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Metallic iodide-activated bismuth(II1) chloride efficiently catalyzes the Mukaiyama-Aldol and 
-Michael reactions. Some examples of reactions of silyl enol ethers derived from acetophenone and 
cyclohexanone (1 and 2, respectively) with aldehydes, ketones, acetals, and a-enones are given. The 
cross-over aldolization between 1 and benzaldehyde in the presence of BiC4-1.5ZnIz or BiCb- 
1.5SnI2 systems (5% mol) has been carried out quantitatively at -30 and -78 OC, respectively. For 
this reaction a similar activation has been also observed with antimony(II1) chloride. X-ray patterns 
of catalytic systems show the formation of bismuth(II1) iodide by Cl/I-exchange reaction between 
BiC13 and metallic iodide (NaI, ZnI2, Sn12, ... ). These results have been rationalized with a two-step 
mechanism in which a key feature seems to be the activating role played by BiI3 toward the cleavage 
of the Bi-chelate intermediate by the chlorosilane formed. Ultrasound activates significantly the 
catalytic power of these metallic halide systems. 

Silyl enol ethers are intermediates that are frequently 
wed in organic synthesis, particularly for formation of a 
carbon-carbon bond.’ Mukaiyama et al. have laid the 
foundation for new cross-aldolization2 and Michael ad- 
ditiod methods. The main advantages in the Mukaiyama 
approach are the chemoselectivity of the reaction’ and 
the possibilities of stereoselective The meth- 
od often requires a stoichiometric amount of a Lewis acid 
such as Tic4 or other metal salts2 as promoter, and this 
can be a disadvantage. Since the f i t  reports, many 
catalysts have been described;6 however, they rarely show 
a large scale of efficiency owing to large differences in 
reactivity between the various types of silyl enol ethers 
and reagents. 

We present here a new type of catalyst7‘ prepared from 
the combination of bismuth trichloride and a metallic 
iodide which seems very promising for conversions of 
enoxysilanea. 

Wada et al.8 showed recently that BiCls, although a weak 
Lewie acid, was a potential catalyst for the reactions of 
enoxyailanes. However, it is not particularly effective, for 
example, for the aldol reaction between aliphatic silyl enol 
ethers and aliphatic aldehydes, and the reaction, carried 
out at room temperature, is frequently very slow. We have 
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1977,91. Brownbridge, P. Zbid. 1983,l and 85. 
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ob~erved’~ that it was possible to increase the catalytic 
power of BiCl3 by addition of sodium iodide. 

First, we initiated a study of the activation of BiCb by 
various metallic iodides toward the model reaction between 
a-[(trimethylailyl)oxylstyrene (1) and benzaldehyde (3) 
(eq 1). 

BiCb catalyzes this reaction at rt8, but is inefficient at 
-30 OC, which is the temperature chosen for the experi- 
ments described in Table I. We have noticed that many 
iodides can activate the catalytic power at BiCb for reaction 
1, such as alkali iodides and group 12 (Zn12, Cd12, HgId 
and group 14 iodides (Ge12, SnI2, PbI2), but some iodidee 
such as CUI, MnI2, and CoI2 are ineffective. When the 
reaction (eq 1) was carried out at room temperature, iodide 
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Kobayaehi, S.; Murakemi, M.; Mukniyama, T. Zbid. 191,  1535. (d) 
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Sakata, J. J .  Am. Chem. SOC. 1977,99,1265. Nakamura, E.; Shimieu, M.; 
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O b ,  M.; Ohno, R.; Kawai, M.; Izumi, Y. Bull. Chem. Soc. Jpn. 1987, 
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Table I. Comparative Catalytic Power of Various Systems 
BiCkxMI. toward the Model Reaction (eq 1) at -30 

Le Roux et al. 

entry xMI. kml 

1 none b 
2 lNaI 0.54 
3 2NaI 0.70 
4 3NaI 1' 
5 4NaI 0.70 
6 5NaI 0.58 
7 3LiI 0.05 
8 3cs1 1.2 
9 3NaIad  7.5 

10 1.5ZnIz 10 
11 1.5CdI2 0.8 
12 1.5HgIz 0.6 
13 1.5GeIz 6 
14 1.5SnIz instantaneous 
15 1.5PbI2 6 
16 lBiI3 2.5 
17 1BiISqd 10 

a Reaction conditions: cf. typical procedure, 40 mL of CHzClz; 
BiCh-xMin,5% mol; 1,lOmmol; 3 , l l  mmo1;product 11 waaisolated 
after workup. b No reaction after 1 h. Approximate time for 50% 
consumption of starting material: 25 min. Pretreatment of catalytic 
mixture by ultrasound (1 h) in CHzClz. 

