
The catalytic insertion reaction into O–H bond with a-dia-
zocarbonyl compounds via a metal-carbenoid intermediate is
a very useful organic transformation for the synthesis of oxy-
gen-containing compounds.1—3) Remarkable advances, includ-
ing enantioselective insertion, have been made in catalytic
C–H insertions with a-diazocarbonyl compounds using
Rh(II) complexes.4—9) However, only limited success has
been achieved for asymmetric insertions into O–H bond.2,10—12)

Recently, Fu and Zhou independently reported asymmetric
insertion reactions into alcoholic,13) phenolic14) and aquatic15)

O–H bonds with a-diazoacetate using chiral Cu(I) com-
plexes. In contrast, chiral Rh(II) complexes gave poor enan-
tioselectivity (8% ee) in the O–H insertion reaction,11) while
they have given remarkable results in the C–H insertion reac-
tion. Since Rh(II) complexes are unique and powerful cata-
lysts in the insertion reaction, we attempted to apply them to
the enantioselective O–H insertion reaction.

Recently, Liang et al. conducted a physicochemical 
approach to O–H insertion reactions using density functional
theory (DFT).10) They concluded that Rh(II) complex does
not have enough affinity to the oxonium ylide intermediate to
form firmly fixed stereocenter around the metal. Hence, we
sought to design a novel approach to the enantioselective
O–H insertion reaction catalyzed by Rh(II) complexes, inde-
pendent of its own chirality. It is of interest that chiral amine
additives expressed its own chirality on metal mediated epox-
idation reaction using achiral Mn-salen complex.16)

Accordingly, we envisaged that an intermolecular O–H 
insertion of a-aryldiazoacetate and water should produce a
mandelate in an enantioselective manner using cinchona 
alkaloids and Rh(II) complexes. Using this method, we now
report that a combination of quinine (1) or quinidine (2) and
dirhodium(II) tetra(triphenylacetate), Rh2(TPA)4, in the O–H
insertion provides mandelate as the sole product in up to
50% ee.

In our initial studies, we explored the intermolecular O–H
insertion of methyl phenydiazoacetate in dichloromethane
using 1 mol% of Rh2(TPA)4

17,18) and 2 mol% of quinine (1)
(Table 1, entry 1).19—22) As expected, the reaction proceeded
smoothly at 23 °C to completion within 4 h, giving methyl
mandelate in 82% yield. The enantioselectivity in this reac-
tion was 38% ee, as determined by HPLC (Daicel Chiralcel
OD-H). The preferred absolute stereochemistry was (S),
which was established by comparing the sign of the optical

rotation with the literature value.23) It is worth noting that
enantioselectivity for a particular product was provided by
the cinchona alkaloids, not by the rhodium catalyst. The
enantiomeric induction in this system may be due to the for-
mation of a chiral complex between rhodium-carbenenoid
and cinchona alkaoid. To rule out the possibility that the 
reaction was catalyzed by quinine (1), we performed the re-
action under identical conditions in the absence of Rh2(TPA)4

and observed no background reaction. To further enhance the
enantioselectivity, we evaluated the abilities of other
dirhodium(II) carboxylate catalysts (Table 1, entries 2—5).
While a uniform sense of asymmetric induction was ob-
served in all cases, the enantioselectivities were lower than
that of Rh2(TPA)4. The less reactive dirhodium(II) amidate
catalyst, Rh2(cap)4, was not suitable for this transformation in
terms of both chemical yield and enantiocontrol (Table 1,
entry 6). Therefore, Rh2(TPA)4 was chosen as the optimum
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Fig. 1. Structures of Rh(II) Complexes and Cinchona Alkaloids

Table 1. Intermolecular O–H Insertion Reaction of Methyl a-Diazophenyl-
acetate with Water Using Rh(II) Complexes and Quinine (1)

Entry
Rh(II) 

Time (h) Yield (%)a) ee (%)b)

complex

1 Rh2(TPA)4 4 82 38
2 Rh2(OAc)4 28 59 34
3 Rh2(piv)4 2 80 31
4 Rh2(oct)4 22 73 32
5 Rh2(pfb)4 0.3 54 29
6 Rh2(cap)4 230 59 15

a) Isolated yield. b) Determined by HPLC (Daicel Chiralcel OD-H).



catalyst in terms of enantioselectivity, and was used for fur-
ther study.24)

