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Total Synthesis of Natural (-)-205B Alkaloid and its Activity
Toward a7 nAChR.

[b]

Sara Mazeh,[a] M. Dolores Garcia-Fernandez,[b] Barbara PeIIetier,[b] Christophe Moreau™ and

Philippe Delair*®

A new approach to alkaloid (-)-205B is first described in this paper. This work is caracterised by the development of an
efficient chirality transfer through a silyl tethered intramolecular alkylation reaction, an unprecedented tandem reaction
of the highly selective iridium catalyzed partial reduction of lactam coupled with an acid promoted aza-Prins reaction, and
an almost complete stereochemical control in the Shenvi's radical hydrogen atom transfer on an exocyclic methylene. The
second part of this work demonstrate a positive allosteric behavior of this natural alkaloid toward a7 nAChR, in contrast to

the reported inhibitory

Introduction

The Alkaloid (-)-205B (1) has been isolated more than three
decades ago in low yield from the skin of amphibians
These frogs are used by local
population to poison their blow darts, inflicting severe
@ To the best of our

Dendrobate pumilio.[l]

neurological effects to their preys.
knowledge, the biological activity of this uncommon tricyclic
lipophilic alkaloid has not been evaluated, despite several
However, the
unnatural enantiomer has been shown to selectively inhibit
the a7 nicotinic acetylcholine receptors (nAChR).[4] The
importance of these receptors have drastically increased with
the recognition of their high affinity with the AB peptide and of
their involvement in the internalization of this peptide.[5] Thus
local high concentration will favor peptide aggregation that
will potentially leads to the formation of the characteristic
amyloid plaques of the Alzheimer disease. In this context, the
behavior of the natural enantiomer of this alkaloid towards a7
nAChR is of primary importance.

synthetic approaches reported to date.”!

Results and discussion

We recently reported an efficient approach to the tricyclic 8b-
azaacenaphtylene ring system which characterize the targeted
alkaloid.® This approach is based first on the well-established
methodologym developed by Greene involving a highly

stereoselective 2+2 cycloaddition[sl, second by the formation
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effect of the unnatural enantiomer.

of an hydroxy-indolizidinone
(9]

intermediate 3 through a
vinylogous Mannich reaction™ and finally by a cyclization
through an aza-Prins reaction.™” Unfortunately, this approach
then suffered from a difficult stereoselective introduction of a
methyl group and from an unexpectedly easy epimerization of
this chiral center during the aza-Prins formation of the last ring
(4 to 5, figure 1).

H3C8_~6 .CH3

A

H 3 (+)-Stericol (2a)
(-)-205B (1) R-(+)-Stericol (2b)

Ar OH

3a (racemic)
3b (+)-form

Figure 1. Alkaloid (-)-205B and our first approach to the 8b-
azaacenaphthylene ring system. Ar = 2,4,6-triisopropylphenyl.

In order to overcome this major difficulty, we wondered if it
would be possible to lock the configuration of this center by
the addition of a transient bridged cycle. This scenario was
particularly attractive since the transient cycle would be
accessible from the hydroxy-indolizidinone intermediates 3a,b
through an intramolecular chirality transfer from the axially
oriented C8 hydroxyl substituent to the new stereogenic
center on C6 (target compound numbering). The nature of this
transient cycle should also allow the generation of the
required methyl group. A silyl tether seemed to be promising
due to its simple introduction from secondary hydroxyl group



and to the possible generation of the requested methyl
substituent by the known proto—desilylation.[ll] To the best of
our knowledge, similar chirality transfer through a silicon
tethered intramolecular alkylation has been mentioned only
scarcely in the literature.*? Inspired by these reports, we
decided to test this hypothesis. The chiral intermediate 3b
was first prepared in enantiomeric pure form by the previously
reported procedure[G] starting from optically active (R)-
Stericol” (2b), an efficient and readily available chiral
I This well established procedure allowed the
preparation of almost 5g of 3b. The secondary hydroxyl group
then silylated with the commercially available
dimethylchlorosilane 6a (Scheme 1 and Table 1). Efficient
achieved only under uncommon high
temperature (50°C) that reveals the intrinsic steric strain
nature of the substrate. After some experimentation, we
found that treating the corresponding silylated ether 7a with a
strong base allows the formation of the expected
intramolecular alkylation product 8a in moderate vyield.
However, variable and not negligible amount of the starting
hydroxy-indolizidinone 3b was also obtained due to basic
hydrolysis of the silyl ether intermediate. The use of
commercial or freshly prepared solution of base didn't change
drastically the situation. In order to slowdown this hydrolysis,
the corresponding more crowded diphenylsilyl ether was also
tested due to the facile access of the corresponding
chlorosilane reagent 6b.1*

