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Regioselective Barbier reactions of 2-bromomethylcyclohexenone
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Abstract—Although the addition of crotyl or prenyl organometallic reagents has certainly found application in organic synthesis,
the use of other non-symmetric allylic organometallic reagents has not received much attention. In part this is due to potential prob-
lems in controlling the regioselectivity of the addition products. We have noted that the tin and zinc reagents derived from 2-bromo-
methylcyclohexenone afford the complementary o and y addition products, respectively. These conditions work for the reaction with
a range of aldehydes, affording the products in good to modest yield.

© 2007 Elsevier Ltd. All rights reserved.

During the course of studies directed at the development
of the intramolecular reductive cyclization (hydrodimeri-
zation) reaction, we were interested in the preparation of
substrates such as 1 (Scheme 1).!> Although several
routes could be envisioned, the most facile route to such
compounds appeared to be the addition of an allyl orga-
nometallic reagent such as 2 to an aldehyde such as 3.
The bromide precursor to 2 is known and has been used
in these labs in a manganese-mediated dimerization
reaction, indicating that it should be possible to form
an organometallic reagent from this bromide.?

At the same time, the addition of functionalized, non-
symmetric allylic organometallic reagents such as 2 to
aldehydes has never been reported and does have several
potential pitfalls. One of the more troubling concerns is
establishing the regioselectivity of reagent 2, since it
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Scheme 1. General approach to cyclization substrates.
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Scheme 2. Regioselectivity in the addition to aldehydes.

could afford either the direct addition (o) product 4 or
the ‘rearranged’ (y) product 5 (Scheme 2). This same
problem has been encountered in the use of other non-
symmetric allylic organometallic reagents, such as those
derived from crotyl or prenyl bromide. In these cases,
the observed regioselectivity generally favors reaction
at the more substituted, v, end.? This selectivity can be
reversed in certain cases by the use of special organome-
tallic reagents, such as the organobarium reagents devel-
oped by Yamamoto.* Also, in some cases, careful
control of the reaction conditions can lead to selection
of either the o or y products, as has been demonstrated
by Loh for the addition of crotyl reagents to aldehydes.>
Still, the limited number of examples displaying such
control and the intrinsic bias generally observed for
the formation of the y product, along with the potential
reactivity of the ketone present in 2, raised serious ques-
tions regarding the ability to selectively prepare o
adduct 4.

Bromide 6 was prepared as described previously.? It is
worth noting that this bromide is of limited stability,
particularly when neat. As a result, this bromide was
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Scheme 3. Reactions with benzaldehyde.

prepared from the more stable Baylis—Hillman adduct 7
and then used directly without further purification. Ini-
tially, two sets of conditions for the reaction with benz-
aldehyde were studied: Sn with a mixture of H,O and
CH,Cl, as the solvent and Zn with a mixture of H,O
and CH,Cl, as the solvent (Scheme 3). These two metals
were chosen since they have been frequently employed in
aqueous Barbier chemistry and the fact that they are
inexpensive and readily available. Much to our surprise,
they did not afford the same product. Instead, the tin-
mediated conditions afforded the o addition product 4
while the zinc-mediated conditions afforded the y addi-
tion product 5. The regiochemistry of product 4 was
readily determined by the presence of the B proton of
the enone near 7 ppm in the '"H NMR spectrum. For
product 5, the presence of two olefinic signals, both as
apparent singlets, signified the exocyclic position of the
alkene. Although the yields of these reactions were mod-
est (27% for the tin reaction and 50% for the zinc reac-
tion), NMR analysis of the crude reaction mixture did
not show any traces of the other isomer in either the
tin or zinc reaction.

On the basis of this fortuitous discovery, application of
these conditions to a range of aldehydes was under-
taken. The tin-mediated reactions afforded the o prod-
ucts for simple aromatic, alkenyl, and alkyl-substituted
aldehydes in modest yield (Table 1).%7 These conditions
also worked with the more hindered B-cyclocitral (entry
5). This product is of particular interest in our study of
the intramolecular hydrodimerization reaction and
could afford a very facile route to a wide range of dri-
mane-type natural products.

The zinc-mediated conditions also worked for a range of
aldehydes, affording the y products (Table 2).”® These
products were obtained as 1:1 mixtures of the syn and
anti diastereomers. Although the yields were modest in
methylene chloride/water, improved yields could be ob-
tained by switching the reaction solvent to saturated
aqueous ammonium chloride/THF and increasing the
amount of bromide 6 and zinc dust. A similar switch
for the tin-mediated reactions did not result in any
increase in the isolated yield.

Table 1. Tin-mediated Barbier reactions®

Entry Carbonyl Product Time Yield®
(h) (%)
(0]
1 Benzaldehyde ij/\(Ph 24 27
OH
0 Ph
2 Cinnamaldehyde | 48 47
OH
T
3 Crotonaldehyde 48 53
OH
O
4 Hexanal ij/\rpentyl 48 30
OH
(0]
5 B-Cyclocitral 48 46
OH

# Aldehyde (1 equiv), bromide 6 (1.2 equiv), and tin powder (1.5 equiv)
in an equivolume mixture of CH,Cl, and water.
®Isolated yield.

