1.37 m; 

4.60 dd 3.61 t 
(26.3) 

7.32 -12.72 -- 

7.24 -12.36 -- 

7.26 -15.20 -- 

7.50 -20.20 1630 

7.25 -16.62 1620 

7.41 -19.50 1625 

7.30 -.16.88 I625 

7.48 -19.07 1620 

7.48 -4.78 1605 

3.57 s --  7.50 -4.60 t605 

7.34 -4.04 1610 

amounts  o f  the reactants  without a solvent at 70 ~ for 
60--120 h and gives (according to 3ip N M R  spectro- 
scopy) a product  mix ture  consisting of  E-(2-alkoxy- 

2- t r imethyls i ly la lkenyl )d iphenylphosphines  (3a,b,  8P 
- 1 2 . 3 5  to - 1 2 . 7 2 )  and Z - ( 2 - a l k o x y a l k e n y l ) d i p h e n y l -  
phosphines (4a,b, ,SP - t 8 . 0 8  to -18 .38) ;  the 3 : 4 ratio 
is (5 to 6) : 1 (Table I). The trallsformation is quant i ta-  
tive, as indicated by the fact that the 3tp N M R  spec- 
trum of  the reaction mixture does not contain the ~ignal 
of  the starting silylphosphine ! (8P -57 .6) ,  and the I R 
spectrum does not contain the v(C~C) absorption band 
(2300 cm -I)  corresponding to alkoxy(alkyl)acetylene 2. 

The  structures of  compounds  3 and 4 were estab- 
lished based on the data o f  IH and J3C N M R  spectro- 
scopy and confirmed by the IR and ]fP N M R  spectro- 
scopy (see Experimental  and Tables 2 and 3). 

The  reaction of  si lylphosphine I with a terminal  
alkyne, ethoxyacetylene 2e, follows a more complex 
pathway (Scheme 2). 3Jp N M R  analysis of  the mixture 
obtained after the reaction (48 h, 20 ~ indicates the 
formation of  three compounds:  two addition products, 
( l -e thoxyethenyl )d iphenylphosphine  (5a, 6P - 4 . 7 8 )  and 
Z-diphenyl (2- t  rimer hyls i ly1-2-ethoxyethenyl)phosphinc 
(3c, 8P -15 .2 ) ,  and the product of  substitution of  the 
acetylenic hydrogen atom by a phosphorus-conta ining 
residu.e, (2 -e thoxye theny l )d ipheny lphosph ine  (6, 8P 
-23 .5 ) .  Before distillation, the 5a : 3c : 6 ratio is 
4.0 : 1.5 : 0.5, and after distillation, only phosphine 56 
can be isolated. 

Scheme 2 

Ph~PSiM% + HC-~--COEt 20 "C= ~ . I  OEt 
1 2c H Z C s ; ' P P h 2  

Ph-aP ~ .,..SiMe 3 
+ Ph2PC~.~.COEt H.~ C "~'C - .0  Et 

6 3 c  

We showed previously 6 that a lkoxyethynylphosphine 
6 is relatively unstable and rearranges spontaneously to 
ketenyl idenephosphorane 7. 

Table 3. Parameters of the 13C NMR spectra of (l-alkoxyalkenyl)- and (2-alkoxyalkenyl)diphenylphosphines 
3a--c ,  4a--e ,  5a - -c  

Corn- 8 (Jpc/Hz) 
pound =(2--0  ~=  O - - ~  O--C--(2 R. l --C = 

3a 168.80 (12.9) 105.00 (17.7) 67.I5 15.25 
3b 153.55 (14.3) 110.30 (15.9) 66.50 15.30 
3e 159.10 (67.2) 97.60 (<D 65.00 18.19 
4a 153.55 (19.9) 105.41 (15.3) 68.72 15.73 
4b 152.39 (15.9) 113.32 (16.2) 67.98 15.t4 
4c 154.60 (I8.7) 104.62 (13.1) 60.17 -- 
4d 153.61 (19.7) 111.55 (16.3) 59.91 -- 
4e I51.90 (5.9) 117.06 (18.7) 68.3I 15.29 
5a 164.06 (8.7) 97.27 (31.5) 64.23 (3.0) 14.44 
5b 164;02 (6.8) 96.12 (29.9) 55.50 -- 
5e 166.32 (7.4) 99.85 (32.7) 71.t3 16.13; 21.93; 33.70 

16,80 
15.12; 23.30 

16.95 (2.3) 
15.26:24.98 (>]) 
16.56 (4.3) 
14.48; 24.03 (>1) 
24.26 (5.2); 31.8I (15.4) 
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Ph.zPC ~COEt  ,. ph2P(Et )=C=C=O.  

