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Enantioselective Addition of Diethylzinc to Aldehydes
Catalyzed by (S)-2-(N,N-Disubstituted aminomethyl)pyrrolidine
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The enantioselective addition of diethylzinc to aldehydes in the presence of a catalytic amount of several chiral
diamines, (S)-2-(NV,N-disubstituted aminomethyl)pyrrolidines, was studied. Relatively high selectivity was achieved in the
case of aromatic aldehydes by employing 15 mol% of (S)-2-(1-pyrrolidinylmethyl)pyrrrolidine.

The catalytic enantioselective alkylation of aldehydes is a
potentially important method for preparing chiral secondary
alcohols.” Since Oguni and Omi reported® on the reaction
of diethylzinc and benzaldehyde in the presence of a cat-
alytic amount of chiral alcohol, amine, or amino alcohol, a
number of chiral catalysts have been reported.>® Most of
the successful results have been obtained by using £-amino
alcohols. Although diamines were also reported to show cat-
alytic activity,” the selectivity has not been very high, except
for a few cases.*>®

In our continuing studies® of chiral S-diamines derived
from (S)-proline in highly stereoselective asymmetric reac-
tions, we have demonstrated that a chelated cis-fused bicyclic
5-membered ring structure is effective for asymmetric induc-
tion. We then examined the effectiveness of diamine, (S)-2-
(N,N-disubstituted aminomethyl)pyrrolidine (1), as a chiral
catalyst in the enantioselective addition of diethylzinc to al-
dehydes. Relatively high selectivities were achieved in the
case of aromatic aldehydes by using 15 mol% 1a.

Results and Discussion

In the first place, the reaction of diethylzinc and benzalde-
hyde was examined using diamine 1a (Eq. 1).
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The reaction was carried out as follows: To a cyclohexane
(4.5 ml) solution of benzaldehyde (1.5 mmol) and 5 mol%
of 1a (0.075 mmol) was added a hexane solution (2.7 ml)
of diethylzinc (2.7 mmol) at 0 °C. The reaction mixture
was then stirred at r.t. for 15 h. After the reaction mixture
was worked up (see Experimental section) (S)-1-phenyl-1-
propanol was obtained with 25%ee in 72%. Since the selec-
tivity was poor, the reaction was then examined by using an

increased amount of the catalyst. The selectivity was dra-
matically improved by using 15—20 mol% of 1a (Table 1,
Entries 1—35). Next, the effect of the reaction solvent on
the selectivity was examined using 15 mol% of 1a. Non-
polar solvents gave better selectivity, and the selectivity was
decreased in ether (Table 1, Entries 6—8). The selectiv-
ity was further improved by increasing the amount of the
solvent (Table 1, Entries 9, 10). This was probably due to

Table 1. Enantioselective Addition of Diethylzinc to Benz-
aldehyde Catalyzed by 1a®
Entry l1a/mol% Solvent Yield/% ee/%
1 5 Cyclohexane—-Hexane 72 25
2 10 Cyclohexane—Hexane 84 66
3 15 Cyclohexane—Hexane 85 73
4 20 Cyclohexane—Hexane 79 76
5 25 Cyclohexane-Hexane 66 66
6 15 Hexane 83 72
7 15 Toluene-Hexane 78 64
8 15 Ether-Hexane 65 36
99 15 Cyclohexane-Hexane 80 80
109 15 Cyclohexane-Hexane 76 81
1149 15 Cyclohexane-Hexane 80 76
1249 15 Cyclohexane—Hexane 82 80
1340 15 Cyclohexane—Hexane 56 4
14%) 15 Cyclohexane—Hexane 83 67
15%9) 15 Cyclohexane—Hexane 81 78

