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Asymmetric conjugate addition of dialkylzinc to R,â-unsaturated N-2,4,6-triisopropylphenylsulfon-
ylaldimines 9 was catalyzed by 5 mol % N-Boc-L-valine-connected amidophosphane 5a-Cu-
(MeCN)4BF4 in the presence of 4 Å MS in toluene to afford, after hydrolysis of an imine to an
aldehyde through a short alumina column and reduction with sodium borohydride, the corresponding
â-alkylated alkanols 10 with 67-91% ee in reasonably high yields.

Introduction

Conjugate addition reaction of organometallic reagents
with R,â-unsaturated aldehydes has maintained a unique
position because these acceptors are prone to be more
susceptible to 1,2-addtion than R,â-unsaturated ketones,
esters, amides, and equivalents.1,2 Complexation of an
aldehyde carbonyl group with a bulky aluminum agent
has been proven to block a carbonyl group from 1,2-
addition permitting the 1,4-conjugate addition of orga-
nolithium and Grignard reagents.3 Chemical modification
to chiral4 and achiral5 aldimines has been also proven to

be effective for the asymmetric conjugate addition of
Grignard reagents and organolithiums. We and others
have already developed three types of enantioselective
1,2-addition to aldimines; the chiral ether-mediated
addition of organolithium reagents to 4-methoxyphen-
ylimines,6 copper(I)-chiral amidophosphane-catalyzed ad-
dition of dialkylzinc reagents to N-sulfonylimines,7,8 and
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rhodium-chiral amidophosphane-catalyzed addition of
arylboroxine reagents to N-sulfonylimines.9,10 As part of
our continuing effort to broaden the scope of the copper-
chiral amidophosphane-catalyzed addition of dialkylzinc
reagents to imines, we are interested in the possibility
of controlling 1,4- and 1,2-additions to aldimines of R,â-
unsaturated aldehydes, thereby providing an alternative
for hitherto difficult asymmetric conjugate addition to
R,â-unsaturated aldehydes.11,12 We describe herein that
the combination of Cu(MeCN)4BF4 and amidophosphane
5a catalyzes the conjugate addition of dialkylzinc to
aldimines 9 of R,â-unsaturated aldehydes to give the
corresponding adducts 10 with up to 91% ee in reason-
ably high yields.

Reaction of Diethylzinc with Cinnamaldehyde
and its N-Methanesulfonylimine. We began our stud-
ies with the reaction of cinnamaldehyde 1a with dieth-
ylzinc in the presence of 5 mol % copper(II) triflate and
6.5 mol % chiral amidophosphane 4c in toluene at 0 °C,
the conditions established in the 1,2-addition7c (Scheme
1, Figure 1). Although 1a was consumed within 5 h, a

mixture of comparable amounts of 1,4- and 1,2-addition
alcohols (-)-213 with 7% ee and 3a14 with 13% ee was

obtained in 55% combined yield after sodium borohydride
reduction of an aldehyde (Table 1, entry 1). We then
examined the reaction of the corresponding aldimines 1
with respect to regio- and enantioselectivity. N-Meth-
anesulfonylimine 1b15 was treated with diethylzinc under
the same catalysis conditions as the reaction of 1a,
followed by imine-hydrolysis with 10% HCl and then
sodium borohydride reduction, to give a mixture of
comparable amounts of 2 with 32% ee in 41% yield and
3b with 68% ee in 32% yield (entry 2). The source of
copper was found to be influential to the 1,4-/1,2-
selectivity as well as enantioselectivity. Copper(I) triflate
benzene complex gave the slightly improved level of
selectivity with copper(II) triflate (entry 3). Although
naphthenate,16 acetate, bromide and iodide dimethyl
sulfide complexes were 1,4-selective copper sources ex-
cepting cyanide and free iodide,17 enantioselectivity was
generally unsatisfactory (entries 4-9).

