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Summary: In the presence of C O ~ ( C O ) ~ ,  the reaction of 
benzyl acetates with HSiMe, and carbon monoxide under 
mild reaction conditions (25 OC, 1 atm of CO) resulted in 
the incorporation of CO to give 0-phenethyl alcohols. The 
reaction is applicable to naphthyl-, furanyl-, thiophenyl-, 
and even ferrocenyl methyl acetates. 

One-carbon homologation of alcohols, is an important 
transformation both in organic chemistry research and in 
chemical industry, but this conversion usually requires 
multistep operations.' This is mainly due to the relatively 
unreactive nature of the carbon-oxygen bond to be cleaved 
and also to the unavailability of suitable synthetic equiv- 
alents for nucleophilic oxymethylation2 at  the carbon- 
oxygen bond. The use of carbon monoxide as a one-carbon 
source provides one method for alcohol homologation,3 the 
most common catalysts being those containing cobalt or 
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1973. 
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(3) Recent reviews on homologation of alcohols, see: Bahrmann, H.; 
Cornikls, B. New Syntheses with Carbon Monoxide; Falbe, J.; Ed.; 
Springer-Verlag: New York, 1980; Chapter 2. RBper, M.; Loevenich, H. 
Catalysis in C, Chemistry; Keim, W., Ed.; Reidel Publishing Company: 
Lancaster, 1983. Roeper, M. Ind. Appl. Homogeneous Catal. 1988, 1. 
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rhodium." Although this direct transition metal catalyzed 
homologation is appealing, a serious drawback may be the 
necessity of drastic reaction conditions (high reaction 
temperatures and high pressures). We report that the 
synthetically useful transformation illustrated in eq 1 can 
be attained by employing HSiR3/CO/Co2(C0)8 in a cata- 
lytic r ea~ t ion .~  This new one-carbon extension reaction 
proceeds under mild reaction conditions even a t  ambient 
temperature under carbon monoxide a t  atmospheric 
pressure. 

OSiMe, 
OAc HSiMe,, CO 0- (1) r d/. cat. C O ~ ( C O ) ~  6'. 

C6H6 2 1 
25 'C, 1 atm 

R = pCH,O, o-CH,O, pCH3,  
e H 3 ,  H, PCI 

(4) Recent papers on homologation of alcohols, see: Matsuzaki, T.; 
Sugi, Y.; Arakawa, H.; Takeuchi, K.; Bando, K. Isogai, N. Chem. Ind. 
1985, 555. Watanabe, K.; Kudo, K.; Sugita, N. Bull. Chem. SOC. Jpn. 
1985,58, 2029. Pursiainen, J.; Karjalainen, K.; Pakkanen, T. A. J .  Or- 
ganomet. Chem. 1986,314,227. Lindner, E.; Mayer, H. A.; Wegner, P. 
Chem. Ber. 1986,119,2616. Watanabe, K.; Kudo, K.; Mori, S.; Sugita, 
N. Bull. Chem. SOC. Jpn. 1986, 59, 2565. Tempesti, E.; Guiffre, L.; 
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Table I .  The Col(CO),-Catalyzed Reaction of Various 
Benzvlic Acetates with HSiMel and CO" 

~~ 

run substrate product time, h yield, Yob 

doAc / /  

Q . p A C  

R 

R = H  
R.Me 
R = E I  
R = Bu 

g- 
G O A c  

-0Ac 
Fe - 

a 

OSiMe, 

72 

k 
7 

M 

2% 

M 

72 

G O S i M e ,  M 

-OSiMe, 

Fa 17 

G3 

70 

70 

75 

79 (72) 

74 (59) 

93 (81) 

n 

77 (59) 

(83) 

(I Reaction conditions: benzylic acetate (2.5 mmol), HSiMe, (25 
mmol, 2.9 mL), CO,(CO)~ (0.1 mmol, 34 mg), benzene (5 mL) a t  25 
"C under CO (1 atm).  bGC yields based on benzylic acetate. Iso- 
lated yields are in parentheses. 