We then investigated other cinchona alkaloids as additives
and their optimal quantities. A clear pseudo-enantiomeric 
effect was observed for quinine (1) and quinidine (2) (Table
2, entries 1, 2). Structurally similar cinchona alkaloids, cin-
chonine (3) and cinchonidine (4), were not the additives of
choice with respect to reaction rate and enantioselectivity
(Table 2, entries 3, 4).25) Interestingly, quinine (1) and cin-
chonine (3) afforded the opposite absolute configurations of
the products. The only structural difference was the sub-
stituent on the 6�-methoxy group on quinoline ring, which
suggests that the methoxy group affects the conformation of
these cinchona alkaloids, which is important in terms of
enantiomeric induction. Without quinine (1), no asymmetric
induction was observed and the product yield was reduced as
the formation of dimer and methyl benzoylformate (Table 2,
entry 5).26) With the amount of quinine (1) increased to 5
mol% and 10 mol%, similar enantiocontrol was observed, but
chemical yields decreased to 69% and 61%, respectively
(Table 2, entries 1 vs. 6, 7). The reactivity of the Rh(II) com-
plex should be decreased by the coordination of the tertiary
nitrogen in quinine (1) to the Rh(II) catalyst.

Next, we attempted to use silica gel in the O–H insertion
reaction of a-phenyldioazoacetate and water. Silica gel is a
good solid support for organic transformations.27—30) In this
reaction system, water was employed as a substrate, which
limits the temperature to no less than 0 °C. Silica gel can 
absorb water molecules on its surface, thus its surface may
serve to enhance the reaction rate at a temperature less than
the freezing point of water. As expected, the reaction rate was
8 times faster at 23 °C without affecting the yield and enan-
tioselectivity (Table 2, entry 1 vs. Table 3, entry 1). Further,
the reaction proceeded smoothly at 0 °C to completion within
2 h, providing the product quantitatively in 45% ee (Table 3,
entry 2). Without silica gel, 56 h was needed for completion
of this transformation with a slight decrease in chemical
yield (Table 3, entry 3). We were gratified to find that the
enantioselectivity was further enhanced up to 50% ee by low-
ering the temperature to �10 °C without affecting the reac-
tion rate (Table 3, entry 4). This result suggested that the 
reaction seems to be controlled by rather reaction kinetics

than thermodynamics. However, as the reaction temperature
was further decreased to �20 °C, enantioselectivity of the
product dropped to 46% (Table 3, entry 5).

In summary, we have developed a highly efficient method
for the catalytic enantioselective O–H insertion reaction of
a-phenyldiazoacetate. The enantioselectivity of 50% is the
highest achieved in Rh(II) catalyzed O–H insertion reactions
to date. While the mechanism of Rh(II) complex/cinchona
alkaloid catalyzed O–H insertion reactions remains unclear,
it is apparent that the enantioselectivity is substantially influ-
enced by the stereochemistry of the cinchona alkaloids. Fur-
ther studies on substituent effects as well as the design of
chiral additives to further enhance enantioselectivity are cur-
rently underway in our laboratories.

Experimental
General Procedure for the Preparation of (S)-Methyl Mandelate23)

(Table 3, Entry 4) To a solution of Rh2(TPA)4 (2.8 mg, 0.002 mmol) and
quinine (1.3 mg, 0.004 mmol) in CH2Cl2 (1 ml) was added silica gel (30 mg,
Wako gel® C-200) and H2O (3.6 m l, 0.20 mmol). A solution of methyl 2-
diazo-2-phenylacetate (36 mg, 0.20 mmol) in CH2Cl2 (1 ml) was added to the
reaction mixture at �10 °C. After stirring at the same temperature for 2 h,
filtration and evaporation in vacuo furnished the crude product, which was
purified by preparative TLC (3 : 1 hexane/EtOAc) to provide methyl mande-
late (30 mg, 90%) as a colorless needle. The enantiomeric excess was deter-
mined by HPLC with a chiral stationary phase column.

Rf�0.15 (5 : 1 hexane/EtOAc). 1H-NMR (CDCl3) d : 3.43 (1H, d, J�5.5
Hz), 3.76 (3H, s), 5.18 (1H, d, J�5.5 Hz), 7.33—7.43 (5H, m). [a]D

22 �82.0
(c�1.2, CHCl3) for 50% ee [lit.,23) [a]D

20 �180.5 (c�1.3, CHCl3) for 97.1%
ee of (S)-form]. HPLC tR (major enantiomer)�8.2 min (74.8%); tR (minor
enantiomer)�12.1 min (25.2%) (Daicel Chiralcel OD-H, 9 : 1 hexane/iPrOH,
1.0 ml/min, detection 254 nm).
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