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Abstract

A series of easily obtained pyrrolidine-bagedmino alcohols derived from tartaric acid and primary amines was synthe-
sized and used as chiral ligands in the enantioselective alkylation of benzaldehyde. Using diethylzinc, 1-phenyl-1-propanol
was obtained with enantiomeric excesses of up to 80% wh8A$BN-(1-naphthylmethyl)-3,4-dihydroxypyrrolidine was
used. The nature of thie-substituent on the ligand, as well as the reaction temperature proved to significantly influence
reaction product distribution as well as the enantiomeric excess of the chiral alcohol.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction five-membered zinc alkoxide chelate. The stability and
rigidity of this chelate, which is believed to be the true
Studies on the catalytic enantioselective addition catalytic species, and of the subsequent six-membered
of dialkylzinc reagents to aldehydes mediated by chi- transition state which is formed with another dialkylz-
ral ligands have grown considerably since the initial inc unit and the aldehyde, contribute to the efficient
studies of Oguni and Onjl]. This synthetic process, catalytic process with high levels of chiral induction
involving the enantioselective carbon—carbon bond [6-8]. When the backbone skeleton of the chiral lig-
formation, has become a promising and versatile and itself presents a certain degree of rigidity, namely
method for obtaining chiral secondary alcohols with when itis cyclic, and when there are bulky substituents
very high levels of enantioselecti¢a-5]. at or close to the nitrogen and oxygen, there are
Different types of chiral ligands, namely diols, additional contributions to the formation of a well de-
diamines and their derivatives, amino alcohols, have fined species and consequently more efficient control
been explored in enantioselective alkylations. So far it is attained in the enantioselective alkylation process
seems that amino alcohols, especigiamino alco- [9,10].
hols, are the most efficient catalysts in these reactions. We have been interested in the enantioselective
B-Amino alcohols react with dialkylzinc to form a transfer hydrogenation of carbon—carbon double
bonds using pyrrolidine diphosphines with general
mponding author. Tek-351-239-826068. structurel [11,12] In the synthesis of those chiral
E-mail addressarg@qui.uc.pt (A.M.d".A. Rocha Gonsalves). ligands, pyrrolidinoalcohols are key intermediates.
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PhsPs,
NR

PhsP 1 R=phenyl, benzyl

Having several structures of this type, which are
actually B-amino alcohols, we decided to test their
efficiency as ligands in enantioselective alkylations.
In this paper we describe the synthesis and char-
acterization of a range d8-amino alcohols 3a—3f)
easily obtained through the reaction of naturally
occurring ()-tartaric acid with primary amines, as
well as their application in the enantioselective alkyla-

tion of benzaldehyde. The advantage of our approach

is that we can attach to the nitrogen on the rigid pyrro-
lidine backbone structure a diversity of substituents,
both aromatic and aliphatic. The effect of these struc-

were recorded on a HP 5890A instrument coupled

to an HP 3396A integrator using a capillary column
(Supelcowax 10, 30m, 0.25i.d., 0.g@5).

X-ray data were collected at room temperature on an
Enraf-Nonius MACH3 diffractometer using graphite
monochromated Cu & radiation ¢ = 1.54184 A).

A total of 2599 reflections were measured upte
72.4°, 2215 independent of which 2185 had- 2o.
The structure was solved by direct methods using
SHELXS-97[13] and refined using SHELXL-9[24].

Crystallographic data (excluding structure factors)
for the structure in this paper have been deposited
with the Cambridge Crystallographic Data Centre as
supplementary publication number CCDC 180818.
Copies of the data can be obtained, free of charge,
on application to CCDC, 12 Union Road, Cambridge,
CB2 1EZ, UK (fax: 4+44-1223-336033; e-mail:

tural characteristics on the catalyst efficiency, as well deposit@ccdc.cam.ac.uk).

as that of other parameters, such as reaction temper-

ature, on the activity and selectivity of the alkylation
of benzaldehyde will be discussed.

