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Synthesis of the Strychnos Alkaloid (—)-Strychnopivotine and
Confirmation of its Absolute Configuration

Gaétan Maertens and Sylvain Canesi*®

Abstract: The first enantioselective synthesis of (—)-strych-
nopivotine from a known and inexpensive phenol has
been achieved in 15 steps. The strategy is based on a new
diastereoselective aza-Michael-enol-ether cascade desym-
metrization of a dienone, guided by a removable lactic
acid-derived chiral auxiliary. Synthesis involves a phenol
dearomatization, a conjugated silicon addition, a stereo-
selective double reductive amination, and two Heck-type
carbopalladations as key steps. The absolute configuration
of the natural compound, which, to date, has been
uncertain, was confirmed by using circular dichroism (CD)
spectroscopy and X-ray analyses.

- /

Strychnopivotine 1 (see Figure 1), a pentacyclic Strychnos alka-
loid™ from the curan family, was first isolated by the group of

O
1, Strychnopivotine

2, Strychnine

Figure 1. Strychnopivotine and strychnine, two Strychnos alkaloids.

Angenot in 1980 from the root bark of Strychnos variabilis.”
However, to date, the absolute configuration of strychnopivo-
tine has been uncertain, due to the absence of X-ray crystal
structure analyses of the natural compound. Despite its unusu-
al structure and, unlike others alkaloids from this family, such
as strychnine 2,%% strychnopivotine has received little atten-
tion from the scientific community. Indeed, its biological activi-
ty has not been evaluated, and although some efforts towards
the construction of its core structure have been reported,”
only one total synthesis of (+)-strychnopivotine has been ach-
ieved, by the leading group of Padwa in 2008."” Their strategy
employed a noteworthy [4+2]-cycloaddition/rearrangement
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cascade to produce the ABCE substructure of the natural com-
pound. However, an enantioselective synthetic route to strych-
nopivotine is still required to validate its absolute configura-
tion and enable further research on the biological activity of
this compound and its analogs. Our interest in the total syn-
thesis of natural products through oxidative dearomatization”
led us to develop an asymmetric pathway to strychnopivotine,
which is reported in this communication.

Our retrosynthetic analysis began with intramolecular carbo-
palladation to close the D ring from iodoalkene 3 (Scheme 1).
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Scheme 1. Retrosynthesis of (—)-strychnopivotine.

The latter can be obtained by acetylation of indoline 4, which
can be produced by hydrolysis of the chiral auxiliary of 5. The
C ring can be created by stereoselective double reductive ami-
nation using amine 6% from 7. The B ring can be constructed
by diastereoselective desymmetrization of dienone 8 via an
aza-Michael-enol-ether tandem process followed by Heck-type
coupling. The latter can be generated by amidification of ester
9 and phenol dearomatization.

Synthesis began with the treatment of the known ester 9
with the aluminum salt of 2-iodoaniline to produce amide 10
(87%; see Scheme 2).” The latter was used in oxidative
dearomatization"” mediated by a hypervalent iodine reagent,
as demonstrated by Kita and co-workers,"" to generate dien-
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Scheme 2. Synthesis of the key tetracyclic intermediate 12 through an aza-
Michael-enol-ether tandem process, and ORTEP representation of 7. Reaction
conditions: a) 2-iodoaniline, DIBAL-H, THF, 0°C to RT, 12 h, 87 %; b) DIB,
MeOH, 0°C, 5 min, 89%; c) TBSOTf, Et;N, CH,Cl,, 0°C to RT, 12 h;

d) Pd(PPh,),, Et;N, CH;CN, reflux, 12 h, 70% over two steps, 1:19 d.r.;

e) KHMDS, allylbromide, THF, —78°C to 0°C, 1 h, 75%. DIBAL-H =diisobutyl-
aluminum hydride, THF =tetrahydrofuran, DIB = (diacetoxyiodo)benzene,
TBSOTf =tert-butyldimethylsilyl trifluoromethanesulfonate, KHMDS = potassi-
um bis(trimethylsilyl)amide.

one 8 (89%). Subsequently, 8 was treated by using a novel dia-
stereoselective aza-Michael-enol-ether tandem process to pro-
duce 11. This method completes other noteworthy processes
that have been developed in the search for asymmetric path-
ways leading to chiral cyclohexenones."? This transformation is
our key step in desymmetrizing dienone 8 and developing
asymmetric synthesis of this target. The lactic acid-derived
moiety present on the lateral chain is used as a chiral auxiliary
that will later be removed. TBS-activation produces an enol-
ether that is essential for this process, being an ideal Heck-
type acceptor to yield the indoline ring of strychnopivotine by
a carbopalladation strategy. This step delivered tetracycle 12 in
70% yield over two steps and at a minimum of 1:19 d.r. within
the limits of NMR at 300 MHz. Finally, regio- and stereoselec-
tive allylation of 12 under classical conditions yielded the key
intermediate 7 (75%), which contains the quaternary carbon
center of strychnopivotine. Crystallographic analysis of 7 con-
firmed its absolute configuration, depicted in Scheme 2.

To explain the stereoselectivity of the desymmetrization, we
hypothesized that the transformation involved the formation
of imino-ether 13 (Scheme 3). The nitrogen atom then at-
tacked the activated Michael acceptor on the face it was
tethered through a half-chair transition state, in which the
methyl group of the chiral auxiliary was located equatorially
to minimize steric interactions.

