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Solvent-controlled diastereoselectivity in
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Abstract: Solvent effects in the L-tryptophan-catalyzed
Mannich reaction between hydroxyacetone and
glyoxylate imines have been examined. The use of a
DMSO/1-butanol (4:1 v/v) mixture as solvent at rt provided
the expected Mannich adducts in good yields, high
anti-diastereoselectivity (up to 10.3:1 anti/syn ratio) and
excellent enantioselectivities (up to >99.9% ee for the anti
isomer)
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1 Introduction

The Mannich reaction[1] constitutes a direct and efficient
method for the synthesis of f-amino carbonyl compounds,
and is one of the most important carbon—carbon bond-
forming reactions in organic chemistry [2,3]. Since the
pioneering work of List [4,5] and Barbas III [6] on the
enantioselective, proline-catalyzed direct Mannich
reaction, asymmetric organocatalytic Mannich reactions
have become an extraordinarily active area of research.
[7-10] High syn-diastereoselectivity and enantioselectivity
can easily be achieved for Mannich adducts derived
from substituted aldehyde or ketone donors, [4-22] but
a general organocatalyst that can achieve high levels of
anti-diastereoselectivity (together with high yields and
enantioselectivities) for a wide range of substrates is
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still yet to be developed [23-32]. In particular, none of the
presently known catalysts, with the possible exception
of O-(tert-butyl)-L-threonine, [28] are suitable for the
stereocontrolled preparation of anti-Mannich adducts
derived from hydroxyacetone (1).

In the course of a research program devoted to
spontaneous mirror-symmetry breaking and asymmetric
organoautocatalysis, [33-40] we needed to prepare
both the syn (3a) and the anti (3b) stereoisomers of
the Mannich adduct from hydroxyacetone (1) and the
glyoxylate-derived imine 2. Whereas 3a was easily
obtained by L-proline catalysis under the reaction
conditions previously described by Barbas III (Scheme 1,
(a)),[11] the preparation of 3b proved more troublesome,
since in our hands the L-tryptophan (L-Trp) catalysis of
the reaction between 1 and 2[28] afforded (as reported)
an inseparable 2:1 (anti:syn) mixture of 3b and 3a in
67% vyield, after chromatographic purification (Scheme
1, (b)). Although it had been described that the use of
O-(tert-butyl)-L-threonine as a catalyst in the Mannich
reaction of 1 with a 4-nitrobenzaldehyde-derived imine
gave improved anti:syn ratios (up to 8:1 dr, determined
by NMR analysis of the crude reaction mixture),[28] both
the easier availability of L-tryptophan and the instability
of the Mannich adduct 3b (that precludes its careful
chromatographic purification) spurred us on to optimize
the anti-stereoselectivity of the L-Trp-catalyzed process.

2 Experimental Procedure

2.1 General methods

Reactions were generally run in loosely-stoppered 5 mL
flasks under open air with magnetic stirring. Commercially
available reagents, catalysts, and solvents were purchased
from Panreac, Scharlab and Aldrich and used as supplied,
with the exception of dichloromethane (DCM), which was
distilled from calcium hydride [41].

The reaction progress was monitored by thin layer
chromatography on silica gel (aluminium foils) and
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Scheme 1. Initial preparation of Mannich adducts 3a (syn, (a)) and 3b (anti, (b))

spotted under UV light (254 nm). Purification by column
chromatography was carried out on silica gel Merck 60
(particle size: 0.0040-0.063 nm) using mixtures of DCM/
EtOAc as eluent. 'H (400 MHz) and 2C (100.6 MHz) NMR
spectra were recorded using Varian Mercury 400 and
VNRMS 400 spectrometers. Chemical shifts (8) are given
in ppm relative to tetramethylsilane (TMS), and coupling
constants (J) are given in Hz. The spectra were recorded in
CDCl, and DMSO-d, solvents at room temperature. CDCI,
served as an internal standard (8 = 7.26 ppm) for 'H NMR
spectra. CDCI, (6 = 77.0 ppm) and DMSO-d, (6 = 39.5 ppm)
served as an internal standard for *C NMR spectra. Data
are reported as follows: s, singlet; d, doublet; t, triplet;
q, quartet; m, multiplet; br, broad signal; dd, doublet
of doublet; ddd, doublet of doublet of doublet. High-
resolution mass spectra (HRMS) were obtained with the
ESI (+ or -) technique at the ‘Unitat d’Espectrometria de
Masses’ of Barcelona University in a Bruker MicrOTOF
spectrometer. Chiral HPLC analyses were performed with a
Shimadzu LC Series 20 apparatus with an M20 diode array
UV/Vis detector, using Chiralpak® IA, IB and IC columns.
The homogeneity of the peaks corresponding to the two
enantiomers of the products was thoroughly checked by
comparison of the UV spectra.