Copper(I)-L-Val-Connected Phosphane-Catalyzed
Reaction with Sterically Tuned N-Sulfonylimine.
N-Tosylimine 1c15 was also not a good acceptor to give a
mixture of 2 (16% ee) and 3c (83% ee) in a similar product
valance with 1b (Table 2, entry 1). Fortunately, aldimine
1d bearing a bulky 2,4,6-triisopropylbenzenesulfonyl
group was found to be more 1,4-selectively converted to
2 with 47% ee in 66% yield and 3d (1% ee) in 12% yield
(entry 2). We also examined the effects of copper and
amidophosphane on the reaction of 1d with diethylzinc.
Without both copper(II) triflate and phosphane 4c, the
reaction was very sluggish at 0 °C for 19 h to give 2 in
32% yield (entry 3). Without 4c the copper-catalyzed
reaction was also sluggish, at 0 °C for 20 h, giving 2 in
43% yield and 3d in 14% yield (entry 4). These two
results apparently indicated the high potentiality of a
copper-phosphane combination as a catalyst. We then
examined the effects of chiral phosphanes 4-6 on the 1,4-
selectivity and enantioselectivity of the reaction with 1d.
Unfortunately, the less bulky amidophosphane 4a18 gave
a mixture of 2 with 20% ee in 57% yield and 3d with
67% ee in 18% yield (entry 5). Interestingly, a chiral
amidophosphane 4b7c bearing two benzyl groups on a
pyrrolidine ring efficiently suppressed the 1,2-addition
of diethylzinc to 1d at 0 °C for 2 h, giving the correspond-
ing 1,4-product 2 with 57% ee in 74% yield, after
hydrolysis of an imine to an aldehyde through a short
alumina column and subsequent reduction of an aldehyde
with sodium borohydride (entry 6). It was fortunate to
find that valine-connected amidophosphanes 5 and 6 gave
the conjugate addition product 2 as the sole product.
N-Boc-L-Valine-connected amidophosphane 5a9 gave 2
with 61% ee in 77% yield (Table 2, entry 7). However,
the use of 6 bearing two benzyl groups on the pyrrolidine
ring gave 2 with a decreased 24% ee in 72% yield (entry
9). D-Valine-connected phosphane 5b was not the better
ligand, giving 2 with 43% ee in 75% yield (entry 8).

The source of copper was also influential on the
enantioselectivity of the reaction of 1d with a copper-5a
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SCHEME 1. Copper-Chiral Phosphane-Catalyzed
Asymmetric Ethylation of Cinnamaldehyde 1a and
Its Aldimine 1b with Diethylzinc Giving 2 and 3

FIGURE 1. Chiral amidophosphanes 4-6.
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catalyst, giving 2 with 65% ee in 79% yield by the use of
Cu(MeCN)4BF4

19 (Table 2, entry 10). Use of 4 Å molecular
sieves20 was beneficial to the reaction, improving the
enantioselectivity to 68% ee (entry 11).21 Finally, im-
provement in enantioselectivity was observed by con-
ducting the reaction with 5 mol % Cu(MeCN)4BF4-5a as
a catalyst in the presence of 4 Å MS at -40 °C for 4 h to
afford (-)-2 with 80% ee in 77% yield (entry 12). It is
important to note that a major factor in controlling 1,4-/
1,2-selectivity seems to be the structure of phosphane 5a,
not the source of copper, because Cu(MeCN)4BF4-4c
converted 1c to a mixture of 2 with 5% ee in 65% yield
and 3c with 56% ee in 18% yield (entry 13).

The reaction of a variety of R,â-unsaturated aldimines
9 has been examined with Cu(MeCN)4BF4-5a as a
catalyst in the presence of 4 Å MS at -30 °C in toluene
(Table 3). N-Sulfonylimines 9 were prepared in good
yields by condensing the corresponding aldehydes 722

with sulfonylamide 823 in tetraethoxysilane24 at 160 °C

(Scheme 2). The reactions of 9e and 9f, having 2- and
3-methylphenyl groups, gave 10e with 83% ee in 84%
yield and 10f with 80% ee in 81% yield (entries 2 and 3).
The reaction of 9g and 9h, having electron-donating 2-

(19) Liang, Y.; Gao, S.; Wan, H.; Hu, Y.; Chen, H.; Zheng, Z.; Hu,
X. Tetrahedron: Asymmetry 2003, 14, 3211-3217.

