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Abstract. An efficient diastereoselective allylation of
various carbonyl compounds with cyclic allylic halides by
using commercially available bismuth powder in the
presence of Lil was developed. Among all the metals
screened, bismuth was found to be the best mediator for the
transformation. The reactions involving various cyclic allylic
halides proceeded smoothly at room temperature to produce
the desired homoallylic alcohols in good to excellent yields
with high diastereoselectivities (>99:1 dr). Reversed

diastereoselectivity was obtained when carbonyl substrate
(e.g., 2-pyridinecarboxaldehyde, glyoxylic acid) containing

chelating substituent was used in the allylation reaction. In |

addition, the reactions involving acyclic (E)-cinnamyl
bromide as substrate worked equally well with high
diastereocontrol.

Keywords: Bismuth; Cyclic Allylic Halide; Allylation;
Homoallylic alcohol; Diastereoselectivity

Introduction

Metal-mediated additions of allylic halides to
carbonyl compounds serve as an efficient method
for the synthesis of synthetically versatile
homoallylic alcohols which are important
intermediates in organic synthesis.21 When vy-
substituted allylic halides were used as substrates,
normally the reactions proceeded via an Sn2’-type
pathway to generate a mixture of two
diastereomers, having the potential to
predominantly produce only one diastereomer,
depending on the substrates used. For typical
examples, Knochel and co-workers have
demonstrated that pre-prepared cyclic allylic
aluminium® or zincl reagents, derived from the
insertion of metal into cyclic allylic halides, could
efficiently react with carbonyl compounds to
afford the corresponding homoallylic alcohols
with excellent diastereoselectivity. However, in
their cases, the reactions need to be performed
under strictly anhydrous conditions with the use
of preformed cyclic allylic metallic reagents.
Although indium could be used as reaction
mediator for the analogous allylation reactions as
well, somewhat erosion of product
diastereoselectivity (mostly 90:10 dr) was
observed. Thus, the development of a one-pot,

operationally simple, and highly
diastereoselective  allylation of  carbonyi
compounds by using cyclic allylic halides as
substrates in the presence of a metal mediator is
still highly desirable, especially under relatively
loose conditions without the preclusion of air and
moisture.

In recent decades, the use of bismuth(0 or III) in
organic synthesis has aroused considerable attention
from synthetic community because of its mild
reactivity, low toxicity, relatively cheap cost, and
good functional group compatibility.”*! However,
compared with other metalst® (such as Mg, Zn, Al, Sn,
In, etc.), the use of bismuth(0) as reaction mediator in
organic synthesis has been rarely studied. In this
context, metallic bismuth, especially commercial but
unactivated bismuth powder, has not been widely
employed in allylation reaction due to its poor
reactivity and the existence of an oxide layer on the
metal surface which needs to be removed by pre-
activation.[8781 In continuation of our efforts to
develop metal-mediated organic transformations,®
herein we describe an efficient and highly
diastereoselective allylation reaction of various
carbonyl compounds with cyclic allylic halides or
cinnamyl bromide by using commercially available
bismuth powder as reaction mediator in the presence
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of Lil as reaction additive in DMF. The reactions
proceeded smoothly at room temperature to produce
the desired homoallylic alcohols in good to excellent
yields with high diastereoselectivities (>99:1 dr).
Remarkably, reversed diastereoselectivity —was
obtained when carbonyl substrate (e.g., 2-
pyridinecarboxaldehyde, glyoxylic acid) containing
chelating substituent was used in the allylation
reaction.

Results and Discussion

Table 1. Optimization of reaction conditions.®

CHO Br Bi ™
a conditions ¢
1a 2a 3a
Entry  Additive or Catalyst Conditions ;/:;{g
1 DMF, 120°C, 12 h 23
2 InCls (0.1 equiv) DMF, 120°C, 12 h 32
3 PbCl2 (0.1 equiv) DMF, 120°C, 12 h 24
4 Yb(OTf)s (0.1 equiv)  DMF, 120°C, 12 h 50
5 CuCl (2 equiv) DMF, 120°C, 12 h 4
6 I2 (2 equiv) DMF, 120°C, 12 h 29
7 Nal (2 equiv) DMF, 120°C, 12 h 65
8 LiCl (2 equiv) DMF, 120°C, 12 h 70
9 Lil (2 equiv) DMF, 120°C, 12 h 79
10 Lil (2 equiv) DMF, 120°C, 24 h 72
11 Lil (2 equiv) DMF, 120°C, 48 h 69
12 Lil (2 equiv) DMF, 60 °C, 12 h 82
13 Lil (2 equiv) DMF, rt, 12 h 98 (96)!
14 Lil (2 equiv) THF, rt, 12 h 97
15 Lil (2 equiv) CH3CN, rt, 12 h 83
16 Lil (2 equiv) DME, rt, 12 h 63
17 Lil (2 equiv) Et.0, rt, 12 h 4
18 Lil (2 equiv) DMSO, rt, 12 h 98