2.2 General procedure for the preparation of
aldimines [42]

A solution of ethyl glyoxylate (1.98 mL, 10.0 mmol, 1.23
eq.) (50% in toluene) was slowly added via syringe to

a stirred solution of the desired aniline derivative (8.1
mmol, 1 equiv.) in dry DCM (14 mL) over 45 minutes, in
the presence of pre-activated molecular sieves (44) (15.00
g) under an Argon atmosphere. The reaction mixture was
subsequently stirred at room temperature for 2 h. The
mixture was then filtered through a short pad of Celite®
and the solvent was removed under reduced pressure.
Toluene (5 mL) was added to the crude product and
the solvent was removed under reduced pressure. The
resulting brownish oil was directly used for synthetic
purposes without further purification.

The crude product of the reaction between ethyl
glyoxylate and p-methoxyaniline was purified by flash
column chromatography (DCM as eluent) to afford the
desired aldimine 2. Products 8 and 9 were synthesized
using the general procedure for the preparation of
aldimines, however the reactions were stirred overnight.
Ethyl 2-(4-methoxyphenylimino)acetate (2) [43]:

2.35 g, 70% yield. 'H-NMR (400 MHz, CDCL): § (ppm) =
794 (s, 1H), 7.39-7.32 (m, 2H), 6.96-6.89 (m, 2H), 4.41 (q, ] =
71Hz, 2H), 3.83 (s, 3H), 1.40 (t, ] = 71, 3H).

Ethyl 2-(p-tolylimino)acetate (4) [43]:

1.50 g, 70% yield (crude product). 'H-NMR (400 MHz,
CDCL): 8 (ppm) = 7.93 (s, 1H), 7.22 (br, 4H), 4.42 (q, ] = 71
Hz, 2H), 2.38 (s, 3H), 1.41 (t, ] = 71 Hz, 3H).

Ethyl 2-(phenylimino)acetate (5) [43]:
1.51 g, 79% vyield (crude product). 'H-NMR (400 MHz,
CDCIE): 8 (ppm)= 7.92 (s, 1H), 7.45-7.38 (m, 2H), 7.37-7.32 (m,
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1H), 7.317.26 (m. 2H), 4.43 (q, ] = 7.0, 2H), 1.42 (t, ] = 7.1 Hz,
3H).

Ethyl 2-(4-chlorophenylimino)acetate (6) [43]:
1.06 g, 58% vyield (crude product). 'H-NMR (400 MHz,
CDCL): & (ppm)= 7.89 (s, 1H), 7.41-7.36 (m, 2H), 7.25-7.20 (m,
2H), 4.43 (q, ] = 71 Hz, 2H), 1.41 (t, ] = 71 Hz, 3H).

Ethyl 2-(3-chlorophenylimino)acetate (7):

309 mg, 46% yield (crude product). 'H-NMR (400 MHz,
CDCL): 8 (ppm)= 7.88 (s, 1H), 7.35 (ddd, J' = 7.8 Hz, ? = 75
Hz,  =0.5Hz, 1H), 7.31(ddd, J'= 8.0 Hz, ’ = 2.0 Hz, ’ = 1.5
Hz, 1H), 7.25 (ddd, J' = 1.9 Hz, J? = 1.9 Hz, ]’ = 0.5 Hz, 1H),
716 (ddd, J' =75 Hz, =2.0 Hz, P = 1.5 Hz, 1H), 443 (q, ] =
71Hz, 2H), 1.41 (t, ] = 7.1 Hz, 3H).

Ethyl 2-(2-chlorophenylimino)acetate (8):

509 mg, 59% yield (crude product). 'H-NMR (400 MHz,
CDCL): 8 (ppm)= 7.83 (s, 1H), 746 (dd, J' = 7.7 Hz, ? = 1.6
Hz, 1H), 7.29 (ddd, J* = 7.6 Hz, ? = 7.6 Hz, F = 1.4 Hz, 1H),
7.23(ddd, J' = 7.7 Hz, = 7.5 Hz, F’ = 1.7 Hz, 1H), 6.99 (dd, J*
=78Hz, P =1.6 Hz, 1H), 4.44 (q, ] = 71 Hz, 2H), 1.42 (t, ] =
71Hz, 3H).

Ethyl 2-(4-trifluoromethylphenylimino)acetate (9):
813 mg, 89% yield (crude product). 'H-NMR (400 MHz,
CDCL): 6 (ppm)= 7.88 (s, 1H), 7.68 (d, J = 8.3 Hz, 2H), 7.31
(d, J = 8.7 Hz, 2H), 4.44 (q, ] = 71 Hz, 2H), 1.42 (t, ] = 7.1
Hz, 3H).

2.3 General procedure for the catalytic
asymmetric Mannich reaction of hydroxyace-
tone and preformed imines

A mixture of 4:1 DMSO/1-butanol (1.7 mL), hydroxyacetone
(4.83 mmol, 10 equiv.) and L-tryptophan (0.16 mmol, 0.33
equiv.) was vigorously stirred at 22 °C. When L-tryptophan
was completely dissolved, the preformed imine (0.48
mmol, 1 equiv.) was added and the mixture was stirred
for 3-4 h (reaction progress was monitored by TLC). The
mixture was diluted with DCM (10 mL) and half-saturated
ammonium chloride solution (10 mL) was added. The
mixture was extracted with ethyl acetate (3 x 10 mL). The
combined organic layers were washed with water, brine,
dried over anhydrous MgSO,, concentrated in vacuo, and
purified by flash column chromatography (DCM/EtOAc
mixtures) to afford the desired Mannich addition product
as an anti/syn diastereomer mixture.

