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Low-valent metallic species such as TiCls! and CrClI,?
have a significant role as reducing reagents for organic
molecules and their applications in organic synthesis
have been extensively explored over the last three
decades. Specifically, TiCls is an extremely useful reagent
for pinacol reactions,® McMurry couplings,* and Nef
reactions.® In many cases, Ti(lll) species are obtained via
reduction of TiCl, by another metal or metallic hydride
reagent such as Li, Mg, Zn, or LiAlIH,.% In these cases,
however, concomitant formation of metal salts is inevi-
table. Because of their Lewis acidity, these metal residues
sometimes cause undesirable side reactions, decrease of
selectivities, or decomposition of functionalities. Herein
we wish to report that TiCl,—n-BusNI (TBAI) mixed
reagent’ has the same reducing ability as low valent
titanium reagents. These results clearly show that
nonmetallic species such as ammonium iodide can reduce
Ti(1V) species.®

Treatment of TiCl, with tetrabutylammonium iodide
(TBAI) in dichloromethane at 0 °C provided a dark-red
solution. After stirring for 10 min, benzaldehyde and
hexane were added successively at —78 °C. The resulting
biphasic mixture® was allowed to warm to ambient
temperature during a period of 12 h. Aqueous workup
provided the pinacol coupling product 1,2-diphenyl-1,2-
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“ Ratios were determined by "H NMR.,

ethanediol (1) in good yield with high stereoselectivity
(dl/meso = 93/7) (Scheme 1).%° In the absence of TBAI,
the reaction did not proceed. The use of tetrabutylam-
monium bromide in place of TBAI also gave no pinacol
product. Further investigation determined that optimal
conditions were 1.5 equivalents of TiCl, and 2.2 equiva-
lents of TBAI per 1.0 mmol of benzaldehyde (vide infra).
The reaction temperature is crucial for the stereoselec-
tivity. When the reaction was performed at 0 °C, the
stereoselectivity of 1 decreased to 85/15. It was also
essential to add hexane to enhance stereoselectivity.!
Pinacol coupling reactions of various aromatic alde-
hydes under these conditions are summarized in Table
1. Several comments are worth noting. (1) Only aromatic
aldehydes were reactive under these conditions. Aliphatic
aldehydes provided none of the desired diol, and the main
product was an aldol condensation product. (2) Stereo-
selectivity of the product was generally high (>90/10)
except in the cases of 2-bromo- and 2-benzoxybenzalde-
hyde.*? In these cases, meso products were the major
isomers (entries 9 and 10). (3) The reaction conditions
are compatible with aldehydes containing the following
functional groups: halides, ethers, esters, nitriles, or
alcohols. (4) Methyltriphenylphosphonium iodide is as
effective as TBAI (entry 11).2 (5) MePh3P1 or MeEt;NI,
which were prepared from PhzP or Et;N with iodo-
methane in situ, gave similar results (entries 12 and 13).
The pinacol reaction of acetophenone was also inves-
tigated. The desired diol was obtained with extremely
high stereoselectivity, although in modest yield. (Scheme
2). Unfortunately, the reaction of propiophenone under
the same conditions was sluggish and the coupling
product was obtained in only 7% yield. No reaction was
observed in the case of naphthyl methyl ketone.
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Notes

Table 1. Pinacol Coupling Reaction of Aromatic

Aldehydes?

Entry Substrate yield(dlimeso)

1 PhCHO 99 (93/7)
CHO

5 88 (92/8)
3 CHO X =Cl 96 (91/9)
4 Q/ X =OCH; 86 (92/8)
5 X X =0H 70 (92/8)
6 CHO  y_cN 90 (93/7)
7 X X=CO,CH;  99(91/9)
8 CHO X =CH; 71 (90/10)
9 ©i X=Br 98 (33/67)
10 X X=0COPh  89(27/73)
11 PhCHO 99 (4/6)
12 PhCHO 99 (85/15F
13 PhCHO 99 89/11f

a Substrate (1.0 mmol), TiCl4 (1.5 mmol), and TABI (2.2 mmol)
were employed unless otherwise noted. ° PhsPMel (2.2 mmol) was
used instead of TBAI. ¢ EtzNMel prepared in situ from EtzN (2.2
mmol) and Mel (2.2 mmol) was used instead of TBAI. 4 PhsPMel
prepared in situ from PhzP (2.2 mmol) and Mel (2.2 mmol) was
used instead of TBAL.
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Unfortunately, the reaction of aromatic imines (PhCH=
N-n-Pr and PhCH=NPh) under the same conditions
provided no desired coupling products.'* No reaction took
place and only benzaldehyde was recovered after aqueous
workup.

To elucidate the reaction mechanism, further experi-
ments were performed. After quenching the reaction
mixture with water, addition of hexane to the organic
phase provided a black precipitate. This was identified
as n-BuyNlI; by examination of the NMR spectra and
elemental analysis.’®> Thus, the course of this pinacol
reaction is outlined in Scheme 3. lodide ion can formally
serve as a reducing reagent of Ti(lV) into Ti(ll1).16
However, only a small amount of I3~ could be detected

(15) Both 'H and 13C spectra were identical with those of the
authentic sample of n-BusN I3 which was prepared by mixing of n-Bu,-
NI and I,. UV absorbance in CH,CI, was also identical with that of
the authentic sample. Elemental analysis of this precipitate was also
consistent with n-BusNIz;. Found: C, 30.81; H, 5.84%. Calcd for
C15H35|3N: C, 30.84; H, 5.82%.