2. Experimental

2.1. General

All solvents were dried prior to use following stan-

dard procedures. Reactions were carried out in an inert

Alkylation reaction products were identified by
comparison with authentic commercially acquired
samples and by GC-MS analysis. Catalytic experi-
ments were repeated in order to confirm results.
Enantiomeric excesses were calculated by using the
reported value d]3? +47 + 1 (2.2, hexane)
(Fluka Catalogue), for the optically pure enantiomer,
(R)-1-phenyl-1-propanol, and the absolute configu-
ration was determined by comparing the sign of the
optical rotation with an authentic sample.

atmosphere using standard Schlenk-type techniques.2.2. Purification of 1-naphthylamine

Diethyl zinc (Aldrich) was used as a 1 M solution in
hexane. Benzaldehyde was distilled prior to use and
stored over 4 A molecular sieves. Commercially acqui-
red benzylamine, aniline, 4-methoxyphenylamine and
cyclohexylamine were stored over KOH. 1-Naphth-
ylamine was purified as described below. 1-Naphthyl-
methylamine was prepared from 1-naphthylacetic
acid, according to the procedure described below.
Melting points were determined using a Leitz—
Wetzler 799 microscope, with a heated plate (values

Commercial 1-naphthylamine was purified by treat-
ing a solution of the amine in diethyl ether with HCI.
The corresponding amine hydrochloride was filtered
as a white solid. Prior to use, the hydrochloride was
suspended in xylene and treated with NaOH, 15% un-
til the solid dissolved completely. The organic phase
was separated, dried over anhydrous MgSitered
and used directly for the preparation 2.

are uncorrected). Optical rotations were measured 2.3. 1-Naphthylmethylamine

with an Optical Activity AA-5 polarimeter. NMR
spectra were recorded on a Bruker AMX 300 (300
and 75.5MHz, for'H and 13C, respectively). TMS

1-Naphthylacetic acid (0.1 mol, 18.62 g) and thiony!l
chloride (55 ml) were placed in a round-bottomed flask

was used as the internal standard. Chemical shifts areequipped with a reflux condenser and calcium chlo-

referred ind and coupling constantd, in Hz. Elemen-

ride tube and the mixture was refluxed for 2h. The

tal analyses were carried out on a Fisons Instrument excess thionyl chloride was removed under reduced

EA 1108 CHNS-O elemental analyzer. GC analyses

pressure and to the resulting acid chloride 100 ml of
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dry toluene were added. After the addition of sodium
azide (9.75¢g, 0.15mol) the solution was refluxed in
an inert atmosphere for 20 h. After cooling, excess
sodium azide was filtered off and washed with toluene.
Concentrated HCI (50 ml) was added to the solution,
which was refluxed for an additional 3—4 h. The result-
ing amine hydrochloride precipitated upon cooling,
was filtered and washed with toluene to give 11.95¢g
(62%) of the product’H NMR (DMSO): 4.53 (ap-
prox. t, 2H,J5.6); 7.49-7.76 (m, 4H); 7.92 (t, 2 4,
7.3); 8.11 (d, 1H,] 8.3); 8.77 (bs, 3H).

To obtain the free 1-naphthylmethylamine, the

2H,0: C, 54.04; H, 7.26; N, 6.30. Found: C, 54.22;
H, 6.99; N, 6.07.&]p = +95 (c1, MeOH).'H NMR
(CDClL/DMSO): 1.23-1.35 (m, 4H); 1.62-1.86 (m,
5H); 2.06-2.14 (m, 2 H); 4.38 (s, 2 H).

2.4.3. (3R,4R)-N-(1-Naphthylmethyl)-3,4-
dihydroxy-2,5-dioxopyrrolidine2c)

The product was recrystallized from ethyl acetate/
petroleum ether to give 11 g (66%, from 61.73 mmol)
of a yellow solid, m.p. 174-176C. Anal. calcd. for
C15H13N104: C, 66.40; H, 4.83; N, 5.17. Found: C,
65.95; H, 4.85; N, 5.13.of[p = +120 (1, MeCH).

hydrochloride was suspended in xylene and treated 'H NMR (CDsOD): 4.55 (s, 2H); 5.12 (s, 2H);

with NaOH, 15%, until the solid dissolved com-

7.41-7.55 (m, 4H); 7.79-7.89 (m, 2H); 8.22-8.25

pletely. The organic phase was then separated, dried(m, 1 H). 13C NMR (CDCk/DMSO): 65.13, 74.61,

over anhydrous MgS#) filtered and used directly for
the preparation o2c.