[ The reactions were performed at room temperature to 120
°C for 12-48 h by using 4-chlorobenzaldehyde (1a, 1 mmol),
3-bromocyclohexene (2a, 3 mmol), Bi (3 mmol), and
additive (0.1-2 equiv) in organic solvent (2 mL).

bl Yields were determined by NMR analysis of crude
reaction mixture after work-up by using 1,4-
dimethoxybenzene as an internal standard.

[ 1solated yield.

Initial studies were focused on optimization of
reaction conditions by using 4-chlorobenzaldehyde
(1a) and 3-bromocyclohexene (2a) as model
substrates in the presence of bismuth powder (pre-
activated by 1,2-dibromoethane and TMSCI) and
different additives/catalysts in DMF at 120 °C for 12
h. As shown in Table 1, poor yield was obtained
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when the reaction was performed in the absence of
any additive or catalyst (entry 1). Among the different
additives/catalysts (e.g., InCls,[10310110 ppCl,,[1012]
CuCl,*3l LiCl,Be20241 [ j112%1) screened (entries 2-9),
Lil was found to be the optimum additive for the
allylation, giving rise to the desired product 3a in
79% NMR vyield with >99:1 dr (entry 9). In addition,
it was found that the product vyield gradually
diminished when the reaction time was prolonged
from 12 h to 48 h (entries 9-11), indicating that the
product 3a might not be very stable at 120 °C.
Moreover, decreasing the reaction temperature from
120 °C to room temperature led to overall
enhancement of reaction performance (96% isolated
yields; entries 12-13), a reflection of the relative
stability of the generated product at room temperature.
Further screening of reaction solvents (entries 14-18)
revealed that comparably high reaction efficiency
could also be achieved by performing the modei
reaction either in THF (97% NMR vield, entry 14) or
in DMSO (98% NMR vyield, entry 18).

A further study of the equivalents of substrate 2a
and bismuth powder showed that similarly high
product yield (96% NMR vyield) could also be
obtained by decreasing the amount of bismuth powder
from 3 equiv to 2 equiv (Table 2, entry 2). However,
decreasing the amount of substrate 2a from 3 equiv to
2 equiv led to remarkably decreased product yield
(Table 2, entry 3).

Table 2. Optimization of reaction conditions by using
different equivalents of 2a and bismuth powder.

CHO 2a(Xequiv.)

/©/ Bi (Y equiv.)
—_—

cl Lil (2 equiv.)

OH

Joge

la DMF, 1t, 12 h 3a

Entry 2a Bi Yield [%]®
1 3 equiv 3 equiv 98
2 3 equiv 2 equiv 96
3 2 equiv 3 equiv 78

e Yields were determined by NMR analysis of crude
reaction mixture after work-up by using 1,4-
dimethoxybenzene as an internal standard.

In addition, a spectrum of metals (pre-activated by
1,2-dibromoethane and TMSCI), including In, Cr, Sm,
Zn, Fe, Mg, Al, Mn, and Pb were also investigatec
(Table 3). However, under the above optimized
reaction conditions, bismuth was found to be the best
mediator for the present allylation reaction, in terms
of both product yield and diastereoselectivity (98%
NMR yield, >99:1 dr, entry 1). It should be noted that,
without the pre-activation of bismuth powder by 1,2-
dibromoethane and TMSCI, a decreaded yield of the
product 3a was obtained (82% NMR yield, entry 1).
In comparison, except indium metal which mediated
the reaction in 79% NMR vyield with relatively good
diastereoselectivity (entry 2), the use of other metals
mostly led to poor product yields (entries 3-10).

2
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Although Knochel and co-workers have reported that
pre-prepared cyclic allylic aluminiumB® or zincl!
reagents could efficiently react with carbonyl
compounds to afford the corresponding homoallylic
alcohols with excellent diastereoselectivity, Al and Zn
powder almost failed to promote the allylation
reaction under optimized reaction conditions.
Encouraged by the above results, subsequently we
continued our task to explore the substrate scope of
the reactions by using various aldehydes and cyclic
allylic halides as substrates.