Ph Ph 
cat. + PhCHO - 

CH,CI, 0 OSiMe, OSiMe, 
1 3 

cat. : BiCI, , xMI, 

MeOH, HCI phwph 0 OH 

11 

additives gave either a very fast (NaI, CsI) or an instan- 
taneous exothermic reaction (ZnI2, SnI2). 

The stoichiometry of the catalytic mixtures has been 
varied (Table I, entries 2-6), and the catalytic power for 
the BiCl3 plus xNaI system was greatest when x = 3. Thus, 
other systems employed a Bi/I ratio of 1:3. 

Ultrasound has a marked influence on the activity of 
these catalysts. Commercial BiC13 treated in CH2C12 
during 1 h with ultrasound increased the rate of reaction 
of 1 with PhCHO about 5-fold at rt but was ineffective at 
-30 OC. More attractive ia the increasing of the activity 
(1- to 7.5) of the BiClr3NaI system by the same treatment 
(Table I, entry 9). 

In addition, we have compared the catalytic activity of 
some mixed systems BiC13-rMIn to that of BiCls for a set 
of aldol and Michael reactions with the two model silyl 
enol ethers, a-[(trimethylsilyl)oxylstyrene (1) (Table 11) 
and 1- [(trimethylsilyl)oxy]-1-cyclohexene (2) (Table 111). 

The activation by MI, is noticeable in all cases studied. 
From the various systems shown in Tables I1 and I11 it can 
be seen that the catalyst systems generated from the 
addition of either ZnI2 or SnI2 to BiCl3 are highly active 
as reactions occur even at -78 OC (Table 11, entry 4). 

To carry out the reactions described in Tables 1-111, the 
catalyst was prepared by mixing the two crystalline 
anhydrous halides BiC13 and MI, in CH2Cl2 at rt. More 
or less quickly (almost instantaneously with SnI2) the 
crystals blacken. The iodides MI, which do not lead to 
this black powder are catalytically ineffective. The results 
do not differ significantly if the electrophile and BiCl3 are 
mixed prior to the addition of MI,. 

In order to know the nature of this transformation, the 
freshly prepared black powders were systematically an- 
alyzed by X-ray powder pattern  technique^.^ The analysis 
of the patterns of the BiC13-xMIn mixtures corresponding 
to entries 26,10,14, and 15 and BiCh-3CuI leads us to 
the conclusion that BiI3 is formed in all mixturesB except 
for CUI (ineffective iodide). It seems clear that the halide- 
exchange reaction (eq 2) which occurs in active systems 
is responsible for the enhancement of catalytic power. 

n xlJBiCI3 + xMI, - n X/3BiI3 + xMCI, (2) 

The determination of all present components turns out 
to be difficult since X-ray analysis shows that reaction 2 
is only partial, and the mixed halides BiCl& are probably 
formed. However, the four compounds of eq 2 are the 
major observable producta in the catalytically active 
powders. 

We do not think that the chlorides MCln formed in this 
process take part even though ZnCl2 and SnCl2 are effective 
catalysts under certain they are ineffective 
at-3OoCforthereaction1(5% mol). Thisisnotsurprising 
since Mukaiyama2 has reported a reaction time of 10 h at 
rt (80% yield) between 2 and 3 in the presence of 1 equiv 
of SnCl2, while with BiC13-1.5SnIz (5% mol) this reaction 
requires 10 min at -30 "C and is instantaneous at rt (Table 
11, entry 4). 

