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One-pot synthesis of a-diazo-b-hydroxyesters under phase-transfer
catalysis and application to the catalytic asymmetric aldol reaction
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Abstract—The one-pot (three steps) synthesis of a-diazo-b-hydroxyesters from tosyl chloride under phase-transfer catalysis is
described. The catalytic asymmetric aldol reaction between a diazoester and aldehydes was also investigated and gave moderate to
good enantioselectivity.
� 2003 Elsevier Ltd. All rights reserved.
Since its discovery, phase-transfer catalysis (PTC) has
been an attractive tool in organic synthesis because it is
an environmentally benign, economical and simple
operation.1 Quaternary ammonium salts, which are
readily available from tertiary amines, are some of the
most common PTCs, and the application of chiral
ammonium salts to asymmetric synthesis has been
investigated.2 We report here an efficient one-pot (three
steps) synthesis of a-diazo-b-hydroxyesters from sodium
azide via azidation, diazo transfer and aldol reaction
under PTC conditions. The results of an asymmetric
aldol reaction using chiral PTC are also presented.

Wang and co-workers reported that a-diazoesters are
acidic enough to undergo condensation with various
aldehydes and imines in the presence of a catalytic
amount of DBU to give the corresponding aldol
adducts.3;4 The starting diazoesters can be prepared
from the corresponding b-ketoesters5 under PTC con-
ditions, which can be obtained from tosyl azide prepared
by reacting sodium azide and tosyl chloride with PTC.6

According to these reports, we planned the PTC-pro-
moted one-pot synthesis of a-diazo-b-hydroxyesters
from NaN3 under aqueous basic conditions without the
isolation or purification of explosive intermediates. Ini-
tially, we tried a three-step reaction using 10mol% of
tetrahexylammonium bromide (THAB) with TsCl, tert-
butyl acetoacetate 1a and benzaldehyde 2a. The azida-
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tion reaction in CH2Cl2 was found to be proceeded
smoothly and quantitatively under mild conditions to
give the TsN3, however subsequent diazo transfer with
25% aq NaOH at rt was slow and the desired aldol
product 3a was obtained in only 38% yield even after
100 h, as shown in entry 1 (Table 1). To avoid hydrolysis
of the diazoester or ketoester, less basic conditions were
investigated, as shown in entry 2. Azidation and diazo
transfer processes proceeded successfully and the sub-
sequent aldol reaction with 5 equiv of 2a gave 3a in 70%
yield. On the other hand, ethyl ester 1b was found to be
quite an effective substrate, and the diazo transfer pro-
cess was complete within 9 h to give 4a in 87% yield
under similar conditions (entry 3). Moreover, diethyl-
ether was also an effective solvent in the diazo-transfer
step: the reaction was complete within 1.5 h and gave 4a
in 82% yield (entry 4).7

Encouraged by these results, we next examined various
aldehydes under optimized conditions (Table 2). As
expected, both aromatic and aliphatic aldehydes were
smoothly converted into the corresponding aldols. For
example, aromatic aldehydes such as 2b and 2c were
transformed to 4b and 4c in respective yields of 73% and
80% in the presence of 10mol% of THAB (entries 1 and
2). Moreover, primary and secondary aldehydes such as
2d–g also gave the desired product in good to high yields
without any self-condensation of 2 (entries 3–6). How-
ever, the reaction of 2h was quite slow due to steric
hindrance, and gave 4h in 73% yield after 18 h (entry 7).

Thus, we have developed an efficient synthesis of
a-diazo-b-hydroxyesters under PTC conditions via a one-
pot process. Next, a catalytic asymmetric carbon–carbon
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Table 1. One-pot synthesis of a-diazo-b-hydroxyesters under PTC conditions

NaN3

TsCl (1 eq)
THAB (10 mol%)

sol - H2O, rt, 1 h
TsN3

base
condition A

Ph OR

O
MeCOCH2CO2R 1(1 eq) PhCHO 2a 

OH

N2

OR

O

N2

Azidation Diazo transfer Aldol reaction

condition B

3 or 4

Entry 1 Solvent Base (equiv) Condition A 2a (equiv) Condition B Yield (%)

1 1a: R¼ t-Bu CH2Cl2 25% NaOH (5) rt, 100 h 1.2 rt, 40 h 3a: 38

2 1a: R¼ t-Bu CH2Cl2 11% NaOH (3) rt, 85 h 5 0 �C, 3 h 3a: 70

3 1b: R¼Et CH2Cl2 11% NaOH (3) rt, 9 h 5 0 �C, 3 h 4a: 87

4 1b: R¼Et Et2O 11% NaOH (3) rt, 1.5 h 5 0 �C, 7 h 4a: 82

Table 2. One-pot reaction using various aldehydes

NaN3

1) TsCl (1 eq), THAB (10 mol%)
Et2O - H2O, rt, 1 h

2) 1b (1 eq), 11% aq. NaOH (3 eq)
rt, 1.5 h 

3) RCHO (2, 5 eq), 0 °C, time (h)
OEt

OOH

N2

4

R

Entry 2: aldehyde Time (h) Yield (%)