6 7 

The structures of compounds 5a and 3e were deter- 
mined using JH, 13C, and 3[p NMR spectroscopy. Phos- 
phine 5a is responsible for the characteristic low-field 
doublet of  quartets (~)Htran s 4.76, 3JpH = 24.5 HZ; C)Hci s 
4.47, 3Jell = 8.3 Hz, 2JHH = 2.1 Hz) in the IH NMR 
spectrum. The J3C N M R  spectrum contains two dou- 
blets for vinylic carbon atoms (5C 97.27, 2Jpc = 31.5 Hz 
and 6C 164.06, IJpc = 8.7 Hz). The tH NMR spec- 
trum of  compound 3e exhibits signals for the trimethyl- 
silyl group (6H 0.12) and the vinylic proton (SH 5.25, 
2JpH = 11.2 Hz), and the 13C NMR spectrum contains 
signals for the vinylic carbon atoms (5C 97.60, IJpc < 
I Hz and ~5C 159.10, 2Jvc = 67.2 Hz). 

We suggested that nonsilylated products are formed 
due to the rigorous conditions of the reaction (prolonged 
heating); therefore, we attempted to conduct this pro- 
cess under catalytic conditions by using either radical 
initiators or palladium complexes as the catalysts. How- 
ever, the introduction of  these catalysts changed neither 
the process duration nor the structure or the ratio of the 
products formed_ 

However, the reaction carried out in a polar solvent, 
acetonitrile, was substantially accelerated and, i,] the 
case o f  in ternal  a lkoxyacety lene ,  gave (2-a lkoxy-  
alkenyl)diphenylphosphines 4a- -e  as the major products 
(Scheme 3). 

Scheme 3 

ph2PSiMe 3 + RI__C~C__OR2 MeCN i, 
70-80 ~ 

1 2 a , b , d - - f  

Ph2P ~ ,,,OR 2 
-"- R 1 / C  =C,.,.H 

4 a - - e  

R 1 = Me (2a,d ,  4a ,c ) ;  Et (2b ,e ,  4b,d) ;  Pr i (2f, 4e) 
R 2 : Me (2d ,e ,  4c ,d ) ;  Et (2a ,b , f ,  4a ,b ,e )  

The yields of  phosphines 4a - - e  determined by 
31p N M R  spectroscopy were 85--90%. After distilla- 
tion, compounds 4a - - e  were isolated in 68--77% yields 
(see Table 1). It caq be seen from Table 1 that the 
reaction duration depends on the nature of the radical 
R I, decreasing in the series Pr ~ > Et > Me. 

The formation of  a nonsilylated compound as the 
only product in acetonitrile may be due to the fact that 
the reaction follows a radical pathway (Scheme 4) in 
which the arising alkenyl radical (A) is stabilized by 
abstracting a hydrogen atom from, for example, a sol- 
vent molecule (SolvH). 

The possibility of radical cleavage of the P--Si bond 
was confirmed by performing the addition of silyl- 
phosphine I in toluene,  in the case of  relatively 

Scheme 4 

PhzPSiMe 3 = Ph2p + Sl iMe 3 

PI'~P... . 
Ph2P" + R~--C=C--OR 2 ~ R~/C=C--OR 2 

A 

SoIvH Ph2P~, / 0t:t2 
,. i + Solv" R I / C - - C ~ .  H 

nonreactive ethoxy(ethyl)acetylene 2b at 20 ~ the 
3fp NMR spectrum of the react ion mixture recorded 
after 72 h, apart from the signal of the initial phosphine 
1, contained only one signal with 5P -41 corresponding 
to diphenylphosphine 8. The addi t ion  of silylphosphine 
1 to a more reactive alkoxyacetylene,  namely ethoxy- 
acetylene 2e, in toluene at room temperature affords 
both nonsilylated product 5a and  compound 3e contain- 
ing a trimethylsilyl group. 

