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Homologation of a-hydroxy acids to a-unsubstituted b-hydroxy
carboxamides via Arndt–Eistert reaction
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Abstract—Here we studied the homologation of leucic and phenyl lactic acid via Wolff-rearrangement of their diazoketones to the
corresponding b-hydroxy acids. This reaction requires distinct conditions to that of their amino acid analogues. The choice of the
Oa-substituent can selectively direct the reaction to a-unsubstituted b-hydroxy carboxamides or (E)-a,b-unsaturated carboxamides
and offers a new route from a-hydroxy acids to such compounds.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1. Main synthetic pathways to chiral b-hydroxy acids.
1. Introduction

Many depsipeptides isolated from marine organisms are
attractive targets for medicinal chemistry because of
their broad range of biological activities.1 a-Unsubsti-
tuted b-hydroxy carboxylic acids are often present in
these architectures and are essential for activity. Syn-
thetic approaches toward these b-hydroxy acids are gen-
erally challenging. For example, the a-unsubstituted
b-hydroxy carboxylic acid motif of the histone deacetylase
inhibitor spiruchostatin A is synthesized via chiral aux-
iliary-based Aldol reactions with N-acetyl thiazolidine-
thione as an acetate enolate equivalent.2 This elegant
approach provides the enantiopure b-hydroxy acid
which is already carboxyl-activated for incorporation
into the depsipeptide. The aldehyde required for the
Aldol reaction is synthesized from malonic acid mono-
methylester by a four-step procedure (Scheme 1, i). A
second main approach to a-unsubstituted b-hydroxy
carboxylic acids is the reduction of the corresponding
3-oxo-carboxylates. For example, 3-hydroxy-5-methyl
hexanoic acid ester can be obtained with high enantio-
meric purity in quantitative yield by reduction of the
corresponding 3-oxo-analogue in the presence of the
Noyori catalyst.3 The 3-oxo carboxylate is prepared
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from Meldrum’s acid and isopentanoyl chloride, the cat-
alyst is generated in situ and the reduction requires
100 atm of hydrogene (Scheme 1, ii). 3-Oxo-carboxylic
acids can also be reduced enantioselectively with the chi-
ral borane DIP-Cl4 and by engineered bacteria.5

In addition to the above mentioned main approaches,
alternative and more special routes are already developed,
like asymmetric Reformatsky reactions,6 stereoselective
reduction of 1-trimethylsilyl-1-alkyn-3-ones,7 stereose-
lective Rh-catalyzed C–H insertion of a-alkoxydiazoke-
tones,8 enantioselective Al-catalyzed two-step hydration
of a,b-unsaturated imides9 and nucleophilic ring open-
ing of (S)-3-hydroxy-c-butyrolactone with subsequent
modification of the terminal hydroxy group.10
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In our current research on depsipeptides, we have found
a general access to a-unsubstituted b-hydroxy carbox-
ylic acids bearing the side chains of proteinogenic amino
acids a desirable feature. Although, many of the afore-
mentioned protocols are applicable for the enantiopure
b-hydroxy-1-carboxylic acid unit, the preparation of
the required starting materials, such as the aldehydes
for the Aldol-type reactions, or the b-ketoacids for the
reductive approach, is often laborious or even not
described. On the other hand, it is well known that
a-amino acids can be homologized efficiently by the
Arndt–Eistert reaction, a synthetic application of the
Wolff-rearrangement.11 We envisioned the Arndt–Eist-
ert homologation of a-hydroxy acids (readily available
from a-amino acids by diazotization12) as a convenient
and general route to the b-hydroxy analogues of inter-
est. This approach would circumvent both the construc-
tion of the stereo-centre and the side-chain at the
b-carbon because the diazotization and the Arndt–Eist-
ert reaction proceed stereoconservatively under certain
conditions. Thus, starting from an amino acid, the cor-
responding a-unsubstituted b-hydroxy carboxylic acid
should be accessible in only four steps: (i) diazotization,
(ii) O-protection, (iii) generation of the diazoketone and
(iv) Wolff-rearrangement. With respect to the apparent
simplicity of this route, only very few applications have
been reported. The homologation of all four stereoiso-
mers of O-silyl-protected isoleucic acid after Oa-depro-
tection yields 20% of the corresponding b-hydroxy
acid methyl esters with (E)-a,b-unsaturated carboxylic
acid methyl esters as by-products.13 The homologation
of b-amino (or b-azido)-a-hydroxy acids to statins has
been reported to produce good (60–71%) yields (Scheme
2).14
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Scheme 3. Homologation/elimination of Oa-substituted diazoketones.
2. Results and discussion

