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InBr3 promoted three-component reactions of an aryldiazoacetate, an alcohol, and an electron deficient
carbonyl compound gave a,b-dihydroxyl acid derivatives in good yield with high diastereoselectivity.
The reaction is proposed through a protic oxonium ylide trapping process. The reaction mechanism for
the formation of the protic oxonium ylide via Lewis acid InBr3 catalyzed diazo decomposition is sug-
gested through a vinyl cationic intermediate.
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Transition-metal catalyzed diazo decomposition through a curred in the presence of InBr to afford three-component a,b-
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carbenoid intermediate plays an important role in organic synthe-
sis.1 Rhodium and copper complexes are the most widely used
transition-metal catalysts for the diazo decomposition.2 In addi-
tion, some other transition metals such as Pd,3a Ni,3b Ru,3c Co,3d

and Fe3e,f have been reported to catalyze diazo decomposition
reactions. In contrast, less attention has been paid to use Lewis
acids to successfully catalyze diazo decomposition.4 This is par-
tially because Lewis acids are commonly considered to be compat-
ible to diazo compounds, and they are mostly employed as
catalysts to activate other electrophilic substrates in the reaction
that involves diazo compounds. Nevertheless, some Lewis acids
with stronger Lewis acidity have been reported to catalyze diazo
decomposition via reaction pathways other than metal carbe-
noid.4a,b For example, Padwa et al. reported Lewis acids (such as
BF3�Et2O) catalyzed decomposition of a-hydroxyl diazoacetate, in
which, the reaction was proposed through a vinyl cationic interme-
diate (Scheme 1).4a We have reported novel transition-metal cata-
lyzed three-component reactions of a diazo compound, an alcohol,
and an electrophile to give polyfunctional molecules in an efficient
fashion.5 A protic oxonium ylide, that is in situ generated from a
metal carbenoid and an alcohol, was proposed as an intermediate
in the reaction. We report here the first example of employing Le-
wis acid InBr3 to successfully catalyze such a three-component
reaction. Thus, diazo decomposition reactions of an aryldiazoace-
tate, an alcohol with an electron deficient carbonyl compound oc-
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dihydroxyl acid derivatives efficiently.
We have recently shown that InBr3 served as an effective additive

helping to control the diastereoselectivity in Rh2(OAc)4 catalyzed
three-component reactions of an aryldiazoacetate, an alcohol, and
a b,c-unsaturated a-keto ester.6 Since InBr3 was reported to be an
effective catalyst for the diazo decomposition,4d we wondered if
InBr3 alone can promote the three-component reaction. We first
examined InBr3 catalyzed O–H insertion of a diazo compound and
an alcohol, because this reaction can provide useful information
regarding protic oxonium ylide formation. It was found that when
an electron donating aryldiazo acetate, such as methyl para-
methoxyphenyl diazoacetate (1a), was used as a substrate, InBr3 cat-
alyzed reaction with BnOH gave the corresponding O–H insertion
product 9a in a 60% yield. No reaction occurred when an electron
1 2

vinyl cation

Scheme 1. Lewis acid catalyzed diazo decomposition proposed by Padwa.4a
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withdrawing aryldiazoacetate was used in the O–H insertion
reaction. A possible reaction pathway for the O–H insertion was sug-
gested through a metal associate protic oxonium ylide intermediate
as shown in Scheme 2: co-ordination of p-methoxyphenyl diazoace-
tate with InBr3 gives the intermediate I. Loss of N2 may occur to form
a vinyl cationic intermediate II.4a Reaction of the electrophilic inter-
mediate II with BnOH may result in the metal associate protic oxo-
nium ylide intermediate III, which undergoes a proton transfer to
give the O–H insertion product 9a. An electron-donating substitu-
tion on the phenyl ring of the diazo compound should help to stabi-
lize the vinyl cationic intermediate IIa. Based on the assumption of
the oxonium ylide formation, we envisioned that the protic oxonium
intermediate III could be trapped by an electrophile, such as a car-
bonyl compound to give IV, which leads to the corresponding
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Table 1
Three-component reactions of an aryldiazoacetate, an alcohol and an electr

Ar1 CO2Me

N2
+ Ar2 OH Ar3 CHO+

InBr

DCM
1 2 3

Entry Ar1 Ar2 Ar3

1b,c p-OMe Ph Ph p-NO2 Ph
2 POMePh Ph p-NO2Ph
3 Ph Ph p-NO2Ph
4 p-CH3Ph Ph p-NO2Ph
5 p-OMePh Ph o-NO2Ph
6 p-OMePh Ph p-CF3Ph
7 p-OMePh p-ClPh p-NO2Ph
8 p-OMePh p-CH3Ph p-NO2Ph

a All reactions were carried out in CH2Cl2 at 40 �C for 4 h with 1:2:3 = 1
b Reaction was carried out in CH2Cl2 at 40 �C for 1 h with 1:2:3 = 1.0:1.1
c Isolated yield of both isomers after column chromatography purificati
d Isolated yield of erythro-isomer after column chromatography purifica
e Determined by 1H NMR of unpurified reaction mixtures.
three-component product via a ‘delayed proton transfer’ process
(Scheme 2).