The reaction presented in Scheme 3 is stereoselective, 
and phosphine (4a--e)  is formed as a single geometrical 
isomer, whose configuration was determined based on 
the criterion proposed in our previous study, 7's namely, 
the magnitude of the geminal spin-spin coupling con- 
stant (2Jpc) of the phosphorus atom with the vinylic 
carbon atom attached to the alkoxy group. For com- 
pounds 4a--e ,  this constant is 5.9--19.9 Hz, i.e., it falls 
into the range typical of  the cis-arrangement  of the P 
atom and the alkoxy group; hence,  the isomer formed 
upon the addition is character ized by the Z-configura- 
tion of the double bond. 

Unlike a lkoxy(alkyl)acetylenes ,  terminal  alkoxy- 
acetylenes 2c,g,h react with si lylphosphine 1 in aceto- 
nitrile under mild condit ions,  the reactions occur at 
room temperature over a period of 24--72 h (Scheme 5). 

Scheme 5 

MeCN __ / "OR2 
Ph2PSiMe3 + HC~~COR2 20 ~ " t'L2C--C'~'PPh2 

1 2 c , g , h  5 a - - c  

R 2 = Me (2g, 5b); Et (2c, 5a}; Bu n (2h, 5c) 

The main products of  these reactions are phosphines 
5a--c,  which also contain no trimethylsilyl groups, but 
the regioselectivity of the addit ion differs from that 
observed with internal alkoxyacetylenes. This difference 
between the regiochemistry o f  the reactions of  terminal 
and internal a lkoxyace ty lenes  (see 
Schemes 3 and 5) can be due ei ther  to Ph Ph 
different stabilities of the correspond-  \ / P, 
ing radical intermediates (kinetic or , ' . ,  
thermodynamic control) or to the for- R1/C='=C-,oR2 
marion of a bridged radical of type B. B 
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In tile IH N M R  spectra of  phosphines 5a--e ,  tile 
vinylic protons are responsible for two doublets of  dot,- 
blets, typical of  an A B X  system, with 3JpH = 8.3--  
9.1 Hz for the cis-proton and 3JpH = 24.4--26.3 Hz for 
the trans-proton. 

Since Ph2PSiMe 3 slowly reacts with internal alkoxy- 
acetylenes wi thout  a solvent,  we at tempted to reduce the 
reaction t ime by conduct ing the process at a higher 
t empera ture  (130--140 ~ In the case o f  e thoxy-  
(e thyl)acetylene,  this gave the only product with tSP 
-4 .93 ,  which was identified based on the data of  lH and 
13C N M R  spec t roscopy  as E - d i p h e n y l ( l - t r i m e t h y l -  
s i l y l o x y b u t - l - e n - l - y l ) p h o s p h i n e  (9). The formation of  
this product can be explained by assuming that at 140 ~ 
e thoxy(e thyl )ace ty lene  eliminates ethylene,  being thus 
conver ted into ethyl ketene 10 (Scheme 6). 

Scheme 6 

EtC~---COEt A = Et-,~ H / C = C = O  + HzC~-~-CH 2 

2b 10 

H-.. ..-- PPh 2 
1 + Et ~C----C----O'~ ~ /C=C-.. 

H Et OSiMe 3 
9 

A special exper iment  showed that e thoxy(ethyl)ace-  
tylene actually decomposes  at temperatures above 100 ~ 
with evolut ion  of  ethylene.  At 140 ~ decomposi t ion  
occurs quant i ta t ively  over  a period of  10 h, as indicated 
by the disappearance o f  the absorption band due to the 
triple bond,  v(C-~C) 2300 cm - j ,  from the IR spec- 
trum. Thus,  adduct  9 results from the addit ion of  
s i lylphosphine to the ketene formed in situ; the addition 
occu r s  s imi l a r ly  to the  known 9 reac t ions  of  tr i-  
methyls i ly ld ie thylphosphine  with ketene and diphenyl 
ketene. 

An interest ing result was obtained in the reaction of  
s i lylphosphine 1 with methoxy(tr imethylsi lyl)acetytene 
2i in acetonitr i le .  

MeCN 
I + M%S~C~COMe ~ Pl~zPMe + (Me3Si)2C=C~O 

2i 11 12 

The 31p N M R  spec t rum recorded after complet ion 
o f  the react ion conta ined  only one signal with ~SP -27.9 .  
Fract ionat ion of  the react ion mixture afforded methyldi-  
phenylphosphine  (11, yield 82%) and bis(trimethylsilyl) 
ketene (12, yield 65%),  which were identified by com-  
parison o f  their  physicochemical  parameters with the 
published data; I~  the structures of  these products 
were conf i rmed by spectroscopy. A four- or  s ix -mem-  
bered transit ion state can be proposed for this transfor- 
mation ( S c h e m e  7). 

