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Chiral 1,2-amino alcohols and 1,2-diols are common structural

motifs found in a vast array of natural and biologically active CH3: OH c:H3

molecules: Recently, significant efforts have been applied toward A L I /(@

the development of direct catalytic asymmetric approaches to the COzH HoN™ "COH HpN CO H

construction of these units based on the addition of unmodified HeN COzH L'Se”ne L-Threonine  O-fBu-L-Thr HoN" "COOH
L-Tryptophan  (L-Ser) (L-Thr, 2) ®) O-Bu-L-Tyr

o-hydroxyketones to imines or aldehydes in Mannich-type and aldol (T, 1)

reactions, respectiveg Although the elegant studies of Shibasaki  Figure 1. Structures of catalysts studied.
and Trost have provided routes to batyn and anti-1,2-amino
alcohols and diols using metal-based catalydigghly enantio-
selective organocatalytic approaches have been limitsyirtd,2- O\( w

O O
amino alcohols an@nti-1,2-diols® Here we describe simple and OH << oH— PMP. N6 Noo
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Scheme 1

efficient routes to highly enantiomerically enrichaulti-1,2-amino

alcohols andsyn1,2-diols through direct asymmetric Mannich,

Mannich-type, and aldol reactions catalyzed by primary amine-

containing amino acids. ® o syn-Mannich  anti-aldol
To generatanti-1,2-amino alcohols arglyn1,2-diols, we sought ﬁf

to design novel catalysts. In the reactionswdfiydroxyketones with

(9-proline, products form via a reaction involving &f){enamine Y H O

A for both Mannich-type and aldol reactidn&Scheme 1). With H 2" COE anti

pyrrolidine-derived catalysts or secondary amindS-gnamine E H 0

. . . . . . (c) PMP." "N O  NHPMP
intermediates predominate because of steric interaction&)in ( PN--tH----0 :
enamineB. The stereochemistry of the product can be explained R R HO@K\ R
by transition stateC or D because thsi face of the E)-enamine HN)YO« ,'H‘N)Yo Ry anﬁﬁ';nnich
reacts (Scheme 1a). To selectively foamti-Mannich products in %\ OH Ho__ OH RO

reactions involving alkylaldehydes and alkanone-derived nucleo- 54 g E ~ /H\N)\( O OH
philes, we previously designed catalystsR&R)-5-methyl-3- Ho,f’o-—iH-———O . R
pyrrolidinecarboxylic acid andR)-3-pyrrolidinecarboxylic acid R@i\ OH
((R)-p-proline), respectively:> With the latter catalyst, reactions B syn-aldol

proceed through transition stafe and the reaction face of thE)¢
enamine is reversed from that of tHg-proline-catalyzed reaction ~ and Table 1). In accord with our hypothesis, primary amine-
(Scheme 1b). These catalysts were, however, less than optimal forcontaining amino acids predominantly providaati-Mannich pro-
reactions ofa-hydroxyketones. duct4 or synaldol products, but theanti/synratios and ee’s were

For reactions ofi-hydroxyketones, we reasoned that the use of varied. For the Mannich-type reaction, reactions catalyzed by
a (2)-enamine in the €C bond-forming transition state should (1) and OtBu-L-Thr (3) affordedanti-4 with high dr and ee (entries
generatenti-Mannich andsynaldol products. In our early studies 1 and 4).N-Methyl-L-Trp catalysis provided only trace amounts of
of aldol reactions involving unmodified hydroxyacetone mediated product. For the aldol reaction, the reaction catalyzed afforded
by antibody catalysis, we noted preferential reaction ofZp ( syn5 with the best dr and ee (entry 9). TheThr (2)-catalyzed
enamine of hydroxyacetone formed with the primary amine of the aldol reaction provided the next bestnselectivity and enantio-
lysine side chain, the key catalytic residue of the aldolase, rather selectivity (entry 8). Other natural amino acids did not provide
than reaction through arEJ-enamine as we had observed with significant synselectivity or enantioselectivity (data not shown).
cyclic ketoned. We reasoned that, with primary amines, (Z)- With all catalysts tested,©C bond formation with hydroxyacetone
enamines ofo-hydroxyketones= should predominate oveEy- selectively occurred at the carbon bearing the hydroxyl group.
enaminess.8 When @)-enamingF reacts in the €C bond-forming Conditions were optimized for the and3-catalyzed Mannich-
transition stateH or |), anti-Mannich orsyrraldol products should  type reactions. Using the optimized conditions, Mannich and
form predominately (Scheme 1c). Studies of direct asymmetric aldol Mannich-type reactions of hydroxyacetone with a variety of imines
and Mannich-type reactions catalyzed by primary amine-containing were performed in DMF for catalyst or N-methylpyrrolidone
amino acids have been reportediowever, within these studies, (NMP) for catalyst3 at 4°C (Table 2). The reaction with catalyst
reactions ofo-hydroxyketones were either not tested or, when 1 was faster than that of catalydt Reaction time was 1620 h
tested, enantioselectivities of the products were moderate. with 1 and 48 h with3. The desiredanti-amino alcohols4, 6—8