In their precursor work on catalysis by BiCl3, Wada et 
aL8 excluded the intermediate formation of a bismuth 
enolate by transmetalation of enoxysilane 2. We have 
determined that it was the same with our catalytic systems 
('H NMR, 1 or 2 + BiCl3,3NaI/CD2CU. These authors 
propose a catalytic cycle in which BiCkactivated carbony1 
compounds react with the silyl enol ether (step 1). By 
analogy with the mechanism of aldol reaction with TiC4,1e2 
it is possible to suggest the mechanism shown in Scheme 
1.lo While the t i h u m  (and other element4 chelate cannot 
be decomposed in situ by the chlorosilane formed (Me3- 
SiCl), that formed by bismuth (I in Scheme I) could be 
(step 21, which could account for the catalytic powder of 
bismuth trichloride and also for the enhanced activity 
exhibited by BiCh-xMI, systems. We propoee that the 
activation by iodides is consistent with the transformation 
of MesSiCl formed after the first step into a more active 
species by MI, (or Bi13)11 which would decompose the 
bismuch chelate intermediate more quickly. The slow step 
of the mechanism in Scheme I is expected to be the second 
one. 

In order to corroborate this hypothesis, we have carried 
out the model reaction 1 in the presence of BiI3. Attempta 
to utilize BiI3 alone or BiI3-xMC1, system (attempted 
for M = Na, Zn), which did not exhibit halogen exchange 

(9) Thedatawerecollecteduminga SeifertO-Oautomaticdifhctometar 
over the angular range Oo < B d 30° (Cu Ka) and the determination of 
componenta wan carried out from the Joint Committee on Powder 
Diffraction Standard, Swarthmore, PA: Bi4, no. 7-269; Sbb, no. 7-273. 

(10) The mechanism of the catalyzed Mukaiyama-Aldol and -Michael 
reactions are not defiiitively established. It aeems generally accepted 
that aldol-type reactione in aprotic solventa occur through enolata 
poawsaing a Lewis acidic metal counterion via a six-membered chelate 
transition state (ref 6a and references cited therein). The intervention 
of Lewis acid mediated electron transfer in the Mukaiyama-Michael 
reaction has been recently eugge~td  Sato, T.; Wakahara, Y.; bra, J.; 
N o d i ,  H. J. Am. Chem. SOC. 1991,113,4028and referenceacit+thereia. 

(11) We have mixed MesSiCl and BiCh, 1.6 ZnIl(1 equiv), m CD&&, 
and we have not detected by NMR the formation of Me&. However, 
the systems MeSiCl, metallic iodidee can react an &Si1 without thin 
iodide being detacted.12 

(12) Olah, C. A.; Narang, S. C. Tetrahedron 1982,38,2226 (pp 2227-9) 
and references cited therein. 
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Table 11. BiCl~-rMI.-Catalyzed Aldol and Michael Reactions of a-[ (Trimethylsilyl)oxy]styrene (1) with Electrophiles' 

entry electrophile xMI, 7% mol of catalyst time productb yield: % 
1 PhCHO (3) none 5 25 min 11 94f 
2 3NaI 5 2 min 97 
3 1.5ZnIz 5 instd 98 
4 1.5SnIz 5 inste 98 
5 n-PrCHO (4) none 5 40 min 12 851 
6 3NaI 5 40 min 95 
7 1.5ZnIz 5 10 min 98 
8 PhCOMe (5) none 20 l l h  13 7 1  
9 3NaI 20 3 h  60 

10 1.5ZnIz 5 3 h  86 
11 MeCOMe (6) none 10 2 h  14 0 
12 1.5ZnIz 10 30 min 65 
13 MeCH(0Et)Z (7) none 5 6 h  15 411 
14 3NaI 5 2 h  60 
15 1.5ZnIz 5 20 min 60 
16 PhCHdHCOMe (8) none 5 6 h  16 w 
17 3NaI 20 2 h  90 
18 1.5ZnIz 5 l h  94 
19 2-cyclohexenone (9) none 5 6 h  17 65, 
20 1.5ZnIz 5 90 min 95 

condns 

a Reaction conditions: cf. typical procedure, 1,lO mmol; electrophile, 11 mmol; room temperature. Products: PhCOCHZR, R = CHOHPh 
(ll),CHOH-n-Pr (12),C(OH)MePh(13),C(OH)Mez(14),CH(OEt)Me (15),CHPhCHzCOMe (16),3-oxocyclohexyl(17). Intheseexperiments, 
the yield was determined as in Table I; after workup the yield of isolated product is lower by about 10%. 10 min at -30 "C. Instantaneous 
at -30 OC; 3 min at -78 OC. f Reference 8. 

