Catalytic Asymmetric Aldol-Type Reaction
of Zinc Enolate Equivalent of Amides
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Treatment of phenyl isocyanate with bis(iodozincio)methane gave a zinciomethylenated product, which acts as an amide-enoate equivalent. It did
not react with an aldehyde efficiently, but gave the corresponding adduct in good yield in the presence of an aminoalcohol. Use of a catalytic
amount of chiral aminoalcohol led the process to the catalytic asymmetric Aldol-type reaction.

Organozinc reagents are considered one of the most
important main-metal reagents because of their compat-
ibility with many functional groups.' An organic reagent
carrying various functional groups has been developed;
it can be used, through a C—C bond formation reaction, to
directly introduce functional groups to a substrate.” During
the course of our studies on bis(iodozincio)methane (1)
prepared by the reduction of diiodomethane with zinc,
we have shown several examples of zinciomethylenation,
which involve the direct introduction of a C—Zn bond.? The
reaction of bis(iodozincio)methane with an acylating reagent
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affords an o-zinciocarbonyl, which is an enolate. We have
already reported the palladium-catalyzed cross coupling of 1
with a thioester to afford the corresponding zinc enolate of
ketone.* Along this line, we focused on the insertion reaction
of the C—Zn bond of 1 into a heterocumulene as an
alternative for enolate equivalent preparation.

The zinciomethylation of an isocyanate with 1 affords an
equivalent of an amide enolate. As shown in Scheme 1,
phenylisocyanate (2) was treated with an equimolar amount
of dizinc 1. An addition would afford three possible types
of adducts 3a—c. To complete the addition reaction in THF
or toluene within 0.5 h, it was necessary for the reaction of
1 and 2 to be performed at 80 °C, as shown in Table 1.

Scheme 1. An Addition of Bis(iodozincio)methane with Phenyl
Isocyanate

CHy(Znl), (1) CH,2nl CHa2Znl CH,
Ph—N=C=0 ———————| Ph—N=C-0zZnl ==Ph—-N-C=0 <= Ph—N-C-OZnl
2 3a Znl 3b Znl 3¢

Asshown in Scheme 2, the addition of benzaldehyde (5a)
to 3 afforded the corresponding aldol-type adduct. Sur-
prisingly, to obtain the product of 3 and 5a in reasonable



Table 1. Preparation of Zinc Enolate Equivalent from Phenyl
Isocyanate and Bis(iodozincio)methane”

oh NGO CHa(Znl)2 (1) 0+ y CHs
2 solvent, t°C  25°C Ph—N-C :O4
05h
entry solvent t/°C yield of 4/%
1 THF 20 48
2 50 73
3 80 99
4 toluene 80 99
5 hexane 80 0b

“1(0.5M in THF, 1.0 mL) and 2 (0.5 mmol) in the solvent (1.0 mL)
were used. ® The isocyanate was recovered.

yield, a temperature of over 100 °C was necessary. Con-
sidering the low reactivity of the enolate equivalent 3
with the aldehyde, it may not have an O-enolate form 3¢
but an alkylzinc form 3a,b.” It is well-known that the low
reactivity of alkylzinc can be improved by the addition of
an aminoalcohol. This activation is crucial for asymmetric
induction. Several enantioselective alkylations of alde-
hydes by organozinc reagents have been performed in the
presence of an optically active aminoalcohol.® Along this
line, the reaction of 3 with aldehydes in the presence of
an optically active aminoalcohol was examined to perform
an asymmetric induction in the aldol-type reaction.
Although a variety of catalytic asymmetric alkylations
using an organozinc reagent has been developed, examples
of a catalytic asymmetric aldol-type reaction using zinc
enolate are limited.” A tandem-type reaction, which con-
tains the asymmetric 1,4-addition of organozinc to enone
in the presence of a chiral catalyst followed by the 1,2-
addition of the formed enone to aldehyde, showed high
asymmetric induction in the first 1,4-addition, but the
second aldol-type reaction did not always show reasonable
diastereoselectivities.® Several examples of a Reformatsky
reaction using a stoichiometric amount of a chiral source’
and only a few examples of catalytic asymmetric zinc-
enolate aldol reactions'® had already been reported.
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Scheme 2. Addition Reaction of 3 with Benzaldehyde

CHay(Znl)2 (1) PhCHO (5a) O OH
Ph—-N=C=0 —>——w——» pp
solvent, 80°C t°C,12h N Ph 6a
2 05h H
solvent t°C 6a
THF -40 <5%

20 55

60 56
Toluene 100 70

In Scheme 3, optically active aminoalcohols 7, which
were derived from L-proline and effective for the cataly-
tic asymmetric addition of alkylzinc to aldehydes, were
added in a catalytic amount (30 mol %) to activate the
enolate equivalent 3 for the addition to p-tolyl aldehyde
(5b). In all cases, asymmetric induction was observed.
Among 7, (S)-bis(4-fluorophenyl)(1-methylpyrrolidin-
2-yl)methanol (7g)"" induced the highest enantioselec-
tivity (87% ee).

