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The combination of Mg(ClO4)2, 2,20-bipyridine and N-methylmorpholine generates an effective catalyst
system for the direct addition of a-carbonate-substituted ketones to aryl N-Ts imines. Methyl-carbon-
ate-substituted ketones deliver acyclic a-hydroxy-b-aminoketone derivates, while ketones substituted
with a-iso-propenyl-carbonates furnish cyclic carbamate adducts. In both cases the anti-configured Man-
nich products dominate.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Stereodefined 1,2-aminoalcohols, together with the related 1,2-
diols and 1,2-diamines, represent an important structural grouping
that is found in many natural products and designed medicinal
agents, and also feature heavily in a variety of ligands and auxillar-
ies designed for asymmetric synthesis.1 A useful strategy for the
preparation of carbonyl-substituted variants of these systems is
the combination of an a-oxygen- or a-nitrogen-functionalized
enolate component with either an imine or an aldehyde, in aldol
or Mannich processes, respectively. A more attractive version of
these systems employs simple carbonyl derivatives, and not pre-
formed enolates or enolate surrogates,2 as the nucleophile compo-
nent, in direct catalytic addition reactions (Eq. 1).3
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We have recently shown that magnesium Lewis acid/tertiary
amine base combinations generate effective catalyst systems for
the direct combination of a-isothiocyanate-substituted nucleo-
philes with both aldehydes, to generate b-hydroxy-a-amino
acid derivates 1, or with imines, to deliver a,b-diamino acids 2
(Scheme 1).4 We have also demonstrated that a-carbonate-substi-
tuted ketones undergo similar direct additions to aldehydes to pro-
vide a,b-dihydroxyketones 3.5 In this communication we
demonstrate that the magnesium Lewis acid/tertiary amine-cata-
ll rights reserved.
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lyzed addition of a-carbonate-substituted ketones to N-Ts-imines
provides an efficient route to a-hydroxy-b-aminoketone products
4, and in doing so establishes a common catalytic approach to all
four of the 1,2-aminoalcohol combinations shown in Scheme 1.
2. Results and discussion

Our route for the preparation of a,b-dihydroxycarbonyl units is
shown in Scheme 2, and features the direct addition of methyl car-
bonate-substituted ketones 5 to aryl aldehydes to deliver the cor-
responding cyclic carbonate derivates in good yields and with good
selectivity for the syn-aldol products (trans-cyclic carbonates) 6.5

The high diastereoselectivity was attributed to the rapid cycliza-
tion of the syn-aldol adducts. Given the success of this system in
accessing a,b-dihydroxycarbonyl systems we wished to extend
the chemistry to the preparation of a-hydroxy-b-aminoketones
by simply exchanging the aldehyde components for the corre-
sponding imines (Eq. 2, Scheme 2).
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Table 1
Scope of the imine componenta

N

RH

Ph

O

O

O

OMe

Ts

Mg(ClO4)2
2,2'-bipyridine

NMM
THF, 4 Å MS, rt

Ph

O

R

O

NHTs

O

OMe

5

Entry Imine (R) anti:synb Yieldc (%)

1 Ph 3:1 67
2 2-Me–C6H4– 4:1 65
3 3-Me–C6H4– 5:1 75
4 4-Me–C6H4– 5:1 68
5 4-tBu–C6H4– 20:1 67
6 4-OMe–C6H4– 20:1 61
7 4-OPr–C6H4– 11:1 60
8 4-CN–C6H4– 3:1 62
9 4-Br–C6H4– 8:1 77
10 4-Cl–C6H4– 8:1 75
11 4-F–C6H4– 6:1 83
12 2-Naphthyl 4:1 69
13 3-Thienyl 20:1 67
14 2-Furyl 20:1 67
15 3-N-Piv-indolyl 8:1 43
16d Ph 6:1 74

a Conditions: carbonate (2.0 equiv), N-Ts-imine (1.0 equiv), Mg(ClO4)2 (20 mol %),
2,20-bipy (20 mol %), NMM (50 mol %), 4 Å MS, 24 h, THF, rt.

b Determined by 1H NMR spectroscopy.
c Isolated yield of combined diastereoisomers.
d 2-Naphthyl-derived ketone employed.
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The reaction between methyl carbonate 5 and benzaldehyde-
derived N-Ts-imine 7, using the catalyst conditions optimized for
the aldol process (Mg(ClO4)2, bipy, NMM), delivered a 67% yield
of the desired anti- and syn-Mannich adducts in a 3:1 ratio
(Scheme 3). None of the expected cyclic carbamate 8 was observed.
Encouraged by this result we embarked on a brief optimization
study. However, the use of alternative Lewis acids (MgCl2,
Mg(OTf)2), bases (NEt3, Hünigs base, DBU) or solvents (DCM,
DME, 1,4-dioxane, toluene) failed to offer any improvements in
terms of yield, diastereoselectivity, or for formation of the cyclic
products. The original conditions involved combining 2 equiv of
ketone with 1 equiv of imine; if this was varied to a 4:1 ratio the
yield of the Mannich adducts could be increased to 80%. However,
this small increase in yield was not considered sufficient to offset
the greater quantity of ketone required.
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Table 2
Use of isopropenyl carbonate-substituted ketonesa

