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Chemoselective Carbonyl Benzylation Mediated by Zn/CdCl,/InCl; in Tap

Water
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Abstract: A novel tri-metal system (Zn/CdCl,/InCl3) has been developed as an effective mediator in the
benzylations of various aldehydes in tap water to afford the corresponding alcohols. It can selectively mediate
the benzylation of aldehyde in the presence of ketone. CdCl, and InCl; are easily recycled and used in this

reaction without further purification.
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INTRODUCTION

Since 1980s, the importance of organic reactions carried
out in aqueous media [1] has been gradually recognized not
only because the tedious protection-deprotection processes
can be simplified for certain functional groups containing
acidic hydrogen atoms, but also because there is a growing
public interest in Green Chemistry [2]. Among the organic
reactions in aqueous media, Barbier-type reactions have been
well studied [1]. So far many metals, such as indium, zinc,
and tin, have been reported to be effective in mediating the
allylations of carbonyl compounds to the corresponding
homoallylic alcohols in aqueous media. In addition to allyl
halides, cinnamyl [3] and propargyl halides [4], a-bromo
ketones [5] and esters [6] have been successfully used to
couple with carbonyl compound. But surprisingly,
benzylation of carbonyl compound in aqueous media has
been little studied [7]. Described below is the study of
carbonyl benzylation mediated by a novel tri-metal system
(Zn/CdCly/InCl3) in water (Scheme 1).
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Scheme 1. Carbonyl benzylation mediated by Zn/CdCl,/
Il’lC13

RESULTS AND DISCUSSION

In our initial attempts to carry out the benzylation of
benzaldehyde in the presence of zinc powder in distilled
water, the desired product, 1, 2-diphenylethanol was not
observed. In fact, the products are biphenyl ethane in major
with toluene, benzyl alcohol and a little of biphenyl ethane.
When a catalytic amount of cadmium chloride [8] was added
to this reaction system, biphenyl ethane and toluene were
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still major products. However, careful examination of the
crude extract of the reaction mixture revealed the presence of
5% of the desired product (entry 2 in Table 1). This result
indicated that CdCl, could promote the benzylation reaction.
In order to improve the yield of benzylation product, the
amount of CdCl, was increased and it was found that the
dosage of CdCl, affected the yield. When the amount of
CdCl, was increased from 0.5 equiv. (to benzaldehyde) to
1.0 equiv., the yield of benzylation product was improved
from 56% to 65% (entries 7 and 8, Table 1). Nevertheless,
no benzylation product was observed when either only
cadmium chloride (entry 3, Table 1) or only regular
cadmium powder was employed in the reaction (entry 4,
Table 1). Therefore, it was reasoned that zinc and cadmium
chloride cooperated to promote the benzylation reaction.
Subsequently, different metals and Lewis acids were
employed instead of zinc and cadmium chloride, respectively
for higher yield and better understanding of the mechanism.
As shown in Table 1 (entries 5, 6, 10, 11 and 12, Table 1),
among all the tested bimetal systems, Zn/CdCl, is the most
effective for the carbonyl benzylation reaction. Interestingly,
when 0.1 mmol of indium chloride was added to this
system, the yield of benzylation product was increased
significantly (entry 14), although the benzylation of
benzaldehyde could not be mediated by the Zn/InCl3 system
(entry 12, Table 1). Additionally, BiCl;3 and SnCl, were
also tested as the third component in the mediation system
(entry 15 and 16, Table 1). However, the yield of
benzylation product even decreased. It is to be noted that
benzyl chloride is more efficient than benzyl bromide for the
benzylation of benzaldehyde, probably due to the higher
activity of benzyl bromide (entries 8, 9, 13 and 14, Table 1).
Effectively more biphenyl ethane, resulting from the self-
coupling, was observed when benzyl bromide was used as
the reactant.

Subsequently, a variety of carbonyl compounds were
tested using the Zn/CdCl,/InCly system (Table 2). All of
these reactions were carried out in water, without the
assistance of either buffer solution or organic co-solvent. The
yield of the desired product was not changed regardless of
whether the benzylation reactions are carried out in distilled
water or in tap water. The typical procedure is described as
follows. A mixture of benzaldehyde (1.0 mmol), benzyl
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Table 1. Benzylation of Benzaldehyde under Various Conditions
0 OH
Ph)J\ T N ph” > CHPh
1a 2 3
X =Cl, Br
Entry X Condition [?] Yield (%) [P)/Time (h)

1 Br Zn 0/12
2 Br Zn/CdCl, (] stfli2
3 Br CdCl, 0/12
4 Br cd 0124
5 Br Mg/CdCl, -lel- [h]4
6 Br Al/CdCl, el
7 Br Zn/CdCl, 1] 56/3
8 Br Zn/CdCl, 65/3
9 a Zn/CdCl, 84/3
10 Br Zn/SnCly 5/3
11 Br Zn/BiCly 0/3
12 Br Zn/InCly 073
13 Br Zn/CdCly/InCl; [€] 80/3
14 a Zn/CdCly/InCl3 [f] 92/3
15 a Zn/CdCly/BiCl; [f] 65/3
16 a Zn/CdCl,/SnCl, [f] 7213

120 equiv.of zinc powder and 1.0 equiv.of Lewis acid unless noted
1 Isolated yield

lo.1 equiv. of CdCly based on benzaldehyde

dl o5 equiv. of CdCly based on benzaldehyde
los equiv. of InCl3 based on benzaldehyde

104 equiv. of InCl3, BiCl3, SnCly based on benzaldehyde

gl Pinacol coupling product was observed

h] Determined by GC-MS

chloride (2.0 mmol), Zn powder (2.0 mmol), CdCl, (1.0
mmol), and InCl3 (0.1 mmol) in water (5.0 mL) was stirred
at room temperature for a period as shown in Table 2. Then
the mixture was extracted with ethyl acetate and the organic
layer was dried over anhydrous MgSQy, for 2 h. The organic
solvent was removed under reduced pressure. The residue
was purified by column chromatography to afford pure
product, which was characterized by IR, MS, 'H and !13C
NMR spectra.