a) The reaction of benzaldehyde (1.5 mmol) and diethylzinc (2.7
mmol) was carried out using 4.5 ml of cyclohexane, toluene, or
ether and 2.7 ml of hexane at r.t. for 15 h unless otherwise noted.
b) Ee was determined by HPLC analysis using a chiral column
(Daicel Chiralcel OB (25 cmx0.46 cm i.d.); 254 nm UV detector,
2% 2-propanol in hexane; flow rate, 0.5 ml min—!; #g, 23.0 min for
(S)-1-phenyl-1-propanol, 29.3 min for (R)-1-phenyl-1-propanol).
(5)-1-Phenyl-1-propanol was obtained preferentially in all runs. c)
Hexane (7.2 ml) was used. d) Cyclohexane (6.0 ml) was used. e)
Cyclohexane (9.0 ml) was used. f) Diethylzinc (3.3 mmol) was
used. g) The reaction was carried out at 0 °C for 17 h. h) The
lithium salt of 1a was used as catalyst. i) DBU (15 mol%) was
used as an additive. j) HMPA (15 mol%) was used as an additive.
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the solubility of complex 2a (Chart 1), generated by the re-
action of diethylzinc and 1a, which is supposed to be the
actual catalyst. The use of an increased amount of diethyl-
zinc did not improve the yield (Table 1, Entry 11), and the
selectivity was not improved even though the reaction was
carried out at 0 °C for 17 h (Table 1, Entry 12). The reaction
was also examined using the lithium salt of 1a and in the
presence of an additive, 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU) or hexamethylphosphoric triamide (HMPA), which
were effective in improving the selectivity in the reaction
of our previous studies using the lithium salt of 1a and its
analogues.5*®% Although lithium salt was effective in some
cases,”™*7 an almost racemic alcohol was obtained using the
lithium salt of 1a (Table 1, Entry 13). The additives could
not improve the selectivity (Table 1, Entries 14, 15) either,
probably because the additives coordinated to the zinc in
complex 2a and partially prevented the formation of a rigid
5-membered bicyclic chelate structure. These results are in
accordance with the low selectivity observed using ether as
the solvent.

Then, the effect of the substituent of diamine 1 was ex-
amined under the reaction conditions of Entry 9 in Table 1.
The selectivity of the reaction was varied by a small change
in the structure of diamine 1. In the case of diamine 1b
with a piperidine ring, the selectivity was significantly de-
creased. The introduction of an oxygen (1c¢) or nitrogen
atom (1d) into the substituent for an intramolecular coordi-
nation to a zinc atom showed higher selectivity, compared
with the carbocyclic one (1b). Although diamine prepared
from acyclic aliphatic amine (1e) showed moderate selectiv-
ity, diamine prepared from N-methyaniline (1f) gave (R)-1-
phenyl-1-propanol with low selectivity. This result also in-
dicates the importance of the rigid complex formation, since
the nitrogen atom substituted by the phenyl group would not
coordinate to the zinc atom as strongly as the others. Di-
amine with a pyrrolidine ring (1a) gave the best selectivity
in the reaction of diethylzinc and benzaldehyde. The results
are summarized in Table 2.

Since a good selectivity was achieved in the reaction of
diethylzinc and benzaldehyde using 15 mol% of 1a in cy-
clohexane, the reactions of diethylzinc with various alde-
hydes, i.e., p-chlorobenzaldehyde, p-methoxybenzaldehyde,
(E)-cinnamaldehyde, heptanal, and 3-phenylpropanal were
examined. In all cases, the corresponding alcohols having
the S-configuration were obtained, and relatively high selec-
tivity was achieved in the case of aromatic aldehydes (76—

a: R',R? = —(CH,),— d: R' R? = ~(CH,),~NMe—(CHy)—

b: R',R? = —(CHy)s- e:R'R%=Et
¢: R' R?= —{CHp)»-O—-(CHp)—  f:R'=Ph, R2=Me
Chart 1.
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Table 2. Enantioselective Addition of Diethylzinc to Benz-
aldehyde Catalyzed by 1la—f*

15 mol% N ,H

N

"R e B
PhCHO + 1.8 eq.Et,Zn oy
cyclohexane-hexane H OH
,15h
Entry 1 R R’ Yield/% ee/%"
1 a —(CHy)4— 80 80
2 b —(CHa)s— 81 45
3 ¢ ~(CHy)2~ O~(CHa),- 81 69
4 d —(CHy)— N(Me)~(CHy),- 80 63
5 e Et Et 82 67
6 f Ph Me 54 8%

a) The reaction was carried out under the same conditions described
in Table 1, Entry 9. b) Ee was determined by HPLC analysis using
a chiral column (Daicel Chiralcel OB). (S)-1-Phenyl-1-propanol
was obtained preferentially in Entries 1—5. c) (R)-1-Phenyl-1-
propanol was obtained preferentially.

87%ee). The poor yields obtained in reactions with heptanal
and 3-phenylpropanal were probably due to the formation
of enolate by zinc amide. The results are summarized in
Table 3.

