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Abstract: By using diallylmercury or allylmercury bromide (activated by tetraalkylammonium bromide), a variety
of aldehydes can be allylated smoothly in water to give the corresponding homoallylic alcohols.
© 1999 Elsevier Science Ltd. All rights reserved.

Allylation of carbonyl compounds with allylmetals to give the corresponding homoallylic
alcohols is considered to be one of the most important carbon-carbon bond formation methods in
organic synthesis.' Although a number of allylmetallic reagents have been developed to realize
efficient allylation reaction of C=X electrophilies, most of them are air and moisture sensitive.
Therefore, the allylation reaction is usually performed under strictly anhydrous condition in
organic solvent. In recent years, there has been considerable interest in performing organometallic
reactions in aqueous media.” By using aqueous media, the inflammable and anhydrous organic
solvent can be avoided. Moreover, compounds bearing reactive functional groups, such as
hydroxy and carboxylic function, can be reacted directly without the protection-deprotection
protocol in such reactions. Up to now, such aqueous organometallic-type reactions have been
based on the Barbier-type conditions using various metals directly with allylic halides in aqueous
media. Despite the success of performing Barbier-type allylation reactions in aqueous media, the
use of metal directly in the reaction may lead to side reactions, such as reduction and/or pinacol
coupling of the carbonyl compound, reduction and/or Wurtz coupling of the halide. We are
therefore interested in the possibility of allylation of carbonyl compounds with allylmetals in
aqueous media.

Organomercurials are among the oldest known and useful organometallics in chemistry.’
However, despite extensive exploitation of organomercurials as versatile reagents in organic
synthesis, allylmercury compounds have not been examined as allylmetallic reagents, presumably
because of the perception that organomercurials are in general not sufficiently reactive towards
carbonyl compounds. On the other hand, it is well known that C-Hg bond is stable to water.’
Herein, we report that allylation of aldehydes can be performed smoothly with allylmercury
reagents in aqueous media.” The results are summarized in Table 1. It is clear that diallylmercury
(Warning: organomercury compounds are known to be toxic)® reacts with various aldehydes to
give the corresponding homoallylic alcohols in good yields (entries 3-20). The allylation reactions
can be performed under mild conditions without any need to activate the carbonyl compounds
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Table 1 Allylation Reaction of Aldehydes® by Diallylmercury (1) and Allymerucry Bromide (4)

Entry Aldehydes(2) Allylation Reagents Products(3) Yields(%)"
1 PhCHO 4 - 0
OH
2 PhCHO 4/NaBr AN 26
OH
3 PhCHO 1/CH,Cl; o PPN 88
4 PhCHO® 1 ji/\ 80
™
] PhCHO 4/THAB ™ 38
"‘)\/\
6 #-CgH;;CHO 1 o 99

99
77

9 O—cno 1
10 4/THAB®
11 \ :cno

1

61

H
7 n-CgH;CHO 1 \/\/\/\i/\ 99
8 4/THAB® 80
OH
\=<?:/\

12 1 OH 94

CH
13 - HO 4/THAB " /\)\/\ 55
X i
14 1 99
P cHiom, 4/THAB ""JW 7
OH
QCHO 1 % 75

16 N OH
OH oH
17 Ho\/kcuo 1 Ho\)\(\/ 85
]

18 p-NO-PhCHO 1 on 91

19 4/THAB “"'O)\" 74
CB

20 Br,CCHO 1 "Y\/ 99

21 ATHAB 64

2 PhCOCH; 1 ; 0

23 CH;COCOOEt 1 - 0
(a) The reaction was performed in water except entry 3. (b) Isolated yields. (c) The reaction was performed at 40°C overnight.
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with Lewis acid. The reaction can also be performed in organic solvent (CH,Cl,) to give allylation
product with similar yield (entry 3). When a,B-unsaturated aldehydes were used, no conjugation
allylation and only 1,2-addition products were obtained (entries 7,8). It is worth pointing out that
although diallylmercury can be used as an efficient allylation reagent in aqueous media, its
toxicity together with its volatility render it undesirable as a reagent.® On the other hand, the
results in Table 1 showed that only 0.6 equivalent of diallylmercury was required to give
satisfactory yield in the reaction, therefore both allyl groups of diallylmercury must have
participated in the reaction. We therefore explored the use of allylmercury bromide, which is much
easier to handle and presumed safer.

MHQ + R>.=o _Mo RN
H RT

1 M

échemel

We found that allylmercury bromide did not allylate aldehydes under identical conditions
(entry I). This was attributed to the lower nucleophilicity of allylmercury bromide. Activation of
either the electrophile or the nucleophile is required. We were gratified to find that with the
addition of tetrahexylammonium bromide (THAB) to the reaction mixture, the nucleophilicity of
allylmercury bromide was sufficiently enhanced and the allylation reaction with aldehydes
proceeded smoothly in water.” (Scheme 2) Aliphatic aldehydes seemed to be less reactive than
aromatic aldehydes and relatively higher temperature (40°C) of reaction was needed. Although
sodium bromide also can promote the allylation reaction to some extent in place of THAB, the
yield was less satisfactory (entries 2). Similar to diallylmercury, only 1,2-addition product was
observed when a,B-unsaturated aldehyde was used (entry 11).

/\/HgBr N R>___ o H,0 R /
H THAB
OH
4 2 3
Scheme 2

Since the reaction can be performed in aqueous media, it is not surprising that functional
groups bearing active hydrogen on the substrates are tolerated. Thus, using diallylmercury or
allylmercury bromide in water, phenylglyoxal hydrate and glyceraldehyde can be allylated (entries
14, 15, 17). On the other hand, both mercury reagents show considerable chemoselectivity in not
reacting with ketone or ester carbonyl functions The chemoselectivity can be demonstrated by
comparison with the indium-mediated Barbier type reaction.” An equal mixture of benzaldehyde
and ethyl pyruvate was allylated with limited amount of indium and allyl bromide in water to give
mixture of corresponding allylation products in a ratio of about 4:1. The allylation of the same
equal mixture of benzaldehyde and ethyl pyruvate with diallylmercury gave only addition product
of benzaldehyde. This shows that diallylmercury is unreactive even towards an activated ketone
such as the pyruvate carbonyl function (entry 23). Similar chemoselectivity is demonstrated in the
altylation of phenylglyoxal hydrate. Diallylmercury reacted with phenylglyoxal hydrate to give
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allylation at the aldehydic carbonyl group only (entry 14, 15). Indium/ally]l bromide in water, on
the other hand, allylates both the aldehydic and the ketonic carbony! groups.®

One advantage of using allylmetallic reagent instead of the Barbier-type reaction conditions
with metal is the sensitivity of some functional group to reduction by the metal. For example,
nitro group is usually not tolerated in the Barbier-type reaction due to the ease of reduction of the
nitro group by metallic zinc, or tin, or indium.’ In the present case, p-nitrobenzaldehyde reacted
readily with diallylmercury or allylmercury bromide to give the allylation product with the nitro
group intact (entry 18, 19). Similarly, a-bromocarbonyl compounds such as tribormoacetaldehyde
was allylated uneventfully without the reduction of the a-bromo moiety as would be expected
under metal mediated conditions' (entry 20, 21).
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