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An efficient method for the conjugate addition of unactivated alkyl iodides to o,B-unsaturated carbonyl
compounds using indium/copper in water is described. The reactions proceed more efficiently in water
than in organic solvents. In, Cul, and InCl; are all essential for efficient reaction. Formation of a symmet-
rical vic-diarylalkane is observed when an aryl-substituted alkene is used as substrate.
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Conjugate addition of alkyl groups to o,B-unsaturated carbonyl
compounds is a versatile synthetic method for the construction of
C-C bonds.! Among the various methods available, the most com-
monly employed strategies involve the use of organometallic spe-
cies such as Grignard reagents (RMgX) or organolithium (RLi)
reagents.”> However, the use of these highly reactive organometal-
lic reagents can lead to undesired side reactions such as hydrolysis,
Waurtz coupling, B-elimination of the organometallic reagent, and
the reduction of carbonyl compounds. Also, 1,2-addition of the al-
kyl group to the carbonyl group can compete with the 1,4-conju-
gate addition reaction. If this reaction could be developed to take
place in water® without the above-mentioned side reactions, it
would greatly aid organic chemists.

The pioneering works by Luche, Li, Naito, and others have
shown that it is possible to carry out alkyl additions to conjugated
systems in water.*"® Unfortunately, in most cases, the use of harsh
reaction conditions such as ultrasonication, inert atmospheres,
cosolvent systems, and the narrow substrate scope limit their
applicability to complex molecule synthesis. Therefore, the devel-
opment of more general and practical methods for alkyl addition
to o,B-unsaturated carbonyl compounds under mild conditions is
highly desirable. In previous reports, our group has described in-
dium/copper- and indium/silver-mediated Barbier-Grignard-type
alkylation reactions of imines and aldehydes using unactivated al-
kyl iodides in water.” In continuation of our work to develop alkyl-
ation reactions in water, herein, we report an efficient method for
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the conjugate addition of unactivated alkyl iodides to o,B-unsatu-
rated carbonyl compounds (including a chiral version) using
indium/copper in water.®-1° In addition, the formation of symmet-
rical vic-diarylalkanes was observed when aryl-substituted alkenes
were used as the substrate.

Initial studies focused on the reaction of o,p-unsaturated ester 1
and cyclohexyl iodide under different reaction conditions.

As shown in Table 1, it was found that the combination of In/
Cul/InCl; (6:3:0.1) was an efficient system for activation of the con-
jugate addition reaction in water. The reaction proceeded smoothly
at room temperature to generate the corresponding adduct 2 in
80% yield (entry 1). It is important to note that, without the use
of Cul, the reaction proceeded sluggishly to give the desired prod-
uct in poor yield (entry 2). Without the addition of InCls, the yield
of the product decreased to 54% (entry 3). In addition, it was found
that the use of the metal (i.e., indium) was also indispensable (en-
try 4). Among the several metals screened, indium proved to be the
best for this reaction. The following order was apparent for activa-
tion of the conjugate alkylation: In > Zn > Al > Sn. Other copper and
silver compounds such as CuBr, CuCl, and Agl were also investi-
gated, but all gave the products in lower yields in comparison to
Cul (entries 5-7). It was worthwhile to note that the reactions pro-
ceeded more efficiently in water than in organic solvents such as
MeOH, THF, CH,Cl,, DMF, DMSO, and hexane. Furthermore, the
reactions were carried out without an inert atmosphere and ultra-
sonication was unnecessary.

With optimized reaction conditions in hand, we next applied
the reaction system to various o,B-unsaturated carbonyl com-
pounds and alkyl iodides. As illustrated in Table 2, the reactions
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Table 1
Optimization of the reaction conditions®

(0] conditions
/\/\)J\ + <:>_I
Ph OEt H,O
OEt
1 2

Entry Conditions Yield® (%)
1 In/Cul/InCl3 80
2 In/InCl3 <20
3 In/Cul 54
4 Cul/InCl; 0
5 In/CuBr/InCl3 68
6 In/CuCl/InCl5 <50
7 In/Agl/InCl5 48

¢ The reactions were carried out at rt for one day using In (3 mmol), CuX (X = Cl,
Br, I) or Agl (1.5 mmol), InCl3 (0.05 mmol), o,B-unsaturated ester 1 (0.5 mmol),
cyclohexyl iodide (2.5 mmol), and water (10 mL).

b Isolated yield.

Table 2

Conjugate addition of alkyl iodides to various o,p-unsaturated esters®!!

0] In/Cul/InCl3 R* O
N R —
R H,O R R'
Entry o,B-Unsaturated ester Alkyl iodide Yield® (%)

S
OEt

O—| 84
OEt

>—| 70

)\ 73 (dr 52:48)¢
OEt |

O o
O'Bu

. C

6 o~ ome <:>—| 75 (dr 31:69)
7 2 61

Aoy &

o)

: o O

"Pentyl OMe
9 it 76

/\)LOEI <:>_I

o

10 Ph\/o\/vLOMe <:>—| 48

? The reactions were carried out at rt for one day using In (3 mmol), Cul
(1.5 mmol), InCl3 (0.05 mmol), o,B-unsaturated ester (0.5 mmol), alkyl iodide
(2.5 mmol), and water (10 mL).

b Isolated yield.