Racemic products were similarly prepared using
dl-tryptophan as catalyst.
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(2S,3S)- and (2S,3R)-Ethyl-2-(p-methoxyphenylamino)-
3-hydroxy-4-oxo-pentanoate (3a,b) [28].

Brown oil, 108 mg, 80% vyield (crude product), 7.6:1 dr,
99% ee.(anti diastereomer 3b). 'H-NMR (400 MHz, CDCL):
8 (ppm) = 6.88-6.79 (m, 4H, both), 4.63 (d, J= 2.7 Hz, 1H,
minor), 4.56 (br s, 1H, major), 4.51 (d, J= 2.7 Hz, 1H, major),
445 (d, J = 2.7 Hz, 1H, minor), 4.23-4.09 (m, 2H, both),
3.75 (s, 3H, major), 2.38 (s, 3H, major), 2.30 (s, 3H, minor),
1.20 (t, J = 7.1 Hz, 3H, major). 3C-NMR (100 MHz, CDCls):
(major isomer) 8(ppm)= 206.3, 169.7, 153.4, 139.9, 116.0,
114.9, 776, 61.8, 60.7, 55.6, 26.0, 14.0. HRMS (ESI): Calcd. for
C,H,,NO, (M + H)*: 282.1336, found 282.1332. HPLC (Daicel
Chiralpak® IA column, i-PrOH/n-hexane= 5:95, A= 254 nm,
1.0 mL/min): t, (anti major enantiomer) = 41.4 min, t, (anti
minor enantiomer) = 46.7 min, t, (syn major enantiomer) =
34.8 min, t, (syn minor enantiomer) = 30.9 min.

(2S,3S)- and (2S,3R)-Ethyl-2-(p-methylphenylamino)-
3-hydroxy-4-oxo-pentanoate (10a,b).

Yellow oil, 96 mg, 66% yield, 9.6:1 dr, > 99.9% ee (anti
diastereomer 10b). 'H-NMR (400 MHz, CDCL): 8 (ppm) =
7.03 (d, J = 8.0 Hz, 2H, major), 6.99 (d, J = 8.0, 2H, minor),
6.65 (d, J = 8.5 Hz, 2H, major), 6.56 (d, ] = 8.4 Hz, 2H,
minor), 4.65 (br, 1H, minor), 4.57 (s, 1H, major), 4.50 (d,
J = 5.5 Hz, 1H, major), 4.26-4.21 (m, 2H, minor), 4.21-4.11
(m, 2H, major), 3.86 (d, J = 4.1 Hz, 1H, minor), 3.62 (d, J =
5.1 Hz, 1H, major), 2.40 (s, 3H, major), 2.30 (s, 3H, minor),
2.25 (s, 3H, major), 2.23 (s, 3H, minor), 1.21 (t, J= 7.1 Hz, 3H,
major). *C-NMR (100 MHz, CDCL,): (major anti isomer 10b)
8 (ppm)= 206.4, 169.7, 143.7, 130.1, 128.7, 114.5, 77.8, 62.0,
599, 26.2, 20.6, 14.1. HRMS (ESD): Calcd for C,H, NO, (M
+ H)*: 266.1387, found 266.1385. HPLC (Daicel Chiralpak®
IA column, i-PrOH/n-hexane= 7:93, A= 254 nm, 1.0 mL/
min): t, (anti major enantiomer) = 19.4 min, t, (syn major
enantiomer) = 16.9 min, t, (syn minor enantiomer) = 14.6
min.

(2S,3S)- and (2S,3R)-Ethyl-2-phenylamino-3-hydroxy-
4-oxo-pentanoate (11a,b).

Yellow oil, 75 mg, 58% vyield, 10.3:1 dr, 99% ee.(anti
diastereomer 11b). 'H-NMR (400 MHz, CDCL): 8 (ppm) =
7.25-7.26 (m, 2H, both), 6.84-6.79 (m, 1H, major), 6.72 (dd,
J' = 8.6 Hz, J? = 1.0 Hz, 2H, major), 6.64 (dd, J' = 8.6 Hz, ]
= 1.0 Hz, 2H, minor), 4.67 (br, 1H, minor), 4.62 (d, J = 2.7
Hz, 1H, major), 4.56 (d, J = 2.5 Hz, 1H, minor), 4.51 (dd, J' =
4.5 Hz, J? = 2.7 Hz, 1H, major), 4.27-4.10 (m, 2H, both), 3.87
(d, J = 3.1 Hz, 1H, minor), 3.63 (d, J = 5.1 Hz, 1H, major),
2.41 (s, 3H, major), 2.30 (s, 3H, minor), 1.21 (t, J = 7.1 Hz,
3H, major). *C-NMR (100 MHz, CDCL,): (major anti isomer
11b) 8 (ppm) = 206.2, 169.6, 146.0, 129.6, 119.4, 114.2, 77.8,
62.1, 59.5, 26.2, 14.1. HRMS (ESI): calcd for C_H NO, M