With regard to an enantioselective addition of diethyl-
zinc to aldehydes catalyzed by chiral diamines, Salvadori
et al. described that moderate selectivity was achieved not
by the formation of a zinc-nitrogen bond, but only by the
coordination of an aprotic ligand, (S)-N,N,N',N' -tetramethyl-
2,2'-diamino-1,1’-binaphthyl.>® They also reported a protic
diamine, (15,35)-N,N'-dibenzyl-1,3-diphenyl-1,3-propanedi-
amine,* which acted as a coordinating ligand, and showed
low selectivity in the reaction of diethylzinc and aromatic al-
dehydes. Since we assumed that a zinc—nitrogen bond would
be formed by the reaction of diamine 1 and diethylzinc, and
that the resulting complex would be an effective catalyst, we
examined the reaction of diethylzinc and benzaldehyde in
the presence of 15 mol% of aprotic diamine, (S)-1-methyl-2-
(1-pyrrolidinylmethyl)pyrrrolidine (3) (Eq. 2).

{8
15 mol% ’\Nn NQ
€ Ph_ Et
C

3
PhCHO + 1.8 eq.EtyZn L.
cyclohexane-hexane H OH
n,15h 71%, 7% ee
2

As (S)-1-phenyl-1-propanol was obtained in 71% with only
7%ee by the reaction, a zinc—nitrogen bond must have been
formed by the reaction of 1 and diethylzinc, and this bond
must be important for the enantioselective addition of dieth-
ylzinc to aldehydes.

From these observations, we tentatively postulate that the
stereochemical course of the reaction was as follows based
on an argument from the literature.* Initially, cis-fused 5-
membered bicyclic complex 2a (Chart 1) was generated by
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Table 3. Enantioselective Addition of Diethylzinc to Alde-
hydes Catalyzed by 1a®

15 mol%

e
v H 1a R._Et
RCHO + 1.8 eq.Et,Zn ~.
cyclohexane-hexane H OH
1,15 h
Entry R Yield/% [a1¥(c, solv) eel%
1 Ph 80  —38.4(5.20,CHCl;) 80Y
2 p-CICsH, 86  —24.5(6.08, CsHs) 87°
3 p-MeOCsHy 75  —28.1(3.96,C¢Hg) 76
4  (E)-PhCH=CH 66 —0.3 (3.60, CHCL;) 59
5 n-CeHis 25 +4.5 (1.64, CHCl;) 46
6 PhCH,CH, 22 +9.4 (0.92, EtOH) 359

a) The reaction was carried out under the same conditions described
in Table 1, Entry 9. All products are of S-configuration based on the
specific rotation.®) b) Ee was determined by HPLC analysis using
a chiral column (Daicel Chiralcel OB). c) Ee was determined by
HPLC analysis using a chiral column (Daicel Chiralcel OD-H (25
cmx0.46 cmi.d.); 254 nm UV detector, 2% 2-propanol in hexane;
flow rate, 0.5 mimin—!; ¢z, 23.5 min for major peak, 25.4 min
for minor peak). d) Ee was determined by HPLC analysis using a
chiral column (Daicel Chiralcel OB (25 cmx0.46 cm i.d.); 254 nm
UV detector, 10% 2-propanol in hexane; flow rate, 0.5 ml min~!;
tr, 16.3 min for major peak, 19.8 min for minor peak). e) Ee
was determined by HPLC analysis using a chiral column (Daicel
Chiralcel OD-H (25 cmx0.46 cm i.d.); 254 nm UV detector, 5%
2-propanol in hexane; flow rate, 0.5 mlmin—!; tg, 22.3 min for
minor peak, 36.9 min for major peak). f) Ee was determined by
I3CNMR spectroscopy after esterification with (—)-MTPACL?
g) Ee was determined by HPLC analysis using a chiral column
(Daicel Chiralcel OB (25 cmx0.46 cm i.d.); 254 nm UV detector,
1% 2-propanol in hexane; flow rate, 0.5 mlmin—!; zz, 22.5 min
for minor peak, 24.4 min for major peak).

the reaction of 1a and diethylzinc. Another diethylzinc may
have been chelated with one nitrogen atom to form the di-
nuclear zinc complex. The carbonyl oxygen of the aldehyde
approached the more Lewis acidic diamine-chelated Zn, in
such a manner as to prevent a nonbonded repulsion between
R in the aldehyde and a terminal ethyl group attached to Zng.
Then, the bridging ethyl group attached to Zns migrated to
the aldehyde to give S-alcohol preferentially (Fig. 1).