¢ Diastereoselectivity was determined by 'H NMR and '>C NMR analyses.

proceeded efficiently in water at ambient temperature. The desired
products were obtained in moderate to good yields. In contrast, the
reaction between o,B-unsaturated ester 1 and cyclohexyl bromide

proceeded sluggishly to give the desired product in poor yield
(<20%). The desired product was not obtained when the reaction
was carried out using substrate 1 and tert-butyl iodide.

It was gratifying to find that even cyclic enones such as cyclo-
hexenone and cyclopentenone also reacted efficiently with differ-
ent alkyl iodides to furnish the desired 1,4-addition products in
moderate to good yields (Table 3). The formation of 1,2-addition
products was not detected.

With the success of the reactions above, we further applied this
reaction system to o,B-unsaturated carbonyl compounds with chi-
ral auxiliary groups in the hope of providing an efficient method
for the synthesis of chiral carbonyl compounds.

Three typical chiral auxiliaries, (—)-8-phenylmenthol, (S)-4-
benzyl-2-oxazolidinone, and (1S)-(—)-2, 10-camphorsultam were
incorporated into o,B-unsaturated carbonyl compounds for asym-
metric induction in the conjugate addition reactions. As outlined
in Table 4, the conjugate addition of alkyl iodides to o,B-unsatu-
rated carbonyl compounds with chiral auxiliary groups proceeded
efficiently in water to afford the desired products in moderate to

Table 3

Conjugate addition of alkyl iodides to various cyclic enones®!!

(0] + In/Cul/InCl5 R" O
R'— —
NR' H,0 R)\/lLR'
Entry Enone Alkyl iodide Yield® (%)

D—| 85
E>—| 78
>—| 73

S| 45

D—| 53

81 (dr 63:37)°

83 (dr 53:47)°

C>—| 74
D—| 65

2 The reactions were carried out at rt for one day using In (3 mmol), Cul
(1.5 mmol), InCl; (0.05 mmol), o,p-unsaturated ketone (0.5 mmol), alkyl iodide
(2.5 mmol), and water (10 mL).

b Isolated yield.

¢ Diastereoselectivity was determined by '"H NMR and '>C NMR analyses.
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Table 4

Conjugate addition of alkyl iodides to chiral o,p-unsaturated esters and amides®"

In/Cul/InCl 5 R"
& +* R— —
R H,0 R
Entry o, B-Unsaturated compound Alkyl iodide Yield® (%) dr€

1 <:>—| 50 30:70
2 é\o/ﬁ\/\ O—| 52 34:66

3 4\Ph >—| 51 34:66

<:>—| 86 44:56
E>—| 86 41:59

6 \_&Ph >—| 92 46:54

7 D—| 60 40:60
8 E>—| 84 48:52
9 >—| 80 38:62

2 The reactions were carried out at rt for one day using In (3 mmol), Cul
(1.5 mmol), InCl5 (0.05 mmol), o,B-unsaturated compound (0.5 mmol), alkyl iodide
(2.5 mmol), and water (10 mL).

b Isolated yield.

¢ Diastereoselectivity was determined by 'H NMR and '3C NMR analyses.

good yields. However, only poor to moderate diastereoselectivities
were achieved.

Of mechanistic interest is the formation of a symmetrical vic-
diarylalkane when an aryl-substituted alkene was used as the
substrate. As shown in Scheme 1, when 4-acetoxystyrene 3 was re-
acted with 2-iodopropane, alkylative dimerization of 3 exclusively
gave symmetrical vic-diarylalkane 4 in 53% yield and 1:1 dr. The
structure was confirmed by X-ray crystallographic analysis. The
reaction most likely proceeds via the addition of an alkyl radical
to arylalkene 3 to form a benzyl radical. Dimerization of the thus
formed benzyl radical then affords symmetrical vic-diarylalkane
4. This result provides strong support for a radical-type reaction
mechanism in this type of addition reaction, including the above-
mentioned conjugate addition reactions.

AcO.
N In/Cul/InCl3 O
+ >—I —_—
AcO H,0
53% yield

11 AcO
3 ar 4

Scheme 1. Formation of symmetrical vic-diarylalkane 4 and the X-ray crystallo-
graphic structure of 4 (CCDC 694091).
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Scheme 2. Proposed reaction mechanism.

A plausible reaction mechanism is proposed (Scheme 2). The
reaction is possibly initiated by a single-electron transfer from in-
dium/copper to alkyl iodide a to generate an alkyl radical b. This
radical can attack the o,B-unsaturated carbonyl compound via
1,4-conjugate addition to furnish a radical intermediate c. Subse-
quent indium-promoted reduction of intermediate ¢ and quench-
ing of the generated anion d in the presence of water affords the
expected product e.

In summary, we have developed an efficient method for the
conjugate addition of alkyl iodides to o,B-unsaturated carbonyl
compounds using indium/copper in water at room temperature.
This method works with a wide variety of o,B-unsaturated car-
bonyl compounds. The mild reaction conditions, moderate to good
yields, and the simplicity of the reaction procedure make this
method an attractive alternative to conventional methods using
highly reactive organometallic reagents in anhydrous conditions.
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