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Stereoselective Pinacol Coupling in Aqueous Media
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Reductive coupling of aldehydes and ketones to glycols
(pinacol coupling) is a standard reaction of organic synthesis,
and Mg metd or various low-valent complexes of ¥izZr,*

V,5 Nb,°26 Sn7 or Sn? 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
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titanium complex is apparently sterically undemanding: the
“pinacol” coupling of benzaldehyde using aqueous Ti@H
= 10-12) gives hydrobenzoin in good yield (88%) but with
poor diastereoselectivitylimeso= 1.3:1)3° Inexpensive and
easy to prepare green titanocene chloride 2 J@HCl], (1),2°
readily hydrolyzes to give blue [Gpi" (H.O)]" (2) which is
stable in water in the absence of oxygénComplex1 is a
good reducing agent, reacting with activated alkyl hafidles
epoxided? by heteroatom abstraction to give gpV halide or
alkoxy complexes and alkyl radicals. We now report that
effectively reductively couples aromatic amgs-unsaturated
aldehydes to give 1,2-diols in high yield under either anhydrous
or aqueous conditions. Perhaps because the metallocene moiety
“CpzTi—X" is sterically demanding? pinacol coupling also
occurs with high diastereoselectivity.

In a general procedufé,benzaldehyde (200 mg; 2 mmol)

protic functionality! and reagents possessing aqueous stability dissolved in 20 mL of THF was added dropwise to a green

might not be stereoselectivéP® For example, although
agueous TiG can be used for pinacol coupling of aromatic

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

ketones and aldehydes in basic solution, the intermediate aquaed—brown, and the reaction mixture was allowed to warm to
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room temperature. After 1 h, hydrolysis (aqueous NaOROEt
extraction) followed by chromatography gave 200 mg of
hydrobenzoin (95%; 98:8l:mesg. When a similar procedure
was attempted in THF:3O (4:1) but starting at OC, the only
reaction noted was hydrolysis &f 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 imtl N NaOH followed by
extraction with E£O to give hydrobenzoin. The crude residue
was analyzed by'H NMR and GC of the corresponding
acetonided to determine the produatl:mesodistribution by
comparison with authentic materials. Results (84#timeso

= 94:6) compare favorably with those reported for coupling
using simple reducing agents under aprotic conditiéi§Other
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 patrtici-
pation of the carboxylic functionality. Also, even though
Cp.Ti" can react with aryl halide¥, no reduction of that
functionality was noted for the case studied.

We believe that the mechanism of pinacol coupling involves
formation of an intermediate Gpi(aldehyde)Cl complex3
(Scheme 1). A hydride complex analog has been analyzed by
EPR!8 and 3 likely has significant unpaired electron density
on the carbonyl carbon atom, as shown in the ketyl complex
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Table 1. Reductive Coupling of Aldehydes by ¢RCl Scheme 1
R Fu R R OH OH
. 0:«/}{ OH OH 424,”; °=(R2 g».i‘.o:{ﬁ‘ g%,o——(é t.dimerize P R,
R <9 : R R N —_ 2N, 2 2N -
& e R R = QR T
. hydrolyze 1 1 ™ o3 o4
HO '-cr 1CI'
Aldehyde THF:H»02 Temp (°C)b Yield (%) dl:mesod
100:0 -78 95 98:2 + R,
©/°“° 80:20 0 84 94:6 %—ou, - <%€°=(nz
50:50 0 89 95:5 LN OH
20:80 0 82 95:5 2 s
CHO 100:0 -78 91 98:2 . N . . . -
;/@/ £0:20 o 85 946 Ti—O bonding in a sterically crowded environment is the origin
cho of the pinacol diastereoselectivities observed. Cationic, hydrated
/(j 100:0 78 o 95:5 specie®!! could coordinate an aldehyde to give [Ti{H20)-
Br 80:20 0 84 91:9 . . .
(aldehyde)t (5) which is apparently unreactive for such
cHo 100:0 78 93 98:2 d i lina: d i li inth b
Q reductive coupling; no reductive coupling occurs in the absence
Meo 80:20 0 88 94:6 of added Ct or when noncoordinating triflate is used instead.
@ 100:0 78 82 99:1 Simple chloride ion addition t6 affords3; it is reasonable that
o7 “cHo 80:20 0 7 95:5 replacement of kKD by CI~ could favor transfer of electron
1 100:0 78 79 98:2 density from Ti to the coordinated carbonyl group. Studies to
H20 =MeO” “CHO elucidate the reaction mechanism and to expand the scope of
5 1000 78 P 98:2 the coupling reaction are now in progréss.
H,0 + HO™ “CHO ’
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a All reactions were run in the presence of excess NagGlitial - -
n (19) The complex (EBTHPTICI was more stereoselective than was {Cp

temperature; final temperature was room temperature in all Cases. it tor aldehvde r iv lina. For exampl nzaldeh el
iCombmed yields for isolated| andmesoproqlucts.d_Determmed by hy%r]ébgnezlcﬂsdlyr?\gsgiugg:f (%,05%2) a% 0,8 uesiﬁg Fceéﬁgl]z?gl?mg%ie ded
H NMR (300 MHz) of the crude reaction mixtures following  >'50:1 (9296) using (EBTHETICI. [Cp2TiCl]> Shows low reactivity toward
hydrolysis.® Requires 8 equiv of GFiCI.2° pinacol coupling of aromatic ketones or aliphatic aldehydes and ketones.
) o ] (20) Workup was accomplished by quenching the reaction with 1 N
“resonance structure4. Dimerization of4 would give the NaOH followed by filtration and washing with #. The aqueous layer

i i i i was concentrated toa. 5 mL, and saturated solution of Ba@las added.
glycolate. According to this hypothesis, strong bonding between The mixture was heated to 7€, and the Ba salt precipitated on standing.
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for glycolate formation; perhaps the requirement for strong C. I. Tetrahedron Lett1979 20, 4319.



