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ABSTRACT: The direct carboxylation of the ipso-C(sp2)−H bond
of a diazo compound with carbon dioxide under mild reaction
conditions is described. This method is transition-metal-free, uses a
weak base, and proceeds at ambient temperature under atmospheric
pressure in carbon dioxide. The carboxylation exhibits high
reactivity and is amenable to subsequent diversification. A series
of unsymmetrical 1,3-diester/keto/amide diazo compounds are
obtained with moderate to excellent yields (up to 99%) with good
functional group compatibility.

Nucleophilic addition reactions of diazo compounds with
various electrophiles have been known for more than a

century.1 Many of these reactions have been developed into
useful methods for organic synthesis. For example, the
Buchner−Curtius−Schlotterbeck reaction combines aldehydes
or ketones with aliphatic diazoalkanes to form homologated
ketones.2 In 1935, Arndt and Eistert reported the nucleophilic
addition of diazomethane to acyl chlorides to afford α-diazo
ketones.3 Diazo compounds are generally sensitive to acids but
are relatively stable under basic conditions. Base-promoted 1,2-
or 1,4-additions to carbonyl compounds with the diazo group
retained, as well as their asymmetric version, have been well
documented in past decades.1,4 Besides carbonyl compounds,
organoboron reagents have been found to react with diazo
compounds under mild conditions.5 This type of reaction was
pioneered by Hooz in 19686 and further developed by Wang7

and Barluenga.8 A palladium-catalyzed cross-coupling reaction
using diazo compounds as the nucleophilic partner was
developed by Wang in 2007.9

Looking through this history (Scheme 1a), the most
common and available electrophile, carbon dioxide (CO2),
surprisingly has not been used in this addition reaction. CO2, a
greenhouse gas, has attracted much attention as an inexpensive,
nontoxic, nonflammable, renewable, and abundant C1 building
block for organic synthesis.10 The carboxylation of C−H bonds
using CO2 is emerging as a straightforward and atom-economic
way to synthesize carboxylic acids and their derivatives.11

We present here an addition reaction of the diazo compound
ipso-C−H bond to CO2 under very mild reaction conditions
with the diazo group retained. The resulting α-diazo
carboxylate intermediates can be readily converted to esters
and amides in a one-pot method (Scheme 1c). From a
synthetic perspective, this method is particularly suitable for
accessing unsymmetrical diazomalonates and their derivatives

(vide infra). While these products can also be prepared via
direct diazo transfer onto activated methylenes (Scheme 1b),
the unsymmetrical malonate diester starting materials are not
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Scheme 1. Diazo Group as Nucleophile
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readily available and often require special techniques to
prepare.12 In contrast, our method provides modular synthesis
of unsymmetrical diazomalonates.
An electron-withdrawing group at the α position stabilizes

the diazo group, which makes the diazo compounds easy to
handle but also makes the ipso-C−H bond more acidic. The
literature contains many reports of transition-metal-free, base-
promoted additions of acidic C−H bonds to CO2.

13 The
carboxylation of several representative types of acidic C−H
bonds, such as at the α position of a carbonyl compound13a−i

and at certain sites on an aromatic heterocycle,13j,m,n has been
achieved using various bases such as DBU and alkali carbonates.
Thus, we envisioned that a judicious choice of base would be
critical to promoting the desired reactivity of diazo compounds
with carbon dioxide.
We initiated our studies by investigating the carboxylation of

ethyl diazoacetate (EDA) 1a with 1 atm of CO2 in the presence
of a base and an additional electrophile (benzyl bromide 2a in
this case) to trap the newly formed carboxylate anion. A variety
of bases were examined with 3a obtained with 84% isolated
yield using Cs2CO3 as the base (Table 1, entry 5). The use of

an organic base, DBU, was unsuccessful (entry 6). Other
solvents, such as dichloromethane, 1,4-dioxane, THF, or
DMSO, proved to be less efficient (entries 7−10), while
DMF exhibited a positive solvent effect that afforded a 79%
yield of 3a (entry 11). Since a stoichiometric amount of
carbonate salt is used as the base, the source of the carboxyl
group must be accurately identified. To this end, a control
experiment was conducted in a N2 atmosphere (i.e., in the
absence of CO2, entry 12). Not surprisingly, this reaction gave
only trace amounts of product, indicating that CO2 is the main
source of the carboxyl group for this carboxylation reaction.
These optimal reaction conditions were then used for

substrate scope studies with the results shown in Table 2.
Substituted benzyl bromides, allyl bromide, and α-bromo
carbonyl compounds were all good electrophiles for ester-
ification of the carboxylate, which was formed in situ by the

addition of the diazo group to CO2, furnishing high yields of
the products (>80% in most cases). Other common alkyl
bromides were less reactive. Thus, alkyl iodides were employed
and/or the solvent was switched to DMF (3l, 3n, and 3q) to
enhance the reactivity of the esterification step. The chemo-
selectivity of this transformation was further demonstrated by
the compatibility of ketone and aldehyde functional groups in
cases 3g and 3h. α-Diazo alkyl ketones also worked well and
produced diazo β-keto esters with >80% yields (3r and 3s),
while an α-diazo aryl ketone gave a relatively low yield (3t,
45%). This carboxylation−esterification strategy was also
applied to the synthesis of α-diazo amides (3u−x) and α-
diazo phosphonate (3y) with 65−94% yields.
The utility of this methodology was further investigated by

studying the carboxylation−amidation of α-diazo compounds.
The scope is summarized in Table 3. Carboxylation of the diazo
ipso-C−H bond with CO2 generated the α-diazo carboxylate
intermediate, which reacted with methylsulfonyl chloride to
form a mixed anhydride. Finally, an amine was introduced to
deliver the final amide products. This protocol gave a range of