Table 111. BiC13--xMI.-Catalyzed Aldol and Michael Reactions of 1-[(Trimethylsilyl)oxy]-1-cyclohexene (2) with 
Elect rophiles. 

~ ~~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~ ~ ~ ~ ~ ~ ~~ ~ 

condns 
entry electrophile %MI, % mol of catalyst time product* yield,' 

1 PhCHO (3) none 5 l h  18 84d 
2 3NaI 5 I h  95fa 
3 1.5ZnIz 5 5 min 9w 
4 1.5SnIz 5 inate 981 
5 n-PrCHO (4) none 5 5 h  19 0 
6 3NaI 5 5 h  w 
7 1.5ZnIz 5 l h  951 
8 MeCH(0Et)Z (7) 3NaI 5 5 h  20 80 
9 1.5ZnIz 5 1.5 h 96f 

10 PhCH=CHCOMe (8) none 5 6 h  21 7 9  
11 3NaI 20 3 h  75 
12 1.5ZnIz 5 1.5 h 9w 
13 C H d H C O E t  (10) 1.5ZnI2 5 2 h  22 94 

a Reaction conditions: cf. typical procedure, 2, 10 mmol; electrophile, 11 mmol; room temperature. Products 2-R-cyclohexanone, R = 
CHOHPh (18), CHOH-n-Pr (19), CH(OEt)Me (20), CHPhCHZCOMe (21), (CHz)&OEt (22). Cf. Table 11. Reference 8. e 10 min a t  -30 OC. 
f Diastereomer ratios (erythro:threo) determined by lH NMW 18,37:63; 19,4060. Without attributions: 20 37:63; 21, 37:63.g In the case 
of 1-[(tert-butyldimethylsilyl)oxy]-l-cyclohexene the erythrohhreo ratio was 2080 (95% yield). 

(reverse of reaction 2) were not successful. On the other 
hand, the BiC13, BiI3 mixture is very effective (Table I, 
entry 16), in particular after treatment by ultrasound 
(entry 17). 

It is known that antimony halides give more stable 
complexes with carbonyl compounds than those of bis- 
muth.13 In a qualitative manner we have observed that 
SbCl3 is less active than BiCl3 on the model reaction 1 
(30% yield at rt after 1 h, 5 %  mol), but the addition of 
sodium iodide provokes a very strong activation (100% 
yield at -30 OC after 3 min, 5 %  mol). However, attempts 
carried out with 1 and ketones showed that antimony- 
based systems were inefficient owing to the complexes 
formed in situ between SbX3 and ketones that are too 
stable for to give reaction with a silyl enolether. An X-ray 
pattern of the powder obtained from SbCl3 with NaI shows 
the formation of SbIs9 and NaC1, revealing an exchange 
reaction as reaction 2. 

(13) LecPre-Zur Nedden, G.; Duyckaerts, G. Boll. Soe. Chin. Belg. 
1970, 79,479 and 491. 

Two factors seem to us to make the bismuth catalytic 
system more effective: (i) carbonyl activation by formation 
of not very stable and consequently reactive Bi-chelates 
(I), and (ii) the catalytic key being the decomposition of 
these chelates by the chloroailane formed activated by 
BiI3, with regeneration of the Lewis acid species. 