Diazoketones derived from a-amino acids are highly
reactive species and undergo Wolff-rearrangement under
mild conditions. Thus, Fmoc-homo-b-amino acids are
formed from the corresponding diazoketones by ultra-
sonication in aq dioxane in the presence of Ag+ at room
temperature.15 b-Peptides are prepared on solid-phase
from diazoketones of a-amino acids and resin-bound
amino acids at 0 �C,16 and b-aminoxy acid amides are
obtained from diazoketones of a-aminoxy acids and
amines at �78�C.17 We found diazoketones of a-hydroxy
acids to be less reactive. Conversion of Fmoc-OLeu-
CHN2 (2a) and Fmoc-OPhe-CHN2 (2b) (obtained in
33% and 39% overall yield from leucic acid (1a) and
phenyllactic acid (1b), respectively, after O-Fmoc-pro-
tection18 and carboxyl-activation followed by reaction
with etheric solution of diazomethane (Refs. 11b and
15)) required elevated temperatures. On reaction with
H–Phe–NH2 as nucleophile in dioxane at 50 �C for
15 min in the presence of silver benzoate, the homologa-
tion/elimination products (S)-Na-[(E)-5-methyl-hex-2-
enoyl]-phenylalanine amide (3a, 86%)19 and (S)-Na-
[(E)-4-phenyl-but-2-enoyl]-phenylalanine amide (3b,
72%) were isolated as main products and traces of the
homologation products were detected only in the crude
reaction mixture. These findings are consistent with
other reports on diazoketones bearing an O-substituent
in a-position (Scheme 3).20

The Fmoc-group of 2a and 2b were cleaved with 20%
piperidine in DMF without affecting the diazoketone
moiety, to give the Oa-unprotected diazoketones 4a21

and 4b, which have not been described before. Shock-
heating was required to induce the reaction of com-
pounds 4. Microwave irradiation was chosen because
it allows controlled heating in small-scale runs.22 Solu-
tions of 4a containing equimolar amounts of H–Phe–
NH2 as nucleophile and a catalytic amount of silver ben-
zoate in different solvents were thus reacted for 2 min at
150 �C in a closed microwave reactor. The 1H NMR
spectrum of the crude product showed b-hydroxy acid
depsipeptide 5a and the homologation/elimination
product 3a. The ratio of these two products was deter-
mined by comparing the 1H NMR integration values
for the a-CH2 of the homologation product 5a (two
dd at 2.25 ppm) and the olefinic proton R–CH@CH–
CH2–CH(CH3)2 of 3a (m at 5.92 ppm). The ratio was
strongly influenced by the solvent used. However, the
best yields were obtained in solvent-free reactions. In
this case, depsipeptide 5a was isolated in 47% yield23

and depsipeptide 5b from diazoketone 4b in 48% yield.
Prolonging the heating time up to 10 min did not alter
the ratio of products, therefore thermal dehydratation
of 5a to 3a was excluded as a possible origin of olefinic
compound (Scheme 4, Table 1).

To find out the most valuable candidates for the Wolff-
rearrangement, diazoketones of leucic acid bearing the
most common O-protecting groups were synthesized.
The O-acetyl protected diazoketone 624 was obtained
from O-acetyl leucic acid. The tetrahydropyranyl
(THP)-protected leucic acid (Ref. 18) gave diazoketone
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Table 1. Effect of solvents on the reaction of diazoketones 4 with
H–Phe–NH2 (Scheme 4)

Educt Solvent, time (min) Ratio I (5):II (3)a

4a DMF, 2 Ca. 1:3
4a DMF, 10 Ca. 1:3
4a MeOH, 2 Ca. 3:4
4a MeOH, 10 Ca. 3:4
4a EtOH, 2 Ca. 1:1
4a No solvent, 2 Ca. 4:1
4b No solvent, 2 Ca. 4:1

a Determined by 1H NMR integration.