Table 1. Optimization of the Reaction Conditionsa

entry base solvent yieldb (%)

1 K2CO3 CH3CN 9
2 Li2CO3 CH3CN nd
3 KOtBu CH3CN trace
4 CsF CH3CN 17
5 Cs2CO3 CH3CN 84
6 DBU CH3CN trace
7 Cs2CO3 DCM trace
8 Cs2CO3 1,4-dioxane trace
9 Cs2CO3 THF trace
10 Cs2CO3 DMSO 30
11 Cs2CO3 DMF 79
12c Cs2CO3 CH3CN trace

aReaction conditions: 1a (0.5 mmol), CO2 (1 atm, closed, 50 mL
Schlenk flask, about 2 mmol, 4 equiv based on the ideal gas law at 20
°C), 2a (0.75 mmol, 1.5 equiv), base (0.6 mmol, 1.2 equiv), solvent (2
mL), 24 h, nd, not detected. bIsolated yields were reported. cN2
atmosphere.

Table 2. Carboxylation−Esterification of Diazo
Compoundsa

aReaction conditions: 1 (0.5 mmol), CO2 (1 atm, closed, 50 mL
Schlenk flask, about 2 mmol, 4 equiv based on the ideal gas law at 20
°C), 2 (0.75 mmol, 1.5 equiv), Cs2CO3 (0.6 mmol, 1.2 equiv),
acetonitrile (2 mL), 50 °C, 24 h. Bromides were used unless specified
otherwise. Isolated yields were given. b80 °C. cDMF is used as solvent.
For more details, see the Supporting Information.
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primary and secondary amines with the amide products
obtained with moderate to good yields (50−74%).
In addition to stable diazo compounds with an electron-

withdrawing group at the α position of the diazo group, labile
TMSCHN2 is also a competent substrate for the desired
transformation. This can be attributed to the mild reaction
conditions and the high intrinsic reactivity of the diazo C−H
addition to CO2. Thus, increasing the stoichiometry of the base
and the halide results in the carboxylation−esterification of
TMSCHN2 proceeding on both sides of the diazo group to
furnish symmetrical diazomalonates 5 with moderate to good
yields (Table 4, 5a−e, 38−68%).
The deprotonation of monosubstituted diazocarbonyls and

subsequent C−C bond formation by nucleophilic addition to
the electrophiles is well documented.1,14 Accordingly, we
propose that our reaction is also an example of deprotona-
tion−nucleophilic addition. We also performed a number of
mechanistic experiments to support the deprotonation−
addition process with the details shown in the Supporting
Information.
To demonstrate the utility of these unsymmetrical diazo

malonates/ketones/amides, several 3 and 4 products were
subjected to typical transformations via metal−carbene
chemistry. For example, reduction to the methylene group

(6),15 O−H insertion (7),16 formal C−H insertion (8),17 the
sulfonium ylide [2,3]-sigmatropic rearrangement (9),18 and
cyclopropanation (10)19 can be efficiently performed in a single
step from the corresponding diazo starting materials (Scheme
2).

In summary, we have demonstrated the first use of CO2 as an
electrophile for the diazo addition reaction. The reaction
harnesses the intrinsic nucleophilicity of the diazo group, so no
strong base, no transition metal, and no harsh conditions are
needed. The resulting α-diazo carboxylate can be readily
converted to esters and amides in a one-pot method. This
method provides a new retrosynthetic disconnection for
chemists in the preparation of unsymmetrical 1,3-dicarbonyl
2-diazo compounds and their derivatives.
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Experiemental procedures, X-ray data for 4q, and NMR
spectra (PDF)

Table 3. Carboxylation−Amidation of Diazo Compoundsa

aReaction conditions: 1 (0.5 mmol), CO2 (1 atm, closed, 50 mL
Schlenk flask, about 2 mmol, 4 equiv based on the ideal gas law at 20
°C), Cs2CO3 (0.6 mmol, 1.2 equiv), acetonitrile (2 mL), 50 °C, 24 h.
Then MsCl (0.75 mmol, 1.5 equiv), Bu4NCl (0.05 mmol, 0.1 equiv),
50 °C, 0.5 h. Amine (1 mmol, 2 equiv), 50 °C, 12 h. Isolated yields
were reported.

Table 4. Carboxylation−Esterification of TMSCHN2
a

aReaction conditions: TMSCHN2 (0.5 mmol, 0.25 mL of 2 M in
hexane), CO2 (1 atm, closed, 100 mL Schlenk tube, about 4 mmol, 8
equiv based on the ideal gas law at 20 °C), Cs2CO3 (1.2 mmol, 2.4
equiv), alkyl bromide (3.0 mmol, 6 equiv), DMF (2 mL), rt, 24 h, then
50 °C, 24 h. Isolated yields were reported.

Scheme 2. Derivative Reactions of Unsymmetrical 1,3-
Dicarbonyl Diazo Compounds
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