137718
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+ H)*: 252.1230, found 252.1231. HPLC (Daicel Chiralpak®
IB column, i-PrOH/n-hexane= 7:93, A= 254 nm, 1.0 mL/
min): t, (anti major enantiomer) = 27.2 min, t, (anti minor
enantiomer) = 26.3 min, t, (syn major enantiomer) = 20.5
min, t, (syn minor enantiomer) = 18.4 min.

(2S,3S)- and (2S,3R)-Ethyl-2-(p-chlorophenylamino)-3-
hydroxy-4-oxo-pentanoate (12a,b).

Yellow oil, 32 mg, 59% vyield, 10.3:1 dr, 92% ee.(anti
diastereomer 12b). 'H-NMR (400 MHz, CDCL): 8 (ppm)
=717 (d, J = 8.7 Hz, 2H, major), 7.14 (d, J = 8.8 Hz, 2H,
minor), 6.64 (d, J = 8.8 Hz, 2H, major), 6.56 (d, ] = 8.8 Hz,
2H, minor), 4.66 (br, 1H, minor), 4.55 (d, J = 2.5 Hz, 1H,
major), 4.49 (br, 1H, major), 4.27-4.12 (m, 2H, both), 3.85
(d, J = 3.7 Hz, 1H, minor), 3.64 (d, J = 4.9 Hz, 1H, major),
2.41 (s, 3H, major), 2.30 (s, 3H, minor), 1.21 (t, ] = 71 Hz,
3H, major). *C-NMR (100 MHz, CDCL): (major anti isomer
12b) § (ppm) = 205.9, 169.4, 144.7, 129.5, 124.1, 115.3, 777,
62.2, 59.5, 26.1, 14.1. HRMS (ESI): caled for C_H_CINO, (M
+ H)*: 286.0841, found 286.0845. HPLC (Daicel Chiralpak®
IB column, i-PrOH/n-hexane= 4:96, A= 254 nm, 1.0 mL/
min): t, (anti major enantiomer) = 28.7 min, t, (anti minor
enantiomer) = 18.9 min, t, (syn major enantiomer) = 21.6
min, t, (syn minor enantiomer) = 17.6 min.

(2S,3S)- and (2S,3R)-Ethyl-2-(m-chlorophenylamino)-
3-hydroxy-4-oxo-pentanoate (13a,b).

Yellow oil, 96 mg, 72% vyield, .6:1 dr, 95% ee.(anti
diastereomer 13b). 'H-NMR (400 MHz, CDCL): 8 (ppm) =
712 (dd, J' = 8.0 Hz, J? = 8.0 Hz, 1H, both), 6.77 (ddd, J' =79
Hz, J? = 1.9 Hz, = 0.9 Hz, 1H, both), 6.68 (dd, J' = 2.1 Hz,
J? = 2.1 Hz, 1H, major), 6.59 (ddd, J' = 8.2 Hz, J? = 2.4 Hz, I
= 0.9 Hz, 1H, major), 6.51 (ddd, J'= 8.2 Hz, ? =24 Hz, F =
0.9 Hz, 1H, minor), 4.67 (br s, 1H, minor), 4.57 (d, ] = 2.6
Hz, 1H, major), 4.52-4.47 (m, 1H, major), 4.28-4.11 (m, 1H,
both), 3.86 (d, J = 3.5 Hz, 1H, minor), 3.66 (d, J = 5.0 Hz, 1H,
major), 2.42 (s, 3H, major), 2.30 (s, 3H, minor), 1.21 (t,J = 7.1
Hz, 3H). “C-NMR (100 MHz, CDCL,): (major antiisomer 13b)
8 (ppm) = 205.8, 147.3, 135.3, 130.6, 119.2, 113.8, 112.4, 777,
62.2, 59.1, 26.1, 14.1. HRMS (ESD): calcd for C,H, CINO, (M +
H)*: 286.0841, found 286.0840. HPLC (Daicel Chiralpak®
IC column, i-PrOH/n-hexane= 8:92, A= 240 nm, 1.0 mL/
min): t, (anti major enantiomer) = 12.5 min, t, (anti minor
enantiomer) = 10.3 min, t, (syn major enantiomer) = 9.6
min, t, (syn minor enantiomer) = 10.8 min.

(2S,3S)- and (2S,3R)-Ethyl-2-(0-chlorophenylamino)-3-
hydroxy-4-oxo-pentanoate (14a,b).

