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There has been considerable recent attention toward the developScheme 1
OH

ment of Barbier-Grignard-type reactions in watéfThis interest i
is evident in the number of topical and excellent reviews that have H 4+ \ Conditions
illuminated the advantages of using aqueous organometallic reac- >

NC NC

tions over those occurring in organic solveirt synthesis. For

instance, the protectierdeprotection processes for certain acidic- 144 7. Optimization Conditions
hydrogen-containing functional groups can be avoided, which
contributes to the overall synthetic efficientpdditionally, water-
soluble compounds, such as carbohydrates, can be directly reacted 1  InCliZn H0 0

entry conditions? solvent yield (%)°

. S 2 INCl/TBDMSCl/iZn/CuBr ~ HO 3¢
without the need for derlvatlza_tlon, and Wate_r-soluble catalysts_can 3 InCliZn/Cul HO 13:33:54
be reused for an extended period of time, which reduces operational 4 Zn/Cul HO 0:38:62
cost® However, while the allylatiofi,propargylatiort, benzylatior? 5 InCI/CuBr HO no reaction
arylation/vinylation® and alkynylatio?® of carbonyl compounds, s :ng:gu}c | '6'2(())7 M NAG,O 801 ;eg;flon
. . . n n/Cu . 204 :12:
alo_ng with the a_ldol-type react_ldﬁ,hgve been_ sut_:cessful with 8 INGl/CUBY 0.07MNaG,Os  no reaction
various metals in water, a high yield BarbigBrignard-type 9 InClizn/Cul 0.07 M KC504 0:25'75
carbonyl alkylation with nonactivated halides in water has yet to 10 InCl/Zn/Cul 0.07 M KOAc 0:36:64
be developed? 11 InCl/Zn/Cul 0.05 M NaC,04 6:12:82
This is largely due to the fact that a highly reactive metal is 12 InCliCul 0.05MNaC0,  no reaction
. . 13 InCl/Zn 0.05 M NaCy04 trace
required to break the nonactivated carbdrlogen bond (as well 14 Zn/Cul 0.05 M NaC,0,  13:17:71