2.4. General procedure for the synthesis
of (3R,4R)-N-substituted-3,4-dihydroxy-2,5-
dioxopyrrolidines

To a suspension of tartaric acid (45¢g, 0.3mol) in
200 ml of xylene the amine (0.3 mol) was added and
the mixture was refluxed with stirring in a round-

122.87, 124.86, 125.54, 125.95, 126.15, 128.01,
128.27, 130.19, 130.49, 133.14, 174.38.

2.4.4. (3R,4R)-N-Phenyl-3,4-dihydroxy-
2,5-dioxopyrrolidine 2d)

The product was washed with xylene and cold ace-
tone. After drying under vacuum 58 g (93%) of a pale
yellow solid was obtained. Physical and spectroscopic
data are identical to those previously descrifiz].

bottomed flask equipped with a Dean—Stark appara- 2.4.5. (3R,4R)-N-(1-Naphthyl)-3,4-dihydroxy-2,5-
tus. The reaction was complete when the appropriate dioxopyrrolidine @e)

amount of water was collected (10.8ml, 0.6 mol).
After cooling the reaction mixture, the product was
filtered and purified.

2.4.1. (3R,4R)-N-Benzyl-3,4-dihydroxy-2,5-
dioxopyrrolidine @a)

The product was recrystallized from ethanol to
give 59.8 g (90%) of a yellow solid, m.p. 200-20
(196-8°C) [15]. Anal. calcd. for GiH11N104: C,
59.73; H, 5.01; N, 6.33. Found: C, 59.48; H, 5.05;
N, 6.14. p]p +1375 (c2, MeOH). 'H NMR
(CDCI3/DMSOQ): 4.40 (s, 2H); 4.58 (d, 1H] 14.4,
AB systen)) 4.62 (d, 1H,J 14.4,AB systery 6.3 (sl,

2 H); 7.23-7.31 (m, 5 H)!3C NMR (CDCkL/DMSO):
41.4,74.7,127.5,127.9, 128.3, 135.5, 174.3.

2.4.2. (3R,4R)-N-Cyclohexyl-3,4-dihydroxy-2,5-
dioxopyrrolidine @b)

The product was recrystallized from ethyl acetate/
petroleum ether to give 39.6 g (62%) of a yellow solid,
m.p. 140-142C. Anal. calcd. for GoH15N104-1/

The product was recrystallized from ethanol to give
74.19 (96%) of a pale yellow solid, m.p. 239-241
Anal. calcd. for GsH11N104: C, 65.37; H, 4.31; N,
5.44. Found: C, 65.27; H, 4.25; N, 5.58]p = +130
(c1, MeOH).*H NMR (CDCIl3/DMSO): 4.73 (s, 1 H);
4.87 (s, 1H); 6.50 (bs, 2H); 6.97 (d, 2H, 8.9);
7.22 (d, 2H,J8.9).13C NMR (CDCkL/DMSO): 74.62,
75.14,121.72,124.97,125.84,126.22,126.71,127.91,
128.05, 128.82, 129.37, 133.37, 174.06, 174.09.

2.4.6. (3R,4R)-N-(p-Methoxyphenyl)-3,4-dihydroxy-
2,5-dioxopyrrolidine 2f)

The product was recrystallized from ethanol to give
66.83 g (94%) of a greyish solid, m.p. 237-2&2
Anal. calcd. for GiH11N10s: C, 55.70; H, 4.67; N,
5.90. Found: C, 55.85; H, 4.62; N, 5.88]p = +140
(c0.5, DMSO).'H NMR (CDCl/DMSO): 3.82 (s,
3H); 4.59 (bs, 2H); 6.46 (bs, 2H); 6.97 (d, 24,
8.9); 7.22 (d, 2H, 8.9).13C NMR (CDCkL/DMSO):
55.06, 74.51, 113.86, 123.85, 127.32, 158.90,
173.88.
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2.5. General procedure for the reduction
of (3R,4R)-N-alkyl-3,4-dihydroxy-2,5-
dioxopyrrolidines to (3S,4S)-N-alkyl-
3,4-dihydroxypyrrolidines