Yellow oil, 95 mg, 72% vyield, 2.5:1 dr, 86% ee.(anti
diastereomer 14b). 'H-NMR (400 MHz, CDCL): 8 (ppm) =
7.31(dd, J' = 79 Hz, ] 2= 1.5 Hz, 1H, major), 7.28 (dd, J' = 8.0
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Hz, > = 1.5 Hz, 1H, minor), 718-7.09 (m, 1H, both), 6.76-6.68
(m, 2H, both), 6.60 (dd, J' = 8.2 Hz, J? = 1.3 Hz, 1H, minor),
5.35 (d, J = 8.9 Hz, 1H, major), 4.96 (d, ] = 10.7 Hz, 1H,
minor), 4.70 (dd, J' = 3.9 Hz, J? = 2.4 Hz, 1H, minor), 4.64
(dd, J* = 8.9 Hz, J? = 2.7 Hz, 1H, major), 4.59 (dd, J' = 10.8
Hz, J? = 2.4 Hz, 1H, minor), 4.52 (dd, J' = 5.1 Hz, ? = 2.7 Hz,
1H, major), 4.27-4.12 (m, 2H, both), 3.92 (d, J = 4.0 Hz, 1H,
minor), 3.65 (d, J = 5.1 Hz, 1H, major), 2.42 (s, 1H, major),
2.30 (s, 1H, minor), 1.22 (t, J= 7.1 Hz, 3H, both). 3C-NMR
(100 MHz, CDCL): 8( ppm) = 206.1 (major), 206.0 (minor),
170.3 (minor), 169.3 (major), 142.5 (minor), 142.2 (major),
129.9 (major), 129.8 (minor), 1279 (major), 127.8 (minor),
121.1 (minor), 120.8 (major), 199.5 (minor), 199.3(major),
112.4 (minor), 112.2 (major), 77.8 (major), 774 (minor),
62.3 (major), 62.2 (minor), 59.3 (major), 58.1 (minor), 26.2
(major), 25.2 (minor), 14.2 minor), 14.1 (major). HRMS (ESI):
calcd for C_H CINO, (M + H)*: 286.0841, found 286.0849.
HPLC (Daicel Chiralpak® IB column, i-PrOH/n-hexane=
4:96, A= 220 nm, 1.0 mL/min): t, (anti major enantiomer)
= 18.9 min, t, (anti minor enantiomer) = 18.2 min, t, (syn
enantiomer) = 13.0 min.

(2S,3S)-and(2S,3R)-Ethyl-2-(p-trifluoromethylphenylamino)-
3-hydroxy-4-oxo-pentanoate (15a,b).

Yellow oil, 72 mg, 56% yield, 7.5:1 dr, 97% ee.(anti
diastereomer 15b). 'H-NMR (400 MHz, CDCL,): 8(ppm)
= 745 (d, J= 8.5 Hz, 2H, both), 6.73 (d, J = 8.5 Hz, 2H,
major), 6.66 (d, J = 8.6 Hz, 2H, minor), 5.01 (d, J = 9.8 Hz,
1H, major), 4.70 (d, J = 3.5 Hz, 1H, minor), 4.65 (dd, J' =
9.1 Hz, = 2.5 Hz, 1H, major), 4.58 (br, 1H, minor), 4.50
(dd, J' = 4.9 Hz, ? = 2.6 Hz, 1H, major), 4.28-4.11 (m, 2H,
both), 3.87 (d, J= 3.9 Hz, 1H, minor), 3.68 (d, J = 5.0 Hz, 1H,
major), 2.43 (s, 1H, major), 2.30 (s, 1H, minor), 1.22 (t, ] =
7.1 Hz, 3H, major). *C-NMR (100 MHz, CDCL): (major anti
isomer 15b) 8(ppm)= 205.6, 169.0, 148.7, 127.1, 1270, 126.9,
126.8, 113.2, 77.7, 62.4, 58.7, 26.1, 14.1. HRMS (ESI): calcd for
C,H,FNO, (M + H)": 320.1104, found 320.1117. HPLC (Daicel
Chiralpak® IC column, i-PrOH/n-hexane= 1:99, A= 254 nm,
1.0 mL/min): t, (anti major enantiomer) = 61.5 min, t, (anti
minor enantiomer) = 41.4 min.

3 Results and discussion

3.1 Optimization of the reaction conditions

In order to improve the anti-diastereoselectivity of the
L-Trp-catalyzed reaction between 1 and 2, we initially
decided to change the solvent from DMF to DMSO
(Scheme 2). In DMSO alone, the 3b:3a ratio, determined
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by 'H NMR of the reaction mixture, showed a marginal
improvement relative to DMF (2.3:1 vs. 2:1, respectively).
We reasoned that the use of ethylene glycol (EG) as a
co-solvent would allow us to perform the reaction at lower
temperatures, hopefully increasing the anti:syn ratio.
When we performed the reaction using a DMSO/EG (20%
v/V) solvent mixture at room temperature, we were pleased
to observe an improved 3.2:1 3b:3a ratio.

