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ABSTRACT

A practical highly diastereoselective synthesis of 1,2-diamines through carbon−carbon bond formation involving an ammonium ylide intermediate
is reported for the first time. By treating methyl phenyldiazoacetate with arylamine and imine in the presence of dirhodium acetate, the erythro
diastereomer of methyl 1,2-diaryl-1,2-diaminopropanoate is formed with stereochemical preferences greater than 10:1.

Metal-mediated carbenoid reactions have gained wide ap-
plication in synthetic organic chemistry in the past decades.1

Many studies of such reactions have focused on cyclopro-
panation, X-H (X )C, N, O, Si, S) insertion, and ylide
generation, and these reactions have also been used to prepare
complex synthetic targets.2 Here we report a novel three-
component reaction of rhodium(II) acetate catalyzed diazo

decomposition of phenyldiazoacetate in the presence of
arylamine and imine.

Rhodium(II) acetate catalyzed diazo decomposition of
diazoacetates with imines or amines to give aziridine or N-H
insertion product, respectively, have been reported.1 Recently
two methodologies for aziridine formation from diazoacetates
through ylide intermediates have been described. We reported
stereospecific ring closure of phenyldiazoacetate-derived
immonium ylide to form (E)-aziridines stereospecifically and
in high yields (Scheme 1).3 Aggarwal developed an alterna-
tive pathway for aziridine formation whereby an organic
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sulfide intercepts the metal carbene, and aziridination takes
place via nucleophilic addition of a sulfur ylide to an imine.4,5

The insertion of a metal carbenoid generated from a diazo
compound into an N-H bond, which leads to C-N bond
formation (Scheme 2), is a known process.1,6 There have been

numerous demonstrations of the versatility of this reaction.
For example, this approach has been particularly fruitful in
the synthesis of penicillins and relatedâ-lactams.7

A novel three-component reaction is reported here. By
reaction of phenyldiazoacetate with both imine and amine
in the presence of dirhodium acetate catalyst, no aziridine
product is obtained. Instead, we find a 1,2-diamine product.
For example, treatment of phenyldiazoacetate1 with a
mixture of equal amounts of arylamine2 and imine3 with
dirhodium acetate catalyst gives N-H insertion product4
and 1,2-diamines58 in good yield (Table 1). While the
product ratio is dependent on electronic features from aryl
substitution of the corresponding amine (Table 1), diaste-
reoselectivity of5 is consistently high.

As seen from Table 1, the more electron withdrawing is
the substituent attached to the arylamine, the higher is the
ratio of diamines product5 over N-H insertion4 (Table 1,
entries c, d, and e). The structure and relative configuration
of major diastereomer5a was confirmed by single-crystal
X-ray analysis to be erythro (Figure 1).9

Further investigation revealed that the concentration of
imine was an important factor for driving the reaction to

diamine formation (Table 2). As expected from such a
competitive process, increasing the initial concentration of
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Scheme 1

Scheme 2

Table 1. Three-Component Reaction of Methyl
Phenyldiazoacetate with Aniline and Imine Catalyzed by
Dirhodium(II) Acetate

entry Ar R
yield,a

% 4:5b

isomer ratio of 5b

threo:erythro

a C6H5 H 68 60:40 9:91
b p-FC6H4 H 72 64:36 6:94
c p-ClC6H4 H 76 54:46 4:96
d p-CF3C6H4 H 72 31:69 4:96
e p-NO2C6H4 H 58 14:86 4:96

a Isolated yield of4 + 5 after column chromatography purification.
b Determined by1H NMR of crude product.

Figure 1. X-ray structure oferythro-5a.
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imine results in higher yields of the 1,2-diamine products.
For example, the ratio of5d/4d increased from 69:31 to 92:8
when the molar ratio of3/1 increased from 1.2 to 6. No
further change occurred in this ratio with even higher imine
concentration.

The optimized conditions (Table 2, entry 4) were applied
to a series of reactions, and the results are summarized in
Table 3. In all cases with aniline, 1,2-diamines5 were the
dominant products. However, the use ofN-methylaniline
produced a dramatic decrease in the yield of diamines (Table
3, entry g), but exceptionally high diastereoselecitvity. It is
worth noting that carbene dimer formation was observed
when 2,4-dinitroaniline, but not any of the other anilines,
was used (Table 3, entry f).

