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Abstract

A new method for the preparation of diazo ketones has been developed. 2,4,6-Trichloro-1,3,5-triazine
(cyanuric chloride) has been found to be an excellent coupling reagent allowing for the efficient transfer
of diazomethane to a carboxylic acid. Preparation of diazo ketones using carboxylic acids and triazine
reagents is considerably more convenient than classical diazo transfer protocols because water does not
have to be stringently removed and the entire procedure can be carried out in one-pot. Electron deficient
and neutral aryl carboxylic acids were found to give better results than electron rich or aliphatic
carboxylic acids. © 2000 Elsevier Science Ltd. All rights reserved.

Since the first recorded synthesis of an a-diazocarbonyl compound by Curtius in 1883,1 the
diazo moiety has become a key component in a number of synthetic transformations.2

Diazocarbonyl compounds are extremely versatile and have been prominent in many catalytic
carbon�carbon bond forming reactions. Most notable would be those involving cyclopropana-
tion, cyclopropenation, aromatic cycloaddition and ylide-type transformations.2b,3 The prepara-
tion of a-diazocarbonyl compounds can be accomplished by two main routes, derivatization of
existing diazoalkanes and diazo transfer processes using a sulfonyl azide (Fig. 1).2

Figure 1. Strategic methods for a-diazocarbonyl preparation
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Excluding cyclic derivatives, the most logical retrosynthetic disconnection of a-diazocarbonyl
compounds involves simple acylation of diazoalkane derivatives. Indeed the most popular
protocol involves the use of an acid chloride and diazomethane in excess. This route is
sometimes complicated by the presence of other functional groups in the molecule and thus
diazotization of the carboxylic acid via a mixed carbonic anhydride or an activated a-methylene
group flanked by an additional carbonyl derivative has also been used.2 As alternative synthetic
schemes are either circuitous or mandate the exclusion of water and typically involve two or
more steps using reagents of moderate to high cost, we began an investigation designed to find
a more convenient synthesis of these key compounds.

2,4,6-Trichloro-1,3,5-triazine (cyanuric chloride) has been reported as an efficient reagent in a
number of coupling processes involving the preparation of amides, esters and anhydrides.4 This
cost-effective reagent is amenable to large-scale processes with the only by-product being
insoluble hydroxytriazine. We have found, for the first time, that this reagent can be used in
conjunction with diazomethane for the preparation of diazo ketones in one-pot without the
exclusion of water. The need to either use or prepare moisture sensitive and perhaps expensive
compounds is completely circumvented with this new synthetic method.

Our investigation into the use of cyanuric chloride began when we found that classical acid
chloride and diazomethane protocols were unsuitable for the synthesis of a number of function-
alized diazo ketones. Although the yields were modest, we were delighted to observe the
feasibility of diazo ketone preparation using cyanuric chloride as promoter (Scheme 1). Using
sub-stoichiometric quantities of cyanuric chloride in the presence of carboxylic acid 1 and base
as a slurry in acetonitrile, diazocarbonyl compounds (3) are formed upon addition of ethereal
diazomethane.

Scheme 1.

We quickly realized that an evaluation of the reaction conditions employed was necessary.
Reaction conditions were optimized in terms of base, solvent, temperature, addition rate and
stoichiometry. Although tertiary amines were suitable bases in previous triazine-promoted
studies, the formation of a protonated tertiary amine would be problematic when working with
either diazo ketones or diazomethane.2,5,6 Using potassium carbonate (pKa=10.33)7 as the base
in the synthesis of diazoacetophenone (R=Ph, Scheme 1) improved the yield by 14% compared
to the same reaction with diisopropylethylamine (approx. pKa=10.5–11.0).8 The selection of
potassium carbonate is ideal because it: (1) insures a basic reaction medium; (2) can react with
the diazonium ion (pKa:−2)9 derived from diazoketone 3; and (3) forms innocuous by-products
of water and carbon dioxide in the presence of two equivalents of acid.

As was found in the amidation studies, the dipolar aprotic solvent acetonitrile was found to
be the best solvent.4 When issues of insolubility of the carboxylic acid were encountered, THF
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was used as co-solvent which resulted in no changes in overall yield (vide infra). Using water as
co-solvent with either benzoic acid or sodium benzoate, we were able to isolate diazoacetophe-
none in 35 and 29% yields, respectively. This illustrates a significant advantage with this
procedure. These examples provide a unique opportunity in the area of diazo ketone prepara-
tion where carboxylic acid derivatives that require the use of either an aqueous medium or are
extremely hydrophilic can be used without difficulty.