Table 3. Optimization of reaction conditions by
using different metals. [

cno el o) I§
cl la DMF, tt, 12h  CI 2a
Entry Metall®! Yield [%]
1 Bi 98 (82)[
2 In 79[
3 Cr 0
4 Sm 0
5 Zn <10
6 Fe 0
7 Mg 351
8 Al <10
9 Mn 0
10 Pb <5
B The reactions were performed at room

temperature for 12 h in DMF by using aldehyde 1a
(2 mmol), 3-bromocyclohexene (2a, 3 mmol),
metal (2 mmol), and Lil (2 mmol) in DMF (2 mL).
Bl Unless otherwise noted, the metal was pre-
activated by 1,2-dibromoethane and TMSCI

[l Yields were determined by NMR analysis of
crude reaction mixture after work-up by using 1,4-
dimethoxybenzene as an internal standard.

[ Bismuth powder was not pre-activated by 1,2-
dibromoethane and TMSCI.

(1 93:7 dr.

[152:48 dr.

As listed in Table 4, under the optimized reaction
conditions, the bismuth-mediated allylation reaction
involving a wide array of aldehydes took place with
high efficiency to give the anticipated homoallylic
alcohols in moderate to good yields with excellent
diastereoselectivity (>99:1 dr). In addition to the high
performance observed with aryl aldehydes, heteroaryl
aldehydes (entries 9-10) and alkyl aldehydes (entries
12-14) were also proven to be suitable substrates for
the reaction. Moreover, the allylation reaction
occurred selectively at the formyl group of a, (-
unsaturated aldehyde 1I, rather than proceeding at the
C-C double bond via a Michael-type reaction pathway
(entry 11). Furthermore, the reaction could also be
applied to the use of ferrocenyl aldehyde as starting

10.1002/adsc.201801297

Table 4. Substrate scope study by employing different

aldehydes.[
OH
Br Bi( equlv)
L11 (2 equiv.) R
DMF, 1t, 12 h
1b 3b-p
Entry Aldehyde Product Yield™™ (dr)
1 3b 98% (>99:1)
2 3c 93% (>99:1)
MeOQC
3 3d 94% (>99:1)
Br :
4 le 3e 95% (>99:1)
Ph—CHO
5 1f 3f 78% (>99:1)
/©/CHO
Me
6 1g 3g 93% (>99:1)
/©/CHO
MeO
7 1h 3h 90% (>99:1)
SO
8 1i 3i 84% (>99:1)
[
g~ T~CHO
9 1j 3j 97% (>99:1)
. CHO
P
10 1k 3k 64% (>99:1)
CHO
Ph/\/
11 11 31 98% (>99:1)
CHO
Ph/\/
12 1m 3m 98% (>99:1)
_~_-CHO
13 1n 3n 73% (95:5)
'Pr-CHO
14 1o 30 68% (>99:1)
Fc-CHO
15 1p 3p 68% (>99:1)
&l The reactions were performed at room temperature for
12 h by using aldehyde 1b-p (1 mmol), 3-

bromocyclohexene (2a, 3 mmol), Bi (2 mmol), Lil (2
mmol) in DMF (2 mL).
8] |solated yields.
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material (entry 15). Besides, the reactions employing
bismuth as mild reaction mediator also allowed the
use of aryl aldehydes bearing functional groups, such
as nitro, cyano, and carbonyl group (entries 1-3).

Table 5. Substrate scope study by employing different
cyclic allylic bromides.[®

OH
0 X Bi(2equiv.
+ _—
R)J\H Lil (2 equiv.)
n
1 2b-f DMF, rt, 12 h 3 n
Cl I Cl Br Br
2b 2¢ 2d 2e 2f
Allylic .
Entry Aldehyde bromide Product (Yield™®); dr)
OH
NC
1 1c 2b 3¢ (98%; >99:1)
OH
MeO,C II II
2 1d 2b 3d (99%; >99:1)
OH
MeO,C II II
3 1d 2¢ 3d (94%; >99:1)
OH
NC II ll
4 1c 2d 3q (93%; >99:1)
OH
5 1lc 2e 3r (71%; >99:1)
OH
MeO,C I .
6 1d 2f 35 (99%; >99:1)
OH
7 la 2f 3t (86%; >99:1)

el The reactions were performed at room temperature for
12 h by using aldehyde 1 (1 mmol), cyclic allylic halides
2b-f (3 mmol), Bi (2 mmol), and Lil (2 mmol) in DMF (2
mL).

o |solated yields.

