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ABSTRACT

A convergent route featuring [3,3]-sigmatropic rearrangements of a linchpin azepinopyrrolidine served to install two of the four contiguous
stereocenters present in the tricyclic Stemona alkaloids sessilifoliamide and stemoamide. In addition to the first total synthesis of
(�)-sessilifoliamide C, a potential biosynthetic relationship between the sessilifoliamides and previously reported Stemona alkaloids is presented.

Natural products from Stemona and Croomia plants
have served as an inspiration for chemical, biological, and
synthetic studies since at least the 1930s, when the first
derivatives were described in Western references.1�3 Ex-
tracts from these plants have been used for centuries in
Eastern cultures for the treatment of various respiratory
problems, such as pertussis, bronchitis, and tuberculosis.
However, with the exception of their well-documented
insecticidal activities, validated evidence for other benefi-
cial human health effects of the pure natural products is
just beginning to emerge.4

In 2003, Takeya and co-workers isolated sessilifolia-
mides A�D (1�4) from the roots of the perennial herb
Stemona sessilifolia.5 These alkaloids possess the charac-
teristic pyrrolo[1,2-a]azepine core attached to a butenolide
substituent (Scheme 1). The relative configuration of 3was
confirmed by a chemical degradation to a derivative in
common with sessilifoliamide A, for which an X-ray
crystal structure had been obtained.5 Interestingly, a pos-
sible biosynthetic relationship between the sessilifolia-
mides and the previously identified parvistemoline (5)6 is
apparent upon C(16)-oxidation and Michael addition.
Accordingly, we decided to investigate a unified and
possibly biomimetic strategy toward the sessifoliamides
andprepare sessilifoliamideC first, because of its similarity
to themore complex ring systempresent in parvistemoline.
Our retrosynthetic strategy for 3 was focused on the

construction of the C(9)�C(10) adjacent stereocenters
prior to butenolide formation (Scheme 2). We desired an
approach that could accomplish this task in a single
operation and envisioned that a [3,3]-sigmatropic Claisen
rearrangement7 with precise stereocontrol in the transition
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state could meet these requirements. The precursor to this
key transformation, alcohol 8, was accessible by ring-
closing metathesis (RCM) of the diene formed from the
alkylation of pyrrolidinone 10 with iodide 9.

While several methods for the preparation of vinylpyrro-
lidinone 10 are known in the literature,8 preliminary RCM
studies established that we needed anN-protective group on
10, and therefore, we pursued a new, scaleable synthesis of
the Boc derivative 14 (Scheme 3). (S)-Pyroglutamic acid 11
was converted to the thioester with ethanethiol in the pre-
sence of carbodiimide, followed by N-Boc protection to
afford carbamate 12.Direct conversionof12 to the aldehyde
13 was successful by a Fukuyama reduction.9 Fukuyama
conditions prior to N-Boc protection did not lead to the
desired reduction product, and starting material was

recovered cleanly despite modifications in the reaction time,
catalyst loading, and solvent. Pyrrolidinone protection facili-
tated the desired transformation. Immediate exposure of the
aldehyde 13 to Wittig olefination delivered a 96% yield of
alkene 14. Boc-protected 14 was found to be stable to bench-
top storage, whereas amide 10 decomposed within hours.
However, because of partial racemization prior to and/or
during olefination, 14was obtained in 72% ee, as determined
by chiral HPLC analysis on a Chiralcel OD-H column.
The second segment, iodide 9, was prepared by an enzy-

matic resolution strategy which provided the t-butyl ester 15
ona large scale (Scheme4).10Atwo-step reductionprocedure
was used to generate alcohol 16 in 87% yield; in the presence
of 2 equiv of DIBAL-H, 16 was isolated in lower yield (ca.
70%). Finally, a straightforward iodination of 16 afforded 9.

In preparation for the segment condensation, the N-Boc
group in 14 was cleaved with TFA (Scheme 5). After some
optimization,wediscovered thatalkylationofamide10under
phase-transfer conditions was more reproducible and man-
ageable on scale than NaH/DMF conditions, providing us
with a reliable access to diene 17. Ring closure to the pyrrolo-
[1,2-a]azepine core characteristic of Stemona alkaloids by
RCM of 17 afforded 19 in 91% yield as an inseparable 6:1
mixture of C(9a) diastereomers resulting from partially race-
mized 14. Removal of the TBS group under acidic conditions
led to the allylic alcohol 8 as a hygroscopic solid.
Prior difficulties with [3,3]-rearrangements on bicycles

motivated us to probe whether this reaction could occur
on the sterically congested concave face of pyrrolo-
[1,2-a]azepine 8. We selected an Eschenmoser�Claisen
reaction7 to address this question, in analogy to our
stenine3f and tuberostemonine3b syntheses (Scheme 6).
The desired rearrangement occurred readily, and amide
21 was obtained in 92% yield under optimized conditions.

Scheme 1. Biosynthetic Hypothesis Based on the Structural
Similarities between Sessilifoliamides and Parvistemoline

Scheme 3. Preparation of Vinylpyrrolidinone 14

Scheme 4. Preparation of Iodide 9

Scheme 2. Retrosynthetic Approach for Sessilifoliamide C
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Becauseof the structural similarity of 21 and stemoamide,11

we decided to complete the remaining three steps to the
tricyclic core of this natural product. Iodolactonization of
21 and reduction of the resulting iodide proceeded in 98%
and 97% yield, respectively, to give 23 as a 6:1 mixture of
C(9a) diastereomers. Chromatographic removal of the
remaining C(9a) isomer provided the major isomer of 23
in 71% yield for this step. Finally, lactone R-methylation
led to 8-epi-stemoamide (24). While many syntheses of
stemoamide and its stereoisomers have been reported,12

our effort represents the first synthesis of the C(8) epimer.

