Chinese Journal of Chemistry, 2004, 22, 747—750

Article

First Magnesium-mediated Carbonyl Benzylation in Water
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Catalyzed by AgNOs, Mg was found for the first time to be able to mediate the coupling reaction between aro-
matic aldehydes and benzyl bromide or chloride in water. The yields were slightly higher than the recent results for
Mg-mediated allylation despite the fact that agueous benzylation is intrinsically much harder than alylation. It was
aso found that the coupling reaction was chemoselective for aromatic aldehydes over diphatic aldehydes, and
chemoselective for aromatic aldehydes over aromatic ketones.
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Introduction

Barbier reaction, originaly referred to the
Mg-mediated coupling between a carbonyl compound
and an organic halide, is a one-pot variant of Grignard
reaction.” Because of its operational simplicity, Barbier
reaction is very useful in synthetic organic and pharma-
ceutical chemistry. Recently, it was discovered that Bar-
bier reaction can occur in agueous media, despite that
organometallic compounds are usually unstable in wa-
ter.? This finding has attracted considerable attention,
not only because of its intriguing mechanism, but also
becangse of the increasing public interest in green chem-
istry.

So far considerable efforts have been devoted to the
Barbier reaction of alyl halides. Metals including In,*
Sb,° Bi,? Pb,” Mn,® Mg, Zn,*® and Sn™* have been found
to be able to mediate carbonyl alylation in water. Good
chemoselectivity (e.g. adehyde over ketone, aromatic
carbonyl over aiphatic carbonyl) and stereo selectivity
have also been established.> ™ At this point, it is worthy
to note that despite the great achievement in aqueous
alylation, very little progress has been made for the
agueous Barbier-type benzylation of carbonyl com-
pounds.®> To our knowledge the only study on the
agueous benzylation was reported by Bieber et al.®
They found that in K;HPO, buffer Zn could mediate the
coupling between benzyl chloride and benzaldehyde
with about 40%—60% yields.

The reason for the lack of study on agueous benzyla-
tion is that benzylation is intrinsically much harder to
achieve than alylation. In fact, in our recent studies of
SnCl,/Cu- and SnCly/TiCls-mediated allylation in water,
we observed no benzylation products even though aly-
lation was almost quantitative under the same reaction
conditions.* Despite this difficulty, in order to expand
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the scope of C—C bond coupling reactions in water, we
considered it to be necessary to study the Barbier-type
benzylation in agueous media.

Therefore, we recently initiated a project to study the
method and mechanism of agueous benzylation. We
started our study on aqueous benzylation using the pro-
totype metal in the classic Barbier reaction, Mg. This
makes the study even more challenging because or-
ganomagnesium compounds are definitely unstable in
water. Nevertheless, Li et al.? recently showed that Mg
could mediate the coupling between carbonyl com-
pounds and allyl iodide reasonably well in agueous
NH,CI solutions (yield 27%—58%). Thus we wished to
know if we could achieve similar or better results for the
aqueous benzylation.

Results and discussion

Initially we used Li’'s Mg/NH4Cl procedure to couple
benzyl bromide and benzaldehyde (See Entry 1 of Table
1). However, pinacol coupling products were found to
be the major products. After a careful examination of
the crude extract of the reaction mixture we found a
yield of only 7.3% for the desired benzylation product.
We aso observed a significant yield (15.6%) for benzyl
alcohol, a reduced product from benzaldehyde. Thus,
Li's procedure fails in the agueous benzylation. This
result shows again that benzylation is intrinsically much
harder than allylation.

Lowering the reaction temperature, results in more
pinacol coupling products but less benzylation product
(Entry 2). Ultrasonic radiation™ does not improve the
benzylation, either (Entry 3). Nevertheless, addition of
ethanol dlightly increases the yield of benzylation prod-
uct to 19.5% (Entry 4).