Lithium aluminum hydride (0.23mol, 8.7 g) was
slowly added to the (B4R)-N-alkyl-3,4-dihydroxy-
2,5-dioxopyrrolidine (0.1mol) in diethyl ether

2.5.3. (3S,4S)-N-(1-Naphthylmethyl)-3,4-
dihydroxypyrrolidine 8c)

Crystallization was carried out in acetone originat-
ing 2.26g (23%, from 40.66 mmol) of the product,
m.p. 128-129C. Anal. calcd. for GsH17N105:
C, 74.05: H, 7.04; N, 5.76. Found: C, 74.00; H,
6.97; N, 5.83. §lp = +30 (c1, MeOH). 'H NMR
(CDCI3/DMSO): 251 (m, 2H); 2.96 (m, 2H);

(400 ml) in an ice bath. The system was refluxed for 3.18 (bs, 2H); 3.99 (m, 4H); 7.35-7.55 (m, 4H);

48h. At 0°C, ethyl acetate was slowly added, fol-
lowed sequentially by water (8.7 ml), NaOH, 15%
(8.7ml) and water (26.1ml). The resulting mixture
was stirred for 1 h, filtered with Celite and dried over
anhydrous MgS@ After evaporation of the solvent

7.72-7.81 (m, 2H); 8.22 (bs, 1H)!*C NMR
(CDCl3/DMSO0): 57.62, 60.04, 77.64, 123.81, 124.58,
124.88, 125.10, 126.06, 127.02, 127.64, 131.50,
132.98, 134.05.

X-ray data for3c: orthorhombic,P212,2;, pale

under reduced pressure, the resulting oil was crysta- yellow crystal,a = 6.0773(2) A, b = 8.2433(3) A,

llized.
By further stirring the aluminum salts residue in

c = 249246(7)A, Z = 4, R = 0.0319, wR =
0.0889, GOF= 1.055, 2215 reflections, 166 param-

ethyl acetate for 2—3 h, an additional batch of product eters. H atoms were refined as riding on their parent

may be obtained.

2.5.1. (3S,4S)-N-Benzyl-3,4-dihydroxy-
pyrrolidine (3a)

Crystallization was carried out in ethyl acetate to
give 8.79 (45%) of a white solid, m.p. 100-10¢
(100°C) [15]. Anal. calcd. for GiH15N105: C, 68.37;

H, 7.82; N, 7.25. Found: C, 68.24; H, 7.77; N, 7.10.
[a]p = +31 (c4.2, MeOH) [+32.4 4.2, MeOH}3).

1H NMR (CDCI3/DMSO): 2.44 (dd, 2HJ 4.1, 10.0);
2.89 (dd, 2H,J 5.8, 10.0); 3.55 (d, 1HJ 12.9,AB
systeny 3.64 (d, 1H,J 12.9, AB syster] 4.04 (m,
2H); 4.58 (sl, 2H); 7.21-7.33 (m, 5H}3C NMR
(CDCI3/DMSO0): 60.0, 60.1, 77.9, 126.5, 127.7, 128.5,
138.2.

2.5.2. (3S,4S)-N-Cyclohexyl-3,4-dihydroxy-
pyrrolidine (3b)

Crystallization was carried out in ethyl acetate/
petroleum ether originating 3.7g (20%) of an
off-white solid, m.p. 124-126C. Anal. calcd. for
C10H19N102: C, 64.83; H, 10.34; N, 7.56. Found: C,
64.35; H, 10.66; N, 7.36.]p = +35 (c1, MeOH).
1H NMR (CDCl/DMSO0): 1.14-1.26 (m, 5H);
1.58-1.61 (m, 1H); 1.71-1.75 (m, 2H); 1.87-1.91
(m, 2H); 2.04-2.07 (m, 1H); 2.53 (dd, 2R, 4.2,
10.0); 3.00 (dd, 2HJ 5.9, 10.0); 4.06 (approx. t,
2H,J4.3); 4.2 (bs, 2H)13C NMR (CDCkL/DMSO):

24.83, 24.89, 25.96, 31.08, 31.17, 57.92, 63.12,

77.50.

atoms.