Table 2. Effect of the O-protecting group of diazoketones on reaction
with H–Phe–NH2 as the nucleophile (Scheme 4)

R2 of diazoketone (R1 = iBu) Ratio I/II (3a)a

H (4a) Ca. 4:1
Bzl (8) Ca. 0.8:1
TBDMS (9) Ca. 0.7:1
THP (7) Ca. 0.7:1
Ac (6) Traces of depsipeptide
Fmoc (2a) Traces of depsipeptide

a Determined by 1H NMR as described above.

Table 3. Effect of the nucleophiles on the ratios of b-hydroxy acid
derivative I/dehydratation product II (Scheme 4)

Diazoketone and nucleophile Ratio I/IIa

4a, 1 equiv LL-a-methyl benzylamine Ca. 6:1 (10a, 88%)
4b, 1 equiv LL-a–methyl benzylamine Ca. 7:1 (10b, 50%)
4a, 1 equiv H–Phe–NH2 Ca. 4:1 (5a, 47%)
4b, 1 equiv H–Phe–NH2 Ca. 4:1 (5b, 48%)
4b, 3 equiv N,N-methoxy methylamine Ca. 3:1 (11, 47%)
4a, aq dioxane Ca. 2.3:1
4a, excess allyl alcohol Ca. 0.7:1
4a, H–Phe–MBHA rink amide, aq dioxane Ca. 0.6:1

a Determined by 1H NMR in the reaction mixture. The isolated yields
of products are shown in parenthesis.
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7. The a-OH of leucic acid methylester25 was benzyl26

(Bzl)-tert-butyldimethylsilyl (TBDMS)- (Ref. 3) pro-
tected. Saponification of the methyl ester, followed by
activation and reaction of the 1-carboxylic group with
diazomethane gave diazoketones 8 and 9, respectively.
When the THP-, Bzl- and TBDMS-ethers (7, 8 and 9,
respectively) were reacted with H–Phe–NH2 following
the microwave protocol described above, the homologa-
tion and homologation/elimination products were found
in a ratio of ca. 1:1. The O-acyl-protected diazoketones
2 and 6 gave almost exclusively homologation/elimina-
tion products. However, the unprotected diazoketone
4a still produced the best yields of b-depsipeptide 5.
These findings indicate that protection of the Oa-func-
tion enhances its tendency to act as leaving group
(Scheme 4, Table 2).

We next studied the effect of the nucleophile on the
reaction. Diazoketones 4a,b were reacted with different
amines and alcohols under the above described condi-
tions. LL-a-Methyl benzylamine react with 4a and 4b to
b-hydroxy carboxamides 10a and 10b, which were iso-
lated in 88% and 50% yield, respectively. Reaction of
4a,b with phenylalanine amide yielded depsipeptides
5a and 5b in 47% and 48%, respectively. Upon reaction
of 4b with N,N-methoxy-methylamine, the Weinreb-
amide 11 (47%) was obtained. Homologation/elimina-
tion was favoured when weaker nucleophiles, such as
water, allyl alcohol and also solid phase-bound amino
acids, were used. Addition of nucleophile excess did
not improve the yields of homologation products
(Scheme 4, Table 3). However, this new variant of the
Arndt–Eistert reaction required strong heating with
amines. To detect racemization, DD-leucine was con-
verted into diazoketone 4a–D and reacted with LL-a-
methylbenzylamine to form the diastereomer 10a–D.
Normal phase HPLC of the product revealed a d.e. of
86%.
3. Conclusion

To the best of our knowledge, this is the first detailed
study of the potential of a-hydroxy acids to undergo
Arndt–Eistert homologation via Wolff-rearrangement
of their diazoketones. In summary, we have found for
a-hydroxy acids a distinct reaction behaviour than that
of their amino acid analogues. The tendency of a-hydroxy
acids to undergo homologation or homologation/elimi-
nation reaction under the applied conditions is a
function of the O-substituent, the solvent and the nucleo-
phile. Oa-acyl derivates yielded (E)-a,b-unsaturated
carboxamides (72–86%). Oa-Unprotected diazoketones,
a so far unknown subclass of diazoketones, favoured
homologation to a-unsubstituted b-hydroxy carbox-
amides (47%–88% isolated yields) on reaction with
amines in the presence of catalytic amounts of silver
benzoate when shock-heated with microwave irradiation
(150 �C, 2 min). Although the scope of this protocol is
limited to the use of amines as nucleophilic trapping re-
agents and partial racemization was detected, it may be
useful for the incorporation of b-hydroxy acids in the
N-terminal position of peptides and preparation of
b-hydroxy carboxamides.
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