N

RH

Ph

O
O

O

O

Ts

Mg(ClO4)2
2,2'-bipyridine

NMM
THF, 4 Å MS, rt

Me

O
NPh

O R

O

Ts
9

Entry Imine (R) cis:transb Yieldc (%)

1 Ph 20:1 71
2 4-OMe–C6H4– 20:1 72
3 4-CN–C6H4– 7:3 61
4 3-Thienyl 20:1 64

a Conditions: carbonate (2.0 equiv), N-Ts-imine (1.0 equiv), Mg(ClO4)2 (20 mol %),
2,20-bipy (20 mol %), NMM (50 mol %), 4 Å MS, 48 h, THF, rt.

b Determined by 1H NMR spectroscopy.
c Isolated yield of combined diastereoisomers.
With optimized conditions in hand, we next explored the scope
of the process with respect to the imine component (Table 1).6 The
first 15 entries in the Table all employ acetophenone-derived ke-
tone 5. The results presented in the Table demonstrate that a vari-
ety of both electron-rich and electron-poor aryl imines, featuring a
range of functional groups, all perform well in the process. Imines
featuring para-electron-donating groups deliver more selective
reactions; for example, both the 4-OMe- and 4-tBu-substituted
imines furnish the anti-Mannich adducts with 20:1 dr (entries 5
and 6). The thiophene- and furan-derived imines also perform well,
again delivering adducts with good anti-selectivity (entries 13 and
14). The final entry demonstrates that variation of the nucleophile
is also possible, with the 2-naphthyl-derived ketone (entry 16)
delivering the expected adducts with similar yields and selectivi-
ties to the parent phenyl-derived system.

Our initial aim had been to develop a route to the cyclic carba-
mate adducts (8, Scheme 2). These were attractive targets as they
represented internally protected versions of the original Mannich
adducts. We were also interested in accessing the cyclic systems
in order to probe the effect, if any, their formation would have
on the overall diastereoselectivity of the process. In the event, we
secured a route to the cyclic adducts by employing an alternative
carbonate group on the ketone component. When isopropenyl-car-
bonate 9 was combined with the benzaldehyde-derived N-Ts-
imine, using the standard reaction conditions, the corresponding
cyclic carbamate adduct was isolated in 71% yield as a 20:1 mix-
ture of diastereomers, with the anti-Mannich adduct (the cis-cyclic
carbamate) dominating (Table 2, entry 1).7 This compares favour-
ably to the corresponding reaction with the methyl-carbonate
nucleophile, which delivered the acyclic adducts as a 3:1 mixture
of diastereomers in 67% yield (Table 1, entry 1). The isopropenyl-
carbonate 9 was combined with three further imines, with the ex-
pected cyclic adducts being obtained in all cases, although the
para-cyano-substituted imine displayed only a slight preference
for the anti-adduct (7:3 dr, entry 3).
Having established routes to both acyclic and cyclic a-hydroxy-
b-aminoketone adducts, the stage was set to explore an enantiose-
lective route. Given the catalyst system employed in the racemic
series—Mg(ClO4)2, 2,20-bipyridine, NMM—we were hopeful that
exchange of the bipyridine ligand for an equivalent chiral variant
would allow access to enantioenriched products. Unfortunately,
evaluation of a number of bi- and tri-dentate N-based ligands, such
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as the bis(oxazolines) 10 and 11,8 pyridine-bis(oxazoline) 129 and
furan-bis(oxazoline) 13,10 failed to generate an effective catalyst
system, with only trace quantities (<5%) of the Mannich adducts
being isolated (Scheme 4).
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3. Conclusion

In conclusion, we have demonstrated that a-carbonate-func-
tionalized ketones undergo direct addition to aryl N-Ts imines un-
der the action of a Mg(ClO4)2/bipy/NMM catalyst system, to deliver
a-hydroxy-b-aminoketone products. The use of methyl carbonate-
substituted nucleophiles delivers acyclic adducts with moderate to
good anti-selectivity. In contrast, the use of isopropenyl-substi-
tuted nucleophiles provides cyclic carbamate products, with gen-
erally good anti-Mannich diastereoselectivity. Good variation of
the imine component was shown to be possible, however, attempts
to develop an enantioselective variant of the process have so far
been unsuccessful.
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