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Synthesis of (�)-lapatin B
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Abstract—The synthesis of (�)-lapatin B (1) has been achieved from LL-tryptophan. The key reactions involve oxidative cyclization
of N,N-diacetylglyantrypine (8) using PhI(OH)(OTs), and an indole-to-oxindole transformation in the penultimate step.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of lapatin B and synthetic plan.
(�)-Lapatin B (1) is a member of a growing family of
spirooxindole-containing quinazolinone alkaloids whose
structure was reported by the Larsen group in 2005 after
isolation from the fungus Penicillium lapatayae.1 Lapa-
tin B closely resembles (+)-alantrypinone (2) whose
structure was reported in 1998 after isolation from
Penicillium thymicola.2,3 One interesting relationship
between lapatin B and alantrypinone is their pseudo-
enantiomeric relationship. The absolute configuration
of alantrypinone was initially determined by X-ray crys-
tallography and has been confirmed by synthesis of its
enantiomer.2,4,5 The absolute configuration of lapatin
B has been suggested based on a comparison of its CD
spectrum with that of alantrypinone.1 This Letter
describes an enantioselective synthesis of (�)-lapatin B
(1) from LL-tryptophan that confirms the aforementioned
assignment of absolute stereochemistry.6

The strategy used to prepare lapatin B (1), outlined in
Figure 1, mimics our previously reported approach to
alantrypinone. We planned to use (+)-glyantrypine (3)
as a point of departure.7 We hoped that C2 oxidation
of this alkaloid (lapatin B numbering), followed by an
N-acyliminium ion cyclization, would provide bridged
indole 4. An indole-to-oxindole rearrangement was then
to be used to provide lapatin-B (1).

Several syntheses of glyantrypine have been reported.
The most efficient synthesis of (�)-glyantrypine was
reported by the Liu group.8 This synthesis requires only
two steps from anthranilic acid, N-Boc-glycine and
DD-tryptophan methyl ester and relies on microwave reac-
tion technology. The Avendano group has reported
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2007.06.089

* Corresponding author. Tel.: +1 614 292 1677; fax: +1 614 292
1685; e-mail: hart@chemistry.ohio-state.edu
the syntheses of both enantiomers of glyantrypine that
rely on an Eguchi cyclization in the key step.9,10 The
Ganesan group has reported a four-step synthesis of
(�)-glyantrypine from anthranilic acid, DD-tryptophan
methyl ester and N-Fmoc-glycine.11 We decided to pre-
pare 3 using a variation of the Ganesan synthesis
(Scheme 1). We began by preparing iminobenzoxazine
7 as described in the literature.11 Isatoic anhydride was
treated with the methyl ester of LL-tryptophan to provide
amide 5 in 61% yield. Acylation of aniline with the acid
chloride of N-Fmoc-glycine provided 6 in 70% yield.
Treatment of 6 with triphenylphosphine and iodine in
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Scheme 2. Synthesis of (�)-lapatin B.

Scheme 1. Synthesis of (+)-glyantrypine.
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the presence of Hunig’s base gave 7 in 67% yield. This
rather unstable iminobenzoxazine was rearranged to 3
using two procedures. Ganesan accomplished this rear-
rangement in 87% yield by reacting 7 with piperidine fol-
lowed by chromatography over silica gel.11 We found
that this procedure proceeded in comparable yield
(57% from 7) in our hands. We also examined
[Me3AlSPh]Li as a reagent for promoting the imino-
benzoxazine-to-quinazoline rearrangement. This is a
reagent we used for a comparable transformation in
our synthesis of ent-(�)-alantrypinone.4,12 We found
that the use of this aluminum reagent, followed by a
brief treatment with piperidine to remove the Fmoc pro-
tecting group, mediated the transformation of 7 to (+)-
glyantrypine (3) in 47% yield.