2.6. General procedure for the reduction
of (3R,4R)-N-aryl-3,4-dihydroxy-2,5-
dioxopyrrolidines to (3S,4S)-N-aryl-
3,4-dihydroxypyrrolidines

Lithium aluminum hydride (0.23mol, 8.7g) and
ethyl ether (400 ml) were placed in a round-bottomed
flask equipped with a Soxhlet containing the
(3R4R)-N-aryl-3,4-dihydroxy-2,5-dioxopyrrolidine
(0.1 mol). The system was refluxed until the reagent
had been consumed. At°C, ethyl acetate was
slowly added, followed sequentially by water (8.7 ml),
NaOH, 15% (8.7 ml) and water (26.1 ml). The result-
ing mixture was stirred for 1h, filtered with Celite
and dried over anhydrous MgQQAfter evaporation
of the solvent under reduced pressure, the resulting
oil was crystallized.

By further stirring the aluminum salts residue in
ethyl acetate for 2—-3 h, an additional batch of product
may be obtained.

2.6.1. (3S,4S)-N-Phenyl-3,4-dihydroxy-
pyrrolidine (3d)

The resulting oil was crystallized from ethyl acetate/
petroleum ether giving a brownish yellow solid (7.2 g,
40%). Physical and spectroscopic data are in agree-
ment with the previously describgdi2].
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2.6.2. (3S,4S)-N-(1-Naphthyl)-3,4-
dihydroxypyrrolidine 8e)

Crystallization was carried out in acetone/water to
give 4.6 g (20%) of a brownish solid, m.p. 50-82
Anal. calcd. for G4H15N10,-H>O: C, 68.00;
H, 6.93; N, 5.66. Found: C, 67.87; H, 6.59;
N, 5.85. k]p +315 (c1, MeOH). H NMR
(CDCI3/DMSO0): 3.32 (dd, 2H,J 3.3, 10.01); 3.80
(dd, 2H, J 4.8, 10.0); 4.27 (bs, 2H); 4.80 (bs,
2H); 6.90 (dd, 1H,J 1.2, 7.2); 7.30-7.45 (m,
4H); 7.75-7.78 (m, 1H); 8.20-8.24 (m, 1H)C
NMR (CDCI3/DMSO): 57.98, 76.21, 110.52, 120.40,
123.71, 124.46, 125.09, 125.53, 127.07, 127.72,
134.54, 146.82.

2.6.3. (3S,4S)-N-(p-Methoxyphenyl)-3,4-
dihydroxypyrrolidine 8f)

The resulting oil was crystallized from ethyl acetate/
petroleum ether affording 7.2g (40%) of a brown-
ish yellow solid, m.p. 121-123C. Anal. calcd. for
C11H15N103-H20: C, 58.14; H, 7.54; N, 6.16. Found:
C,57.85;H,7.32;N, 6.43¢fp = +30 (c0.5, DMSO).
1H NMR (CDCls/DMSO): 3.82 (d, 2H,J 9.8); 3.48
(dd, 2H,J 4.37, 9.8); 4.10 (bs, 2H); 4.75 (bs, 2 H);
6.37 (d, 2H,J 5.2); 6.70 (d, 2H,J 5.2). 13C NMR
(CDCI3/DMSO0): 53.05, 54.78, 74.68, 111.07, 113.85,
141.94, 149.47.

2.7. General procedure for enantioselective
alkylation reactions

2.7.1. Method A
To the chiral ligand3 (0.045 mmol) and benzalde-
hyde (3mmol) in an inert atmosphere, cyclohexane

with that of the pure enantiomer. The absolute con-
figuration was deduced from the sign of the optical
rotation.

2.7.2. Method B

The procedure used was identical to Method A
except that, after the addition of the diethyl zinc at
0°C, the reaction remained at this temperature for 1 h
and then was raised to room temperature to complete
the 24 h period.