(20) Molecular sieves 4 Å were crashed and heated three times for
1 min by microwave before use. Ohgushi, T.; Nagae, M. J. Porous
Mater. 2003, 10, 139-143.

(21) Reaction using 5a-Cu(OTf)2 and 4 Å MS afforded 2 with 62%
ee in 76% yield.

(22) Battistuzzi, G.; Cacchi, S.; Fabrizi, G. Org. Lett. 2003, 5, 777-
780.

TABLE 1. Copper-Amidophosphane 4c-Catalyzed Asymmetric Reaction of Cinnamaldehyde 1a and Its
N-Methanesulfonylimine 1b with Diethylzinc

entry 1 CuX time (h) yield of 2 (%) ee of 2 (%)a yield of 3 (%) ee of 3 (%)a

1 1a Cu(OTf)2 5 25 7 30 13
2 1b Cu(OTf)2 1 41 32 32 68
3 1b (CuOTf)2-PhH 1 54 34 21 63
4 1b Cu(naphthenate)2 1 68 4 4 3
5 1b Cu(OAc)2-H2O 1 60 1 2 8
6 1b CuCN 6 1 nd 1 nd
7 1b CuBr-SMe2 1 62 4 3 3
8 1b CuI-SMe2 2 58 10 2 22
9 1b CuI 5 7 1 1 nd

a nd: Not determined.

TABLE 2. CuX-Amidophosphane-Catalyzed Asymmetric Reaction of N-Arylsulfonylimine with Diethylzinc

entry 1 CuX ligand 4 Å MS time (h) yield of 2 (%) ee of 2 (%) yield of 3 (%) ee of 3 (%)b

1a 1c Cu(OTf)2 4c none 5 40 16 32 83
2 1d Cu(OTf)2 4c none 3 60 47 14 1
3 1d none none none 19 32 0 0 0
4 1d Cu(OTf)2 none none 20 43 0 14 0
5 1d Cu(OTf)2 4a none 3 57 20 18 67
6 1d Cu(OTf)2 4b none 2 74 57 0 nd
7 1d Cu(OTf)2 5a none 3 77 61 0 nd
8 1d Cu(OTf)2 5b none 3 75 43 0 nd
9 1d Cu(OTf)2 6 none 3 73 24 0 nd

10 1d Cu(MeCN)4BF4 5a none 3 79 65 0 nd
11 1d Cu(MeCN)4BF4 5a 4 Å MS 3 80 68 0 nd
12a 1d Cu(MeCN)4BF4 5a 4 Å MS 5 77 80 0 nd
13 1c Cu(MeCN)4BF4 4c none 5 65 5 18 56
a Conducted at -40 °C. b nd: Not determined.

TABLE 3. Cu(MeCN)4BF4-5a Catalyzed Asymmetric
Alkylation of 9 Giving 1025

entry imine Ar
time
(h) R alcohols

yield
(%)

ee
(%)b

1a 1d Ph 4 Et 2 80 80
2 9e 2-MeC6H4 4 Et 10e 84 83
3 9f 3-MeC6H4 4 Et 10f 80 81
4 9g 2-MeOC6H4 4 Et 10g 75 75
5 9h 4-MeOC6H4 5 Et 10h 78 79
6 9i 2-ClC6H4 4 Et 10i 79 82
7 9j 4-ClC6H4 4 Et 10j 78 78
8 9k 1-naphthyl 5 Et 10k 82 91
9 9l 2-naphthyl 5 Et 10l 85 75

10 9m 2-furyl 6 Et 10m 72 67c

11 9k 1-naphthyl 4 i-Pr 10n 77 78
a Reaction was conducted at -40 °C. Data taken from Table 2,

entry 12. b Unless otherwise noted, the ee was determined by a
chiral stationary phase HPLC. c Ee was determined by the 19F
NMR of the corresponding Mosher ester.
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and 4-methoxyphenyl groups, gave 10g with 75% ee in
75% yield and 10h with 79% ee in 78% yield (entries 4
and 5). The reaction of 9i and 9j, having electron-
withdrawing 2- and 4-chlorophenyl groups, gave 10i with
82% ee in 79% yield and 10j with 78% ee in 78% yield
(entries 6 and 7). The reaction of 3-(naphthalen-1-yl)-
acrylaldehyde imine 9k gave 10k with 91% ee in 82%
yield (entry 8). The reaction of 9l gave 10l with 75% ee
in 85% yield (entry 9). The reaction of 9m, having a
heterocyclic 2-furyl group, gave 10m with 67% ee in 72%
yield (entry 10). A propyl group was also introduced into
9k with dipropylzinc to give 10n with 78% ee in 87% yield
(entry 11).