In conclusion, these new catalytic systems afford several 
advantages, relative to the various metallic salts previously 
described for the chemistry of silyl enol ether: absence of 
toxicity; easily carried out experimental conditions; very 
high catalytic activity (BiC13-l.SZnIz or BiCl3-l.BSnIz); 
isolability of the silylated intermediate when there is one 
(aldolization)," thus avoiding the hydrolysis of the medium 
in presence of the catalyst and the formation of side 
producta (crotonization); and usable in the case of con- 

(14) For the chemistry of &(silyloxy) carbonyl compounds, me: (a) 
Anwar, S.; Davis, A. P. J. Chem. SOC., Chem. Commun. 1986,831; (b) 
Tetrahedron 1988,44,3761. (c) Anwar, S.; Bradley, G.; Davis, A. P. J. 
Chem. SOC., Perkin T M M .  I 1991,1383. (d) Davis, A. P.; Hegarty, S. C .  
J. Am. Chem. Soe. 1992,114, 2745. 
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Scheme I 

Le Roux et al. 

1 Me,SiX 

BiX, 

o*' ' 0  

R' 

(X = CI and l o r  I )  

ventional Lewis acid-sensitive compounds,' in particular 
furan 

Studies of other organic reactions promoted by these 
metallic halide systems are in progress. 

Experimental Section 
Dichloromethane was distilled from phosphorus pentoxide 

before use and stored over 4-A molecular sieves. Silyl enol ethers 
1 and 2 were prepared by a conventional method.16 Bismuth 
trichloride, metallic iodides, and electrophiles were commercially 
available and dehydrated if need be. 

IH NMR spectra were determined on Bruker AC 80 or AM 300 
spectrometers with solutions in CDCla and are reported in ppm 
downfield from TMS as internal standard. 

Sonication was performed on a Bransonic B 2200 E2 (47 kHq 
60 W) ultrasonic cleaner. 
Typical Procedure (Table 11, entry 2). 158 mg (0.5 mmol) 

of BiCb, 1.17 g (11 mmol) of benzaldehyde (31, and then 225 mg 
(1.5 mmol) of sodium iodide were stirred at rt during 30 min in 
10 mL of anhydrous dichloromethane. To the powdery mixture, 
which becomes black, was added cr-[(trimethylsilyl)oxy]styrene 
(1) (1.92 g, 10 mmol) in 10 mL of CHaClz by syringe. The mixture 
was stirred during 2 min. The black powder was separated either 
by filtration on silica gel or by centrifugation after addition of 
pentane. Volatile products were eliminated under reduced 
pressure, and 2.89 g of an NMR-pure 0-silylated ketol 11 
(PhCOCHaCH(0TMS)Ph) was obtained (97% yield based on 
l), which has been distilled (bp 110 OC/O.O5 " H g ) .  'H NMR 
(80 MHz): 6 -0.03 (9 H, s), 3.00 (lH, dd, J = 4.0 and 15.5 Hz), 
3.57 (1 H, dd, J = 8.5 and 15.5 Hz), 5.40 (1 H, dd, J = 4.0 and 
8.6 Hz), 7.25-7.60 (8 H, m), 7.80-8.20 (2H, m); IFt (neat liquid): 
1687 cm-' (c-0). 

The hydrolysis of the 0-silylated ketol by MeOH/HCl (1 N) 
(101) at rt gives quantitatively the 3-hydroxy-1,3-diphenyl-l- 
propanone (11) identified by comparison with an authentic 
sample.lB 

The blackening of a powdered mixture of ZnIz or SnIs occurs 
more rapidly than for NaI, and almost without delay. For these 
catalysts, the cooling of mixtures to -30 or -78 OC (Table 11, 
entries 3 and 4; Table 111, entry 4) was carried out before the 
addition of 1 and 2. 

(15) Cazeau, P.; Duboudin, F.; Moulines, F.; Babot, 0.; Dunoguh, J. 

(16) H o w ,  H. 0.; Crumrine, D. S.; Teranishi, A. Y.; O h t e a d ,  H. D. 
Tetrahedron 1987, 13, 2075. 