Scheme 3. Asymmetric Induction in the Reaction of 3 with
p-Tolaldehyde in the Presence of L-Proline Derived
Aminoalcohols
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Table 2. Optimization of the Reaction of 3 with p-Tolaldehyde
(5b) in the Presence of a Catalytic Amount of 7g

CHy(Znl), (1)

; p-Tolaldshyde (5b) O OH
Ph-N=C=0 I(" eq”;g - Py A 1
~y toluene, 80 ° 79 (y mol %)
20 (xequiv) 06 h T30%C e H 6b

x/ y/ time/ yield ee/
entry equiv mol % h of 6b %
1 2.0 30 48 35 79
2 2.0 30 72 52 77
3 2.5 30 72 99 84
4 2.5 20 72 68 84
5 2.5 10 72 56 84

“5b (0.5 mmol) was used. In the reaction of entry 1, 1 (0.5 M in THF,
2.0 mL) and 2 (1.0 mmol) in toluene (2.0 mL) were premixed for 0.5 h at
80 °C; 7g (0.15 mmol) in toluene (0.5 mL) and 5b (0.5 mmol) in toluene
(1.0 mL) were added at —40 °C subsequently.
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Table 3. Examples of the Reaction of 3 with Aldehydes (5) in the
Presence of a Catalytic Amount of 7g¢

1 Db aak)  Aldehyde () o OH

Ph—N=C=0 : P“‘NJ\/\R
2 (2.5 equiv) toluene, 80°C 79 (30 mol %) H

0.5h —40°C,72h 6

entry Rin6 yield/% ee/%”

1 4-MeCegHy— 6b 99 84
2 2-MeCGH47 6c 91 84
3 4-FCcH4— 6d 77 89
4 4-CICgH,4— 6Ge 76 79
5 4-BrC¢H,— 6f 47 77
6 4-MeOCgH,— 6g 65 94
7 4-t-BuCgHy— 6h 57 84
8 mesityl 6i 63 84
9 2-naphtyl 6j 89 88
10 2-thienyl 6k 73 94
11 2-furyl 61 92 76
12 Me— 6m 45 76
13 t-Bu— 6n 49 83

“1(0.5M in THF, 2.5 mL) and 2 (1.25 mmol) in toluene (2.0 mL)
were premixed for 0.5 h at 80 °C; 7g (0.15 mmol) in toluene (0.5 mL) and
5 (0.5 mmol) in toluene (1.0 mL) were added at —40 °C subsequently.
®The absolute configuration of the product in entry 11 was determined
by the authentic sample (see ref 12). Absolute configurations in other
products were estimated by referring to this result.

The optimization of the addition of enolate equivalent 3
to p-tolyl aldehyde in the presence of 7g was examined
as shown in Table 2. When the reaction was performed
by adding 2 equiv of 3 to Sb in the presence of 30 mol % 7g,
the adduct 6b was obtained in 99% yield with 84% ce.

As shown in Table 3, various aldehydes were examined
under the conditions of entry 3 in Table 2. In all cases, the
products were obtained with over 76% ee.'* Compared to the
already reported catalytic asymmetric Reformatsky-type re-
action, the present results show competitive optical yields.'*>
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Scheme 4. Asymmetric Induction in Chemoselective
Reformatsky-Type Reaction
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The moderate reactivity of the enolate equivalent can
realize asymmetric induction in the aldol reaction in the
presence of a ketone group. As shown in Scheme 4, the
treatment of ketoaldehyde 8 with 3 afforded the corre-
sponding product 9 in 81% yield with 93% ee.

Because the enolate equivalent 3 prepared by the addi-
tion of bis(iodozincio)methane (1) to phenyl isocyanate
possesses only low nucleophilicity, the activation by addi-
tion of an aminoalcohol catalyst makes it a highly selective
synthetic reagent as an amide enolate equivalent. Prepara-
tion of a metal enolate of amide has been performed
by treatment of an amide with a strong base or a reduction
of o-haloamide with a low valent metal. When these
procedures are applied to asymmetric induction methods,
the existing conjugate acid or Lewis acidic metal halide,
which was formed stoichiometrically in the reaction mix-
ture during the preparation, would cause poor asymmetric
induction. The present method, a direct introduction of
the C—Zn bond using a gem-dizinc reagent, however, does
not suffer from these obstacles. Preparations of various
enolate equivalents from a gem-dizinc reagent and hetero-
cumelene are studied now in our group.

Acknowledgment. This work was supported financially
by the Japanese Ministry of Education, Culture, Sports,
Science and Technology.

Supporting Information Available. Experimental pro-
cedures including spectroscopic and analytical data.
This material is available free of charge via the Internet
at http://pubs.acs.org.

The authors declare no competing financial interest.

Org. Lett,, Vol. 15, No. 13, 2013