Table 2. Zinc-mediated Barbier reactions®

Product Time  Yield®
(h) (%)

Entry  Carbonyl

o
1 Benzaldehyde 24% 50
Ph 70
0 OH
Ph
2 Cinnamaldehyde | 48* 47
9%
OH
o
3 Crotonaldehyde | 48 43
9 72
OH
o
4 Hexanal 36" 52
ii/ Pentyl ob 69
OH
o]
5 B-Cyclocitral 48% 60
4o 79

OH

# Aldehyde (1 equiv), bromide 6 (1.2 equiv), and zinc dust (1.5 equiv) in
an equivolume mixture of CH,Cl, and water.

® Aldehyde (1 equiv), bromide 6 (2 equiv), zinc dust (3 equiv) in a 2:1
mixture of THF and saturated aqueous NH4CL.

“Isolated yield.
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Scheme 4. Zinc-mediated reaction pathway by Lambert.’

Based upon the results reported by Loh, there is some
question as to the source of the selectivity observed un-
der these two sets of conditions. Loh noted in studies of
crotyl and cinnamyl organometalic additions under
aqueous Barbier conditions that the initially formed y
adduct slowly equilibrates to the o adduct.’ To determine
if a similar effect was operational in the present reac-
tions, the reaction of bromide 6 with benzaldehyde un-
der tin and zinc conditions was followed by TLC and
"H NMR. In both cases, only the initially formed isomer
(o for tin and vy for zinc) was observed and no equilibra-
tion was noted, even after following the reaction for 48 h
(which was sufficient time for at least partial equilibra-
tion in Loh’s studies). As a result, this selectivity does
not appear to be the result of equilibration.

Our preliminary hypothesis regarding the origin of this
metal-dependent selectivity is that the Lewis basic
ketone functionality is important. This is borne out by
the observation that the application of identical reaction
conditions to the addition of crotyl bromide to benzal-
dehyde does not result in o selectivity for tin and vy selec-
tivity for zinc, but rather essentially no selectivity for tin
and a selectivity for zinc, as noted earlier by Loh.> Addi-
tional support for this hypothesis comes from earlier
work by Lambert in which they reported the potential
role of a Lewis basic group in the zinc-mediated Barbier
addition of some ester-containing allylic systems.? Coor-
dination between the zinc and the ester group was pro-
posed. This reagent then reacted via a Zimmerman—
Traxler transition state as seen in Scheme 4. A similar
reaction pathway presumably is operational with bro-
mide 6.

For the tin-mediated reaction, we propose that it does
not proceed via a transition state similar to that of the
zinc-mediated reaction due to the poorer Lewis acidity
of tin in the aqueous environment.!” As a result, the
tin may or may not be capable of coordinating to the
ketone present in 6, but is undoubtedly incapable of
forming the highly coordinated transition state observed
with zinc. The exact nature of the transition state in the
tin-mediated reactions is not yet clear and will be the
subject of future efforts.

In conclusion, we report the regioselective addition of a
functionalized allylic organometallic reagent that can
afford either the o or y addition product depending upon
the choice of metal. These reactions are simple to per-
form and afford the desired products in modest to good
yield. Should this combination of Lewis basic function-
ality and metal prove to be a general method to control
the regioselectivity of Barbier reactions of these types of

Ph
Ph

i
0=
Br-Zn /A 0

O OEt o)

allylic systems, it will open a new, practical disconnec-
tion for the synthesis of a wide range of natural and
non-natural products. Already, the short sequence
employing bromide 6 provides ready access to com-
pounds of utility in the synthesis of drimane-type natu-
ral products via intramolecular hydrodimerization
reactions. Further studies of the generality of this Lewis
basic/metal combination to control the regioselectivity
of Barbier reactions of allylic systems and synthetic
applications are underway and will be reported in due
course.
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room temperature until TLC indicated complete con-
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layer was washed further with brine and dried with
magnesium sulfate, filtered, and concentrated in vacuo.
The crude mixture was purified via column chromatogra-
phy (30% ethyl acetate/hexanes as eluent) to afford the
product as a clear oil.