Initially, p-NO2 benzaldehyde (3a) was selected to verify our
hypothesis. para-Methoxyphenyl diazoacetate 1a was added to a
mixture of benzyl alcohol 2a and 3a in the presence of InBr3. Grat-
ifyingly, the reaction gave excellent yield (95%) and high diastere-
oselectivity (96:4) favoring erythro isomer (Table 1, entry 2). In
contrast, the same reaction catalyzed by Rh2(OAc)4 alone gave
the same product in low dr (62:38) (Table 1, entry 1). Inspired by
such a promising result, the reaction was extended to additional
substrates and representative results are summarized in Table 1.
Similarly high dr (95:5) was obtained when using phenyl diazoace-
tate (1b) and p-methylphenyl diazoacetate (1c) as substrates,
whereas product yields are little lower (entries 3 and 4). The
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6a 87 62:38
6a 95 96:4
6b 52 95:5
6c 62 95:5
6d 73 90:10
6e 50 96:4
6f 75 96:4
6g 69 95:5

.5:1.5:1.0 (mmol) by using 20 mol % InBr3.
:1.1 (mmol) by using 1 mol % Rh2(OAc)4.
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reaction proceeded well with electron deficient aromatic alde-
hydes due to enhanced electrophilicity of the aldehydes that en-
able them to efficiently trap the protic oxonium intermediate
(entries 2–8). When using electron rich para-methoxyl benzalde-
hyde as a substrate, corresponding trapping product was obtained
in only a 22% yield with 50:50 dr.

The InBr3 catalyzed three-component reaction was further ex-
tended to other electron deficient carbonyl compounds. The reac-
tion proceeded smoothly with aryl keto esters and isatins, and
the results are summarized in Tables 2 and 3, respectively. In the
case of using aryl keto esters, InBr3 gave higher dr than copper cat-
alyst. While CuPF6(CH3CN)4 gave the product in very low dr
(51:49) (Table 2, entry 1), dr of greater than 80:20 was observed
when using InBr3 as the catalyst (Tale 2, entries 2–6). The more
electron rich diazo compounds gave both higher yield and dr
Table 2, entries 2–4). Significant effect of the substitution of benzyl
alcohol on the reaction outcome was observed in this case, as elec-
tron rich p-methylbenzyl alcohol gave both decreased yield and dr
(Table 2, entry 6 versus entries 2 and 5). Istains were identified as
good substrates as well. While Rh2(OAc)4 gave the reaction with
good yield and excellent dr (99:1) favoring erythro isomer (Table
3, entry 1), the diastereoselectivity was switched to threo when
Table 2
Three-component reactions of an aryldiazoacetate, an alcohol, and a ke

Ar1 CO2Me

N2
+ Ar2 OH +

1 2 4
Ph

O
O

O

InBr3

DCM
A

Entry Ar1 Ar2

1b,c Ph Ph
2 p-OMePh Ph
3 p-CH3Ph Ph
4 Ph Ph
5 p-OMePh p-ClPh
6 p-OMePh p-CH3Ph

a All reactions were carried out in CH2Cl2 at 25 �C for 4 h with 1:2:
b Reactions were carried out in CH2Cl2 at 40 �C for 2 h with 1:2:3 =
c Isolated yield of both isomers after column chromatography puri
d Isolated yields of threo-isomer after column chromatography pur
e Determined by 1H NMR of unpurified reaction mixtures.

Table 3
Three-component reactions of an aryldiazoacetate, an alcohol, and an i

PMP CO2Me

N2 + BnOH
N

O

OR1

InBr3

DCM
+

1 2 5

Entry R1 8

1b H 8a
2 H 8a
3 4-Cl 8b
4 5-Cl 8c
5 6-Cl 8d

a All reactions were carried out in CH2Cl2 at 40 �C for 4 h with 1:2:
b Reaction was carried out in CH2Cl2 at 40 �C for 1 h with 1:2:3 = 1
c Isolated yields of threo and erythro-isomers after column chroma
d Determined by 1H NMR of unpurified reaction mixtures.
using the InBr3 catalyst (Table 3, entries 2–5). The InBr3 catalyzed
three-component reactions with isatins gave good yield with mod-
erate to high dr favoring threo isomer.

Several control experiments were carried out to exclude the pos-
sibility that the three-component products 6 or 7 were formed from
the O–H insertion product 9a via a stepwise reaction pathway. The
reaction of 9a with 3a or 4a did not provide any three-component
product 6a or 7a in the presence of InBr3. Treatment of diazo com-
pound 1a and aldehyde 3a in the presence of InBr3 afforded only
dimerization product of the diazo compound (Scheme 3). The con-
trol experiments indicate that the three-component reaction only
occurs when the all three substrates are concurrent, and are in
agreement with the proposed reaction pathway shown in Scheme 2.

In conclusion, we first report InBr3 catalyzed three-component
reactions of aryldiazoacetates, alcohols and carbonyl compounds
to afford a,b-dihydroxyl acid derivatives in an efficient and cost
effective way. InBr3 acts as a Lewis acid to decompose a diazo com-
pound in generating a protic oxonium ylide intermediate, which is
trapped by an electron deficient carbonyl compound in a highly
diastereoselective manner. The reactions still have some limita-
tions in substrate scope. Further work will emphasize on expand-
ing the substrate scope and managing enantioselective control.
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