J. Am. Chem. SOC. 1973,95,3310. 

For reactions of 1 and 2 with 7 and for Michael additiom with 
8-10, the procedure was the same. Moreover, all producta were 
purified by liquid chromatography on silica gel as in the previody 
described procedurezb+3b and identified by comparison with 
authentic samples. 
3-Hydr0.y-lf-diphenyl-1-propanone (1 1). Identified by 

comparison with an authentic sample.16 lH NMR (300 MHz): 
6 3.29 (1 H, dd, J = 3.7 and 17.5 Hz), 3.38 (1 H, dd, J = 8.5 and 
17.5Hz), 3.86 (1 H,s), 5.30 (1 H,dd, J= 8.5and3.7 Hz), 7.25-7.70 
(8 H, m), 7.90 (2 H, m). IR (neat liquid): 3472 (VOH), 1682 (uc-0) .  
Silylated intermediate, PhCOCH&H(OTMS)Ph, bp 110 0C/0.05 
mmHg. 'H NMR (80 MHz): 6 -0.03 (9 H, e), 3.00 (1 H, dd, J 
= 4.0 and 15.5 Hz), 3.57 (1 H, dd, J = 8.5 and 15.5 Hz), 5.40 (1 
H, dd, J = 4.0 and 8.5 Hz), 7.25-7.50 (8 H, m), 7.80-8.20 (2 H, 
m). IR (neat liquid): 1687 cm-' (vM). 
3-Hydroxy-1-phenyl-1-hexanone (12). 1H NMR (300 

MHz): 6 0.93 (3 H, t, J = 7.2 Hz), 1.30-1.70 (4 H, m), 3.10 (1 H, 
dd,J=8.7and17.6Hz),3.13(1H,dd, J=3.0and17.6Hz),3.30 
(1 H, e), 4.2 (1 H, m), 7.40-7.55 (3 H, m), 7.92 (2 H, m). IR (neat 
liquid): 3450 (NOH), 1680 cm-' (uc-0) .  Silylated intermediate, 
PhCOCHCH(0TMS)n-Pr, bp 95 "C/0.05 mmHg. 'H NMR (80 
MHz): 6 0.02 (9 H, e), 0.82-1.10 (3 H, m), 1.10-1.58 (4 H, m), 2.86 
(1 H, dd, J = 5.2 and 15.4 Hz), 3.22 (1 H, dd, J = 7.0 and 15.4 
Hz), 4.30 (1 H, m), 7.40-7.53 (3 H, m), 7.9 (2 H, m). IR (neat 
liquid): 1686 cm-I (vM). 
3-Hydroxy-l,3-diphenyl-l-butanone (13). 'H NMR (80 

MHz): 6 1.63 (3 H, s), 3.31 (1 H, d, J = 17.3 Hz), 3.78 (1 H, d, 
J = 17.3 Hz), 4.86 (1 H, s), 7.40-7.52 (8 H, m), 7.90 (2 H, m). IR 
(neat liquid): 3488 (#OH), 1680 cm-' (YM). Silylated interme- 
diate, PhCOCHzC(0TMS)MePh. lH NMR (80 MHz): 6 -0.1 (9 
H, e), 1.85 (3 H, e), 3.03 (1 H, d, J = 13.2 Hz), 3.56 (1 H, d, J = 
13.2 Hz), 7.40-7.51 (8 H, m), 7.92 (2 H, m). IR (neat liquid): 
1674 cm-' (vM). 
3-Hydroxy-3-methyl-1-phenyl-1-butanone (14). Identified 

by comparison with an authentical sample.lb Silylated inter- 
mediate, PhCOCH&(OTMS)Me?, bp86 O U 0 . 3  "Hg. 'H NMR 
(80 MHz): 6 -0.03 (9 H, s), 1.39 (6 H, s), 3.07 (2 H, e), 7.40-7.50 
(3 H, m), 7.8Cb8.0 (2 H, m). IR (neat liquid): 1676 cm-' (uc-0). 
3-Ethoxy-1-phenyl-1-butanone (15). Bp: 80 "C/0.3 "Hg. 