Next, substrate scope of the present protocol was
further surveyed by using various cyclic allylic
halides as starting materials. As outlined in Table 5,

10.1002/adsc.201801297

the reactions employing 3-chlorocyclohexene and 3-
iodocyclohexene as substrates worked equally well
under the optimum reaction conditions to give the
expected products with both excellent yields and
excellent diastereoselectivities (entries 1-3). Six-
membered allylic chloride 2d bearing two methyl
groups reacted with equal success under the optimal
reaction conditions (entry 4). Moreover, both seven-
membered and eight-membered allylic bromides were
demonstrated to be appropriate candidates for the
present organic transformations and reacted in an
analogous manner to afford the corresponding
homoallylic alcohols 3r-t in 71%-99% yields, with
the exclusive formation of the syn-diastereomer
(entries 5-7).

In comparison, the same reaction using less
reactive acetophenone as substrate proceeded
sluggishly under the optimized reaction conditions to
give the desired product in negligible amount. This
mildness of the present protocol allowed the selective
allylation of aldehyde in the co-existence of ketone.
For instance, when biphenyl 1q containing both
formyl and acetyl substituents were treated with
cyclic allylic bromide 2a in the presence of bismuth
and Lil under the well-established reaction conditions,
the reaction took place regioselectively at the formyl
group, leading to the expected product 3u in 96%
yield with >99:1 dr (Scheme 1). The reluctancy of
acetyl group to participate in the allylation reaction
clearly indicated that the in situ formed allylic
bismuth reagent was a mild organometallic reagent,
when compared to its allylic aluminium® or zincf:
counterparts which might react with both aldehyde
and ketone without regioselectivity.

(¢] OH
H 2a (3 equiv.)
Bi (2 equiv.)
_—
O Lil (2 equiv.) O
DMF, 1t, 12 h
o 1q O 3u: 96% yield; >99:1 dr

Scheme 1. Selective allylation of formyl group of substrate
1q in the presence of acetyl group.

(6] 6]
RN Br Bi(2equiv) RN /// OH
o 4+ Em— /
Lil (2 oquiv.)
DMF, tt, 12 h

Ir R=H)
1s (R = Me)

3v (R =H): 89% yield; >99:1 dr
3w (R = Me): 94% yield; >99:1 dr

2a
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Scheme 2 Bismuth-mediated highly diastereoselective
allylation reaction using isatin (1r or 1s) as substrate; X-ray
crystal structure of product 3w (CCDC 1858982; only one
of the two enantiomers is shown here).

In contrast with acetophenone which was not
susceptible to the present allylation, ketones 1r and 1s
containing electron-withdrawing groups at their o-
position reacted efficiently with 3-bromocyclohexene
(2a) to deliver the target products 3v and 3w in good

yields with excellent diastereoselectivities (Scheme 2).

The stereochemistry of the homoallylic alcohol 3w
was fully characterized by single crystal X-ray
diffraction analysis.!*®!

It was reported that tin-mediated allylation of 2-
pyridinecarboxaldehyde with acyclic allylic halide
might lead to the generation of homoallylic alcohol
with the reversal of product stereochemistry.? To
test whether the same principle could also be applied
to the present transformation using cyclic allylic
halide as substrate, we also examined the reaction of
2-pyridinecarboxaldehyde (1t and 1u) with six-,
seven-, and eight-membered cyclic allylic bromides
(2a and 2e-f). As expected, the reactions proceeded
efficiently under the optimum reaction conditions to
provide the products 4a-e in good vyields with
exclusive inversion of stereochemistry, with the anti-
diastereomer being the exclusive diastereomer
(Scheme 3). The stereochemistry of product 4a was
unambiguously determined with the aid of X-ray
crystal diffraction analysis. (€]

L T

OH
Bi (2 equiv.) A Ve
Lil (2 equiv.) _N 2
DMEF, rt, 12 h

4a (R=H, n=1): 92% yield; >99:1 dr
4b (R = H, n=2): 72% yield; >99:1 dr

1t(R=
® _H) 2a, 2e-f 4c (R =H, n=3): 83% yield; >99:1 dr
Tu (R =Br) 4d (R = Br, n = 1): 89% yield; >99:1 dr
4e (R = Br, n = 3): 98% yield; >99:1 dr
T (O S
0 :_/’_;-ﬂ\“f = \] \)’ -\(\ §
ey
/ \ - J _ l VA b~
=B -t - Y |
ce \ ' ] 2 ’ m*,d\,\g‘:‘, o4
\9—‘53 7 & 'r~
, P m

4a

Scheme 3. Bismuth-mediated highly diastereoselective
allylation using 2-pyridinecarboxaldehyde (1t and 1u) as
substrate with inversion of stereochemistry; X-ray crystal
structure of product 4a (CCDC 1858983; only one of the
two enantiomers is shown here).