As shown in Table 2, all the aromatic aldehydes were
benzylated effectively to afford the desired product in high
yields (entries 1-11, Table 2). The aromatic aldehydes with
hydroxyl group were successfully employed in this reaction
without protection (entries 10, 11, Table 2), yielding the
corresponding 1,2-diaryl-ethanols. The conjugated aliphatic
aldehyde was also benzylated in good yield (entry 12).
However, the reaction of aliphatic aldehydes afforded only
the corresponding products in poor yields (entries 13 and

14). The ketones could not be benzylated these conditions
(entries 15-17) since they are less reactive than the
aldehydes.

The different reactivity of aldehydes and ketones suggests
a useful chemo-selectivity of this benzylation reaction in
water [9]. So an equimolecular mixture of an aromatic
aldehyde and a ketone was used in the benzylation reaction
mediated by Zn/CdCl,/InCl3 in water. As shown in Table 3,
all the reactions yielded the 1,2-diaryl alcohols exclusively
from the aldehydes while the ketones were not benzylated
(entries 1, 2, 3). The chemo-selectivity was studied when
aldehyde and ketone functional groups are in the same
molecule. When using this tri-metal system, the benzylation
of 4-acetylbenzaldehyde (1r) afforded exclusively the product
(3r) in 94% yield without any reaction on the ketone moiety
(Eq. 1). These results indicated that Zn/CdCl,/InCl3 could
selectively mediate the benzylation of an aldehyde in the
presence of a ketone.



Chemoselective Carbonyl Benzylation

Table 2. Benzylation of Various Carbonyl Compounds
Using Zn/CdCl,/InCly in Water

o OH
R! PN R+ P N %chiléﬂn% R /1}12\ CH,Ph
1 2 3
Entry R1 R2 | Yield (%)/2/Time (h)
1 Ph (1a) H 92/3
2 4-benzo[3,4]dioxole (1b) | H 87/4
3 a-Naphth (1¢) H 82/4
4 o-Furan (1d) H 95/3
5 4-CI-Ph (1e) H 93/4
6 4-Me-Ph (1f) H 88/4
7 4-McO-Ph (1g) H 83/4
8 2-CI-Ph (1h) H 95/4
9 2-MeO-Ph (1) H 85/4
10 2-OH-Ph (1j) H 76/3
11 2-OH-5-MeO-Ph (1k) H 78/3
12 PhCHCH (11) H 75/5
13 H (1m) H 30/6
14 CH3(CH,)s (1n) H 25/6
15 Ph (10) Me 0/6
16 4-CI-Ph (1p) Me 0/6
17 4-MeO-Ph (1q) Me 0/6

(2] 1solated yield

Table 3. Benzylations of a Mixture of Different Aldehydes
and Ketones Using Zn/CdCly/InCl3 in Water[?]
Entry Substrate Product Yield (%) [b]/Time(h)
1 1a, 1o 3a 85/3
2 le, 1p 3e 87/4
3 1g, 1q 3g 82/4

(2] Standard procedure unless noted
[b] Isolated yield

PhCH,CI
p-CH;COC4H,CHO p-LCH; COCH,CHOHCH,C¢Hj

Zn/CdC1/InCl3
1r 3r

Eq. (1).

The recycling of the mediation system was studied since
cadmium compound is toxic. In order to recover CdCl, and
InCl3, the reaction mixture was extracted with ethyl acetate
and the organic layer was washed with water for 3 times.
Then the combined aqueous layers were concentrated. ICP-
MS determination of cadmium amount in the organic layer
showed that more than 99.99% cadmium was in the aqueous
phase. The reactivity of recovered CdCl, and InCly was
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investigated. To the recovered CdCl, and InCl3 were added
1.0 mmol of benzaldehyde, 2.0 mmol of benzyl chloride and
2.0 mmol of zinc powder. Then the reaction mixture was
allowed to stir at room temperature for 3 h. The reaction
mixture was treated in the same manner as mentioned above
and the yield was determined by the analysis of 'TH NMR
and GC-MS. As indicated in the table below, recovered
CdCl, and InCl; with added Zn can effectively mediate the
benzylation reaction even after several recycles. Thus, the
toxic reagent in this system is not only completely recovered
but also efficiently re-used.

Table 4. The Recycling of CdCl, and InCl;[2!

Recycle time 1 2 3 4

Reaction yield 89 88 84 78
(8] yields were determined by 'H NMR and GC-MS

CONCLUSION

In conclusion, this study has demonstrated that the
benzylations of aldehydes in water is achieved by using a
novel tri-metal system (Zn/CdCl,/InCl3). This tri-metal
system can selectively mediate the benzylation of an
aldehyde in the presence of a ketone. CdCl, and InCl; are
easily recycled and used in this reaction without further
purification.
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