Scheme 7 

! p-; 
M e a S i - - P P h  2 

Mea.qiC ~-C 70, 
; J  ,.-.\ 

MeaSi~ , "~ . . . .Me  ~ Ph2PMe + (MeaSi)2C-----C---~O 

PPh 2 

The unusual pathway of  this reaction of silylphosphine 
can be due to the large size of  the substituent at the [3-C 
atom in compound  2i, which prevents the addit ion to 
the triple boqd as shown in Scheme 3. 

Experimental 

All reactions and operations associated with the synthesis 
and isolation of compounds of tricoordinated phosphorus were 
carried out under dry argon using anhydrous solvents. 

All the stable reagents used in the reactions were freshly 
distilled. The purity of the alkoxyacetylenes used was checked 
by spectroscopy (1R, IH NMR). IR spectroscopy (in thin 
films) and IH, 13C, and ]Lp NMR spectroscopy were used to 
monitor the course of the reactions and to identify the reaction 
products. 

IR spectra were recorded on an IKS-22 spectrometer 
(NaCI). IH NMR spectra were measured on Tesla BS-467 and 
Varian VXR-400 instruments (60 and 400 MHz, respectively) 
using M%Si and HMDS as internal standards. 31p NMR 
spectra were run on a Varian FT-80A instrument (32.2 MHz) 
using 85% H3PO,t as the external standard. 13C NMR spectra 
were recorded on a Varian VXR-400 spectrometer (100.6 Mlqz) 
with dichloromethane-d 2 and chloroform-dj as internal stan- 
dards. The chemical shifts are given in the ~ scale in relation to 
Me4Si (ill ,  '3C) or 85% H3PO 4 (31p). 

The reactions with diphenyl(trimethylsilyl)phosphine I were 
carried out until its signal (SP -57.6) disappeared from the 
31p NMR spectrum of the reaction mixture. 

Reaction of diphenyl(trimethylsilyl)phosphine (1) with 
alkoxyacetylenes and alkoxy(alkyl)acetylenes (general proce- 
dure). A mixture of alkoxyaeetylene 2a--h (0.01 tool) and 
compound 1 (0.01 moO, neat or in MeCN, was held in a 
sealed tube at room temperature or at 70--80 *C. After comple- 
tion of the reaction, the mixture was kept at 20 ~ under a 
pressure of 0.1 Torr for I h, and the remaining oil was 
distilled. The reaction conditions and the yields and boiling 
points of the products are listed in Table 1, and the spectral 
data are presented in Tables 2 and 3. 

Tile reactions without a solvent gave the following com- 
pounds: from ethoxy(methyl)acetylene 2a, E-(l-methyl-2- 
trimethylsilyl-2-ethoxyethenyl)diphenylphosphine (3a) and 
Z-(l-methyl-2-ethoxyethenyl)diphenylphosphine (4a) in 5 : [ 
ratio; from ethoxy(ethyl)acetylene 2b, E-diphenyl(2-trimethyl- 
silyl-l-ethyl-Z-ethoxyethenyl)phosphine (3b) and Z-(l-ethyl-  
2-ethoxyethenyl)diphenylphosphine (4b) in 6 : I ratio; from 
ethoxyacetylene 2c, (l-ethoxyethenyi)diphenylphosphine (5a) 
(65%), Z-diphenyl(2-lrimethylsilyl- 2-ethoxyethenyl) phosphine 
(3e) (20%), and (2-ethoxyethyuyl)diphenyiphosphine (6) (15%): 
distillation of the mixture gave a mixture of compounds 3c and 
5a in 6 : I ratio (yield 50%). 