In conclusion, a catalytic asymmetric conjugate addi-
tion of dialkylzinc to sterically tuned, unsaturated sul-
fonylaldimines was achieved with high 1,4-selectivity and
enantioselectivity using the N-Boc-L-valine-connected
amidophosphane-copper(I) catalyst. The combination of
an appropriate amidophosphane and copper(I) is key to
the success. Further studies will be focused on the
examination of various natural amino acid-connected
amidophosphanes.

Experimental Section

Asymmetric Ethylation of 9k with Diethylzinc Cata-
lyzed by 5a-Copper(I) Giving 10k (Table 3, Entry 8).
Under an Ar atmosphere, a solution of amidophosphane 5a
(30.5 mg, 0.065 mmol) in 4 mL of toluene was added to a
suspension of Cu(MeCN)4BF4 (15.1 mg, 0.050 mmol) and 4 Å
MS (750 mg) in 14.5 mL of toluene. The resulting solution was
stirred for 1 h at room temperature. A solution of aldimine
10k (447 mg, 1.0 mmol) in 13 mL toluene was added at room

temperature. After stirring at room temperature for 10 min,
the reaction mixture was cooled to -30 °C over 0.5 h and then
stirred at -30 °C for 0.5 h. A hexane solution of diethylzinc
(1.2 mL, 1.2 mmol) was added at -30 °C, and the whole was
stirred at -30 °C for 2 h. Then, a hexane solution of diethylzinc
(1.2 mL, 1.2 mmol)26 was added and the whole was stirred at
-30 °C for an additional 3 h. The reaction was quenched with
saturated NH4Cl and stirred at room temperature for 0.5 h.
After filtration through Celite, the organic layer was separated
and the water layer was extracted with ethyl acetate. The
combined organic layers were washed with saturated NaHCO3

and brine and then dried over Na2SO4. Concentration gave a
pale yellow oil (513 mg), which was filtered through aluminum
oxide 90 standardized (Merck, 20 g) using ethyl acetate (300
mL) as an eluate. Concentration gave a pale yellow oil, which
was treated with NaBH4 (37 mg, 1.0 mmol) in methanol (4.0
mL) for 0.5 h at 0 °C. After addition of water and ethyl acetate,
the organic layer was separated. The aqueous layer was
extracted with ethyl acetate. The combined organic layers were
washed with saturated NaHCO3 and brine and then dried over
Na2SO4. Concentration and purification by silica gel column
chromatography (hexane/ethyl acetate ) 20/1) gave 10k (175
mg, 82% yield) as a pale yellow oil of [R]25

D -4.01 (c 1.27,
CHCl3). The ee was determined to be 91% by HPLC (Daicel
Chiralcel AD-H, hexane/i-PrOH ) 50/1, 1.0 mL/min, 254 nm,
major 19.9 min and minor 21.9 min). 1H NMR δ: 0.82 (3H, t,
J ) 7.3 Hz), 1.14 (1H, brs), 1.85 (2H, m), 2.01-2.13 (2H, m),
3.45-3.63 (3H, m), 7.41-8.23 (7H, m). 13C NMR δ: 11.8, 29.4,
38.7, 60.9, 123.2, 125.3, 125.5, 125.7, 126.4, 128.9, 132.6, 133.9,
141.3. IR (neat): 3350 cm-1. EIMS m/z: 214 (M+). HRMS (EI)
Calcd for C15H18O: 214.1357. Found: 214.1352.
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SCHEME 2. Synthesis of 9 from 7 and 8
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