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An efficient synthesis of �-amino[3-13C]levulinic acid
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Abstract—A new convenient synthesis of [3-13C]ALA, using 13C-methyl phenyl sulfone, with 62% overall yield in six steps, is
described. The overall yield of this synthesis exceeds that of previously reported methods. © 2002 Elsevier Science Ltd. All rights
reserved.

�-Aminolevulinic acid (ALA, 1a) which is known as an
insecticide and herbicide,1 is an intermediate in the
biosynthesis of tetrapyrrolic compounds such as vita-
min B12, chlorophyll and heme.2a,b As shown in Fig. 1,
vitamin B12 and other tetrapyrrolic compounds are
biosynthesized from uroporphyrinogen III (uro’gen III,
3), which is derived in turn from eight molecules of
ALA via ‘tetramerization’ of the monopyrrolic precur-
sor porphobilinogen (PBG, 2).3a,b

Isotopomers of ALA regioselectively labeled with 13C
have been systematically used for the structural elucida-
tion of the intermediates in the biosynthesis and
metabolism of these tetrapyrrolic compounds in combi-
nation with the widely available high-field FT NMR
technique. Especially for the vitamin B12 biosynthetic
pathways, the availability of not only [4-13C]ALA and
[5-13C]ALA but also [3-13C]ALA (1b) has proved
extremely useful as 1b leads to the labeling of positions

C-2, C-7, C-12 and C-18 of the porphyrinoid ring.4a,b

There have been several reports concerning the synthe-
sis of ALA5a–l including two regioselective synthesis of
[3-13C]ALA (1b).5a,b However, the synthetic methods
for 1b, which is now commercially available (but
extremely expensive), suffer from low yields resulting in
high costs. Therefore more efficient synthetic methods
for 1b were required and we now report on a new
synthetic method which is of lower cost, easy handling
and convenient for large scale preparations, as illus-
trated in Scheme 1.

The target product 1b was synthesized starting from
13C-methyl phenyl sulfone 4, which is easily made from
13C-iodomethane.6 Sulfone 4 was treated with nBuLi
and to the resulting yellow solution, ethyl tert-
butyldimethylsiloxy-acetate was added to give ketone 5
in 86% yield.7 Coupling of ketone 5 with ethyl bro-
moacetate using NaH in THF, gave sulfone 6 in 83%

Figure 1. Overview of the early stages in the biosynthesis of some porphyrinoids.
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Scheme 1. Reagents and conditions : (A) nBuLi, THF, 0°C then TBSOCH2CO2Et, 86%; (B) NaH, THF, 0°C then BrCH2CO2Et,
83 and 15% recovered 5; (C) (i) Al(Hg), THF–H2O, rt, 97%, (ii) AcOH, THF–H2O, rt, 99%; (D) phthalimide, DEAD, Ph3P, PhH,
rt, 81%; (E) 6N HCl, reflux, 95%.

yield and recovered 5 (which can be recycled; 15%).
Removal of the benzensulfonyl group of 6 with Al(Hg)8

in 97% yield followed by removal of TBS group with
excess AcOH in THF–H2O provided alcohol 7 (99%).
Compound 7 was converted to phthalimido 8 via the
Mitsunobu reaction9 using phthalimide, DEAD and
Ph3P in 81% yield. Hydrolysis of the phthalyl and ethyl
ester groups with 6N HCl of phthalimido 8 followed by
recrystallization from H2O–iPrOH–Et2O yielded the
desired product 1b in 95% yield. The spectral data (mp,
IR, 1H, 13C NMR) for synthetic 1b10 are in full agree-
ment with those reported previously.5a,b

The above methodology was achieved in six steps and
62% overall yield (from 4). The overall yield of the
present synthesis and the better costs exceed that of any
other method reported to date.
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