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ABSTRACT

A zinc/indium chloride-mediated pinacol cross-coupling reaction between aldehyde and r,�-unsaturated ketone in aqueous media was developed.
The 1,2-diols were obtained in moderate to good yields with up to 93:7 diastereoselectivity.

Pinacol coupling of carbonyl compounds is an important
reaction for the formation of 1,2-diols and has received
considerable attention from organic chemists.1 However,
most of the reported pinacol coupling reactions were focused
on the homocoupling of the carbonyl compounds, ac-
companied by reductive products.1f-l The relevant pinacol

cross-coupling reaction of two different carbonyl compounds
is more challenging and remains relatively unexplored.2 In
2001, Takai and co-workers reported the first pinacol cross-
coupling reactions of aliphatic aldehydes with R,�-unsatur-
ated ketones using air-sensitive CrCl2 and R3SiCl as coupling
reagents to afford various 1,2-diols in good to excellent
yields.3 However, the method using toxic and expensive
CrCl2 is mainly limited to aliphatic aldehydes, and the
reactions have to be carried out under strictly anhydrous
conditions. If the reaction can be developed to proceed in
water with the elimination of the above limitations, its
applicability will be greatly enhanced. In continuation of our
efforts to develop organic transformations in aqueous media
with many inherent advantages over reactions in conventional
organic solvents,4,5 herein we report an efficient pinacol
cross-coupling reaction of aldehyde and R,�-unsaturated
ketone using Zn/InCl3 in aqueous media. The 1,2-diols can
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be obtained in moderate to good yields with up to 93:7
diastereoselectivity (Scheme 1).

Initially, we examined the effect of different metallic
coreductants and solvents on the pinacol cross-coupling of
benzaldehyde 1 and ethyl vinyl ketone 2 at room temperature.
The results are summarized in Table 1.

As shown in Table 1, among the different metals inves-
tigated, Zn/InCl3 was observed to be an effective system for
the pinacol coupling reaction of 1 and 2 in aqueous media.
The reaction proceeded efficiently to furnish the correspond-
ing 2-ethyl-1-phenylbut-3-ene-1,2-diol 3 in 80% yield (Table
1, entry 6). When other metals such as In, Al, Mg, Fe, and
Sn were used, poor yields or no cross-coupled 1,2-diol
product was observed (Table 1, entries 1-5). It is important
to note that the use of metal (i.e., zinc) is indispensable for
the pinacol coupling reaction; without it, no desired product
was obtained (Table 1, entry 11). It is noteworthy that

without the use of InCl3, the reaction using Zn proceeded
sluggishly to give the desired product in lower yield (Table
1, entry 10). It was also found that a better yield could be
obtained when H2O/THF (1:1) was used as cosolvent
compared to pure H2O, THF, or other organic solvents (Table
1, entries 12-15).

Table 2. Pinacol Cross-Coupling Reaction Using Various
Aldehydes and R,�-Unsaturated Ketonesa

a The reaction was carried out at rt for 5 h using Zn (1 mmol), InCl3
(0.05 mmol), aldehyde (0.5 mmol), R,�-unsaturated ketone (1 mmol), H2O
(5 mL), and THF (5 mL). b Isolated yield. c Diastereoselectivity was
determined by isolation and/or 1H NMR analysis. d Using InBr3 instead of
InCl3 with the similar diastereoselectivity. e The anti:syn ratio is 65:35 when
the temperature is 75 °C.

Scheme 1. Pinacol Cross-Coupling Reaction of Aldehyde with
R,�-Unsaturated Ketone in Aqueous Media

Table 1. Optimization of Reaction Conditions Using
Benzaldehyde 1 and Ethyl Vinyl Ketone 2a

entry conditions solvent yieldb (%) anti:sync

1 In/InCl3 H2O/THF <10d

2 Al/InCl3 H2O/THF trace
3 Mg/InCl3 H2O/THF 0
4 Fe/InCl3 H2O/THF 0
5 Sn/InCl3 H2O/THF 0
6 Zn/InCl3 H2O/THF 80 (49:51)
7 Zn/ZnCl2 H2O/THF 72 (48:52)
8 Zn/In(OTf)3 H2O/THF 37 (46:54)
9 Zn/AuCl(PPh3) H2O/THF 42 (46:54)
10 Zn H2O/THF 21 (50:50)
11 InCl3 H2O/THF 0
12 Zn/InCl3 H2O 55 (49:51)
13 Zn/InCl3 THF 18 (49:51)
14 Zn/InCl3 CH3CN trace
15 Zn/InCl3 hexane trace
a The reaction was carried out at rt for 5 h using Zn (1 mmol), InCl3

(0.05 mmol), 1 (0.5 mmol), 2 (1 mmol), H2O (5 mL), and THF (5 mL).
b Isolated yield. c Diastereoselectivity was determined by isolation and/or
1H NMR analysis. d �,γ-Unsaturated ketone was obtained as the major
product as reported previously.6
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We next examined the generality of the reaction by using
a wide variety of R,�-unsaturated ketones and aldehydes.
As shown in Table 2, Zn/InCl3 efficiently mediated the
pinacol cross-coupling reactions of various aldehydes and
R,�-unsaturated ketones in H2O/THF at room temperature
to afford the corresponding 1,2-diols in moderate to good
yields. It is gratifying to find that when aliphatic aldehyde
1i was used as substrate, the reaction also proceeded
efficiently with 2d to furnish the desired product 3l in
moderate yield with high diastereoselectivity (Table 2, entry
12). It was also found that the yields for the aliphatic
aldehydes could be enhanced by using InBr3 instead of InCl3
(Table 2, entries 12-14). Similar to Takai’s report, the syn:
anti selectivity changed with the reaction temperature (Table
2, entry 12).