At this stage, it was necessary to prepare the molecule for
construction of the C ring. To this end, we envisaged the intro-
duction of a bulky and removable functional group by a conju-
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Scheme 3. Proposed mechanism for formation of 11. Reaction conditions:
a) TBSOTS, Et;N, CH,Cl,, 0°C to RT, 12 h, 70%. TBSOTf = tert-butyldimethylsilyl
trifluoromethanesulfonate.

gated addition onto enone 7. This addition might force the
molecule to further adopt a favorable transition state, in which
the hydride must approach on the required (Re)-face, thereby
directing a reductive amination and leading to the formation
of the desired diastereoisomer 5. Therefore, Michael acceptor 7
was reacted with a silicon-based cuprate developed by Flem-
ing and co-workers" to generate the silylated compound 14
in 63% as the sole diastereoisomer (Scheme 4). The cis rela-

PhMe,Si
O —p
o] - HoN
N 6 _>_\ O

15 o

Scheme 4. Installation of the C ring of strychnopivotine. Reaction conditions:
a) (PhMe,Si),CulLi, THF, —78°C, 1 h, 63 %; b) O;, MeOH, —78°C, 10 min, then
PPh,, MeOH, RT, 1 h; c) 6, NaBH,CN, cat. AcOH, MeOH, 0°C to RT, 1 h, 63%
over two steps.

tionship between the methoxy and silylated groups was deter-
mined by NOE NMR. A subsequent ozonolysis converted the
olefin into the corresponding aldehyde 15, which was directly
submitted to the reductive amination conditions involving pri-
mary amine 6 in the presence of NaBH,;CN as a reductant and
acetic acid as a catalyst. Under these conditions, compound 5
exhibiting the desired cis CE ring junction was generated as
a single diastereoisomer (confirmed by NMR at 300 MHz) in
63 % over two steps.

To close the final ring of the target and complete the
synthesis, the chiral auxiliary and silylated group had to be
removed. To this end, we first considered an acidic aqueous
hydrolysis. However, although simple treatment of 5 with

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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concentrated aqueous HCl allowed us to hydrolyze the ketal
function and remove the silylated functional group (Scheme
5), no traces of 17 were observed. Modification of the experi-

Me

Scheme 5. Removal of the chiral auxiliary. Reaction conditions: a) Conc. HCl,
1:1 AcOH/H,0, 50°C, 1 h; b) NaBH,, EtOH, 0°C to RT, 12 h, 85% over two
steps.

mental conditions, such as pH (including basic conditions),
choice of acid, reaction time or temperature, mostly resulted in
degradation of the molecule. Further experiments, such as nu-
cleophilic attacks on the acetamide, also failed to produce the
desired intermediate 17. On this basis, we hypothesized that
the auxiliary was trapped in a hindered hemi-ketal-lactam ar-
rangement, and was thus resistant to removal. To open the
blocked form and enable amide hydrolysis, we proposed to
reduce the hemi-ketal 16 selectively to the corresponding alco-
hol. Interestingly, when 16 was treated with NaBH, in ethanol,
we observed complete and facile removal of the auxiliary
during the reduction—probably due to the presence of
sodium ethoxide—leading to an epimeric mixture of alcohols
4 in 85% yield over two steps.

Alcohol mixture 4 was protected with a TMS group under
classical conditions, and acetamide 19 was produced using
acetyl chloride and pyridine (Scheme 6). Deprotection under
mild acidic conditions followed by Ley-Griffith oxidation of
the mixture of alcohols converged on the intermediate 3 in
52% vyield over four steps, including one-pot procedures. With
this direct precursor in hand, the D ring was finally closed by
a Heck-type coupling involving PdCl,(dppf)-CH,Cl, in basic con-
ditions."™ A large amount of methanol solvent is required to
avoid the formation of an enolate on the acetamide moiety,
which could trigger undesired side reactions (e.g., migration of
the acetyl group), as judiciously described by Padwa and co-
workers.” Those conditions allowed us to complete the first
asymmetric synthesis of Strychnopivotine in 20 % yield.

Circular dichroism (CD) spectroscopy of our synthetic (—)-
1 displayed a positive Cotton effect at 253 nm (Ag s~ +28.5)
and a negative Cotton effect at 298 nm (Ag (g5~ —10)."" These
values are sufficiently close to the literature values (Agpsy= +
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Scheme 6. Completion of synthesis of (—)-strychnopivotine. Reaction condi-
tions : a) TMSOTT, Et;N, CH,Cl,, 0°C, 10 min; then AcCl, pyridine, CH,Cl,, 0°C
to RT, 30 min; b) TsOH, MeOH, RT, 30 min; then TPAP, NMO, CH;CN, RT, 1 h,
52% over four steps; c¢) PdCl,(dppf)-CH,Cl,, K,CO;, MeOH, 70°C, 10 min,
20%. TMSOTf =trimethylsilyl trifluoromethanesulfonate, TPAP =tetrapropyl-
ammonium perruthenate, NMO = N-methylmorpholine-N-oxide, dppf=1,1"-
bis(diphenylphosphino)ferrocene.

28.8 and Aégps=—8.8) to allow a high degree of confidence
that our synthetic (—)-strychnopivotine is the same enantiomer
as the extracted strychnopivotine. Moreover, crystallographic
analysis of 7 confirmed that the absolute configuration of the
natural strychnopivotine was the one proposed by Angenot
and co-workers.”

In summary, we achieved the enantioselective synthesis of
(—)-strychnopivotine in 15 steps from a simple and inexpensive
phenol. The most innovative step of the synthesis was a novel
diastereoselective aza-Michael-enol-ether cascade desymmetri-
zation of a dienone system, guided by a removable lactic acid-
derived chiral auxiliary. The synthesis included dearomatization
of a phenol mediated by a hypervalent iodine reagent,
stereoselective conjugated Si addition, stereoselective double
reductive amination, and two Heck-type carbopalladations. CD
spectroscopy and X-ray crystal structure analyses confirmed
the absolute configuration of the natural extracted compound.
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