3. Results and discussion
3.1. Synthesis of chiral ligands

A series of pyrrolidine-basel-amino alcohols was
prepared according to a two-step synthetic sequence
using ()-tartaric acid and several primary amines
(Scheme 1

The first step involves the reflux of tartaric
acid with the appropriate amine in xylene, using
Dean-Stark conditions. The reaction is complete
when the theoretical amount of water is collected.
Using benzyl [15], cyclohexyl, 1-naphthylmethyl,
phenyl[12] 1-naphthyl, and 4-methoxyphenyl amines,
under these reaction conditions, the correspond-
ing dioxopyrrolidines2a—2f were obtained in high
yield.

The second step of the synthetic sequence in-
volves the reduction of dioxopyrrolidineR,R)-2a—2f
to the corresponding pyrrolidinesS§)-3a—3f with
lithium aluminum hydride. Two different procedures

(12ml) was added. The temperature of the reaction were adopted for the reduction, depending on the
mixture was lowered to OC and diethylzinc (6 mmol,  type of substituent on the nitrogen atom. When in
as a 1M hexane solution) was added. The reaction the presence aliphatic groups, as in the cases of
was stirred at this temperature for 24 h. After this (RR)-2a—2c, reduction was carried out by the slow
time a saturated ammonium chloride solution (3ml) addition of the reducing agent to a suspension of
followed by 2M HCI (3ml) were added and the re- the dioxopyrrolidine in diethyl ether, followed by a
action mixture was extracted with diethyl ether. The 48h reflux. Contrary to these cases, when aromatic
organic phases were washed with water and brine groups are directly bonded to the nitrogen atom, as in
and then dried over anhydrous Mg&ORemoval (RR)-2d-2f, quite a few problems arose. The previ-
of the solvent under reduced pressure originated an ously described process furnishes secondary products
oily product, which was submitted to purification by in significant quantities, requiring other reduction
preparative thin layer chromatography (hexane/ethyl conditions[11,12], namely, the use of a Soxhlet, with
acetate, 5:1) in order to isolate the chiral alcohol. The slow addition of the substrate to the hydride in diethyl
ee was determined by comparing the specific rotation ether.
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O
1o COH olvent HO
solv
) + RNH, — > ) NR
HOV COH HO"
O
0 2a-2f
HO. . HO
LiAlH, a R =benzyl
NR ———— NR _
- ether reflux - b R =cyclohexyl
HO HO' ¢ R = I-naphthylmethyl
3a-3f d R = phenyl
2a-2f e R = l-naphthyl
f R = p-methoxyphenyl
Scheme 1.

3.2. Enantioselective alkylations

The pyrrolidine-based amino alcohds-3f were
used as ligands in the enantioselective alkylation of
benzaldehydd with diethyl zinc,Scheme 2

Initially, reactions were carried out at°C for
24h in cyclohexane using 2eq. of diethylzinc and
15mol% of the ligand. The results are summarized
in Table 1 Using the prescribed reaction conditions,
ligands3a—3c proved to be efficient catalysts for the
alkylation, with conversions greater than 90% being

and of the transition sta{8-10,16,17] The presence

of alkyl groups is said to favor stable catalytic com-
plexes and thus efficient reactions. While bulky groups
allow for a better distinction of the enantiotopic faces
of the aldehyde, excessively large substituents, may
inhibit the formation of the transition state and thus
lower the overall efficiency of the reaction.

Our results fit into the above observations. There
are basically two sets of results, the first includ-
ing reactions carried out with ligand3a—3c and
the second, with the remaining ligan@d-3f. The

observed. In the other cases values are significantly N-substituents in the former case are all alkyl, and in
lower. In all cases, besides the desired chiral alcohol the latter are aromatic. With the first group of ligands
1-phenyl-1-propanob, benzyl alcohol is formed as  high conversions were achieved and, with the excep-
a by-product; in some cases it exists in significant tion of 3c, only small amounts of by-product were
guantities, becoming the main reaction product in the formed.
presence of ligand8d—3f. The formation of benzyl With the ligands that make up the second group,
alcohol has been observed by others and is the resultalkylations were inefficient, only low conversions and
of a secondary process in which benzaldehyde is re- considerable amounts of by-product being observed.
duced by the zinc alkoxide of the ethylation product, This seems to be an indication that the catalytic
1-phenyl-1-propanoxids]. species is not properly formed. This may be due to the
The substituents on the nitrogen or adjacent atoms lower nucleophilicity of the aromatic nitrogen atoms
as well as those on the carbinol carbon seem to signif- relatively to the alkyl nitrogen. This may imply that
icantly influence the formation of the catalytic species a weaker catalytic complex results in the presence of