Although detailed mechanistic studies have not been
undertaken, a plausible mechanism for this three-component

reaction is proposed. The existence of dimer when using
electron-deficient 2,4-dinitroaniline indicates a slow process.
Adding to this that no aziridine was formed even with higher
imine concentration, the key intermediate is likely to be

ammonium ylide61,11 (Scheme 3). The reaction can be
considered to proceed via initial formation of ammonium
ylide 6, which then undergoes product formation through
two competitive reaction pathways: (A) a [1,2]-hydrogen
shift12 to give the N-H insertion product4 and (B)
nucleophilic addition to imine through a concerted five-
membered ring transition state to give the observed 1,2-
diamines5.

can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html
(or from the Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB21EZ, UK; fax (+44) 1223-336-033; or deposit@
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Scheme 3. A Plausible Mechanism for 1,2-Diamine Formation (Pathway B)

Table 2. The Effect of Imine Concentration on Yield and
Product Ratio of the Three-Component Reaction of1, 2d, and3
Catalyzed by Rhodium(II) Acetate

entry
molar

ratioa 3/1
yield,b

% 4d:5dc

isomer ratio of 5dc

threo:erythro

1 1.2 72 31:69 4:96
2 2 75 19:81 7:93
3 4 80 14:86 7:93
4 6 82 8:92 7:93
5 10 85 8:92 8:92

a Molar ratio of2d/1 is 1.2.b Isolated yield of4d + 5d after purification.
c Determined by1H NMR.

Table 3. Three-Component Reaction of Dirhodium(II) Acetate
Catalyzed Diazo Decomposition of Phenyldiazoacetate with
Arylamines and Imine under Optimized Conditionsa

entry Ar R
yield,b

% 4:5c

isomer ratio of 5c

threo:erythro

a C6H5 H 92 28:72 12:88
b p- FC6H4 H 87 30:70 9:91
c p-ClC6H4 H 84 18:82 9:91
d p-CF3C6H4 H 82 8:92 7:93
e p-NO2C6H4 H 82 4:96 15:85
f 2,4-(NO2)2C6H4 H 79 4:9610 6:94
g C6H5 CH3 60 87:13 <3:97d

a 1/2/3 ) 1:1.2:6.b Isolated yield of4 + 5. c Determined by1H NMR.
d Only one isomer was detected by1H NMR.
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This competition pathway is influenced by the stability
of ammonium ylide6. The more stable ammonium ylide
from the anilines with electron-donating substituents favors
formal N-H insertion (pathway A) whereas the less stable
ylide from anilines with electron-withdrawing substituents
favors formation of the 1,2-diamine product (pathway B).
For example, the use ofN-methylaniline gave mainly the
N-H insertion product, while 1,2-diamine was the exclusive
product withp-nitroaniline. Assuming an approach of the
ammonium ylide to the imine, two transition statesa andb
lead to the erythro- and threo-diamines, respectively. In both
transition states, addition to the imine is activated by
intramolecular hydrogen bonding through a five-membered
ring. However, in transition statesa, an additionalπ-π
interaction between two phenyl groups accounts for the
nearly exclusive formation oferythro-5.

The nucleophilicity of this ammonium ylide was further
studied by examining the process with an aromatic aldehyde.
Methyl phenyldiazoacetate treated with an equal amount of
O-anisidine2h and 2-nitrobenzaldehyde gave 1,2-amino
alcohols13 7 in 90% yield (Scheme 4).14 The poor diaste-
reoselectivity (erythro:threo) 58:42) was not surprising in

light of the mechanism proposed for diamine formation
(Scheme 3). The energy difference between the two transition
statesa and b with aldehyde instead of imine could be
negligible due to lack ofπ-π interaction with the aldehyde
alternative. The structure and configuration of the major
diastereomer,erythro-7, was ascertained by single-crystal
X-ray analysis. A detailed study with aldehydes will be
reported in due course.

In conclusion, we have discovered a novel three-
component reaction for the preparation of 1,2-diamines with
high diastereoselectivity. To our knowledge, this is the first
report of C-C bond formation in which ammonium ylides
could be trapped by imines or an aldehyde. Further invest-
gations to explore the reactivity of other ammonium ylides
and reactions with aldehydes and other electronphiles are in
progress.
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