1748 Russ.Chem.Bull., Vol. 47, No. 9, September, I998 Kochetkov  et al. 

The reactions in MeCN gave the following prodt,cts: from 
ethoxyacetytene 2c, (l-ethoxyethenyl)diphenylphosphine (Sa) 
(found (%): C, 74.35; H, 6.48; Ci,tHiTOP; calculated (%): 
C, 74.99; H, 6.69); from methoxyacetylene 2g, (l-methoxy- 
ethenyl)dlphenylphosphine (5b); from butoxyacetylene 2h. 
(l-butoxyethenyl)diphenylphosphine (5c); from meth- 
oxy(methyl)acetylene 2d, Z-(l-methyl-2-methoxyethenyt)di- 
pheuylphosphine (4c); from ethoxy(methyl)acetylene 2a, 
Z-(l-methyl-2-ethoxyethenyt)diphenylphosphine (4a) (by pass- 
ing air through a benzene solution of phosphine 4a for 24 h at 
70 ~ this compound was converted into Z-(l-methyl- 
2-ethoxyethenyl)diphenylphosphine oxide, whose 3tp NMR 
spectrum contained a signal with 3P 28.0; found (%): C, 71.70; 
H, 7.26; C~7HI902P; calculated (%): C, 71.32; H, 6.69); from 
ethoxy(ethyl)acetylene 2b, Z-(l-ethyl-2-ethoxyethenyl)di- 
phenylphosphine (4b); from ethyl(methoxy)acetylene 2e, Z-(2- 
methoxy-l-ethyletheuyl)diphenylphosphine (4d); from eth- 
oxy(isopropyt)acetylene 21, Z-( l-isopropyl-2-ethoxyethenyl)di- 
phenylphosphine (4e) (found (%): C, 76.08; H, 8.06; 
CIgH23OP; calculated (%): C, 76_49; H, 7.77). 

Reaction of diphenyl(trimethylsilyl)phosphine (1) with 
ethoxy(ethyl)acetylene 2b. A mixture of ethoxy(ethyl)acetylene 
2b (0.0t tool) and phosphine 1 (0.01 tool) was placed in a 
25-mL two-neck flask equipped with a reflux condenser and 
an inlet for argon and heated for 15 h at 130--140 ~ The gas 
evolved during the reaction was passed through a solution of 
Br 2 (0.01 tool) in CCI 4 (I0 mL), which became colorless by 
the instant the reaction was completed. Vacuum distillation 
gave E-diphenyt( l-trimethylsilyloxybut- l-en- i-yl)phosphine (9), 
yield 79%, b.p. 145 ~ (5 �9 10 -2 Ton'). 31p NMR (MeCN), c5: 
-4.93. IR, v/cm -I" 1620 (C=C). IH NMR(CD2C12),3:0.06 
(s, 9 H, (CH3)3Si); 0.95 it, 3 H, CH3); 2.36 (m, 2 H, CH2); 
5.42 (t, I H, HC =, J = 6 Hz); 8.0 (m, 10 H, Ph). t3C NMR 
(CD2CI2), 3 :1 .60  ((CH3)3Si); 14.79 (CH2CH3); 20.52 (d, 
C,,H2CH3, J = 4.2 Hz); 126.32 (d, C=C--O,  J = 23.5 Hz); 
151.56 (d, C=C_C_--O, J = 8.3 Hz); 136.78 (d, Cipso, J = 
10.7 Hz). 

Reaction of diphenyl(trimethylsilyl)phosphine (1) with 
methoxy(trimethylsilyl)acetylene (2i). A mixture of methoxy(tri- 
methylsilyl)aeetylene 2i (0.01 tool) and compound 1 (O.OI tool) 
in 4 mL of MeCN was kept for 48 h at room temperature. 
The v(C-~C) absorption band at 2100 cm -I disappeared from 
the IR spectrum, and the v(C=C=O) band at 2030 cm -I 
appeared instead. Fractionation gave methyldiphenylphosphine 
(11), yield 82%, b,p. 138--140 ~ (1 Ton-) and bis(tri- 
melhylsilyl) ketene (12), yield 65%, b.p. 60 ~ (30 Torr). 
Compou~3d [.L 31p NMR (MeCN), 3: -27.90. IH NMR 
(CD2CI2), 3: 6.80 (d, 3 H, CH3, J = 1.1 Hz); 7.30(m, 10 H, 

PPh2). 13C NMR (CDCI3) , ,,5:12.63 (d, CH3, J = 5.1 Hz); 
140.80 (d, Cipso , J = 5.1 Hz); 134.50 (d, Co, J = 14.0 Hz); 
128.66 (C,n); 128.77 (Cp). Published data: 10 3tp NMR (C6D6), 
8: 27.90. Compound 12. IR, v/cm-t  : 2030 (C=C=O). ~H NMR 
(CDCI3), ~5:0.12 (s, b, ie3Si). The spectral parameters of com- 
pound 12 correspond to the published data. II 
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