In summary, chiral -diamines derived from (S)-proline
are effective catalysts for the enantioselective alkylations of
aldehydes with diethylzinc. The best result was obtained
by using (S)-2-(1-pyrrolidinylmethyl)pyrrolidine (1a), and
chiral secondary alcohols were obtained up to 86%ee. A

Fig. 1. Transition state model for the reaction of diethylzinc
and aldehyde catalyzed by 1a.
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rational stereochemical model for the transition state of the
reaction is also proposed.

Experimental

Most manipulations were carried out under an atmosphere of
argon. Solvents were dried and purified in the usual manner, and
stored under an atmosphere of argon.

Infrared spectra were recorded on a Hitachi 260-10 spectrome-
ter. '"HNMR and *CNMR spectra were measured with a JEOL
JNM-EX-270 spectrometer, using tetramethylsilane as the internal
standard. CDCl; was used as the solvent. Specific rotations were
measured on a Horiba SEPA-200. HPLC analyses were carried out
with Tosoh instruments (pump, CCPS; detector, UV-8020).

Diamines la—f and 3 were prepared according to the
literature.®™'? Commercial aldehydes were distilled before use, ex-
cept for p-chlorobenzaldehyde, and the products were identified by
"HNMR and IR with authentic samples.

Typical Procedure for the Enantioselective Addition of Di-
ethylzinc to Aldehydes Catalyzed by 1 (Table 1, Entry9): Toa
cyclohexane (6.0 ml) solution of benzaldehyde (159 mg, 1.5 mmol)
and 1a (35 mg, 0.225 mmol) was added a hexane (2.7 ml) solution
of diethylzinc (2.7 mmol) at 0 °C. The reaction mixture was then
stirred at r.t. for 15 h. A saturated ammonium chloride solution (3
ml) and 2 molm™3 HCI (3 ml) were added to the reaction mixture
and it was extracted with ether. The organic layer was washed with
water and brine, and dried over anhyd Na,SO4. The solvent was
removed under reduced pressure and the resulting oily substance
was purified by preparative TLC (silica gel/hexane: ether=2:1)
to give 1-phenyl-1-propanol (164 mg, 80%). The alcohol was
further purified by bulb-to-bulb distillation for the measurement of
the specific rotation ([a]¥ —38.4° (¢ 5.20, CHCl;)). The ee was
determined by HPLC analysis using a Daicel Chiralcel OB column.

The Enantioselective Addition of Diethylzinc to Benzalde-
hyde Catalyzed by the Lithium Salt of 1a:  To a cyclohexane
(1.5 ml) solution of 1a (35 mg, 0.225 mmol) was added a hexane
solution (0.14 ml) of butyllithium (0.225 mmol) at 0 °C; the reaction
mixture was stirred at 0 °C for 30 min. Then, a cyclohexane (4.5
ml) solution of benzaldehyde (159 mg, 1.5 mmol) and a hexane
(2.7 ml) solution of diethylzinc were added to the reaction mixture
successively at 0 °C. The reaction mixture was stirred at r.t. for 15
h and worked up in the same manner as described above to give
1-phenyl-1-propanol (115 mg, 56%). The ee was determined by
HPLC analysis using a Daicel Chiralcel OB column to be 4%ee.

The Enantioselective Addition of Diethylzinc to Benzalde-
hyde Catalyzed by 1a in the Presence of an Additive: Toacy-
clohexane (3.0 ml) solution of 1a (35 mg, 0.225 mmol) and additive
(0.025 mmol) was added a cyclohexane (3.0 ml) solution of benzal-
dehyde (159 mg, 1.5 mmol) followed by a hexane (2.7 ml) solution
of diethylzinc (2.7 mmol) at 0 °C. The reaction mixture was stirred
at r.t. for 15 h and worked up in the same manner as described
above to give 1-phenyl-1-propanol. The ee was determined by
HPLC analysis using a Daicel Chiralcel OB column.

The Enantioselective Addition of Diethylzinc to Benzalde-
hyde Catalyzed by 3:  To a cyclohexane (6.0 ml) solution of
benzaldehyde (159 mg, 1.5 mmol) and 3 (38 mg, 0.225 mmol) was
added a hexane (2.7 ml) solution of diethylzinc (2.7 mmol) at 0 °C.
The reaction mixture was then stirred at r.t. for 15 h and worked up
in the same manner as described above to give 1-phenyl-1-propanol
(145 mg, 71%). The ee was determined by HPLC analysis using a
Daicel Chiralcel OB column to be 7%ee.