1H NMR (300 MHz): b 1.12 (3 H, t, J = 7 Hz), 1.23 (3 H, d, J 
= 6.1 Hz), 2.89 (1 H, dd, J = 6.2 and 16.1 Hz), 3.31 (1 H, dd, J 

(1 H, sext, J = 6.2 Hz), 7.38-7.47 (3 H, m), 7.86-7.98 (2 H, m). 
IR (neat liquid): 1686 cm-' ( u ~ ) .  

lf-Mphenyl-l,bhe.anedione (16). Identified by compar- 
ison with an authentic F 66 OC (litab F 81 "C). lH 
NMR (300 MHz): 6 2.08 (3 H, e), 2.87 (2 H, ddd, J = 6.8 and 16.6 
Hz), 3.31 (2 H, ddd, J = 7.1 and 16.6 Hz), 3.88 (1 H, quint. J 
7.1 Hz), 7.10-7.60 (8 H, m), 7.91 (2 H, m). 
3-(Beneoylmethy1)-1-cyclohexanone (17). Identified by 

comparison with an authentic sample.ab F 74 "C (liteab F 75-76 
"C). 
2-[(Hydrox~thyl)phnyl]-l-cycloh~one (18). Iden- 

tified by comparison with an authentic sample.lb Silylated 
intermediatee: (-H(OTMS)Ph (erythmthreo, 37:63), 
bp 110 OC/O.O5 "Hg. 1H NMR (80 MHz): 6 -0.03 and 0.02 (9 
H,2~,63:37),1.20-2.10(6H,m),2.1Cb2.40(3H,m),6.05and6.30 
(1 H, 2d, 63:37, J = 7.8 and 4.1 Hz), 7.26 (5 H, m). IR (neat 

liquid): 1715 cm-1 (u-). ( m H ( O T B D M S ) P h  (eryth- 
ro: threo, 23:77), bp 120 "C/0.3 "Hg. 'H NIKR (80 MHz): 6 
-0.21 and 0.03, -0.19 and 0.06 (6 H, 2s in each d b t ,  77:23), 0.80 
and 0.86 (9 H, 2s, 77:23),1.20-2.10 (6 H, m), 2.10-2.90 (3 H, m), 
5.10 and 5.32 (1 H, 2d, 77:23, J = 7.5 and 4.0 Hz), 7.27 (5 H, m). 
24 1'-Hydroxybutyl)-1-cyclohexanone (19). 'H NMR (80 

MHz): 6 0.73 (3 H, td), 1.0-2.3 (13 H, m), 2.94 (1 H, e), 3.55 and 
3.90 (1 H, 2m, 60:40). IR (neat liquid): 3464 (UOH),  1704 

6.3 and 16.1 Hz), 3.37-3.60 (2 H, 4 9, J = 7 and 9.1 Hz), 4.06 

(~0-0). Silylated intermediate, (dH,),CObH(OTMS)n-Pr, bp 
85 "C/O.06 mmHg. 'NMR (80 MHz): 6 0.06 (9 H, e), 0.90 (3 H, 
td), 1.0-2.5 (13 H, m), 4.12 (1 H, m). IR (neat liquid): 1712 cm-' 
( V C - 0 ) .  
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2 4  1’-Ethoxyethy1)-1-cyclohexanone (20). Identified by 
comparison with an authentic sample.” 
2-(3’-0~o-1’-phenylbutyl)-l-c~clohe.anone (21). F: 80°C. 

‘H NMR (80 MHz): b 1.10-1.97 (6 H, m), 1.97 and 2.03 (3 H, 28, 
63:37), 2.04-2.70 (3 H,m), 2.70-2.89 (2 H, m), 3.40-3.90 (1 H, m), 
7.21 (5 H, m). IR (neat liquid): 1706 cm-l (vc-0). 

MHz): b 1.0 (3 H, t ,  J = 7 Hz), 1.10-2.10 (11 H, m), 2.23-2.50 
(4 H, m). IR (neat liquid): 1710 cm-* (vcpo). 

C.E.M.E.S) for his collaboration and for helpful discus- 
eions. Support of this work by the Centre National de la 
Recherche Scientifique is graMdly acknowledged. 

Note Added in Proof. The activation of chlorosilane 
by BiI3 or SbI3 proposed in the second step of the 

that benzaldehyde reactions 1 or 2 in 90% yield after 2 h 
at -78 OC using 5 mol % of TiCL, 4/3 SbI3 as catalyst 

2-(t’-Osopent~l)-l-c~clohexanone (22)- ‘H NMR (80 is comistent~thour recentresults whichshow 

- 
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