(16) As shown in Scheme 3, 3 mol of TBAI is needed to reduce 2
mol of TiCl,. Therefore, the stoichiometry in Scheme 1 can be explained
by Scheme 3.
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Table 2. Enolate Formation from a-Haloketones

o omiL] &3 OH O
R! TiCl,—n-BuyNI iLs| R®°CHO
\HLRZ — g % —3 R2
CHZC|2 R2 1
X ~78 °C 30 min 6 R' 7
Entry R' R? R? X yield (sywanti)
1 n-GH; CH, Ph I 91% (92/8)
2 ~(CHy)yo- Ph I 93% (89/11)
3 CHy Ph Ph I 81%(93/7)
4  CH Ph Ph Br 83%(99/1)
5 CH; CH; Ph Cl no reaction
6 H Ph Ph I 62%
7 n-GgH,; CHy  nCHy; 1 77% (86/14)
3 H OCH,Ph Ph I 67%
9  CH, OFt Ph T 52% (65/35)
Scheme 5
) j\ NbCls—n-Bu,NI oH A
Ar” H CH,Cl, Ar
0°C,3h OH
Aldehyde Yield dlimeso
PhCHO 99% >99/1
X =Br 87% >99/1
CHO
C[ X = 0COPh® 65% 95/5
X X = OH* 40% 88/12
CHO
X =OH 75% >99/1
X = OMe 93% >99/1
X
CHO
99% >99/1
MGOQC

4 Reaction temperature, —78 °C to 0 °C. Hexane (3 mL) was added.

in the mixture of TiCl, and TBAI at —78 °C.Y" This result
could indicate that practically no reduction of Ti(IV)
occurred in the absence of aromatic aldehyde. Addition-
ally, it has already been reported that this mixed reagent
can induce the nucleophilic attack of iodide to epoxides
or unsaturated carbonyl compounds.” Based on these
facts, we propose the following mechanism (Scheme 4).
(1) The reaction of TiCl, with TBAI would form penta-
coordinate titanium ate-complex 2. (2) Coordination of a
carbonyl oxygen to the titanium center of 2 would
facilitate the reduction of 2 to Ti(111) species 3. (3) Finally,
3 could form the corresponding ketyl radical which would
dimerize to afford coupling product 5. Instead of alde-
hyde, the use of epoxide would result in nucleophilic
opening by the iodotitanate compound to form iodoal-
koxytitanium compound 4.

(17) After the mixture of TiCls (1.2 mmol) and TBAI (1.8 mmol) in
CH,CI, was stirred for 30 min at —78 °C, 0.06 mmol of 13~ was detected
by titration with aqueous Na,S,0s.
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This TiCl,;—TBAI mixed system could also reduce
a-iodoketones or a-bromoketones to provide the corre-
sponding titanium enolates 6.% The resulting enolates
afforded aldol-type adducts 7 in good yields upon treat-
ment with various aldehydes (Table 2). Under these
conditions, 3-chlorobutanone did not react and the chlo-
roketone was recovered quantitatively (entry 5). While
o-iodoesters could be converted into enolates (entry 8 or
9), no reduction proceeded in the case of an a-bromoester.

We examined another quaternary ammonium iodide-
metal halide combination and found that the NbCls—n-
BusNI mixed system could also induce pinacol coupling
reaction of aromatic aldehydes (Scheme 5).1° Interest-
ingly, stereoselectivities were higher than the corre-
sponding reactions run in the presence of TiCl,—n-BuyNI.
Contrary to the reaction with TiCl;—n-BusNI system, the
reaction of 2-substituted benzaldehydes showed high dlI-
selectivities.

In summary, reduction systems based on TiCl, (or
NbCls)-quaternary ammonium iodide combinations were
found. Reduction of aromatic aldehydes or a-haloketones
by this mixed reagent can be performed easily without
using another reducing reagent.

(18) TiCly-induced enolate formation from o-haloketone has been
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1992, 48, 3867. (b) Szymoniak, J.; Besancon, J.; Moise, C. Tetrahedron
1994, 50, 2841.

Notes

Experimental Section

General Procedure for Pinacol Reaction with TiCls—
TBAI System. To a solution of TiCl, (1.5 mmol) in CH,CI; (1.5
mL) was added a solution of tetrabutylammonium iodide (2.2
mmol) in CHCl; (3 mL) at 0 °C. After stirring for 10 min at 0
°C, the resulting dark-red solution was cooled to —78 °C and
benzaldehyde (1.0 mmol) and hexane (3 mL) were added. The
mixture was allowed to warm to ambient temperature during a
period of 12 h. Then the whole mixture was poured into aqueous
NH.CI and was extracted with ethyl acetate. The organic layer
was washed with aqueous NayS,;03; and dried over Na;SOgs.
Concentration and purification by chromatography afforded 1,2-
diphenyl-1,2-ethanediol (106 mg, 0.49 mmol) in 99% yield.

General Procedure for Pinacol Reaction with NbCls—
TBAI System. To a suspension of NbCls (1.2 mmol) in CH,Cl,
(2 mL) was added a solution of tetrabutylammonium iodide (1.8
mmol) in CH,Cl, (2.5 mL) at 0 °C. After stirring for 10 min at O
°C, to the resulting black solution was added benzaldehyde (1.0
mmol). The mixture was stirred for 3 h at 0 °C. Then, saturated
aqueous NH4Cl (3 mL) was added to the mixture. The whole
mixture was dried over Na,SO.. Ethyl acetate was added and
the solution was washed with aqueous Na,S,03; and dried over
Na,SO4. Concentration and purification by chromatography
afforded 1,2-diphenyl-1,2-ethanediol (106 mg, 0.49 mmol) in 99%
yield.
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