1690 Bull. Chem. Soc. Jpn., 70, No. 7 (1997)

One of the authors (M. A.) gratefully acknowledges Gen-
eral Sekiyu Research and Development Encouragement and
Assistance Foundation for financial support. We thank Miss
Emi Saito for experimental assistance.

References

1) R. Noyori, “Asymmetric Catalysis in Organic Synthesis,”
John Wiley & Sons, New York (1994), Chap. 5.

2) N.Oguni and S. Omi, Tetrahedron Lett., 25, 2823 (1984).

3) Forreviews: a) R. Noyori and M. Kitamura, Angew. Chem.,
Int. Ed. Engl., 30, 49 (1991); b) K. Soai and S. Niwa, Chem. Rev.,
92, 833 (1992).

4) Recent examples: a) D. Seebach, A. K. Beck, B. Schmidt,
and Y. M. Wang, Tetrahedron, 50, 4363 (1994); b) J. Kang, D.
S. Kim, and J. I. Kim, Synlert, 1994, 842; c) L. Schwink and
P. Knochel, Tetrahedron Lett., 35, 9007 (1994); d) P. Delair, C.
Einhorn, J. Einhorn, and J. L. Luche, Tetrahedron, 51, 165 (1995);
e) E. Macedo and C. Moberg, Tetrahedron: Asymmetry, 6, 549
(1995); f) X. Zhang and C. Guo, Tetrahedron Lett., 36, 4947 (1995);
g) M. Shi, Y. Satoh, T. Makihara, and Y. Masaki, Tetrahedron:
Asymmetry, 6, 2109 (1995); h) M. Falorni, C. Collu, S. Conti, and
G. Giacomelli, Tetrahedron: Asymmetry, 7, 293 (1996); i) B. T.
Cho and N. Kim, Synth. Commun., 26, 2273 (1996); j) M.-J. Jin,

Asymmetric Synthesis of Secondary Alcohols

S.-J. Ahn, and K.-S. Lee, Tetrahedron Lett., 37, 8767 (1996); k) T.
Shibata, H. Morioka, S. Tanji, T. Hayase, Y. Kodaka, and K. Soai,
Tetrahedron Lett., 37, 8783 (1996); 1) H. Kotsuki, M. Wakao, H.
Hayakawa, T. Shimanouchi, and M. Shiro, J. Org. Chem., 61, 8915
(1996).

5) a) C. Rosini, L. Franzini, A. Iuliano, D. Pini, and P.
Salvadori, Tetrahedron: Asymmetry, 2, 363 (1991); b) S. Niwa
and K. Soai, J. Chem. Soc., Perkin Trans. 1,1991, 2717; ¢) D. Pini,
A. Mastantuono, G. Uccello-Barretta, A. Iuliano, and P. Salvadori,
Tetrahedron, 49, 9613 (1993); d) W.-M. Dai, H. J. Zhu, and X.-J.
Hao, Tetrahedron: Asymmetry, 7, 1245 (1996); e) J. Eilers, J.
Wilken, and J. Martens, Tetrahedron: Asymmetry,7,2343 (1996).

6) a) M. Asami and H. Kirihara, Chem. Lett., 1987, 389; b)
M. Asami, Bull. Chem. Soc. Jpn., 63, 721 (1990); c) M. Asami,
K. Usui, S. Higuchi, and S. Inoue, Chem. Lett., 1994, 297; d) M.
Asami, T. Ishizaki, and S. Inoue, Tetrahedron: Asymmetry, 5, 793
(1994); e) M. Asami and S. Inoue, Tetrahedron, 51, 11725 (1995).

7) K. Soai, A. Ookawa, T. Kaba, and K. Ogawa, J. Am. Chem.
Soc., 109, 7111 (1987).

8) M. Kitamura, S. Suga, K. Kawai, and R. Noyori, J. Am.
Chem. Soc., 108, 6071 (1986).

9) C. Bolm, G. Schlingloff, and K. Harms, Chem. Ber., 125,
1191 (1992).

10) S. Kobayashi, H. Uchiro, Y. Fujishita, I. Shiina, and T.
Mukaiyama, J. Am. Chem. Soc., 113, 4247 (1991).