The reaction of benzyl alcohol with HSiMe36 and CO in 
the presence of C O ~ ( C O ) ~  did not lead to incorporation of 
CO and the only product obtained was the trimethylsilyl 
ether of benzyl alcohol. It was found, however, that benzyl 
esters reacted catalytically with HSiMe, and CO to afford 
trimethylsilyl ethers of ,f3-phenethyl alcohol 2 (benzyl 
acetate, reaction time 5 days, 43% yield; benzyl formate, 
8 days, 44%; benzyl trifluoroacetate, 2 days, 0?70).7~8 
Benzyl methyl ether also gave similar results (7 days, 60%). 
Because of their availability, acetates were chosen as 
substrates for further study. 

The catalytic reaction of eq 1 gave better results for 
benzyl acetates 1 bearing electron-donating substituents 
(2, R = p-OCH,, 76% yield, reaction time 17 h; R = o- 

(6) We have designed a special apparatus for handling the volatile 
HSiMe,, (bp 6-7 OC). See ref 5. 

(7) All new compounds obtained gave satisfactory spectra and ana- 
lytical (C, H) data; see the supplementary material. 

(8) The major side reactions are hydrogenation to toluene and two- 
carbon extension reactions leading to PhCH,CH(OSiMe,)CH,OSiMe, 
and PhCH,CH(OSiMe3)==CHOSiMe3. 

CH,O, 7970, 12 h; R = p-CH,, 75%, 2 days; R = o-CH~, 
75%, 3 days; R = H, 43%, 5 days; R = p-C1,52%, 5 days; 
R = p-CN, 0%, 2 days). Apparently, the development of 
positive charge seems important at  the step in which the 
carbon-oxygen bond is cleaved by R3SiCo(C0)4, which 
could be a key catalyst  specie^.^ Once alkylcobalt inter- 
mediate 31° is formed, it is transformed into 2 successively 
via acylcobalt carbonyl and aldehyde intermediates 
(Scheme 1).l1 

The new catalytic reaction was applicable to various 
benzylic acetates, and the results are summarized in Table 
I. The reaction tolerated functional groups such as me- 
thylenedioxy (run l), furanyl (runs 3-71, and thiophenyl 
(run 8) groups. Even a ferrocenylmethyl acetate under- 
went homologation in good yield (run 9). The dicobalt 
hexacarbonyl complex of propargyl acetate, however, gave 
a mixture of many products. Under these mild reaction 
conditions, the acetates of secondary alcohols also gave 
good yields of the homologated products without compe- 
titive @-hydride elimination from the corresponding sec- 
ondary alkylcobalt intermediates (runs 4-6).12 The 
present homologation method also applicable to cinnamyl 
acetate as shown below (eq 2). 

HSiMe,. CO 
P h v O A c  ph+OSiMe3 (2) 

cat. CO2(C0)8 
73 % C 6 b  

25 OC,  1 atm 

Further application of this straightforward and unique 
method for homologation is in progress. 
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(9) The reaction of HSiR, and CO,(CO)~ has been known to give 
R3SiCo(CO),. Chalk, A. J.; Harrod, J. F. J .  Am. Chem. SOC. 1967, 89, 
1640. Baay, Y. L.; MacDiarmid, A. Znorg. Chem. 1969,4986. Sisak, A.; 
Ungvary, F.; Marko, L. Organometallics 1986, 5, 1019. 

(10) Benzylcobalt carbonyl compounds are known: Galamb, V.; Palyi, 
G.; Ungvary, F.; Marko, L.; Boese, R.; Schmid, G. J.  Am. Chem. SOC. 1986, 
108, 3344 and references cited therein. 
(11) This proposal is based on observations in our previous work on 

the catalytic reaction of oxiranes with HSiR, and CO. See ref 5. 
(12) A stereochemical test using optically pure (R)-cu-methyl-2-furfuryl 

acetate (cf. run 4) showed 56% inversion in accordance with a transition 
state with carbenium ion character. Efforts to improve the optical yield 
are now in progress. We gratefully acknowledge Professors Fumie Sat0 
and Yuichi Kobayashi for a gift of the above mentioned chiral acetate. 
Cf.: Kusakabe, M.; Kitano, Y.; Kobayashi, Y.; Sato, F. J .  Org. Chem. 
1989,54, 2085. 
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Summary: High diastereofacial selectivity is observed in 
the intermolecular pinacol cross-coupling of a,a-disub- 
stituted a-(diphenylphosphinoy1)acetaldehydes with sat- 

urated aldehydes. The diols obtained from these reactions 
are converted to (E)-allylic alcohols via a Horner-Wittig 
elimination reaction. 
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