The structure of one of the products, 3d was further
confirmed by a single-crystal X-ray diffraction analysis
(Figure 1).7

A possible mechanism is proposed as shown in Scheme
2.3b The reaction is initiated by a single-electron transfer

from zinc to the R,�-unsaturated ketone to form a radical
enolate anion b. Fast trapping of the oxygen-metal bond

in the radical enolate anion b by InCl3 gives the γ-In(III)-
substituted allylic radical c. The radical c is further
reduced by zinc to furnish the corresponding allylic zinc
species d. Finally, coupling of the γ-In(III)-substituted
allylic zinc species d with an aldehyde followed by
quenching of the resulting 1,2-diolate with water generates
the desired product e.

In summary, we have reported an efficient pinacol cross-
coupling reaction of aldehydes with R,�-unsaturated ketones
promoted by Zn/InCl3 in aqueous media. It provides an atom-
economical and straightforward access to a wide variety of
1,2-diols. Synthetic applications of the reaction to an
intramolecular-type pinacol cross-coupling reaction, as well
as insight into its detailed mechanism, are currently in
progress.

Acknowledgment. We gratefully acknowledge the Nan-
yang Technological University and Singapore Ministry of
Education Academic Research Fund Tier 2 (No. T206B1221
and T207B1220RS) for funding of this research.

Supporting Information Available: Additional experi-
mental procedures and spectral data for all the compounds
(PDF). This material is available free of charge via the
Internet at http://pubs.acs.org.

OL900619D

(4) For reviews of organic reactions in water, see: (a) Herrerı́as, C. I.;
Yao, X. Q.; Li, Z. P.; Li, C. J. Chem. ReV. 2007, 107, 2546–2562. (b)
Chauhan, K. K.; Frost, C. G. J. Chem. Soc., Perkin Trans. 1 2000, 3015–
3019. (c) Babu, G.; Perumal, P. T. Aldrichim. Acta 2000, 33, 16–22. (d)
Loh, T. P. In Science of Synthesis; Yamamoto, H., Ed.; Georg Thieme
Verlag: New York, 2004; p 413. (e) Li, C. J.; Chan, T. H. Tetrahedron
1999, 55, 11149–11176. (f) Li, C. J. Chem. ReV. 2005, 105, 3095–3166.
(g) Li, C. J. Chem. ReV. 1993, 93, 2023–2035. (h) Li, C. J.; Chen, L. Chem.
Soc. ReV. 2006, 35, 68–82. (i) Dallinger, D.; Kappe, C. O. Chem. ReV.
2007, 107, 2563–2591. (j) Kobayashi, S.; Manabe, A. K. Acc. Chem. Res.
2002, 35, 209–217. (k) Lindstrom, U. M. Chem. ReV. 2002, 102, 2751–
2772. (l) Li, C. J. Acc. Chem. Res. 2002, 35, 533–538. (m) Li, C. J. Green
Chem. 2002, 4, 1–4. (n) Miyabe, H.; Naito, T. Org. Biomol. Chem. 2004,
2, 1267–1270.

(5) (a) Loh, T. P.; Cao, G. Q.; Pei, J. Tetrahedron Lett. 1998, 39, 1453–
1456. (b) Loh, T. P.; Chua, G. L.; Vittal, J. J.; Wong, M. W. Chem.
Commun. 1998, 861–862. (c) Loh, T. P.; Zhou, J. R.; Yin, Z. Org. Lett.
1999, 1, 1855–1857. (d) Loh, T. P.; Yin, Z.; Song, H. Y.; Tan, K. L.
Tetrahedron Lett. 2003, 44, 911–914. (e) Loh, T. P.; Li, X. R. Angew.
Chem., Int. Ed. 1997, 36, 980–982. (f) Shen, Z. L.; Loh, T. P. Org. Lett.
2007, 9, 5413–5416. (g) Shen, Z. L.; Cheong, H. L.; Loh, T. P. Chem.sEur.
J. 2008, 14, 1875–1880. (h) Shen, Z. L.; Yeo, Y. L.; Loh, T. P. J. Org.
Chem. 2008, 73, 3922–3924. (i) Lu, J.; Liu, F.; Loh, T. P. AdV. Synth.
Catal. 2008, 350, 1781–1784. (j) Shen, Z. L.; Ji, S. J.; Loh, T. P.
Tetrahedron 2008, 64, 8159–8163. (k) Shen, Z. L.; Cheong, H. L.; Loh,
T. P. Tetrahedron Lett. 2009, 50, 1051–1054. (l) Yang, Y. S.; Shen, Z. L.;
Loh, T. P. Org. Lett. 2009, 11, 1209–1212.

(6) (a) Kang, S.; Jang, T. S.; Keum, G.; Kang, S. B.; Han, S. Y.; Kim,
Y. Org. Lett. 2000, 2, 3615–3617. (b) Ohe, T.; Ohse, T.; Mori, K.; Ohtaka,
S.; Uemura, S. Bull. Chem. Soc. Jpn. 2003, 76, 1823–1827.

(7) Crystallographic data (including structure factors) for compound 3d
(CCDC 716671) reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre. See the Supporting Information
for details.

Figure 1. ORTEP diagram of the single-crystal X-ray structure of
compound 3d (syn structure).

Scheme 2. Proposed Reaction Mechanism
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