1 2b: R¼ 4-MeO–Ph 2 4b: 73

2 2c: R¼ 1-naphthyl 3 4c: 80

3 2d: R¼Ph(CH2)2 3 4d: 86a

4 2e: R¼ i-Bu 20 4e: 82

5 2f: R¼ i-Pr 3 4f: 75

6 2g: R¼ c-Hex 4 4g: 75

7 2h: R¼ t-Bu 18 4h: 73

a Three equivalents of 2d was used.
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bond-forming reaction using a chiral PTC was investi-
gated (Table 3).8 Initially, we examined the reaction
using a readily available quaternary salt (PTC A),9;10

diazoester and benzaldehyde 2a, as shown in Table 3.
The reaction was carried out in the presence of 10mol%
of PTC A with tert-butyl diazoacetate, and gave the
desired product 3a at )20 �C with 32% ee. To optimize
the conditions, the solvent and base were surveyed. With
a strong base such as 50% aq RbOH, the reaction
proceeded smoothly in toluene even at )40 �C, and gave
3a in excellent yield with 56% ee (entry 4).11;12 The
absolute stereochemistry was determined to be R based
Table 3. Catalytic asymmetric aldol reaction of 2a using PTC A

aq. baseOtBu

O

N2

PhCHO
PTC A (10 mol%)

2a

+

Entry Solvent Base 2a (equiv)

1 Et2O 11% NaOH 5

2 Et2O 11% NaOH 5

3 Toluene 50% KOH 5

4 Toluene 50% RbOH 1.5

aDetermined by chiral HPLC analysis using Daicel Chiralcel OD.
on a comparison of the optical rotation to that of the
corresponding b-hydroxyester after treatment of 3a with
Pd/H2.

13

The results described above indicate that PTC A plays
an important role in creating a chiral stereocentre. We
next investigated the scope and limitations of this reac-
tion using various aldehydes under similar conditions
(Table 4). Surprisingly, the substituents on the benzene
ring in aldehydes strongly influenced the enantioselec-
tivity. For example, a methyl group at the 4 position
decreased the ee value to 39% and a more strong elec-
tron-donating group such as methoxy resulted in a
racemate of 3b (entries 1 and 2). On the other hand, an
electron-withdrawing group such as 4-CF3 dramatically
increased the ee with good yield (entry 3). Furthermore,
1-naphthaldehyde 2c, which contains a highly conju-
gated plane, seems to be quite effective, and gave the
corresponding aldol in 79% ee (entry 4). Next, we turned
to investigate the aliphatic aldehydes. In case of
a-monosubstituted aliphatic aldehydes (2d–e), their
enantioselectivity was quite lower with up to 31% ee
(entries 5 and 6), however the bulkier substituents such
as isopropyl and cyclohexyl groups gave better results
(entries 7 and 8) and pivalaldehyde 2h was converted
into 3h in good yield with 78% ee (entry 9). These results
are summarized in Table 4.

The aldol reaction between diazoacetates and aldehydes
under basic conditions is known to be an equilibrium
process,4b and we next investigated the reaction profile.
Ph

OOH

N2

OtBu

3a

N

N
OH

Cl

PTC A

Conditions Yield (%) Ee (%)a

)20 �C, 30 h 59 32

)40 �C, 5 h 74 39

)40 �C, 5 h 66 44

)40 �C, 12 h 91 56



50% RbOH
toluene, –40 °C, 10 h

PTC A (10 mol%)

Ph OtBu OtBu

OOH

N2

(±)-3a

Ph

OOH

N2

3a 72% (3% ee)

Scheme 1. Retroaldol reaction of (±)-3a with PTC A.

Table 4. Catalytic asymmetric aldol reaction with various aldehydes

50% RbOH
toluene, –40 °C

R

OOH

N2

OtBu OtBu

O

N2

RCHO (2,1.5 eq) 
PTC A (10 mol%) 

3

Entry R Time (h) Yield (%) Ee (%)

1 2i: 4-Me–Ph 66 3i: 66 39

2 2b: 4-MeO–Ph 120 3b: 56 0

3 2j: 4-CF3–Ph 140 3j: 81 73

4 2c: 1-naphthyl 94 3c: 86 79

5 2d: Ph(CH2)2 72 3d: 32 31

6 2e: i-Bu 72 3e: 85 20

7 2f: i-Pr 20 3f: 45 40

8 2g: c-Hex 10 3g: 88 33

9 2h: t-Bu 72 3h: 83 78
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As shown in Figure 1, the chemical yield of 3a gradually
increased as the reaction proceeded and reached to
equilibrium after 5 h at 90% yield. The enantioselectivity
was also not constant but rather similar to the chemical
yield, increased during the early phase step (0–3 h) and
reached around 60% ee after 3 h. (±)-3a was subjected to
similar conditions. As expected both tert-butyl di-
azoacetate and 2a were observed even at )40 �C and 3a
was recovered in only 3% ee (72% yield), which shows
that the kinetic resolution of racemic 3a does not play a
role in this reaction (Scheme 1). These results suggest
that the asymmetric induction of 3a is achieved via not
only C–C bond formation but also a retroaldol step.14

In conclusion, we have realized a phase-transfer-cata-
lyzed one-pot process to give a-diazo-b-hydroxyesters
under mild conditions and have applied chiral PTC to
asymmetric induction to give aldol adducts (up to 79%
ee). We assume that enantiomeric enrichment by the
retroaldol reaction of racemic 3a is also important for
the observed asymmetric induction. However, the
overall asymmetric induction is still unclear. Further
studies on the mechanism of this reaction and optimi-
zation of the catalyst structure are in progress.
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Figure 1. Reaction profile of 3a.
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