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Abstract—Highly syn-selective additions of aryl Grignard reagents to Garner aldehyde 5 are reported, making possible a practical,
asymmetric synthesis of the potent glucosylceramide synthase inhibitor 3. © 2002 Elsevier Science Ltd. All rights reserved.

Fabry disease is an inherited, X-linked inborn error of
glycolipid catabolism resulting in a defective lysozomal
�-galactosidase A in tissues of affected males.1 As in
other lysozomal storage disorders (Gaucher, Sandhoff,
Tay-Sachs diseases), the enzymatic defect leads to an
accumulation in most visceral tissues of precursor gly-
cosphingolipids. The current treatment of Gaucher dis-
ease involves costly intravenous infusions of a
replacement enzyme.2 A similar strategy for treating
Fabry disease using infusions of �-galactosidase A has
recently been reported.3

An alternative approach to treatment, known as ‘sub-
strate deprivation’, involves inhibiting an enzyme in the
biosynthesis of the accumulating glycosphingolipid,
specifically glucosylceramide synthase, which catalyzes
the first committed step of glycosphingolipid biosynthe-
sis.4 Promising results using this strategy have been
reported with N-butyldeoxynojirimycin (NBDNJ), a
compound originally developed as an �-glucosidase
inhibitor.5 However, NBDNJ-treated mice experienced
weight loss as well as a decrease in both the size and
function of spleen and thymus.6

In 1992, Abe et al. identified D-threo-1-phenyl-2-
decanoylamino-3-morpholino-1-propanol (PDMP; 1 in
Fig. 1) as a new type of glucosylceramide synthase
inhibitor.7 Since then, more active sphingosine-like
analogs of PDMP have been developed by modifying
the cyclic amine,8 the fatty acid amide9 and the benzene
ring10 of 1. Such modifications led to much more potent
PDMP analogs 2–4. Compounds 3–4 are 2000-fold
more active than either NBDNJ or PDMP, and
markedly deplete globotriaosylceramide, the glycolipid

that accumulates in virally transformed lymphoblasts
from a patient with Fabry disease, with no impairment
of cell growth.11 Here we report a method for the
syn-selective addition of aryl Grignard reagents to the
well-known Garner aldehyde, and illustrate its utility
with a practical synthesis of inhibitor 3.

We designed our approach around the stereoselective
addition of aryl metal compounds to aldehyde 5
(Scheme 1) hoping to obtain syn-adducts 6, which were
envisioned as precursors of 2–4 via intermediates 7
(Scheme 1). Our goal was to improve on prior work
with 5 and its congeners.

In an earlier synthesis of 1 (eight steps, 14% overall),
Mitchell et al. were successful in achieving predomi-
nantly syn-addition (8:1, 70% yield) of PhMgBr to an

Figure 1.* Corresponding author.
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Scheme 1.

12 h. In each case, the desired adduct was obtained in
good yield (68% for 6a, 74% for 6b; 64% for 6c) and
with 20:1 syn :anti stereoselectivity.19 In each case, the
identity of the syn-product was established by compari-
son of NMR spectral data with authentic samples of
both stereoisomers.

The utility of this syn-selective addition reaction was
illustrated by an enantioselective synthesis of the potent
glucosylceramide synthase inhibitor 3 (Scheme 2). Com-
pound 3 had previously been prepared from
ethylenedioxyphenacyl bromide as an unspecified mix-
ture of syn and anti racemic forms.10 Besides being
enantioselective, the new route also circumvented sev-
eral protection and deprotection steps reported in ear-
lier syntheses of PDMP and its analogs.8c,12

To synthesize 3, the acetonide protecting group in 6b
was removed using 0.1N HCl,12 affording 9b in 82%
yield.20a The minor amounts of anti-stereoisomer 8b
proved resistant to acid hydrolysis, and was readily
removed from 9b by chromatographic purification at
this stage. Selective mesylation of 9b afforded 10b in
85% yield. The N-alkylation of pyrrolidine with 10b led
to 11b (58%).20b Acid-catalyzed deprotection of the
BOC group, then N-acylation using palmitoyl chloride
(C15H31COCl) in a modification of the published
procedure12 led to the desired target 3 in 87%.20c The
transformation of 5 into 3 was accomplished in six
steps and 26% overall yield.

The short, enantioselective synthesis of inhibitor 3
reported here should be readily adaptable to scale-up,
as well as to the synthesis of other glucosylceramide
synthase inhibitors for clinical development. The ver-
satility of the route should also make it possible to
construct a wide array of functionalized analogs and
derivatives, which may be of interest as glycolipid

O-protected serine aldehyde as its benzophenone Schiff
base.8c By contrast, Nishida et al. found that anti-addi-
tion prevailed in reactions of PhLi and PhMgBr with 5
under various conditions. The syn-adduct 6a was only
slightly favored (1.1:1 6a:8a) in the reaction of PhMgBr
with 5 in ether using excess ZnBr2. Moreover, separa-
tion of the isomers by chromatography proved
difficult.12,13 Subsequently, an exhaustive review of
organometallic additions to 5 summarizing the effects
of metal, solvent, and added Lewis acid catalyst was
published, confirming that substantial quantities of the
undesired anti-product 8 were formed in most arylmetal
addition reactions.14 Using C6H5Li and C6H5MgBr, for
example, ratios of 6a:8a ranged from 1:5 to 1:3.15

Those results notwithstanding, two promising findings
led us to investigate the reaction of 5 with aryl Grig-
nard reagents mediated by CuI–Me2S. In one report,
the reaction of trimethylsilylethynylmagnesium bromide
with 5 in the presence of CuI using THF–Me2S as
solvent afforded the expected carbinol in 95% yield,
with a syn :anti ratio of 20:1.16 In a separate study,
predominantly syn-addition of allylmagnesium bromide
to 5 was achieved under similar conditions (96% yield,
3:1 syn :anti ).17

Encouraged by those results, we investigated the addi-
tions of phenyl, 3,4-ethylenedioxyphenyl,18 and p-
methoxyphenylmagnesium bromides with 5. Optimal
results were obtained by dropwise addition of the
appropriate Grignard reagent (2 equiv., based on 5) to
a −78°C mixture of CuI (3 equiv.) in 5:1 THF:Me2S.
The −78°C bath was replaced with a −35°C bath and
the mixture was stirred at −40 to −35°C for 30 min and
then recooled to −78°C. A solution of 5 (1 equiv.) in
THF was then added over 30 min via syringe pump at
−78°C. The mixture was warmed to rt with stirring for

Scheme 2. Reagents and conditions : (a) 0.1N HCl, THF; (b)
MsCl, Et3N (1 equiv. each), CH2Cl2, 0°C; (c) pyrrolidine (5
equiv.) DMF, 45°C; (d) 3N HCl, 0°C to rt; (e) C15H31COCl
(0.95 equiv.) Et3N (2 equiv.), DMAP (cat), CH2Cl2, −20°C to
rt.
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inhibitors find new applications in the fields of insulin
sensitization,21 inhibition of metastasis,22 multidrug
resistance,23 antigen presentation,24 and antifungal
chemotherapy.25
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