Lewis acids are known to be able to promote aque-
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Table1l Products of the Mg-mediated benzylation under different conditions
CHO CH,Br CH,0H Ph PO
SoE—0 oo
1 2 3
Entry Condition viddP
Benzaldehyde (unchanged) 1 2 3-threo  3-erythro
1 Mg+NH,4CI 8.0 15.6 7.3 38.2 30.8
2 Mg+NH,CI (0 C) 24 7.8 46 46.2 38.9
3 Mg+NH,4Cl +-ultrasonic 3.3 8.1 6.7 46.5 354
4 Mg+ NH,Cl+EtOH/H,0 (1 : 1) 8.8 14.3 19.5 33.7 23.7
5 Mg+NH,4Cl+BiCls 6.8 204 9.8 343 28.6
6 Mg+NH,4Cl+FeSO, 22 131 7.9 43.6 33.2
7 Mg+NH,4Cl+2ZnCl, 3.9 16.4 6.1 43.7 29.8
8 Mg+NH,4Cl+SnCl, 84 15.9 8.1 37.8 29.8
9 Mg+NH,Cl+SnCl, (0 C) 11.8 316 5.8 22.7 28.1
10 Mg—+NH,4Cl+CuCl 10.7 28.7 6.3 274 26.8
1 Mg+NH,Cl+CuCl (0 C) 8.3 54.1 3.6 13.9 20.1
12 Mg+NH,Cl+Cu 7.1 374 104 222 228
13 Mg+K,HPO,+AgNO; 6.8 28.3 9.2 30.6 25.2
14 Mg+NH4NOs;+AgNO; 4.8 35.8 44.5 11.7 3.2

ous Barbier reactions.'® Therefore, we added a number
of Lewis acids to the reaction mixture. We found that
the addition of BiCls, FeSO, or SnCl, improves the
benzylation dightly (Entries 5, 6, and 8). However, the
addition of ZnCl, or CuCl decreases the yield of benzy-
lation product (Entries 7 and 10). Moreover, it was
found that addition of CuCl (or Cu) would considerably
promote the reduction of benzaldehyde to benzyl aco-
hol. Meanwhile, CuCl (or Cu) significantly lowers the
yields of pinacol coupling products.

Despite the above low yields, when we conducted
the Mg-mediated benzylation in the presence of AgNO;
in an NH4NO; solution, we were very pleased to see a
significant yield of the desired benzylation product
(44.5%) (Entry 14). Much less pinacol coupling prod-
ucts were obtained under this reaction condition. None-
theless, the reduction of benzaldehyde to benzyl acohol
isasignificant side reaction (yield 35.8%).

It is worthy to mention that the yield of this benzyla-
tion reaction (44.5%) is dightly lower than Bieber's
result using Zn (40%—60%)."* However, it should be
noted that Mg-mediated agueous alylation also gives
much lower yields than Zn-mediated alylation, simply
because Mg is much more reactive than Zn in water.’
Also, Li et al.? found that Mg-mediated allylation of
benzaldehyde gives a yield of 58% of the desired prod-
uct. This yield is only dightly better than that of our
benzylation reaction, but one must bear in mind that
benzylation is intrinsically much harder than allylation.
Moreover, it should be mentioned that Li’s yield of 58%

was obtained when alyl iodide was used. When alyl
bromide was used, the yield decreased to 41%, a vaue
actually lower than our benzylation using benzyl bro-
mide. Therefore, comparing with Bieber's and Li’'s re-
sults we can conclude that our agqueous benzylation with
Mg is successful.

We used the above procedure to benzylate a number
of carbonyl compounds. The results are summarized in
Table 2. According to Table 2, various substituted ben-
zaldehydes can be well benzylated giving little or no
pinacol coupling products (Entries 1—10). 2-Fural-
dehyde can also be successfully benzylated (Entries 11
and 12). Nevertheless, p-nitrobenzaldehyde or o-nitro-
benzaldehyde, when treated with Mg/AgNOs/NH4NO3,
gives a complex mixture containing no desired benzyla-
tion product (results not shown in Table 2). Curiously,
p-hydroxybenzal dehyde also does not provide any ben-
zylation product.

Benzy! chloride was also found to be reactive under
our agueous benzylation condition. However, the yield
of the benzylation product is slightly lower with benzyl
chloride than with benzyl bromide.

Octanal or phenylacetaldehyde could not be benzy-
lated under the Mg/AgNO3/NH4NO; condition (Entries
13 and 14). No pinacol coupling occurred in the two
cases, either. The only observed reaction was the reduc-
tion of aldehyde to acohol. Therefore, the Mg/AgNO3/
NH4NO;3 procedure chemoselectively benzylates aro-
matic aldehydes but not aliphatic adehydes. Aromatic
ketone (Entry 15) could not be benzylated using the
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Table2 Results of the Mg/AgNOs/NH,NOs-mediated carbony! benzylation?®