HO
o
0 Ho“‘3 i OH
M+ zEneeq) a /LQ'H
Ph H cyclohexane Et Ph
4 5

Scheme 2.
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Table 1
Enantioselective addition of diethylzinc to benzaldehyde in the presengg of

HO
\CNR
N OH
)(J)\ HO 3a-3f
+ ZnEt, (2eq.) N'H
Ph™ 'H cyclohexane Et Ph
4 5

Ligand Conversion (98) 1-Phenyl-1-propanol (98)° ee (%} (absolute configuration)
(S9-3a 99 93 72 R
(S9-3b 97 94 75 R)
(S9-3¢ 93 67 80 R)
(S9-3d 66 18 -
(89-3e 36 43 .
(89-3f 56 27 -

aReactions were carried out afQ for 24 h after the addition of a 1 M hexane solution of diethylzinc (6 mmol} {6.45 mmol) and
benzaldehyde (3 mmol) in cyclohexane.

b Determined by GC.

¢ Relatively to converted benzaldehyde.

d Determined by comparing the specific rotation of the isolated product with the value for the pure enantR)rigptienyl-1-propanol,
[@]lp = +47 (2.2, hexane)].

€ Enantiomeric excesses were not determined due to the very low yields observed.

aromatic nitrogens. This situation is less favorable for  Ligand 3c (which at 0°C gave good conversion
the formation of the alcohol product, consequently of the substrate, but a significant quantity of benzyl
favoring greater quantities of the secondary product, alcohol) under these new reaction conditions showed

benzyl alcohol. complete conversion of the substrate and a high per-
Enantiomeric excesses for 1-phenyl-1-propanol centage of secondary alcohol.
obtained in the reactions catalyzed3a+3c are listed When 3a and 3b were used at room temperature,

in Table 1 The highest ee, 80%, resulted when ligand no significant changes were observed in substrate con-
3c was used in the alkylation. In this particular reac- version or in product distribution with respect to the
tion a significant amount of by-product was formed. results obtained at TC.

In order to try to overcome the formation of benzyl With all the ligands marked decreases were found
alcohol in these reactions, some of the parameters werein the enantioselectivity of the alkylation. In the alky-
varied, which included the addition of the substrate in lation with 3c, the ee went from 80% at“@® to 30%
several portions, an increase in the relative quantity at room temperature.
of diethylzinc and the change in reaction temperature.  An additional alkylation was attempted usir3g
No measurable changes were observed in the outcomeat an intermediate temperature. After 1 h a0) the
of the reaction in any of these cases. reaction was brought to @ and maintained at this

In contrast, when the reaction was carried out at temperature for the remainder of the 24 h. The results
0°C for 1h and left at room temperature for 24h, (83% conversion, 89% 1-phenyl-1-propanol and an ee
significant changes were detected in the extension of of 16%) showed no improvement under these reaction
substrate conversion, in product distribution and in the conditions.
enantioselectivity of the alkylatiorfable 2

At room temperature3d—3f showed greater activ-  3.3. X-Ray crystallography
ity for the alkylation process. These reactions, which
at 0°C essentially gave benzyl alcohol, behaved dif-  The structure of ligan8c, which exhibited the most
ferently at room temperature, forming 1-phenyl-1- efficient chiral induction, was determined by X-ray
propanol as the major product. The by-product, crystallographyFig. 1
although much less, still constituted more than 20%  The pyrrolidine ring has a twisted half-chair con-
of the converted substrate. formation with a local pseudo two-fold axis running
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Table 2
Enantioselective addition of diethylzinc to benzaldehyde in the presen82 of
HO,
\CNR
Q HO 3a-3f I
L+ zEpeq) /Q,H

Phy H cyclohexane Et Ph

4 5
Ligand Conversion (%) 1-Phenyl-1-propanol (98)° ee (%) (absolute configuration)
(S9-3a 97 81 20 B)
(S9-3b 97 74 21 R)
(S9-3c >99 94 30 R)
(S9-3d 86 77 0
(SS-3e 89 61 4R
(S9-3f 62 77 0

aReactions were carried out af@ for 1 h and brought to room temperature for the remainder of the 24 h, after the addition of a 1M
hexane solution of diethylzinc (6 mmol) ® (0.45 mmol) and benzaldehyde (3 mmol) in cyclohexane.

b Determined by GC.