Similarly, glyoxylic acid might also react in a same
manner to produce the anticipated homoallylic
alcohol  with  the inversion of  product
diastereoselectivity.”?d As shown in Scheme 4, the
reactions involving cyclic allylic bromides (2a and 2f)

10.1002/adsc.201801297

and glyoxylic acid (1v) or phenylglyoxylic acid (1w)
worked with the same high performance, delivering
the expected products 4f-h with both excellent yields
and diastereoselectivities, with the anti-diastereomer
being the exclusive product. The stereochemistry of
the homoallylic alcohol 4g was unambiguously
determined by X-ray diffraction analysis.™®!

0 i , HO R
Br  Bi (2 equiv.) 8
R)’HTOH + —— HO,.C TN
Lil (2 equiv.) H
0 " DME, 1t, 12 h g
v (R = H) 4f (R =H, n=1): 95% yield; >99:1 dr
v(R =
= — 1) 929 vield: .
1w (R = Ph) 2a, 2f 4g (R =Ph, n=1): 92% yield; >99:1 dr

4h (R =Ph, n = 3): 74% yield; >99:1 dr

Scheme 4. Bismuth-mediated highly diastereoselective
allylation using glyoxylic acid (1v) or phenylglyoxylic acid
(1w) as substrate; X-ray crystal structure of product 4g
(CCDC 1858981; only one of the two enantiomers is
shown here).

Aside from cyclic allylic halides, exceptionally
high performance could also be accomplished by
employing acyclic allylic halides of (E)-cinnamyl
bromide as substrate. As outlined in Scheme 5, (E)-
cinnamyl bromide (2g) efficiently participated in
allylation reaction with aromatic aldehydes 1c-e to
furnish the corresponding homoallylic alcohols 4i-k
with both excellent yield and diastereoselectivity
(exclusive generation of anti-diastereomer). In
addition, the mild reaction conditions also allowed the
tolerance of cyano and carbonyl groups.

CHO OH
/©/ Bi (2 equiv.)
—_—
R N

le-e Lil (2 equiv.) h
+ DMEF, 1t, 12 h R
e
P g, 4i (R= CN): 93% yield; >99:1 dr

2g 4j (R=CO,Me): 97% yield; >99:1 dr
4k (R= Br): 87% yield; >99:1 dr

Scheme 5. Bismuth-mediated highly diastereoselective
allylation using (E)-cinnamyl bromide (29) as substrate.

In comparison, when (E)-4-bromobut-2-enoate (2h)
containing sterically less hindered methoxycarbonyl
group was employed as substrate, the allylation

This article is protected by copyright. All rights reserved.
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reaction worked with equal success (Scheme 6), but
with slightly reduced diastereoselectivity (90:10 dr).

CHO
OH
Bi (2 equiv.)
cl —_— X
la Lil (2 equiv.) éO M
+ cl e

S DMF, rt, 12 h
MeO,C~ gy 41: 76% yield; 90:10 dr
2h

Scheme 6. Bismuth-mediated diastereoselective allylation
using (E)-4-bromobut-2-enoate (2h) as substrate.

Mechanistically, the exclusive formation of the
syn-diastereomer by using cyclic allylic halide as
substrate (Tables 4 and 5) could be explained a
Zimmerman-Traxlerl®  six-membered ring
transition state A where the C—C double bond of
the in situ generated cyclic allylic bismuth
reagents always possesses a Z configuration and
is not susceptible to Z/E-isomerization (Figure 1).
Bl In cases where 2-pyridinecarboxaldehyde (1t)
was used as substrate, the adoption of a Cram-
chelated transition state B involving the
coordination of the nitrogen atom and carbonyl
group to the allylbismuth species forces the 2-
pyridinyl substituent to possess an axial position
in the six-membered ring transition state, which
leads to the inversion of the stereochemistry of
the final product of homoallylic alcohol. A similar
Cram-chelated transition state C can also be
applied to the use of glyoxylic acid (1v) or
phenylglyoxylic acid (1w) as substrates, where
the COOH group resides in the axial position of
the six-membered ring and coordinates with
bismuth atom.[*¥! When (E)-cinnamyl bromide
was used as substrate, the C-C double bond
possessed an E-configuration and sterically
hindered phenyl substituent adopted an equatorial
position in the Zimmerman-Traxler six-membered
ring transition state D, thus leading to preferential
formation of the anti-diastereomer.

