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The reductive dimerization of carbonyl compounds, espe-
cially aldehydes and ketones, to give diols is an important
method for constructing vicinally functionalized carbon—
carbon bonds.! For this purpose, low-valent metals such as
aluminum amalgam,? titanium,® vanadium,* zinc,®> and
samarium® have been employed conveniently. For example,
pinacol coupling reactions using TiCl3/Zn—Cu and [V,Cl3-
(THF)6]2[ZNn2Clg] are employed successfully for the synthesis
of paclitaxel” and C,-symmetrical HIV protease inhibitors,?
respectively. To synthesize such complicated compounds,
the efficient control of the stereochemistry in the coupling
reactions is of great importance.3*hi4 In addition, another
significant part of the pinacol coupling reaction includes the
construction of a catalytic system of low-valent metals. It
has recently been revealed that the use of chlorosilanes in
combination with catalytic amounts of a transition-metal
salt such as titanium and vanadium and a stoichiometric
reducing agent successfully effects the catalytic pinacol
coupling reactions.®1° Among these catalytic reactions, the
low-valent titanium-catalyzed pinacol coupling of aromatic
aldehydes exhibits the excellent diastereoselectivity.19c—¢
However, there are no examples of the highly diastereose-
lective pinacol coupling of simple aliphatic aldehydes in
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Table 1. Selectivity of the Formation of 1,2-Diol2

oH R
cat. V/Me3SiCl/Zn R )\
RCHO —C> R + Q °
(R = Et,CH) OH
1a 2a R 3a R

yield, % (dl/meso)

entry cat. solvent 2a 3a
1 CpV(CO)4 DME 0 80 (63/37)
2 CpV(CO)4 THF 78 (91/9) 0
3 Cp2VCl, DME 0 82 (88/12)
4 Cp2VCl, THF 100 (88/12) 0
5b CpV(CO)4 THF 100 (92/8) 0
6P Cp2VCl, THF 100 (96/4) 0
7¢ Cp2VCl, THF 74 (70/30) 0
gd Cp2VCl, THF 0 39 (89/11)

a8 Reaction conditions unless otherwise stated: aldehyde (2
mmol), catalyst (0.06 mmol), Zn (4 mmol), Me3SiCl (4 mmol),
solvent (7 mL), 20 °C, 13 h. ? PhMe,SiCl was used instead of
MesSiCl. €40 °C. 9 —20 °C.

catalytic systems.1112 Herein, we report a highly diastereo-
selective catalytic pinacol coupling of secondary aliphatic
aldehydes with the aid of Cp,VCI,/R3SiCl/zn (eq 1).

0 ) HO R?
P cat. CpoVClo/R3SiCliZn R
H R' (1)
R? R? OH

A versatile catalytic system consisting of vanadium,
chlorosilane, and zinc worked well for the reductive coupling
of aliphatic aldehydes in dimethoxyethane (DME) to give
1,3-dioxolanes, but unfortunately, the diastereoselectivity of
the dioxolanes obtained was generally very low. For ex-
ample, 2-ethylbutanal (1a) reacted with cat. CpV(CO),, Mes-
SiCl, and zinc powder in DME at room temperature,
affording 1,3-dioxolane (3a) in 80% yield with low selectivity
(dl/meso = 63/37, see entry 1 in Table 1).°b¢ By switching
the solvent simply from DME to THF, however, the product
selectivity dramatically changed, providing 1,2-diol (2a)
predominantly without formation of any olefinic products
and 1,3-dioxolane (entry 2). Similar dependence of the
product selectivity on the solvent was also observed with
Cp2VCl; catalyst (entries 3—4). More interestingly, both
reactions of secondary aldehyde (1a) in THF using cat. Cp,-
VCI; and cat. CpV(CO), exhibited the excellent diastereo-
selectivity (entries 2 and 4). In the case of cat. Cp,VCl,,
the diastereoselectivity could be further enhanced by using
PhMe,SiCl in place of MesSiCl (entry 6). The result suggests
that the bulkiness of the substituents on chlorosilanes
somewhat contributes to the diastereoselection. Elevated
temperature led to a significant decrease in both yield and
stereoselectivity of 2a (entry 7). At a lower temperature
(—20 °C), the product selectivity changed, giving 1,3-diox-
olane (3b) even in THF (entry 8).
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Table 2. Cp2VCI,/R3SiCl/Zn-Induced Pinacol Coupling
Reaction?

entry aldehyde coupling product yield, % [dlimeso]

89 [91/9]
71 (66)° [90/10]
67 (66)° [94/6]

100 (96)° [85/15]

\’j):H\

OH

2b

OH
OH

2c

OH

Ph\MPh

OH

2d

HO
OH

2e

1e
o) OH
CsHyq"
5 "CSHH)J\H ”C5H,1/K( ST g7 [50/50]
OH
11 2t
o OH
Ph
6 Pn/\)\H Ph/\)\(\/ 97 [64/36]
OH
19 29
SE q
7 H 100 [56/44]
OH
1h 2h
o HO M%h
8 P H 91 (57/43]
99 Ph” “Me Prd  oH 17 [77/23]
1i 2i

a Reaction conditions unless otherwise stated: aldehyde (3
mmol), CpzVCl, (0.09 mmol), Zn (6 mmol), Me3SiCl (6 mmol), THF
(7 mL), 20 °C, 13 h. ® PhMe,SiCl was used instead of Me3SiCl.
¢ Isolated yield (%). 9 —20 °C.