¢Relatively to converted benzaldehyde.

d Determined by comparing the specific rotation of the isolated product with the value for the pure enanf®)rgptényl-1-propanal,
[e]lp = +47 (c2.2 hexane)].

through C4 and the middle of the N1-C2 bond. The fused rings of the naphthyl group are pla-
The two-fold asymmetry paramet&C, [N1-C2] is nar within 0.02A, with a weighed average C-C
7.89(13). The Cremer and Popld 9] puckering pa- bond length of 1.4000(7)A. The angle between the
rameters argo = 0.432(1) A, ¢ = 12.26(19Y, the least-squares planes of the naphthyl and pyrrolidine
pseudorotation parameters afe= 1738(1)f°, tm = rings is 61.40(8). The torsion angles N1-C6-C7-C8
46.2(1y for the reference N1-C2 bond. Atoms N1 and and C5-N1-C6-C7 are 14.2{2and 76.78(16),

C2 are on opposite sides of the plane passing throughrespectively.

C3, C4 and C5 at 0.452(3) A and —0.238(3) A, respec-  The hydroxyl groups are each involved in one
tively. Bond lengths and angles within the pyrrolidine hydrogen bond with neighbor molecules, forming an
ring are unexceptional. The geometry around the N1 infinite two-dimensional H-bonding network. The N1
atom is pyramidal with average N—C bond length of atom acts as an acceptor of one of these bonds, the
1.470(2) A and C-N-C valence angle of 109(6) other hydrogen bond bridges two hydroxyls.

Fig. 1. ORTEPII[18] plot of molecule of compoun@c. Displacement ellipsoids are drawn at the 50% level.
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Clarification of the structure o8c is an aid in the
interpretation of the greater degree of chiral induction
observed with thig-amino alcohol. The bulk of the
1-naphthylmethyl substituent, as confirmed by the
X-ray diffraction, must impose considerable limita-
tions on the geometry of approach of benzaldehyde
to the coordinate-amino alcohol in order to form
the 6-membered transition state. These limitations
will be greater than those observed when less bulky
N-substituents such as benZgD] or cyclohexyt are
present. With ligand8d-3f, the steric effect is not
as relevant, probably because the nitrogen atom is
directly bonded to the aromatic group, imposing a
quasi-planar relationship between the aromatic group
and the —C2—-N-C5- portion of the pyrrolidine ring
[12]. The consequent reduced amount of steric crowd-
ing allows for an unrestricted approach of the aldehyde
molecule and therefore, an unselective alkylation.

In all of the enantioselective alkylations carried
out, the major product had th&®) absolute configu-
ration. The preferential formation of this enantiomer
is possibly due to the steric hindrance imposed by the
N-substituent upon the zinc alkoxide catalytic species
thus forcing the phenyl group of the aldehyde to
preferentially assume a position that is furthest away
from it in the six-membered transition state.

4. Conclusions

Synthetic procedures for the preparation of a new
class of chiralN-aryl and N-alkyl pyrrolidine-based
B-amino alcohols for enantioselective alkylation reac-
tions are presented in this paper. The catalytic activity
of these ligands was tested in the enantioselective
alkylation of benzaldehyde. The studies herein de-
scribed show that the nature of the substituent on the
pyrrolidine nitrogen of th@-amino alcohols which we
prepared have a significant influence on the ability of
these ligands to catalyze the enantioselective addition
of diethylzinc to benzaldehyde. Under our optimized
reaction conditions (0C, 24 h, cyclohexane—hexane)
the B-amino alcohols havingN-alkyl groups were
found to display the best overall results, namely with
respect to catalytic activity and enantioselectivity. The

1 Unpublished X-ray crystallography results.

application of these chirg-amino alcohols to other
enantioselective reactions will be explored.
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