H 7 N\ HO___o,
Ar’,LO\ BiX, =N, RIO\ BiXa | |y &0
H ~ H H
H
n
A B C D

Figure 1. Zimmerman-Traxler six-membered ring
transition state accounted for the high diastereoselectivity
obtained.

To determine whether cyclic allylic bismuth
reagent was formed in the present allylation
reaction, we treated 3-bromocyclohexene (2a) with
bismuth powder in the presence of Lil in DMF
(Scheme 7). After stirring at room temperature for

10.1002/adsc.201801297

6 h, the upper clear solution was separated from
the bottom precipitate and transferred to another
flask followed by the addition of aldehyde 1d.
After reacting at room temperature for another 6 h,
the desired product 3d could be isolated in 62%
yield with >99:1 dr. Thus, we believed that cyclic
allylic bismuth reagent must have formed in the
transformation, otherwise the allylation reaction
would not take place.
OH

Br i Lil BiX; | 14
_— E—
DMF, 1t, 6 h DMF O ‘
i, 6h  MeOOC

2a 3d: 62% yield; >99:1 dr

Scheme 7. Pre-formation of cyclic allylic bismuth reagent
from substrate 2a and ensuing allylation reaction with
aldehyde 1d.

As for the role of Lil,[*® we believed that Li*
should help to facilitate the insertion of bismuth
powder into cyclic allylic halides for the
generation of the corresponding cyclic allylic
bismuth reagent, typical of the positive effects
observed in LiCl-enhanced insertion of other
metals into organohalides which were reported by
Knochel and others.’* In addition, I should
facilitate the conversion of relatively less reactive
allyl chlorides or bromides to more reactive allyl
iodides via a Felkinstein-type reaction pathway,
so that the latter might more readily undergo
bismuth insertion to in situ generate the
corresponding allylbismuth reagent.

Conclusion

In conclusion, we have developed an efficient
bismuth-mediated highly diastereoselective allylation
reaction of carbonyl compounds with cyclic allylic
halides by using commercially available bismuth
powder as reaction mediator in the presence of Lil in
DMF. The reactions proceeded smoothly at room
temperature to produce the desired homoallylic
alcohols in good to excellent yields with high
diastereoselectivities (>99:1 dr). Among all the metals
screened, bismuth was found to be the best mediator
for the reaction. A plethora of functional groups, such
as nitro, cyano, ester, and acetyl group, could be wel:
tolerated in the reaction. Remarkably, reversed
diastereoselectivity was obtained when carbonyl
substrate (e.g., 2-pyridinecarboxaldehyde, glyoxylic
acid) containing chelating substituent was used in the
allylation. In addition, the reactions involving acyclic
(E)-cinnamyl bromide as substrate worked equally
well, giving rise to the corresponding products with
both excellent yields and diastereoselectivities. In
contrast with the documented methods where pre-
prepared cyclic allylic aluminiumB or zinc
reagents were used, the present allylation reaction
using bismuth as reaction mediator, in which cyclic

6
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allylic bismuth species might be in situ formed,
proceeded effectively in a simple one-pot fashion
with no exclusion of air and moisture. Further
applications of the methodology in organic synthesis
are currently underway in our laboratories.

Experimental Section

lepical procedures for the preparation of homoallylic
alcohols by the addition of allyl halides to carbonyl
compounds:

To a 10 mL Schlenk flask was sequentially added bismuth
gpwder (418.0 mg, 2 mmol) and DMF (2 mL). Then

ismuth was activated by the addition of 1,2-
dibromoethane (18.8 mg, 5 mol%) and TMSCI (10.9 mg, 5
mol%). After stirring for 5 min, Lil (267.7 mg, 2 mmol?,
allyl halides (3 mmol), and aldehyde or ketone (1 mmol)
was sequentially added to the reaction mixture. The
suspension was vigorously stirred at room temperature for
12 h before quenching with sat. NH4Cl solution (30 mL)
and extracting with ethyl acetate (20 mLx3). The combined
extracts were washed with brine (20 mL), dried over
anhydrous Na,SO, and concentrated In vacuo. The residue
obtained was purified by silica gel column chromatography
using ethyl acetate/petroleum ether as eluent to give the
pure products.
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