On the basis of our design considerations, we first evaluated awere obtained in good yields with excellent diastereoselectivities
variety of natural acyclic amino acids and their derivatives, in- (up to>15:1) and enantioselectivities (398% ee) in most cases.
cluding amino acid4—3, for the Mannich-type and aldol reactions  Significantly, reaction of unmodified 1-hydroxy-2-butanone pro-
of hydroxyacetone that afforde#l and 5, respectively (Figure 1 vided theanti-product regioselectively with excellent dr and ee
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Table 1. Evaluation of Catalysts for the anti-Mannich-type and
syn-Aldol Reactions?@
PMP

o}
0 HN‘PMP H)b\ H)b\ O OH
- (¢]
NO, NO,
)‘\O?\Q\ Catalyst )J\/ oH Catalyst )m
anti-4 NO. (30 mol%) (30 mol%) syn-5 NO,
time yield® dre ee?
entry product catalyst (h) (%) anti-syn antilsyn
1 4 L-Trp (1) 4 75 5:1 87/68
2 4 L-Ser 28 77 31 75/33
3 4 L-Thr (2) 48 74 2:1 66/14
4 4 22 85 8:1 94/56
5 4 O-Bu-L-Tyr 22 50 31 75145
6 5 L-Trp (1) 18 80 1:25 5/40
7 5 L-Ser 22 75 1:2 10/50
8 5 L-Thr (2) 16 88 1:3 0/62
9 5 3 48 >95 1:18 58/98
10 5 O-tBu-L-Tyr 24 71 1:3 14/50

aReaction was performed in DMSO at 26 except as indicated. See
Supporting Information® Isolated yield.¢ Determined by NMR of unpu-
rified product.d Determined by chiral-phase HPLEReaction performed
in NMP at 4°C.

Table 2. Mannich and Mannich-type Reactions Catalyzed by 1
or 32

o o Ceztalyst 1I o)r 3 O NHPMP
20 mol% R! :
RL_J_oH +PMPNH, +HJLR2 DMF (for 1) or R?
NMP (for 3), 4 °C OH
yield? dre ee?
entry Rt R? product catalyst (%) anti:syn (%)
1e H P-NOCeH4 4 1 95 12:1 95
2 3 85 >15:1 98
3 H p-CNCgH4 6 1 83 >10:1 90
4 3 78 9:1 90
5 H p-BrCsH, 7 1 89 >10:1 93
6 3 71 >10:1 94
7 H p-ClICeH4 8 1 85 >10:1 92
8 3 76 >10:1 91
9 H CsHa 9 1 75 4:1 77
10 H p-MeOGsH4 10 1 72 1.3:1 53
11¢f H CO,Et 11 1 67 2:1 91
12 Me  p-NO,CgH, 12 1 70 >19:1 96

aSee Supporting Information for conditiorfsisolated yield. ¢ Deter-
mined by*H NMR of isolated products! Determined by chiral-phase HPLC
for anti-product.€ Preformed imine was usetiReaction was performed at
25°C.

(entry 12). To the best of our knowledge, there are no other reports
concerning direct asymmetric reactions with 1-hydroxy-2-butanone.

Aldol reactions catalyzed bg and3 were also optimized, and
the reactions were performed in NMP and NMRater (9:1) at 4
°C (Table 3). Desiredgyndiols were obtained with high dr (up to

18:1) and ee (up to 98% ee). Both dr and ee increased with the
addition of water in many cases (entries 5, 8, and 11 vs 6, 9, and

12). The aldol reaction of 1-hydroxy-2-butanone catalyzed3by
also afforded excellent results (entry 16).

The absolute configuration @nti-4 obtained from thel-cata-
lyzed reaction and adyn5 obtained from th&-catalyzed reaction
was determined to be R34R)-4 and (R,49)-5, respectively (see
Supporting Information); these results are in accord with our
predicted transition statds and| (Scheme 1).

In summary, we have developed simple and efficient routes to

highly enantiomerically enricheahti-1,2-amino alcohols anslyn
1,2-diols through direct asymmetric Mannich, Mannich-type, and
aldol reactions involving unmodified-hydroxyketones catalyzed

by primary amine-containing amino acids. These results provide
additional support for our original hypothesis suggesting that amino

acid catalysis played a key role in prebiotic chemistry facilitating
the asymmetric synthesis of the molecules of'ifeurther studies on

the full scope of these reactions will be reported in the near future.

Table 3. Aldol Reactions Catalyzed by 2 or 32

Catalyst 2 or 3 O OH
‘\)OK/ . j’\ (20mol%) Rt ,
R OH H” O R2 NMP R
4°C,16-48h OH

yield? dre ee?

entry R! R? product  catalyst (%) synanti (%)
1 H pP-NO,CeH4 5 2 75 15:1 90
2 3 >95 18:1 98
3 3 83 18:1 97
4 H p-CICeH4 13 2 65 71 92
5 3 81 71 92
6° 3 78 14:1 94
7 H p-BrCsHs 14 2 67 7:1 84
8 3 89 31 82
9 3 80 12:1 92
10 H p-CNCeHa 15 2 60 5:1 86
11 3 78 5:1 80
12 3 69 71 93
13 H 1-naphthyl 16 2 70 8:1 86
14 3 87 10:1 80
15 3 78 6:1 86
16 Me  p-NO,CeHs 17 3 78 12:1 94

aSee Supporting Information for conditiorfsisolated yield.c Deter-
mined by'H NMR of isolated products? Determined by chiral-phase HPLC
for synproduct. Reaction in NMP-water (9:1).f Reaction time 96 h.
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