as to react with the carbonyl once the organometallic intermediate
is formed). However, even if the desired intermediate is successfully 218 hbreactilgn r?t 53?}“ Itgn;peratured bﬁieﬂ ,\L/Ilpl):{on 2?_ mgf(0.153 n:n:jOI) of
generated, varous competing side reactions may ocour when? SraTebertacen Il o cue b MM e of uesct
utilizing a highly reactive metal, for example, the reduction of o4y of Cul, 5 equiv of isopropyl iodide, 6 equiv of Zn.
water, the reduction of starting materials, the hydrolysis of the
organometallic intermediate, and pinacol-coupling. Essentially,  Further experiments showed that the optimized conditions only
these difficulties have prevented the further development of utilize Zn, Cul, and a catalytic amount of InCl in 0.07 M aqueous
aqueous organometallic reactions onto simple alkyl halides. Further-Na,C,0, (entry 7). The use of aqueous Xa0, was intended to
more, on the basis of our unsuccessful attempts in the past, itactivate zinc (by dissolving zinc oxide) under neutral conditions.
was ascertained that to overcome this seemingly insurmountableA 12:88% ratio was obtained, as seen from tHeNMR of the
dilemma, a particular balance between metal reactivity and side reaction mixture, of pinacol product to desired alkylated product,
product conversion must be achieved without severely compromis- respectively, based upon the aldehyde. As seen in Table 1, other
ing the yield of the desired alkylated product. Herein, we are aqueous media with KOAc, NaOAc,&,0, were also investigated
gratified to report an efficient BarbieiGrignard-type alkylation but provided poorer results relative to sodium oxalate. Without zinc,
of aldehydes in water. In the presence of Cul, Zn, and catalytic there was no reaction (entry 12); without Cul (entry 13), there was
InCl, in dilute aqueous sodium oxalate, simple alkyl halides reacted only a trace amount of the alkylated product; without InCl (entry
with aldehydes at room temperature, under an atmosphere’8f air, 14), there was an incomplete conversion of the aldehyde. Similar
to yield the desired nucleophilic addition products in moderate to conditions but in water (entries-%) showed there was either an
high yields. incomplete conversion of the aldehyde along with a higher amount
The investigation started with the reaction of isopropyl iodide of pinacol-coupling product or no reaction. Additionally, when the
andp-cyanobenzaldehyde (Scheme 1), in the presence of InCl andreaction was carried out in organic solvents such as THF, methanol,
Zn, in water with no desired product (Table 1, entry 1), but we and methylene chloride, no desired reaction product was observed.
found that with the addition of TBDMSCI and CuBr, there was a Also, with an even lower concentration of sodium oxalate (entry
30% isolated yield of the alkylated product (entry 2). Motivated 11), there was an incomplete conversion of the aldehyde. Therefore,
by this initial result, we looked at the usage of other additives such on the basis of these results, we concluded that the best conditions
as BuSnH, (MgSn), (MesGe), and (MgSi), in water!4 Even are shown in entry 7.
though these reactions, based upon NMR conversions, did give the Subsequently, a variety of aldehydes and alkyl halides were
desired product in varying yields, the reaction conditions were still examined to generate the Barbigrignard alkylation products by
undesirable because the conversion of aldehyde was not completeéhe standard conditions (Scheme 2). Table 2 provides details of
and/or there were large amounts of undesired pinacol-coupledthe conditions and results of a series of aldehifsd alkyl halides
product. The addition of organic cosolvents and sodium dodecyl utilized in the methodology. Several conclusions may be drawn
sulfate seemed to hinder the reaction. from the results obtained.
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Table 2. Alkylation of Various Aldehydes
entry RCHO R2X yield (%)?
1 4-CNGH4CHO cyclohexyl iodide 71
2 4-CNGH4CHO cyclohexyl bromide 41
3 4-CNGH4CHO cyclopentyl iodide 67
4 4-CNGH4CHO isopropyl iodide 85
5 4-CNGH4CHO tert-butyl iodide 30
6 4-CNGH4CHO 1-iodo-2-methylpropane 32
7 4-CNGH4CHO 1-iodohexane 14
8 4-BrGH4CHO cyclohexyl iodide 58
9 4-CIGH4,CHO cyclohexyl iodide 53
10 PhCHO cyclohexyl iodide 46
11 3-MeGH4,CHO cyclohexyl iodide 47
12 4-CHCgH4CHO isopropyl iodide 30
13 4-CRCgH4sCHO isopropyl iodide 83
14 4-MeOGH4CHO cyclohexyl iodide 56
15 3-HOGH4CHO isopropyl iodide 47
16 3-CIGH4,CHO cyclohexyl iodide 66

a|solated yields were reported.

Scheme 3. Proposed Mechanism for the Metal-Mediated Addition
of Alkyl Halides to Aldehydes in Water
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First, having an electron-withdrawing group (CN, entries71
Br and CI, entries 8 and 9, respectively) in the 4-position activates
the aldehyde toward alkylatidiirelative to benzaldehyde. Second,
secondary alkyl iodides provide higher yields of the desired products
(entries 1, 3, 4) than both primary alkyl iodides (entries 6 and 7)
and tertiary alkyl iodide (entry 5). Third, the presence of an electron-
withdrawing group appears to increase the yield of the reaction
(compare entries 12 and 1B8).Fourth, an aldehyde bearing a
hydroxyl group does not prevent it from reacting under the current
reaction conditions.

In summary, we have developed the Barbi@rignard-type
alkylation of aldehydes in water. A tentative mechanism for the
reaction is proposed (Scheme 3) in which the alkyl iodide is reacted
with zinc (activated by copper as in the case of the zicapper
couple) to form a radical anion, which then reacts with the aldehyde.
A possible electron transfer from the indium(l) to the carbonyl
oxygen could generate an indium(ll) alkoxylate that hydrolyzes to
give the alkylated product, which potentially benefits the alkylation
slightly. The scope, mechanism, and applications of this reaction
are under further investigation.
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