CHoX R 0 OH R’
| Mg, H,0 ' RIOH
RCOR' + ————————————» RCH(OH)R' + +
AgNO,, NH4NO4 R7& OH
4 5 6
Entry X Carbonyl compound Vieldi
4 5 6-threo 6-erythro
1 Br CHO 35.8 445 11.7 32
2 cl ©/ 16.1 25.1 26.1 17.6
3 Br /©/CH0 45.1 29.3 105 8.8
4 cl HsCO 26.6 15.6 316 20.8
5 Br CHO 348 347 12.4 30
6 cl C,/@ 19.0 25.0 2.3 05
7 Br ¢l 28.4 4.7 8.6 4.2
CHO
8 cl ©/ 16.6 25.6 7.6 43
9 Br CHO 22.3 311 22.4 22.0
10 cl /©/ 13.3 218 29.7 26.8
1 Br @\ 310 48.4 6.4 4.0
12 cl 0~ "CHO 255 44.7 11.4 9.2
13 Br NN CcHO 36.6 0 0 0
14 Br gCHO 69.2 0 0 0
0
15 Br 245 0 38.4 329

™

& The products were analyzed using GC/MS.

Mg/AgNO3/NH4NO; procedure, either. However, under
the reaction condition, significant amount of pinacol
coupling products were obtained. Thus, the Mg/AgNO4/
NH4NO; procedure chemoselectively benzylates aro-
matic aldehydes but not aromatic ketones.

The mechanism of the Mg-mediated Barbier reac-
tions in water is intriguing. Clearly, a free organo-Mg
species can not serve as the reaction intermediate be-
cause of its high reactivity with water. A reasonable
mechanism for agueous Mg-mediated Barbier reactions
was proposed by Li et al.? According to this mechanism,
the coupling reaction should occur on the surface of Mg
metal, where alkyl halide and aromatic aldehyde could
be reduced to the corresponding radical anion viaasin-
gle electron transfer pathway. Either alkyl halide radical
anion adds to the C=0 double bond of the neutral al-
dehyde, or aldehyde radical anion displaces the halide
atom on neutral alkyl halide.

The above mechanism is probably adequate for
aqueous alylation. However, for the benzylation reac-
tions, use of Mg only can not sufficiently activate ben-

zyl halide. The addition of AgNO; was found to be cru-
cia for the agueous benzylation. The Ag atoms reduced
from AgNO; by Mg on the Mg surface could make
benzyl halide either easier to reduce by Mg metal, or
easier to attack by benzaldehyde radical anion (See

Scheme 1).
Scheme 1
[ :] -®
_.Br ) e _.Br
Ag” Ag” CHO
TVY T Y Yy VAU A AR U RN
Mg surface Mg surface

We believe that the first activation pathway in
Scheme 1 must be involved in the agueous benzylation
reaction, because in benzaldehyde-benzyl bromide cou-
pling reaction we observed significant amount of
PhCH,CH.Ph, a Wurtz-type reaction product.”” Without
the addition of AgNOs;, little PhCH,CH,Ph could be
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obtained. The importance of the second activation
pathway in Scheme 1 remains unclear. Nevertheless, the
presence of benzaldehyde radical anion in the reaction
mixture is indicated by the reduction and pinacol cou-
pling reactions.

Experimental

Typical procedures for the benzylation are as follows:

To a mixture of carbonyl compound (2.5 mmol) and
benzyl bromide (7.5 mmol) in an agueous solution (12.5
mL) of NH4NO;3 (0.1 mol/L) and AgNO;3 (0.01 mol/L)
was added 1.25 g of Mg dust in several small portions.
The mixture was vigoroudly stirred at room temperature
for 12 h (Caution: The reaction is highly exothermic at
the beginning.). 30 mL of 3 mol/L HCI were then added
to the mixture to quench the reaction in an ice bath. The
mixture was extracted with 3°X12.5 mL of CHCIl3. The
combined organic layers were dried over anhydrous
MgSO, and were filtered and evaporated. The residue
was analyzed using GC/MS.

Conclusion

In summary, we found for the first time that cata-
lyzed by AgNO;3 in NH4NO; solution, Mg can success-
fully mediate the coupling reactions between aromatic
adehydes and benzyl bromide or benzyl chloride in
agueous media. This coupling reaction is chemoselec-
tive for aromatic aldehydes over aliphatic aldehydes and
also chemoselective for aromatic aldehydes over aro-
matic ketones. These results are interesting and valuable
as they clearly show that one can overcome the intrinsic
lower activity of benzyl halide by using appropriate
catalysts and also show for the first time that in addition
to Mg-alylation, Mg-benzylation reaction is also fully
compatible with water. We are now working on In, Mn,
and Sn-mediate aqueous carbonyl benzylation. The re-
sults will be reported in due course.
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