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The tricyclic core of marine natural products schulzeines
was synthesized using N-acyliminium ion cyclization. The inter-
mediate N-acyliminium ion was generated from treatment of �-
hydroxy-�-lactam with a Lewis acid. The tricyclic products were
obtained as a mixture of 2 diastereomers at the C-11b stereocen-
ter. The diastereomeric ratios were low and dependent on the
Lewis acid used in the reaction.

Schulzeines are a new class of marine natural products, iso-
lated from a marine sponge, Penares schulzei (Figure 1). They
exhibit potent �-glucosidase inhibitory effects making them
promising leads for drug development for diseases such as can-
cers, diabetes, and viral infections.1

The structure of schulzeines can be divided into two major
components, namely, the tricyclic core 4 containing tetrahydro
isoquinoline fused with �-lactam and the C28 fatty acid side
chain 5. The tricyclic core bears two stereogenic centers at
C-3 and C-11b. The stereocenter at C-3 is assigned as S in all
members of this family whereas schulzeines A and C have 11b
R, and schulzeine B has 11b S configuration. The C28 fatty acid
side chain of schulzeines bear three stereogenic centers at C-14,
C-17, and C-18 as sodium sulfate salts with the configurations
assigned as S, S, S. Schulzeine A has an extra stereogenic center
at C-20 bearing a methyl substituent.

Retrosynthetically, the tricyclic core of schulzeines can be
derived from cyclization of N-acyliminium ion 6.2 This in turn
can be synthesized from 2-(3,5-dihydroxyphenyl)ethylamine

and L-glutamic acid derivatives (Scheme 1).
2-(3,5-Dimethoxyphenyl)ethylamine (9) was prepared in a

straightforward fashion in 5 steps from 3,5-dihydroxybenzoic
acid. Amide formation of this amine with 5-benzyl-N,N-diben-
zyl-L-glutamate gave amide–ester 11. Initially, we planned to
reduce the benzyl ester to the corresponding primary alcohol.
We envisioned that oxidation of such alcohol would give an
�-hydroxy-�-lactam. Treatment of this intermediate with a
Lewis acid should give an N-acyliminium ion which should
promptly cyclize to give the tricyclic product with a certain
level of diastereoselectivity induced by the existing stereogenic
center. However, a reaction of this compound with lithium
aluminum hydride in THF at 0 �C gave imide 12 in 53% yield.
This apparently resulted from abstraction of the amide’s N–H
proton by LAH and subsequent attack to the benzyl ester carbon-
yl. The corresponding alcohol from reduction of the benzyl ester
was not detected (Scheme 2).

However, there are several precedents where addition of a
nucleophile to an unsymmetrical imide delivers �-hydroxylac-
tam intermediate with good regiocontrol. Sodium borohydride
in ethanol gives a reduction product in which a more hindered
carbonyl group is reduced3 whereas DIBALH in toluene gives
the complimentary product.4 Thus treatment of imide 12 with
DIBALH in toluene at �78 �C gave �-hydroxy-�-lactam 13 in
a good yield. This compound was treated with BF3.OEt2 in di-
chloromethane to give tricyclic cores 14 and 15 of schulzeines as
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Figure 1. Schulzeines A (1) R = CH3, B (2) R = 11b-epi-
schulzeine C, C (3) R = H.
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Scheme 1. Retrosynthetic analysis of schulzeines.
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Scheme 2. Amide 11 formation and subsequent reaction with
lithium aluminum hydride.
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an inseparable mixture of two diastereomers at the C-11b. The
diastereomeric ratio was determined to be 1.7:1 from 1HNMR
data. The configuration at C-11b of the major diastereomer 14
is assigned as S according to the NOESY experiment of the prod-
uct mixture which shows correlation between the H-11b and H-3
indicating their cis relationship.5 This correlation is absent in the
minor diastereomer 15. The diastereomeric ratio of the products
showed some dependence on the nature of the Lewis acid used in
this reaction where TMSOTf gave slightly better selectivity of
2.2:1 (Scheme 3).6,7

Our initial hypothesis was that the aromatic moiety of the
molecule would approach the N-acyliminium ion from the oppo-
site face to the N,N-dibenzylamino substituent leading to the
product 15 with 11b R configuration as the major diastereomer.
However, the observed selectivity in favor of 14 does not support
this speculation. The two diastereomers at C-11b can be separat-
ed by flash column chromatography after conversion to their
benzamide derivatives 17 and 18 (Scheme 4).

In summary, we have synthesized the tricyclic core of schul-
zeines. Albeit low diastereoselectivity was achieved, each dia-
stereomer can be proceeded to make the natural products. The
rationale for the selectivity is not clear to us at the moment
and is being investigated. The synthesis of C28 fatty acid side

chains of schulzeines is well underway in our laboratory. The
completion of these fatty acids and their union with the tricyclic
core to give the complete skeleton of schulzeines will be report-
ed in due course.
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Scheme 3. Reduction of imide 12 with DIBALH and subse-
quent treatment of the �-hydroxy-�-lactam with Lewis acids.
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Scheme 4. Debenzylation of 14 and 15 and their conversion to
benzamide derivatives 17 and 18.
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