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Abstract: Synthesis of 5-epi-(–)-hyacinthacine A3 and (–)-hya-
cinthacine A3 has been achieved from the D-xylose-derived polyhy-
droxylated cyclic nitrone. Our synthetic strategy is potentially
general and flexible for the synthesis of both epimers of 5-alkyl-
hyacinthacines.
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ed pyrrolizidine, hyacinthacine

Naturally occurring iminosugars (polyhydroxylated alka-
loids) are sugar mimics in which a nitrogen replaces the
ring oxygen of the corresponding monosaccharide.1 Many
of these molecules exhibit diverse glycosidase inhibitory
activities, which have made them attractive candidate
agents for the treatment of diseases such as cancer,2 viral
infection,3 metabolic disorder,4 or as immunosuppressive
agents.5 Noteworthy members of this important class of
natural products are hyacinthacines, which are polyhy-
droxylated pyrrolizidine alkaloids.6

So far 19 hyacinthacines belonging to three groups (hya-
cinthacine A1–A7, B1–B7, C1–C5) plus several hyacintha-
cine derivatives bearing a long side chain at C5 have been
isolated (Figure 1).6 They are generally characterized as
(7aR)-hydro-1,2-dihydroxy-3-hydroxymethyl pyrrolizi-
dines with an alkyl group at C5 in most cases.

Figure 1 Selected members of hyacinthacines

Due to their promising bioactivities and intriguing archi-
tectures, the syntheses of hyacinthacines have been exten-
sively investigated and well documented.7 While many of
the existing synthetic methods are elegant and creative,
room for improvement still exists due to the length of the
current routes, and/or lack of selectivity, and/or flexibili-
ty. Taking into account the resemblance between imino-
sugars and monosaccharides, a flexible and
stereoselective synthetic approach that took advantage of
intrinsic stereochemistry of momosaccharides would be
highly desirable. In the context of our ongoing interest in
the synthesis and biological evaluation of the L-iminosug-
ars,8 noncompetitive inhibitors of glycosidase as shown
by recent research, we hoped to develop a general and
flexible approach for the rapid generation of the enantio-
mers of 5-alkyl-hyacinthacines. Our strategy was based
on sugar-derived polyhydroxylated cyclic nitrones, and is
illustrated here by a total synthesis of (–)-hyacinthacine
A3, the enantiomer of the naturally occurring (+)-hya-
cinthacines A3 which had been synthesized by Izquierdo7b

and Marco,7o respectively.

Our retrosynthetic concept for the synthesis of (–)-hya-
cinthacine A3 is outlined in Scheme 1. We envisioned that
amine 7, which would furnish (–)-hyacinthacine A3 by
global debenzylation, would be synthesized from ketone
8 by intramolecular reductive amination cyclization. Ke-
tone 8, in turn, could be prepared from the aldehyde 9m
via a two-step sequence, that is, methyl Grignard addition
and subsequent oxidation of the resulting alcohol. Amino
acetal 10, precursor of the aldehyde 9m, was proposed to
derive from the known xylose-derived cyclic nitrone 11.9

The proposed synthetic plan, if realized, could be quite
general and flexible since a variety of analogues of (–)-
hyacinthacine A3 might be accessible by diversifying the
Grignard reagents used in the addition to aldehyde 9m as
well as the starting carbohydrate-derived nitrones.

Nitrones are a versatile class of intermediate in organic
synthesis, especially in 1,3-dipolar reactions.10 The tactic
of diastereoselective addition of organometallic reagents
to nitrones was first reported by Coates11 and further ex-
plored by many others, such as that of Goti,12 Petrini,13

Merino,14 Trombini.15

In our earlier work, we developed an improved practical
synthesis of the polyhydroxylated cyclic nitrone 11.16 Ac-
cording to this procedure, multigram quantities of the cy-
clic nitrone 11 could be obtained from D-xylose in an easy
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manner. Thus, treatment of nitrone 11 with (3,3-
dimethoxypropyl)magnesium bromide,17 prepared from
acrolein, afforded the hydroxylamine 14 as a single iso-
mer in high yield (92–95%) after recrystallization at low
temperature (Scheme 2). The gratifyingly high trans se-
lectivity can be explained by a Felkin–Anh transition-
state model18 and is in accordance with previous results.19

Subsequent reduction of the resulting hydroxylamine 14
with Zn, Cu(OAc)2, and AcOH20 gave amino acetal 10 in
quantitative yield, and the crude product was pure enough
for NMR analysis. Protection of amino acetal 10 with
(Boc)2O furnished N-Boc-acetal 9 readily. N-Boc-acetal 9
was then converted into ketone 8 through a three-step,
one-pot sequence, that is, acidic deprotection of the acetal,
Grignard addition to the resulting aldehyde, and subse-
quent oxidation of the epimeric alcohols. Deprotection of
ketone 8 with trifluoroacetic acid and NaBH4 reduction of
the resulting iminium salt afforded amine 15 in high dia-
stereoselectivity. Palladium-catalyzed hydrogenolysis of
15 furnished the polyhydoxylated pyrrolizidine 16. How-
ever, the NOESY spectrum indicated compound 16 was

5-epi-(–)-hyacinthacine A3 {[a]D
20 –39.2 (c 0.51, D2O)},

that is, the product possessed opposite stereochemistry at
C5 to the desired configuration of the (–)-hyacinthacine
A3.

Although the stereo-outcome of the key reductive amina-
tion cyclization was neither desirable nor encouraging, we
deduced that if an alternative nucleophile, such as a meth-
yl anion instead of hydride, was used in the addition to the
iminium intermediate, the correct stereochemistry for (–)-
hyacinthacine A3 might be achieved.