In the light of this result, we decided to perform
a study with different DMSO/EG ratios; moreover, we
modified both the equivalents of hydroxyacetone and the
catalyst loading employed (Table 1).
By using 5 equivalents of 1 and 20 mol% of L-Trp (relative
to 2) the anti:syn ratio of the Mannich adducts did not
change significantly between 10 to 30% vol of EG (entries
1-4, Table 1). Using 40% vol of EG a slight decrease in
diastereoselectivity was observed (entry 5). The effect of
the amounts of hydroxyacetone employed was examined
(entries 6-8, Table 1) using 20% vol of EG. The best
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results were obtained with 10 equivalents of 1 (entry 7). A
further improvement was observed (7.5:1 dr) under these
conditions when the catalyst loading was increased to 33
mol% (entry 9, Table 1).

We subsequently studied the effect of the reaction
temperature under these partially optimized conditions
(Table 2).

At reaction temperatures of 0 °C or lower (entries 1
and 2, Table 2), the reaction was very slow, and no product
was detected after 16 h. Both at 4 °C (entry 3) and at 35 °C
(entry 4) a slight decrease of the diastereoselectivity was
observed, thus, we selected room temperature (22 °C) as
the optimal temperature.

We were disappointed to find that under these
optimized reaction conditions the anti:syn dr was not
reproducible. Thus, in a series of eight independent
experiments performed under the conditions of entry 9
in Table 1 we obtained 3b:3a ratios ranging from 4.2:1 to
7.3:1, even when freshly distilled hydroxyacetone 1 was

OMe OMe
L-Trp (20 mol%) o) HN/©/ o) HN/©/

MeO
L o QL
Me)J\/OH ' JN\ solvent, rt,16-20
H™ "CO,Et
1 (5 equiv) 2

solvent = DMSO

solvent = DMSO:ethylene glycol (20% vol)

Scheme 2. Initial observation of the effect of the presence of ethylene

h : + T
Me)H/\COQEt Me)l\;/\COQEt

OH OH
3b 3a

2.3:1 dr (3b:3a)
3.2:1 dr (3b:3a)

glycol as a co-solvent in the Mannich reaction.

Table 1. Effect of the DMSO/EG ratio, catalyst loading and equivalents of hydroxyacetone 2 on the diastereoselectivity of the Mannich reac-

tion between 1and 2.2

Entry Equiv of 1 L-Trp (mol %) % vol EG in DMSO Dr (3b:3a)®
1 5 20 10 3.2:1
2 5 20 15 3.4:1
3 5 20 20 3.2:1
4 5 20 30 3.4:1
5 5 20 40 2.9:1
6 2 20 20 3.1:1
7 10 20 20 5.8:1
8 20 20 20 4.2:1
9 10 33 20 7.5:1
a

Reaction performed in DMSO as the main solvent at rt, 2-4 h.® Determined by H-NMR analysis of the crude reaction mixture.

Table 2. Study of the effect of the temperature on the diastereoselectivity of the reaction.?

Entry Temperature (°C) Time (h) Dr (3b:3a)®
1 -23 16 =

2 0 16 =

3 4 17 5.6:1

4 35 1 5.3:1

2 Reaction conditions: 10 equiv 1, 1 equiv 2, 33 mol% L-Trp, DMSO/EG (20% vol).
b Determined by *H-NMR analysis of the crude reaction mixture at the time indicated in. ¢ No product was detected by *H-NMR.
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employed. Further work demonstrated that the presence
of water in the reaction medium led to lower dr’s, thus
highly hygroscopic EG was replaced by other alcohols as
the DMSO co-solvent (Table 3).

Glycerol (entry 1, Table 3) gave much poorer dr’s
than ethylene glycol (entry 2), so we turned our attention
to easily available monoalcohols. Anhydrous methanol
(entry 3) gave a better anti:syn ratio (6.6:1). This parameter
increased linearly from ethanol to 1-butanol (entries 3
to 6), but 1-pentanol (entry 7) gave much poorer results.
Both secondary (entries 8, 10, and 11, Table 3) and tertiary
(entry 9) alcohols also gave inferior diastereoselectivities.
Thus, 1-butanol (entry 6) was selected as the best DMSO
co-solvent in our Mannich reaction.

Subsequently, we tested the effect of different
proportions of 1-butanol (Table 4).

Using 3% vol of I-butanol (corresponding to one
equivalent of alcohol relative to the imine 2 under the
actual reaction conditions) an improved anti:syn ratio
was readily observed (entry 1, Table 4), however, the best
dr corresponded to the initially used value of 20% vol of
1-butanol (entry 3, Table 4). When the imine 2 was added
in three portions, the anti:syn ratio deteriorated (entry

DE GRUYTER OPEN

5, Table 4), suggesting that a pre-equilibrium between
the imine and the alcohol improves the stereochemical
outcome of the Mannich reaction. In conclusion, the
addition of 10 equivalents of hydroxyacetone 1 to a
solution of the imine 2 and of L-tryptophan (33 mol%) in
DMSO/1-butanol (20% vol) at room temperature (22 °C)
was chosen as the optimal set of reaction parameters. We
were pleased to find that under these conditions the 7.6:1
ratio of 3b to 3a was perfectly reproducible.