All compounds exhibited spectral properties consistent
with the assigned structures. 'H and '3C data are as
follows: Table 1, entry 1—'H (300 MHz, CDCl;) 6 7.35—
7.25 (m, 5H), 6.7 (br s, 1H), 4.8 (dd, J=6.2, 11.5 Hz, 1H,
X or ABX), 4.2 (br s, 1H, OH), 2.7-2.5 (AB of ABX, 2H),
2.5-2.3 (m, 4H), 2.1-1.8 (m, 2H); '*C (75 MHz, CDCls) &
201.7, 149.4, 146.7, 137.2, 128.1 (2C), 127.1, 125.6 (2C),
73.5, 41.0, 38.2, 26.1, 22.8. Entry 2—'H (300 MHz,
CDCl;3) 6 7.4-7.1 (m, 6H), 6.7 (d, J=12Hz, 1H), 6.3
(br d, J=12Hz, 1H), 4.6 (br s, 1H, OH), 4.1 (t,
J=62Hz, 1H), 2.6-1.6 (m, 8H); '*C (75 MHz, CDCl,)
0204.9,152.1, 136.2, 135.5, 133.2, 128.9, 128.6 (2C), 128.0,
126.8 (2C), 73.5, 40.1, 36.1, 26.3, 22.6. Entry 3—'H
(300 MHz, CDCl3) 6 6.9 (s, 1H), 5.7 (br d, J=12.1 Hz,
1H), 5.2 (d, J=12.2Hz, 1H), 4.2 (t, 1H), 2.8-1.6 (m,
11H); '*C (75 MHz, CDCl3) 6 211.9, 142.9, 134.2, 128.5,
126.2, 74.7, 49.4, 41.5, 32.3, 25.8, 12.4. Entry 4—'H
(300 MHz, CDCl3) 6 6.7 (s, 1H), 4.2 (m, 1H), 2.7-0.9 (m,
19H); 13C (75 MHz, CDCls) & 195.5, 148.7, 145.5, 67.1,
39.9, 38.5, 38.2, 28.4, 25.9, 25.6, 23.0, 22.7, 13.8. Entry
5—'H (300 MHz, CDCls) 6 7.2 (br s, 1H), 4.3 (br s, 1H),
2.9 (m, 1H), 2.6-0.9 (m, 23H); '*C (75 MHz, CDCl3) o
204.6, 151.7, 151.4, 136.2, 133.5, 75.4, 55.2, 51.4, 40.2,
39.9, 37.6, 36.4, 36.3, 33.9, 29.4, 28.7, 26.3, 24.8, 23.0, 22.6,
22.6,21.1, 19.2. Table 2, entry 1—'H (300 MHz, CDCl5) &
7.4-7.2 (m, 5H), 5.6 (s, 1H), 5.4 (s, 1H), 5.0 (s, IH, OH),
4.8 (d, J=17.1 Hz, 1H), 2.9-2.8 (m, 2H), 2.4-2.3 (m, 1H),
1.8-1.2 (m, 4H); '*C (75 MHz, CDCl;) 6 212.8, 148.6,
143.3,138.9, 128.0 (2C), 127.0 (2C), 115.1, 74.6, 51.5, 36.9,

10.

. Representative

28.4, 20.0. Entry 2—'H (300 MHz, CDCl3) § 7.4-7.2 (m,
SH), 6.7 (d, J=12 Hz, 1H), 6.4 (br d, J= 12 Hz, 1H), 5.4
(s, 1H), 5.3 (s, 1H), 4.5 (br s, 1H, OH), 2.4-2.2 (m, 1H),
1.8-1.2 (m, 5H); '*C (75 MHz, CDCls) 6§ 195.6, 148.6,
136.5, 132.8, 131.1, 128.5 (2C), 127.8, 126.6 (2C), 115.1,
73.1, 49.6, 36.5, 28.3, 19.7. Entry 3—'H (300 MHz,
CDCl3)0 5.8-5.6 (m, 2H), 5.3 (s, 1H), 5.2 (s, 1H), 4.3 (br
s, 1H, OH), 4.2 (d, J = 6.2 Hz, 1H), 2.4-1.4 (m, 10H); '*C
(75 MHz, CDCl;) 6 189.9, 151.0, 130.4, 128.2, 109.3, 72.9,
46.1, 36.5, 26.6, 20.8, 17.9. Entry 4—'H (300 MHz,
CDCl;3) 6 5.2 (s, 1H), 5.0 (s, 1H), 3.8 (d, J=6.4Hz,
1H), 2.4-0.8 (m, 18H); '3C (75 MHz, CDCl;) & 195.0,
151.3, 114.0, 72.8, 50.7, 48.1, 37.2, 36.8, 34.7, 31.9, 29.4,
26.4, 25.5, 22.6, 19.9, 14.0. Entry 5—'H (300 MHz,
CDCl;) 6 5.6 (br s, 1H, OH), 5.0 (s, 1H), 4.9 (s, IH), 4.5
(s, 1H), 2.6-0.9 (m, 22H); '*C (75 MHz, CDCl3) ¢ 213.1,
138.2, 134.4, 125.6, 104.5, 70.6, 41.3, 39.9, 39.2, 36.6, 34.2,
29.4,28.7,27.5, 259, 21.5, 19.1, 18.4.

procedure: A mixture of aldehyde
(2.2 mmol), bromide 6 (4.4 mmol) and zinc powder
(6.6 mmol) were combined in 3.0 mL of a 2:1 mixture of
tetrahydrofuran and saturated aqueous ammonium chlo-
ride. The mixture was stirred at room temperature until
TLC indicated complete consumption of starting material.
The reaction was then diluted with ether and washed with
water. The organic layer was washed further with brine
and dried with magnesium sulfate, filtered, and concen-
trated in vacuo. The crude mixture was purified via
column chromatography (30% ethyl acetate/hexanes as
eluent) to afford the product as a clear oil.
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