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Abstract
Several carboxylic acids, including N-Boc, N-Cbz and N-Fmoc amino acids were reduced to the corresponding alcohols by activation

of the carboxy function with cyanuric chloride and N-methylmorpholine followed by reduction with aqueous sodium borohydride.
© 1999 Elsevier Science Litd. All rights reserved.
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The selective reduction of carboxylic acids to alcohols is still an important task for organic chemists. Several
reagents will carry out this reaction, for example, lithium aluminium hydride, boranes or modified sodium
borohydride [1]. Some of these reagents suffer from limitations such as the use of anhydrous solvents, hazards
in handling the reducing agent or incompatibility with other functional or protective groups present in the
molecule. This last drawback may occur in the reduction of protected amino acids, as the Boc protecting group
is labile in the presence of NaBHy/acids and the Cbz or the Fmoc protecting group may be cleaved with LiAlHy4
or BH3, For amino acid derivatives a possible alternative is to reduce the unprotected amino acid to amino
alcohol followed by protection of the amino group [2]. When this protocol is not possible, the carboxyl group
can be activated using the mixed carbonic anhydride approach followed by reduction with NaBH4 [3]. Although
this last procedure is very efficient, we sometimes noticed the formation of different amounts of the ester
derived from decarboxylation of the intermediate carbonic anhydride that occurred before the reduction step.
The ester is not reduced by NaBH4 in water and must be separated from the desired alcohol by column
chromatography. The chemoselective reduction of carboxylic acids to alcohols by activation of the carboxyl
group with BOP followed by reduction with NaBH4 was described recently [4]. Although very simple, this
procedure cannot be reasonably carried out on large scale due to the high cost of the BOP reagent. 5]

We report here that carboxylic acids can be activated with cyanuric chloride [5] and subsequently reduced to
the corresponding alcohol with NaBHj4 in water.

A typical procedure, applied to the reduction of ¥-Cbz-proline, is as follows: to a solution of cyanuric
chloride (0.92 g, 5 mmol) dissolved in DME (30 mL, commercial grade) N-methylmorpholine (0.55 mL, 5 mmol)
was added at room temperature under stirring. A white suspension was formed and to this mixture a solution N-
Cbz-proline (1.24 g, 5 mmol) in 10 mL of DME was added. After 3 h at room temperature the mixture was
filtered (Buchner funnel). The flask was cooled to 0°C and NaBH4 (0.28g, 7.5 mmol) dissolved in water (15
mL) was added (attention: evolution of gas was observed during the addition). The mixture was stirred for
additional 5 min at 0°C and diethy] ether was added. The solution was acidified (HCI 10% or KHSO4 can be
used depending on the nature of the substrate). The organic layer was separated and subsequently washed with a
solution of NapCO3 10% and brine. After drying over anhydrous NazSQOy4 the solvent was evaporated to give
1.04 g of pure Cbz-Prolinol (89% yield, [a]p 29= -42.5 (¢ = 2, CDCl3), lit [at]p 25= -41.4 (c =2.2 CDC3). [6]
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Table: Reduction of carboxylic acids with cyanuric chloride, NMM and NaBH4

|
j\ CIJ\N/ ¢l j\ l\ NaBH, Hp0,0°C __
R” “OH S~ N/)\Cl A oH

NMM, DME, 3 h, rt

1 3
Carboxylic acid __Yield of alcohol® _Carboxylic acid Yield of aicohol®
R = PhCH2CHa- 92% Cbz-Pro-OH 89%
R = PhyCH- 88% Boc-Ala-OH 90%
R = 0-NO2CgH4- 97% Boc-Asp(OBn)-OH 73%
R = 3,4,5-(Me0)3CeHzr 77% Boc-Glu-OBn 98%
R = BrCHoCHoCHy- 76% Fmoc-Phe-OH 75%
R = PhCH=CH- 93%" Fmoc-Val-OH 85%

a) Yields refer to isolated and fully characterized products.
b) Yield refers to a 80 : 20 mixture of unsaturated : saturated compounds.

As described in the table, this procedure is particularly suitable for protected amino acids; Boc, Cbz and
Fmoc protective groups are stable under these conditions. The different carboxylic groups of aspartic and
glutamic acids can be reduced in good yield without affecting the other ester function. The optical purity of the
alcohols derived from amino acids was established by comparing the optical rotation values with those reported
in the literature. The occurrence of racemisation was never observed. [7]

In the case of reduction of conjugated acids as cinnamic or crotonic acids the major product was the expected
allylic alcohol together with 15-20% of the saturated alcohol arising from the unavoidable reduction of the
product with NaBHy4 in alkaline medium. Further attempts to optimise this procedure or to drive the reduction
to the formation of aldehydes are currently underway and will be reported in due course.
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