To test our idea and to get (–)-hyacinthacine A3 in high se-
lectivity, we reformulated our synthetic plan. As depicted
in Scheme 3, our revised strategy remained similar to that
of our first-generation retrosynthetic analysis. The major
alteration to the previous synthetic plan lay in the method
for forming the fully protected amine 7. Based on the ex-
perience of synthesizing 5-epi-(–)-hyacinthacine A3 (16),
we envisaged that the C5 methyl substituent could be in-
troduced by diastereoselective addition of methyl magne-
sium iodide to the polyhydroxylated bicyclic iminium salt

Scheme 1 First-generation retrosynthetic analysis of (–)-hyacinthacine A3
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17, which could be a true iminium species or its equiva-
lent such as the a-amino nitrile.21 The iminium salt 17, in
turn, could be generated from the previously prepared
amino acetal 10.

Scheme 3 Second-generation retrosynthetic analysis of (–)-hyacin-
thacine A3

To execute this synthesis via the revised strategy, attempts
were made to prepare iminium salt 1722 from amino acetal
10, but all failed. This forced us to turn our attention to the
iminium salt equivalents such as a-amino nitriles, which,
as a class of versatile intermediates, have been widely
used in a number of synthetic applications, especially as
stable iminium salt precursors.21 Recently, the addition of
an organometallic reagent to a bicyclic a-amino nitrile ob-
tained by reductive cyanation, that is, the Bruylants reac-
tion,23 has been elegantly employed in the nonchiral pool
synthesis of (+)-hyacinthacine B1 by Delair.7n

Thus, amino acetal 10 was treated with 1 M HCl and po-
tassium cyanide under biphasic conditions (H2O–
CH2Cl2 = 1:1) according to the literature24 in an attempt to
prepare the a-amino nitrile 19, but unfortunately only
trace amount of products were detected after reaction for
10 days.  Much to our delight, the reaction proceeded
smoothly under homogeneous conditions, that is, when
only H2O was used as the reaction solvent, producing the
desired products in high yield (94%) with the expected dia-
stereoselectivity (dr = 44:1; Scheme 4). Single-crystal X-
ray analysis of the major product 1925 (Figure 2) and a
NOESY spectrum of the minor product 18 provided rigor-
ous proof for the proposed structures of the two products.
It is worth noting that this synthetic method of a-amino
nitrile 19 holds the following obvious merits in that: (a)
capable of multigram-scale synthesis, (b) no column chro-
matography purification was involved during the synthet-
ic sequence starting from D-xylose to the final product 19.

Figure 2 The X-ray crystal structure of compound 19

Bruylants reaction between a-amino nitrile 19 and methyl
magnesium iodide was then investigated (Table 1). The
Bruylants reaction of the a-amino nitrile 19 gave no prod-
ucts in the absence of Lewis acid at room temperature, but
afforded the desired product 7 at elevated temperature in
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Scheme 4 Synthesis of polyhyroxylated a-amino nitrile 19
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Table 1 Bruylants Reaction of a-Amino Nitrile 19 and Methyl 
Magnesium Iodide

Additive Solvent Temp dr Yield (%)c

– THF 0 °C to r.t. – n.r.

– THF reflux 8:1b 50

– toluene 90 °C – 42

AgBF4 CH2Cl2–THF r.t. 8.6:1a 82

AgOTf CH2Cl2–THF r.t. 8:1a 73

AgNO3 CH2Cl2–THF r.t. 7:1b 20

CuI CH2Cl2–THF r.t. – n.r.

ZnI2 CH2Cl2–THF r.t. 7.8:1b 40

BF3·OEt2 CH2Cl2–THF r.t. – n.r.

TMSOTf CH2Cl2–THF r.t. 3:1b 45

a Determined by 1H NMR.
b Determined by isolation of the two epimers.
c Isolated yield.
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moderate yields. Various Lewis acids were then screened
to effect the reaction. All the Ag salts screened generally
catalyzed the reaction, but AgBF4 gave the best result.26

Other inexpensive Lewis acids were also investigated,
ZnI2 and TMSOTf27 system gave less encouraging results,
while CuI and BF3·OEt2

28 system furnished no product.

After catalytic hydrogenolysis of 7, (–)-2 was readily ob-
tained in 95% yield (Scheme 5). The 600 MHz NOESY
spectrum (D2O) supported the assigned stereochemistry
based on the strong NOE effects observed between the
C(9)–H and C(3)–H as well as between the C(9)–H and
C(1)–H. The 400 MHz 1H and 13C NMR of compound
(–)-2 in D2O were identical to those reported for the natu-
ral (+)-hyacinthacine while the optical rotation of (–)-2
{[a]D

20 –16 (c 0.50, D2O)}was opposite to that of the nat-
ural product {[a]D

20 19.2 (c 0.43, D2O)}. Therefore, com-
pound (–)-2 was undisputably determined as the desired
product, (–)-hyacinthacine A3.

Scheme 5 Completion of the synthesis of (–)-hyacinthacine A3

In summary, the synthesis of (–)-hyacinthacine A3 has
been achieved in five steps with an overall yield of 69%
from nitrone 11. The approach featured stepwise Grignard
addition to two sugar-derived activated imine intermedi-
ates: nitrone 11 and a-amino nitrile 19. 5-epi-(–)-Hya-
cinthacine A3 has also been synthesized starting from the
same nitrone 11 via an alternative route with intramolec-
ular reductive amination cyclization as the key step. We
have shown that, starting from the same nitrone via the
two complementary routes, both (–)-hyacinthacine A3 and
its epimer could be made. This synthetic strategy is poten-
tially general and flexible, suitable for the diversity-
oriented synthesis of 5-alkyl-hyacinthacines and their an-
alogues, which is crucial for in-depth structure–activity
study on this special class of alkaloids.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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