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ABSTRACT

Asymmetric R-amination through an N-heterocyclic carbene (NHC)-catalyzed redox reaction of R-aroyloxyaldehydes with N-aryl-N-aroyldiazenes
to form R-hydrazino esters with high enantioselectivity (up to 99% ee) is reported. The hydrazide products are readily converted into
enantioenriched N-aryl amino esters through samarium(II) iodide mediated N�N bond cleavage.

The enantioselective organocatalytic R-amination of
carbonyl compounds using a variety of electrophilic nitro-
gen sources has received much attention due to the pre-
valence of the resulting R-amino carbonyl motif within
biologically active compounds.1 For example, a common
strategy involves addition to azodicarboxylates using either
enamine or hydrogen-bonding organocatalysts.2,3

N-Heterocyclic carbene (NHC)-redox catalysis, pro-
moted throughadditionof anNHCtoanaldehydebearing
anR-reducible functional group, allows access to a rangeof
catalytic intermediates including acyl azoliums, azolium
enolates,andhomoenolates.4Despite thewidelydemonstrated
utilityofNHC-redox catalysis, there areonly limited reports
of its use in amination processes. For example, Scheidt et al.
first demonstrated that enals undergo NHC-catalyzed
redox β-amination via a homoenolate intermediate with
N-aryl-N-aroyldiazenes, followed by cyclization, to form
(()-pyrazolidinones (Scheme 1a).5 Ye et al. subsequently
found that azolium enolate intermediates accessed through
direct addition of anNHC to disubstituted ketenes undergo
[4þ 2]-cycloadditions withN-aryl-N-aroyldiazenes to form
1,3,4-oxadiazin-6-ones (Scheme 1b).6

Herein we report an asymmetric NHC-catalyzed re-
dox R-amination using R-aroyloxyaldehydes as azolium
enolate precursors. Reaction withN-aryl-N-aroyldiazenes
forms R-hydrazino esters with excellent enantioselectivity
(Scheme 1c).7 Further derivatization of these R-hydrazino
esters into the corresponding N-aryl amino esters through
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samarium(II) iodide mediated N�N bond cleavage has
also been investigated.
As we have previously demonstrated, R-aroyloxyalde-

hydes are bench stable precursors for the NHC-catalyzed
generation of both acyl azolium and azolium enolate
intermediates.8 They are readily prepared on gram scale
from the parent aldehyde and 4-nitrobenzoic acid using
Ishihara et al.’s R-oxyacylation methodology9 and can be
stored for a number of months without decomposition. We
envisaged that azolium enolate intermediates generated
throughadditionof anNHCtoR-aroyloxyaldehydeswould
undergo [4þ 2] cycloadditionswithN-aryl-N-aroyldiazenes
to form 1,3,4-oxadiazin-6-ones, which could then be ring
opened with methanol to form R-hydrazino esters.10�12

First the reaction between R-aroyloxyaldehyde 2 and
N-phenyl-N-benzoyldiazene using 10 mol % NHC pre-
catalyst 1 was investigated.13 Initial studies found that
using triethylamine as a base was more effective than
inorganic bases such as cesium or potassium carbonate,
leading to 93% conversion into cycloadduct 3 in 90% ee
after 6 h (Table 1, entries 1�3).14,15 Switching the solvent
to dichloromethane resulted in complete conversion into 3
(Table 1, entry 4), while starting the reaction at 0 �C
improved the ee to 95% without reducing the conversion
(Table 1, entry 5). However, despite high conversion into
product the isolated yield of 1,3,4-oxadiazin-6-one 3 was
only 65% due to the instability of the heterocycle to chro-
matographic purification on silica.16 This problem was
readily overcome by ring-opening product 3 in situ with
methanol, allowing R-hydrazino ester 4 to be isolated in
89% yield and 96% ee (Table 1, entry 6).
With an optimized protocol in hand, the scope of the

reaction was investigated using a series ofN-aryl-N-aroyl-
diazenes (Table 2). The reaction of R-aroyloxyaldehyde 2
with electron-richN-aryl substituted diazenes (4-MeOC6H4

and 3,4-(MeO)2C6H3) required an electron-withdrawing
N-aroyl component (4-CF3C6H4) to maintain high yields,
with R-hydrazino esters 5 and 6 isolated in 69% and 93%
yield, respectively. In contrast, electron-deficient N-aryl
substituted diazenes (4-CF3C6H4 and 4-NCC6H4) formed
R-hydrazino esters7 and 8 in reducedyields (56%and48%
respectively) presumably due to competitive side reactions

Scheme 1. NHC-Catalyzed Amination Reactions Table 1. Optimization

entry base solvent

t

(�C) prod.