A few comments about glyantrypine are warranted. The
(+)-glyantrypine (3) prepared as described in Scheme 1
was purified by crystallization from methanol. Crystals
of this material (regardless of the method of prepara-
tion) contained 1 equiv of methanol by both 1H and
13C NMR spectroscopies. The melting point of (+)-3
prepared by either rearrangement method (158–161 �C)
matched two reports in the literature (159–161 �C11

and 155–157 �C8), but did not match a third report
(mp 86–87 �C9). The specific rotations of the (+)-3 pre-
pared as described in Scheme 1 {[a]D +522 (c 0.12,
CHCl3) using piperidine11 and +512 (c 0.12, CHCl3)
using the aluminum reagent4} compared well with three
values reported for the enantiomer {[a]D �522 (c 0.24,
CHCl3),11 �535 (c, 0.028, CHCl3),8 �541 (c 0.24,
CHCl3)10}, but did not compare well with a fourth re-
port {[a]D +150 (c 0.105, DMSO),8 whereas the material
prepared as described in Scheme 2 exhibited [a]D +662 (c
0.13, DMSO)}. We note that the specific rotations for
our materials are corrected for the amount of methanol
known to be present in each sample. We are unable to
tell whether or not methanol was present in materials
for which data are reported in the literature.8,10,11 We
think the aforementioned data, in addition to compari-
son data in the literature, indicate that the (+)-3 used
in our subsequent studies was largely one enantiomer
(although we did not perform a chiral HPLC analysis).8

The conversion of (+)-glyantrypine (3) to lapatin-B (1)
is outlined in Scheme 2. The key step, an oxidative cycli-
zation of N,N-diacetylglyantrypine (8) to bridged indole
9, was modeled after reports from the Avendano
group.13,14 Thus, heating (+)-3 with a large excess of
acetic anhydride (243 equiv) and pyridine (2 equiv) at
150 �C for 19 h provided 8 in 67% yield. Unfortunately,
complete racemization occurred at C11 during the course
of this reaction. With the hope of eliminating this prob-
lem, acylation was conducted using acetic anhydride
(225 equiv), pyridine (2 equiv) and 4-dimethylamino-
pyridine (0.15 equiv) at 80 �C for 1.5 h or at room tem-
perature for 24 h. This gave 8 in 81% yield, but nearly
complete racemization was still observed. We next
examined acidic acylation conditions and found that
treatment of (+)-3 with acetic anhydride (219 equiv)
and boron trifluoride etherate (2 equiv) at room temper-
ature for 72 h provided optically active 8 {[a]D +212 (c
0.10, CHCl3)} in 62% yield. Treatment of (+)-8 with
Koser’s reagent [PhI(OH)(OTs)]15 (1.1 equiv) in acetoni-
trile at 85 �C for 5 h gave bridged indole 9 {[a]D +150 (c
0.19, CHCl3)} in 35% yield after purification by column
chromatography. We were surprised to find that the 1H
NMR signal for the C2 methine appeared as a singlet at
d 7.93. Support for this assignment, however, was read-
ily available from the HMQC spectrum, which revealed
a correlation between this signal and a methine at d 50.5
in the 13C NMR spectrum of 9. This extraordinary
downfield shift most likely results from sandwiching of
the C2 methine between the two oxygens of the acetyl
groups in 9. Upon treatment with a catalytic amount
of sodium methoxide in methanol, the N-acetyl groups
of 9 were removed to provide (+)-4 in 60% yield {[a]D
+119 (c 0.10, EtOAc)}. In accord with expectations,
the C2 methine appeared at a more normal chemical
shift of d 5.34 in 4. The synthesis of (+)-lapatin B was
completed upon treatment of 4 with N-bromosuccini-
mide (4 equiv) in THF–TFA–H2O (2:1:1) for 5 h, fol-
lowed by hydrogenolysis of the resulting brominated
oxindoles over Pt–C in methanol and acetic acid con-
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taining a small amount of sodium acetate.16,17 Separa-
tion of the resulting mixture of products by preparative
thin layer chromatography over silica gel (eluted with
ethyl acetate) gave (�)-lapatin B (1) and 13-epi-(+)-lap-
atin B (10), both in 11% yield. Spectral data (1H NMR,
13C NMR, HRMS, CD) and the specific rotation {[a]D
�22.1 (c 0.375, EtOH), lit.1{[a]D �20 (c 1.6, EtOH)}
of synthetic 1 were in agreement with those reported
for the natural product. The 13-epi-(+)-lapatin B (10)
exhibited spectral data consistent with the assigned
structure.18 In particular H19 appeared as a doublet
(J = 7.5 Hz) at d 6.05, an upfield chemical shift consis-
tent with this proton being disposed over the p-system
of quinazolinone.19,20

In summary, the first enantioselective synthesis of lapa-
tin B (1) has been accomplished. Although the penulti-
mate step of the synthesis suffers from a low yield, the
work confirms the absolute configuration of the natural
product and clearly establishes its pseudo-enantiomeric
relationship with alantrypinone (2).
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