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Reductive coupling of aldehydes and ketones to glycols
(pinacol coupling) is a standard reaction of organic synthesis,1

and Mg metal2 or various low-valent complexes of Ti,3 Zr,4

V,5 Nb,5a,6 Sn,7 or Sm8 can be used for efficient synthesis of
inter- or intramolecular pinacol coupling, often with high
diastereoselectivity. However, most conventional reductive-
coupling methods are incompatible with aqueous conditions or
protic functionality,1 and reagents possessing aqueous stability
might not be stereoselective.3n-p,9 For example, although
aqueous TiCl3 can be used for pinacol coupling of aromatic
ketones and aldehydes in basic solution, the intermediate aquo

titanium complex is apparently sterically undemanding: the
“pinacol” coupling of benzaldehyde using aqueous TiCl3 (pH
) 10-12) gives hydrobenzoin in good yield (88%) but with
poor diastereoselectivity (dl:meso) 1.3:1).3o Inexpensive and
easy to prepare green titanocene chloride, [Cp2TiIIICl]2 (1),10
readily hydrolyzes to give blue [Cp2TiIII (H2O)]+ (2) which is
stable in water in the absence of oxygen.11 Complex1 is a
good reducing agent, reacting with activated alkyl halides12 or
epoxides13 by heteroatom abstraction to give Cp2TiIV halide or
alkoxy complexes and alkyl radicals. We now report that1
effectively reductively couples aromatic andR,â-unsaturated
aldehydes to give 1,2-diols in high yield under either anhydrous
or aqueous conditions. Perhaps because the metallocene moiety
“Cp2Ti-X” is sterically demanding,14 pinacol coupling also
occurs with high diastereoselectivity.
In a general procedure,15 benzaldehyde (200 mg; 2 mmol)

dissolved in 20 mL of THF was added dropwise to a green
solution of1 (462 mg; 1.1 mmol of the dimer; 1.1 equiv) in 20
mL of THF at -78 °C. The reaction mixture slowly turned
red-brown, and the reaction mixture was allowed to warm to
room temperature. After 1 h, hydrolysis (aqueous NaOH; Et2O
extraction) followed by chromatography gave 200 mg of
hydrobenzoin (95%; 98:2dl:meso). When a similar procedure
was attempted in THF:H2O (4:1) but starting at 0°C, the only
reaction noted was hydrolysis of1. However, when NaCl (8
g; 62 equiv per Ti) was added, the reaction mixture rapidly
turned green. It was allowed to warm to room temperature,
and after 5 h, it had become red. Hydrolysis and gas
chromatographical analysis of an aliquot showed complete
consumption of the benzaldehyde. Workup was accomplished
by pouring the reaction mixture into 1 N NaOH followed by
extraction with Et2O to give hydrobenzoin. The crude residue
was analyzed by1H NMR and GC of the corresponding
acetonides3i to determine the productdl:mesodistribution by
comparison with authentic materials. Results (84%;dl:meso
) 94:6) compare favorably with those reported for coupling
using simple reducing agents under aprotic conditions.3,9,16Other
examples of pinacol coupling in mixed solvent systems are given
in Table 1. It is especially interesting to note that methyl
glyoxylate and glyoxylic acid are easily converted to dimethyl
tartrate and tartaric acid, respectively, with no adverse partici-
pation of the carboxylic functionality. Also, even though
Cp2TiIII can react with aryl halides,17 no reduction of that
functionality was noted for the case studied.
We believe that the mechanism of pinacol coupling involves

formation of an intermediate Cp2Ti(aldehyde)Cl complex,3
(Scheme 1). A hydride complex analog has been analyzed by
EPR,18 and3 likely has significant unpaired electron density
on the carbonyl carbon atom, as shown in the ketyl complex
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“resonance structure”4. Dimerization of4 would give the
glycolate. According to this hypothesis, strong bonding between
the carbonyl group oxygen and Ti is ana priori requirement
for glycolate formation; perhaps the requirement for strong

Ti-O bonding in a sterically crowded environment is the origin
of the pinacol diastereoselectivities observed. Cationic, hydrated
species211 could coordinate an aldehyde to give [Cp2Ti(H2O)-
(aldehyde)]+ (5) which is apparently unreactive for such
reductive coupling; no reductive coupling occurs in the absence
of added Cl- or when noncoordinating triflate is used instead.
Simple chloride ion addition to5 affords3; it is reasonable that
replacement of H2O by Cl- could favor transfer of electron
density from Ti to the coordinated carbonyl group. Studies to
elucidate the reaction mechanism and to expand the scope of
the coupling reaction are now in progress.19
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Table 1. Reductive Coupling of Aldehydes by Cp2TiCl

a All reactions were run in the presence of excess NaCl.b Initial
temperature; final temperature was room temperature in all cases.
cCombined yields for isolateddl andmesoproducts.dDetermined by
1H NMR (300 MHz) of the crude reaction mixtures following
hydrolysis.eRequires 8 equiv of Cp2TiCl.20

Scheme 1
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