3.2 Scope of the reaction

Subsequently, we applied these conditions to the Mannich
reaction of hydroxyacetone 1 with a set of glyoxylate-
derived imines (2, 4-9) having different aryl substituents
(Scheme 3). We determined not only the diastereomer
ratios of the resulting Mannich adducts (3, 10-15) but also
the corresponding yields and the enantiomeric purities of
the major anti isomers (Table 5).

In general, the Mannich adducts were obtained in
good yields (56-72%) after chromatographic purification.
Adduct 3 (entry 1, Table 5) was not purified by
chromatography due to the instability of the anti isomer

Table 3. Study of different alcohols as DMSO co-solvents in the Mannich reaction.?

Entry Co-solvent (20% vol) Dr (3b:3a)®
1 Glycerol 3.1:1
2 EG 6.2:1
3 MeOH 6.6:1
4 EtOH 5.7:1
5 1-Propanol 7.0:1
6 1-Butanol 7.6:1
7 1-Pentanol 6.4:1
8 2-Propanol 4.8:1
9 tert-Butyl alcohol 5.2:1
10 2-Butanol 6.0:1
11 Isobutyl alcohol 7.0:1

2 Reaction conditions: 10 equiv 1, 1 equiv 2, 33 mol% L-Trp, DMSO/co-solvent (20% vol), rt, 4 h. All co-solvent alcohols were used as received
(«dry»), without further purification. ® Determined by *H-NMR analysis of the crude reaction mixture.

Table 4. Study of different proportions of 1-butanol as DMSO co-solvent in the Mannich reaction.?

Entry % vol of 1-butanol Dr (3b:3a)®
1 3 4.6:1
2 10 6.4:1
3 20 7.6:1
4 30 6.1:1
5¢ 20 3.3:1

2 Reaction conditions: 10 equiv 1, 1 equiv 2, 33 mol% L-Trp, DMSO/1-butanol (x% vol), rt, 4 h. ® Determined by H-NMR analysis of the crude

reaction mixture. < Imine 2 was added in three portions (1 h intervals)
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3b on silica gel, thus the yield corresponds to the crude
mixture of Mannich products (>98% pure by 'H-NMR).
The diastereoselectivity of the reaction is clearly
dependent on the nature of the imine aromatic ring.
The highest anti:syn ratios were obtained for relatively
electroneutral aryl groups (entries 2-4, Table 5).
The diastereomeric ratios were somewhat lower
either for electron-donating (entry 1) or for electron-
withdrawing (entry 7) p-substituents. A clear decrease

Solvent-controlled diastereoselective Mannich reaction =—— 13

in the diastereoselectivity was observed when the chloro
substituent was shifted from para (entry 4) to meta (entry
5) to ortho (entry 6) positions on the ring. On the other
hand, the enantiomeric purities of the major anti isomers
were uniformly high (92% to > 99.9% ee), and only in the
case of the o-substituted adduct 14b was a decrease in the
enantiomeric purity observed (entry 6).

The absolute configurations of the major enantiomers
of the anti and syn Mannich adducts obtained with L-Trp

Ar o N o HN
0] . \|N L-Trp (33 mol%) )J\/‘\ :
Me)JVOH H)\COZEt DMSO/1-butanol (20% vol) Me™ Y~ "COEt — Me COzEt
rt, 4h OH OH
1 (10 equiv) 249 minor (a, syn) major (b, anti)
3,10-15
Ar = OOMe (imine 2, Mannich adducts 3a/b)
Ar= OMe (imine 4, Mannich adducts 10a/b)
Ar = @ (imine 5, Mannich adducts 11a/b)
Ar = OCI (imine 6, Mannich adducts 12a/b)
Ar= @ (imine 7, Mannich adducts 13a/b)
Cl
Ar = @ (imine 8, Mannich adducts 14a/b)
Cl
Ar = OCF3 (imine 9, Mannich adducts 15a/b)

Scheme 3. Mannich reaction of hydroxyacetone 1 with a set of glyoxylate-derived imines under the optimized reaction conditions.

Table 5. Scope of the L-Trp-catalyzed Mannich reaction between hydroxyacetone 1 and a set of glyoxylate-derived imines.?

