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ABSTRACT

Carboxylic acids and amino acids are readily converted, under mild conditions, into the corresponding activated esters, which are reacted
with Grignard/CuI reagent to give the corresponding ketones in nearly quantitative yields. The compounds were recovered substantially pure
from the reaction mixtures.

N-ProtectedR-amino ketones are very important compounds
in synthetic organic chemistry. In fact, they are interesting
as intermediates in natural product synthesis1 and as starting
materials for nitrogen-containing heterocycles.2

Several methods for the synthesis ofR-amino ketones have
been reported starting fromR-amino acids.3 Recently, a
conversion ofR-amino acids into NH-Boc3d and NH-Cbz3e

protectedR-amino ketones via imidazolides with Grignard
reagents under Cu(I) catalysis or by palladium-catalyzed
reaction of thiol esters with organozinc reagents, respectively,
were reported. The yields were in general satisfactory, but
the final product had to be purified on silica gel. A valuable
method to obtain ketones and in particularN-protected
R-amino ketones2,4 is based on the reaction between Grignard
or organolithium reagents andN-protectedR-amino Weinreb

amides.5 At present, this route might not suffer any more
from drawbacks since we have very recently reported an easy
one-flask procedure that allows one to obtain quantitatively
the amide without any purification.6 However, it requires a
large excess of the organometallic reagent.2,4

On this basis of and following our interest in the use of
[1,3,5]triazine derivatives in organic synthesis,7 we describe
herein an alternative approach that avoids the formation of
the Weinreb amide and provides an efficient and cheap
conversion of acids and in particular ofR-amino acids into
the corresponding ketones via direct reaction with Grignard/
CuI reagents.

The procedure is based on the treatment of the carboxylic
acid with 2-chloro-4,6-dimethoxy[1,3,5]triazine (CDMT) and
N-methylmorpholine (NMM) in THF, which gives the
corresponding activated ester quantitatively in ca. 1 h
(monitored by TLC) at room temperature.6 After filtering
the white precipitate, 1 equiv of anhydrous CuI is added to
the solution, containing the activated ester, followed by 1
equiv of freshly prepared Grignard reagent, slowly and at 0
°C (Scheme 1).
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As shown in Table 1, a variety of ketones andN-protected
R-amino ketones were prepared from commercially available
carboxylic acids and amino acids. In the most of the cases,
the yields were nearly quantitative and the conversion very
high.

It is interesting to note that the inversion of the addition
of the reagents (entry 2) does not influence the yield of the
reaction; however, the completion of the reaction requires
longer times. The presence of a stoichiometric amount of
CuI is necessary as the reaction of the Grignard reagent with
the activated ester furnished an extensive amount of the
tertiary alcohol even at low temperature (entry 3). Addition
of a catalytic amount (10%) of CuI to the Grignard reagent
led to grossly similar results, and the alcohol was the main
compound recovered (entry 4).8

Aromatic and aliphatic carboxylic acids are cleanly
converted to the corresponding ketones. In the case of
cinnamic acid, the reaction afforded mainly 2,6-dimethyl-
5-phenylheptan-3-one, corresponding to a Michael-type 1,4-
addition product, which undergoes a successive reaction of
the Grignard/CuI reagent with its activated carboxylic group.

This methodology is applicable to NH-Boc and N-Cbz
protectedR-amino acids having secondary amino groups.
With N-Cbz primary R-amino acids the only product
recovered is the dimeric N-Cbz diketopiperazine, which
presumably proceeds via the formation of the N-anion that
condenses with another molecule (Scheme 2).

The reaction proceeds with satisfactory rates with alkyl
organometallic derivatives, whereas vinyl metal compounds
seem to react slowly and with poor yields. The reaction is
very slow with alkynyl metal reagents, so that the corre-
sponding alkynyl ketone is formed only in negligible
amounts.9 In these last cases the reaction is not competitive
with the corresponding procedure via the Weinreb amides.6

According to what is already reported,6 significant race-
mization of the chiral center of theR-amino acids did not
occur under these conditions, as revealed by the optical
rotation values of the product6 if compared with that
reported in the literature.3e,6

The procedure for the synthesis ofN-benzyloxycarbonyl-
pyrrolidin-2-yl-propan-1-one6 is representative. CDMT
(0.74 g, 4.4 mmol) and NMM (1.2 mL, 11.1 mmol) were
added to a solution ofN-benzyloxycarbonyl-L-proline (0.89
g, 3.7 mmol) in THF (11 mL) maintained at room temper-

(8) All unknown compounds in the table were characterized by1H NMR,
13C NMR and elemental analysis.

(9) The product of self-coupling of the terminal alkyne used is the main
one in the hydrolyzed reaction mixture after usual workup.

Scheme 1

Table 1. Synthesis of Ketones from Carboxylic Acids

a %, after 3 h.b Inverse addition.c Reaction run without CuI (10% mol).
e 10% of isopropyl trans-cinnamate.f [R] 20

D -43.0° (c 0.76, CHCl3).
g [R] 20

D -36.3° (c 0.56, CHCl3).

Scheme 2
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ature. The white precipitate formed during 1 h of stirring
was filtered off under argon, CuI (0.70 g, 3.7 mmol) was
added to this solution, and then at 0°C, slowly, a THF
solution (5 mL) of ethylmagnesium bromide (1.24 mL of 3
N Et2O solution, 3.7 mmol) was added. After an additional
2-3 h of stirring at room temperature, the reaction mixture
was quenched with aqueous saturated NH4Cl and extracted
two times with 10 mL of diethyl ether. The combined organic
phases were washed with 15 mL each of saturated Na2CO3,
1 N HCl, and brine. The organic layer was dried over
anhydrous Na2SO4 to give, after evaporation of solvent,
compound6 (95%), nearly pure by TLC.10

Key features of this method, which leads in good yields
within a short period to the desired ketones, are the mild
conditions and, owing to the high reactivity of the activated

ester, the reduced amount of the Grignard reagent. The yields
are generally comparable to those obtained via the Weinreb
amides according to the recently reported method,6 without
using the expensiveN,O-dimethylhydroxylamine hydro-
chloride or converting the acid into a more complex
derivative. In conclusion, we believe that the simple method
here described is very useful for the preparation of NH-Boc
protectedR-amino ketones under mild conditions even in
large scale.
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(10) The crude products can be further purified by short-path silica gel.

The yield in the table refers to isolated yields, obtained after purification.
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