conversion

(%)a
ee

(%)b

1 Cs2CO3 THF rt NA 0 NA

2 K2CO3 THF rt 3 70 90

3 Et3N THF rt 3 93 90

4 Et3N CH2Cl2 rt 3 >99 92

5 Et3N CH2Cl2 0 3 >99 (65c) 95

6d Et3N CH2Cl2 0 4 >99 (89c) 96

aConversion into product determined by 1H NMR analysis of the
crude reactionmixture. bDetermined byHPLCanalysis. c Isolated yield.
dReaction quenched with MeOH.
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between the NHC and the diazene. This was most notice-
able using an N-aryl 4-NO2C6H4 substituted diazene,
which underwent significant decomposition and gave low
yields of the desired R-hydrazino ester even when the
diazene was added to the reaction dropwise via syringe
pump over a number of hours. Halogen substituents were
well tolerated, with R-hydrazino esters 9 and 10 isolated in
good yields and excellent ee. N-Aryl substitution in the
meta-positionwas also tolerated,withm-tolyl hydrazide 11
isolated in 64% yield and 94% ee. However,N-aryl ortho-
substitution was not possible, with an o-tolyl substituted
diazene giving poor conversion into the corresponding
hydrazide.
We next explored the scope of the R-aroyloxyaldehyde

in the NHC-catalyzed redox R-amination with N-4-
(methoxy)phenyl-N-4-(trifluoromethyl)benzoyl diazene un-
der the standard reaction conditions (Table 3). Straight
chain alkyl, β- and γ-branched alkyl, and benzyl substituted
R-aroyloxyaldehydeswerewell tolerated, formingR-hydrazino
esters 12�18 in good yield and excellent enantioselectivity
(61�90%yield, 89�98%ee). The formationofR-hydrazino
ester 14 is particularly notable, as β-branched substitu-
ents are notoriously poorly tolerated in reactions of
azolium enolates.11c,17 This methodology therefore al-
lows simple aldehydes to be functionalized in two steps

via the R-aroyloxyaldehyde into synthetically useful en-
antioenriched R-hydrazino esters.
The synthetic utility of the R-hydrazino ester products

was demonstrated through samarium(II) iodide mediated
N�N bond cleavage into the correspondingN-aryl amino
esters.18 The synthesis of N-aryl amino acid derivatives
is of importance due to the presence of this motif within
pharmacologically importantmolecules and is oftenachieved
through transition-metal catalyzedN-arylation.19 Thismeth-
odology provides a simple, racemization-free alternative for
the synthesis of novel N-aryl amino esters. For example,
R-hydrazino ester 5was readily cleaved through dropwise
addition of freshly prepared SmI2 (ca. 0.1 M in THF) at
�78 �C inmethanol to formN-aryl amino ester 19 in 70%
yield and 92% ee.20 The reaction proceeded cleanly, with

Table 3. Variation of the R-Aroyloxyaldehyde

a Isolated yields. b ee determined by HPLC analysis.

Table 2. Variation of the N-Aryl-N-aroyldiazene

a Isolated yields. b ee determined by HPLC analysis.
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the product obtained after straightforward chromato-
graphic separation from the primary amide byproduct.
The generality of this process was demonstrated through
the N�N bond cleavage of a selection of R-hydrazino
esters, giving a range of N-aryl amino esters 20�28 in
good yield (48�80%) without any observed erosion in
enantioselectivity (Table 4). The absolute (R)-configura-
tion of the N-aryl amino esters was confirmed through
N-PMP deprotection of 26 into phenylalanine methyl
ester with ceric ammonium nitrate (CAN) and compar-
ison of its specific rotation with the literature.21

The proposed catalytic cycle is shown in Scheme 2.
Initially the free NHC, generated in situ through deproto-
nation of NHC precursor 1, adds to the R-aroyloxyalde-
hyde to form an initial adduct.22 Previously reported

mechanistic studies through measurement of a kinetic
isotope effect suggest that subsequent deprotonation of
this adduct to form the Breslow intermediate is kinetically
significant in NHC-catalyzed redox reactions of R-
aroyloxyaldehydes.8b Elimination of p-nitrobenzoate, fol-
lowed by deprotonation, forms the key azolium enolate
intermediate. Computational studies by Bode et al. on the
reaction of a related azolium enolate with a simple enone
lead us to suggest that the azolium enolate and the diazene
undergo an asynchronous endo-hetero-Diels�Alder
reaction.23The catalyst can thenbe regenerated and release
the 1,3,4-oxadiazin-6-one product that can either be iso-
lated or ring opened with methanol.
In conclusion, we have developed an enantioselective

NHC-catalyzed redoxR-amination ofR-aroyloxyaldehydes
with N-aryl-N-aroyldiazenes to form a wide range of en-
antioenrichedR-hydrazino esters. These synthetically useful
hydrazide products are readily converted intoN-aryl amino
esters without loss in enantioselectivity through treatment
with samarium(II) iodide.
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Table 4. Samarium(II) Iodide Mediated N�N Bond Cleavage

a Isolated yields. b ee determined by HPLC analysis.

Scheme 2. Proposed Catalytic Cycle
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