The reaction temperature prior to the addition of ethereal diazomethane also played an
important role. Using benzoic acid as the starting carboxylic acid, an optimal reaction
temperature of 0°C was observed. Listed below are the results obtained when changing the
reaction temperature prior to addition of diazomethane as a function of the percent isolated
yield of diazoacetophenone: 23% at 40°C, 48% at 25°C, 58% at 0°C and 18% at −10°C. The
mass balances for all the reactions surveyed were excellent (92–97%). In conjunction with diazo
ketone formation was isolation of the corresponding methyl ester. Interestingly, no change in the
ratio of diazo ketone to methyl ester was observed when performing the reactions under
anhydrous conditions. Formation of methyl ester could be attributed to either incomplete
addition of the carboxylic acid onto the triazine promoter due to solubility problems or
adventitious formation of an anhydride which is known to occur with triazine derivatives.10

Efforts to provide some insight into the identity of the intermediates responsible for this
coupling process via NMR were inconclusive; however, there does exist experimental evidence
supporting the formation of peracylated triazine intermediate 2 and not the corresponding acid
chloride (Scheme 1).4,10

We also observed, using benzoic acid, a moderate change in the isolated yield of diazo ketone
when an inverse addition of carboxylic acid and cyanuric chloride was performed, 46% yield
(inverse) versus 58% yield (standard). When the rate of addition (mL/min) of the carboxylic acid
solution increased, a drop in overall diazo ketone production was observed, 1 min addition (50%
yield) versus a 60 min addition (58% yield). Thus a slow addition of the carboxylic acid as a
solution in either THF or CH3CN was found to be superior to other modes of addition. No
improvements were observed when the addition was performed over more than 1 h.

The temperature and addition rate studies reveal a delicate balance between both processes of
diazo ketone and methyl ester formation. Optimal reaction conditions involved a slow addition
of the carboxylic acid as a solution in THF over 1 h to a rapidly stirring slurry consisting of
cyanuric chloride and potassium carbonate in CH3CN at 0°C. The use of a minimum of 2.0
equivalents of potassium carbonate and 2.7 equivalents of diazomethane resulted in higher
yields. This insured a basic medium which has been shown to give the best results in
diazotization protocols of carboxylic acid derivatives.6 With optimized conditions in hand, we
examined the scope and limitations of this new diazo ketone synthesis (Table 1).11

Table 1 reveals some interesting trends. First, aryl carboxylic acids (entries 1–5) were superior
to aliphatic carboxylic acids (entry 7). Numerous attempts using a variety of reaction conditions
with other aliphatic acids, e.g. hexanoic acid (entry 8), consistently resulted in very low yields of
the desired diazo ketone. Aryl derivatives such as picolinic (entry 4) and 2-naphthoic acid (entry
5) afforded the desired diazo ketone in good yield. Second, the efficiency of diazo ketone
formation was observed to be sensitive to changes in the electronic properties of the carboxylic
acid. Electron deficient (entries 1 and 2) or neutral (entry 3) aryl carboxylic acids were
significantly better candidates than their electron rich adducts. 4-Methoxybenzoic acid (entry 9)
afforded the desired diazocarbonyl compound in less than 10% yield. Here again, the methyl
ester was the main product isolated (82% yield). Interestingly, when 3,5-dinitrobenzoic acid was
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Table 1
Triazine-promoted diazo ketone preparation

used (entry 10), only a trace of the desired diazo ketone was isolated which indicates that
strongly electron deficient carboxylic acids are also not appropriate substrates. The third and
final observation involved sterics. Carboxylic acid derivatives without a-methylenes or deriva-
tives which are sterically robust, e.g. 2,2-dimethylpropanoic acid, resulted in no diazo ketone
formation.

In summary, a simple protocol has been developed that permits the transformation of aryl
carboxylic acid derivatives into diazocarbonyl compounds in good yield using cyanuric chloride
as promoter and diazomethane. This procedure can be carried out in water and is affected in
one-pot, which is a significant advantage over current methods. Efforts to understand the subtle
electronic and steric effects as well as the use of other carbon-based nucleophiles with this
technology are underway and will be reported in due course.
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