Entry Imine Products Yield (%)° Dr (antiz:syn)c Ee (anti, %)¢
1 2 3a,b 80¢ 7.6:1 99

2 4 10a,b 66 9.6:1 >99.9f

3 5 11a,b 58 10.3:1 99

4 6 12a,b 59 10.3:1 92

5 7 13a,b 72 6.6:1 95

6 8 14a,b 76 2.5:1 86

7 9 15a,b 56 7.2:1 97

2 Reaction conditions: 10 equiv 1, 1 equiv imine, 33 mol% L-Trp, DMSO/1-butanol (20% vol), rt, 2-4 h. ®Yield of isolated product (diastereo-
mer mixture) after chromatographic purification. < Determined by H-NMR analysis of the crude reaction mixture. ¢ Determined by chiral HPLC
analysis. ¢ Yield obtained without chromatographic purification. f The minor enantiomer of 10b could not be detected.
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were assigned as (2S,3R) and (2S,3S), respectively, by (E)-enamine in the transition state of the Mannich
comparison of our data with those reported by Barbas III reaction (Scheme 5). In the absence of the co-solvent
and co-workers [28]. (A), the transition state involving the (E)-enamine (that

In order to ascertain if the increase in the anti:syn leads to the syn-Mannich adduct) is somewhat stabilized
ratio observed upon the use of alcohols as DMSO relative to the transition state arising from the (Z)-enamine
co-solvents was specific to glyoxylate-derived imines, leading to the production of the major anti isomer by
we examined the diastereoselectivity of the Mannich an intramolecular hydrogen bond between the hydroxyl
reaction between hydroxyacetone 1 and imine 16 (derived of the hydroxyacetone and the carbonyl oxygen of the
from p-chlorobenzaldehyde and p-anisidine)[28] under imine. In the presence of the alcohol co-solvent (B) this
different conditions (Scheme 4 and Table 6). intramolecular hydrogen bond is disrupted, destabilizing

The addition of 1-butanol as co-solvent of DMSO (20% the transition state involving the (E)-enamine and
vol) led to a marginal increase in diastereoselectivity increasing the anti:syn diastereoselectivity of the reaction.
(entry 1 vs 2, Table 6). When DMF was used as a solvent,a These alcohol co-solvent effects obviously do not play
further improvement was obtained (entry 3). Running the any role in the case of benzaldehyde-derived imines, in
reaction at low temperature (4 °C, entries 4 and 5) gave a  accordance to our observations.
slight improvement over the original ratio of 2.0:1.

It is worth noting here that in the conditions of entry
5 in Table 6, Barbas III and co-workers reported a higher
anti:syn ratio for this adduct (> 10:1), but the diastereomer
ratio was determined after chromatographic purification
[28].

The involvement of the alcohol co-solvent in the
formation of hemiaminal or other covalent species with
the starting imine was ruled out when 'H-NMR monitoring
did not reveal the formation of any new species (within
the limits of detection) upon addition of 1-butanol (20%
vol) to a DMSO solution of hydroxyacetone 1 and imine 2
(or 16).

As a working hypothesis, we propose that the role
of the alcohol co-solvent is that of destabilizing the

4 Conclusions

In summary, we have found that the use of a DMSO/1-
butanol (4:1 v/v) mixture as solvent at room temperature
in the L-tryptophan-catalyzed Mannich reaction between
hydroxyacetone and glyoxylate imines leads to a high
diastereoselectivity favoring the anti isomer. The expected
Mannich adducts are obtained in good yields, high anti-
diastereoselectivity (up to 10.3:1 anti/syn ratio) and
excellent enantioselectivities (up to >99.9% ee for the anti
isomer). When the reaction is performed in DMSO alone
much lower anti/syn ratios (~ 2:1) are obtained.

This increased anti diastereoselectivity upon the
addition of an alcohol co-solvent is not observed for

o) N L-Trp (33 mol%)
M _on * I —’o
Me solvent, rt or 4°C
overnight
OH
Cl

1 (10 equiv) 16 minor (17a, syn) major (17b, ant/)

Scheme 4. Mannich reaction of hydroxyacetone 1 with the aromatic imine 16.

Table 6. Solvent effects in the diastereoselectivity of the L-Trp-catalyzed Mannich reaction between hydroxyacetone 1 and the p-chlorobenz-
aldehyde-derived imine 16.

Entry Solvent Temperature (°C) Dr (anti:syn)?
1b DMSO 22 2.0:1
20 DMSO/1-butanol (20% vol) 22 2.2:1
3¢ DMF 22 3.0:1
4¢ DMSO 4 2.4:1
5¢ DMF 4 3.5:1

2 Determined by *H-NMR analysis of the crude reaction mixture. ®Reaction conditions: 10 equiv 1, 1 equiv imine 16, 33 mol% L-Trp, rt, 12 h. ¢
The imine was generated in situ from p-chlorobenzaldehyde (1.1 equiv) and p-anisidine (1.0 equiv).
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A H‘ Jy
Ar. N
(Z)-enamine SN----H o

Solvent-controlled diastereoselective Mannich reaction =—— 15

H,
Ar. N o)
\N____LH/S; (E)-enamine

HO (6] - . H (6]
(E)-imine OMe /\Me (E)-imine
H

anti :
Me CO,Et

H
. Ar NJ»;O
(2)-enamine “N----*H

(E)-enamine

(E)-imine

l (E)-imine

Scheme 5. Proposed role of the alcohol co-solvent in the diastereoselectivity of the L-Trp-catalyzed Mannich reaction between hydroxyace-

tone 1and glyoxylate-derived imines.

benzaldehyde-derived imines.
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