The representative results of the reductive coupling of
aliphatic aldehydes by using the cat. Cp,VCI,/R3SiCl/Zn are
shown in Table 2, which are strongly suggestive of a wide
range of secondary aldehydes that participate in the highly
diastereoselective pinacol coupling (entries 1—4). As well
as secondary aldehydes, catalytic reactions of primary
aldehydes in THF also provided the corresponding 1,2-diols
selectively in excellent yields; however, their diastereose-
lectivities were very low (entries 5—7). These results
strongly suggest that the diastereoselection is affected
strongly by the bulkiness of the a-position of aldehydes.

On the other hand, the catalytic pinacol coupling of
ketones such as acetophenone proceeded efficiently with low
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diastereoselectivity (entries 8—9). Contrary to this, the
intramolecular coupling reaction39.92.10e.11.13 of 1 5-diketone
(1)) successfully proceeded with excellent diastereoselectiv-
ity, as exemplified in eq 2.14

) 0 MesSiO  OSiMes

/u\/\/u\ 10 mol% Cp,VCly/MesSiClizn pp Ph
Ph Ph @

DME, 50 °C, 24 h
1j 4, 74%
(dVmeso = 91/9)

This successful result prompted us to examine catalytic
intramolecular cyclization of olefinic aldehydes,'®> as indi-
cated in eq 3. When the reaction of J,e-unsaturated alde-
hyde (1k) with cat. Cp,VCl,/MesSiCl/Zn was conducted in
THF at —20 °C,* trace amounts of vicinal diol were formed,
and instead cyclic alcohol (5) was obtained as the major
product with excellent diastereoselectivity (eq 3). The result

3 mol% Cp,VCly/Me,SiClizn
x H e
THF, -20 °C, 20 h .
0 OH

1k 5,92%
(o-Me/B-Me = 77/23)

model A

o-

is of great interest and may be explained by 5-exo-cyclization
of the corresponding ketyl radical anion, followed by chlo-
rination. In general, ketyl radical anions cyclize with
excellent trans selectivities, suggesting that electronic repul-
sion between the forming radical center and the negatively
charged ketyl oxygen is significant in the transition state
leading to the disfavored cis isomer.'” Considering also the
1,3-diaxial interaction between 2- and 6-methyl groups,
model A is the most favorable, giving a-methyl located cyclic
product (5) as the major product.

In summary, this work describes a novel catalytic pinacol
coupling of secondary aliphatic aldehydes with excellent
diastereoselection. In this catalytic system, the additive of
chlorosilane plays an important role in the construction of
catalytic systems and also assists the stereoselection. An
additive on the vanadium catalytic system also provides a
versatile synthetic tools with high stereoselectivity, as
exemplified by the highly stereoselective monodebromination
of gem-dibromocyclopropanes with the vanadium catalyst in
cooperation with diethyl phosphonate or triethyl phos-
phite.’®19 Further studies on the scope and precise mech-
anism are underway, as well as the construction of new
catalytic systems of low-valent metals.2°

Acknowledgment. This research was supported in
part by a Grant-in-Aid for Scientific Research on Priority
Areas from the Ministry of Education, Science and Culture,
Japan.

Supporting Information Available: Analytical data on the
compounds prepared (IR, 'H NMR, 3C NMR, and mass spectra;
elemental analyses) and NMR spectra of 2e (8 pages).

JO980376J

(17) Curran, D. P.; Porter, N. A.; Giese, B. In Stereochemistry of Radical
Reactions; VCH Press: Weinheim, 1995.

(18) Hirao, T.; Hirano, K.; Hasegawa, T.; Ohshiro, Y.; lkeda, I. J. Org.
Chem. 1993, 58, 6529.

(19) For some other catalytic system of early transition metals, see, for
example: (a) Furstner, A.; Shi, N. 3. Am. Chem. Soc. 1996, 118, 2533. (b)
Corey, E. J.; Zheng, G. Z. Tetrahedron Lett. 1997, 38, 2045.

(20) For Ybl,-catalyzed reduction with Al, see: Ogawa, A.; Ohya, S,;
Sumino, Y.; Sonoda, N.; Hirao, T. Tetrahedron Lett. 1997, 38, 9017.