Additionally, among the plethora of synthetic approaches
to stemoamide, this is the first example of a [3,3]-rearrange-
ment to install the C(9) stereocenter in this ring system.

Havingdemonstrated that the [3,3]-sigmatropic rearrange-
ment and chain extension fromC(7) to C(9) on 8was indeed
feasible, we studied the Ireland�Claisen rearrangement7,13

for the stereoselective installation of the tertiary methine
C(11) in the sessilifoliamides. Acylation of alcohol 8 (still as
a 6:1 mixture of C(9a) diastereomers derived from 19) with
butyric acid under carbodiimide coupling conditions pro-
vided ester 25 in 92% yield (Scheme 7). Enolization with
LiHMDS in a THF/HMPAmixture14 followed by trapping
with TBSCl provided the (Z)-silyl ketene acetal as the sole
stereoisomer according to 1H NMR analysis of the crude
reaction product. The subsequent thermal rearrangement in
toluene led to an approximately 2:1 ratio of silyl esters 26a
and 26b, which were treated with TBAF followed by TMS-
diazomethane to give the corresponding methyl esters. Un-
fortunately, both the yield of the four-step sequence and the
ratio of diastereomeric products 27a and 27b remained low
(21%yield, 2.2:1dr) despite attempts tooptimize the reaction
time, temperature, and solvent polarity.

A significant improvement in this key transformation
could be achieved after an analysis of the competing transi-

tion statesof the Ireland�Claisen rearrangement (Scheme8).

Specifically,wenoticed that theorientationof the trialkylsilyl

group was remarkably different in 29q and 30q and therefore

offeredanopportunity to influence the courseof the reaction.

We hypothesized that a significant increase in the size of the

alkyl groups on silicon would likely selectively destabilize

chair transition state 30q, where the silyl group is positioned

underneath the 7-membered ring during the C�C bond

formation, and be more readily tolerated in boat transi-

tion state 29q, in which the silyl group is kept distant from

the 5,7-ring system. This hypothesis could be readily put

to test (Scheme 9). Ireland�Claisen rearrangement of the

TIPS-silyl ketene acetal, formed by enolization of 25 in

the presence of TIPSCl, required heating at reflux in

degassed15 xylenes for 3 h to go to completion. The

resulting 31a and 31b were again converted to the methyl

esters to simplify analysis.

Scheme 5. Segment Condensation, RCM, and Synthesis of
Linchpin Intermediate 8

Scheme 7. TBS-Mediated Ireland�Claisen Rearrangement of 8

Scheme 6. Conversion of 8 to (�)-8-epi-Stemoamide
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Gratifyingly, esters 27a and 27b were isolated in 51%
yield from 25 in an improved 6:1 ratio of C(10) diaster-
eomers, in support of our transition-state analysis.16

Chromatography on SiO2 was used to remove the
diastereomers at C(9a) from the 6:1 mixture of 27a
and 27b. Confirmation of the assignment of the major
isomer 27a was gained upon completion of the natural
product and comparison of the spectroscopic data.

Surprisingly, methyl esters 27a and 27b proved to be resis-
tant to nucleophilic addition of Grignard reagents and meta-
lated dimethylhydroxylamine, even at elevated temperatures.
We speculated that increased conformational flexibility and a
loweroxidationstateatcarbonylC(11) couldpromotereactivity.

Therefore, the 6:1 mixture of 27a,b was hydrogenated and
converted to the corresponding aldehyde by sequential treat-
ment with Pd/C/H2, LiBH4, and Swern reagent (Scheme 10).
The minor C(10)-stereoisomer could be removed chromato-
graphically fromeitheralcoholoraldehyde intermediateafter
the latter two steps to afford pure 6. Exposure of 6 to
vinylmagnesium bromide afforded the allylic alkoxides 32a
and 32b, which were acylated in situ with methacryloyl
chloride to afford a 2:1 mixture of the labile 33a and 33b. A
final RCMsuccessfully assembled the butenolide ring in 84%
yield, and MPLC separation revealed the major isomer to be
(�)-sessilifoliamide C (3) by comparison of the spectroscopic
datawiththereported literaturevaluesof thenaturalproduct.17

In summary, we have completed the first synthesis
of the Stemona alkaloid (�)-sessilifoliamide C, which
also represents the firstmember of the sessilifoliamide family
to succumb to total synthesis. Noteworthy aspects of our
approach include a convergent strategy featuring a [3,3]-
rearrangement to install two contiguous stereocenters at
C(9)�C(10) and the ability to access the stemoamide ring
system in a unified strategy from linchpin intermediate 8.
The synthetic efficiency of the key Ireland�Claisen rearran-
gementbenefited from increasing the stericbulkof theketene
acetal silyl substituent to proceed through a preferred boat-
like transition state while providing a level of diastereoselec-
tion that is notable in a bicyclic system.18
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Scheme 8. Transition-State Analysis of the Ireland�Claisen
Rearrangement

Scheme 9. TIPS-Mediated Ireland�ClaisenRearrangement of 8

Scheme 10. Conversion of 27 to (�)-Sessilifoliamide C
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