- [13
auxiliary.
was

conversion was

R\ R a
S|\/X +3b —

b

Ar

cl”
6a, R=Me, X=Br
6b, R=Ph, X=ClI
6¢c, R=i-Pr, X=Cl|

7a,b,c 8a,c

Scheme 1. Transfer of chirality by silyl tethered alkylation. a) DCM, Et3N,
50°C, 2.5h; b) LIHMDS, THF, -78°C to -15°C, 1h. Ar = 2,4,6-
triisopropylphenyl

Entry 6 R X 7 (%) 8 (%)

1 a Me Br 95 50-62
2 b Ph cl 66 -

3 c i-Pr cl 85 91

Table 1. Development of a reliable chirality transfert. [a]
Variable amounts of 3b are also obtained.

Silylation proceeded with a satisfactory yield, however only
the hydrolyzed product could be isolated on cyclisation
attempts from silyl ether 7b. By comparison to the known
resistance toward basic hydrolysis of TIPS ether,lls] we
prepared the corresponding diisopropylchlorosilane 6c¢ using
the procedure described by Gevorgyan.[w] Pleasingly, the
silylation of chiral hydroxy-indolizidinone 3b gave the
corresponding silyl ether 7c in high yieldm] and, more
rewarding, the basic treatment of this silyl ether furnished the

expected cyclized product 8c in 91% yield without the
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detection of any hydrolyzed material. Stereochemical insight
of the newly formed stereogenic center could be obtained by
extraction of the J coupling constants for C6-H. All these
values being below 10 Hz indicated an equatorial orientation
of this hydrogen, which is consistent with the bridgehead
nature of this position. At this stage, it is worthy to note that
this particularly efficient intramolecular alkylation reaction is in
a sharp contrast to the difficulties encountered
previously published intermolecular fe]
generally, this effective under-developed strategy can further
increase the arsenal of silyl tethered transformations.™*® Thus,
current works are in progress in order to evaluate the scope
and limitations of this chirality transfer by intramolecular
alkylation through a silyl link.

in our

version. More

The crucial formation of the last ring was then investigated by
partial reduction of the lactam followed by acid treatment to
generate the corresponding iminium and trigger the aza-Prins
reaction. Reduction with a standardized solution of LAH
followed by quenching with formic acid lead to an encouraging
mixture of cyclized products 9 and 10 in 68%, 14% vyield
respectively and some over-reduced amine 11 (scheme 2).

i-Pr _ _I-Pr

HO™ o
HO.,, :

8c _—

i-Pr ___i-Pr
I
HO™ ™
HO.,, :

J(H7aX-H5) =6.0 Hz
J(H7ax-Hg) = 2.4 Hz

Scheme 2. Cyclization through aza-Prins reaction. a) LiAlH,, Et,0,
-10°C, then HCOOH -10°C and representative NMR data for
compound 9. Ar = 2,4,6-triisopropylphenyl.

To ensure that the silyl ether hydrolysis in 9 appeared in the
last event of this cascade, the stereo integrity of C6 was
assessed by extracting the J coupling constants values for both
C7 hydrogen. The fact that all these J values were below 10 Hz
(except for the ?) coupling constant), was consistent with an

This journal is © The Royal Society of Chemistry 20xx



equatorial orientation for both hydrogens on C6 and C8.
Furthermore, the chair conformation of this ring was ensued
by the observation of NOE signals between C7-Hax/C5-Hax and
C7-Hax/C8a-H. As an additional proof, the saponification of the
isolated formate 9 gave a mixture of corresponding tertiary
alcohols 12 and 13 where the silyl ether linkage has been
partially restored (scheme 3). This observation is an indirect
confirmation of the C6 stereo-integrity in this process. At this
stage, we were able to completely preclude the facile
epimerization of this center observed previous
approach.[6] However, we rapidly faced to the
reproducibility of this tandem process. In the events, the
proportion of the over-reduced amine 11 was difficult to
control, which could be as high as 30% when increasing the
scale. It was thus necessary to identify more robust conditions
for lactam partial reduction.

in our
low

i-Pr __i-Pr

i-Pr. i-Pr
Ssil
HO™ ™
HO,, :

Ar (0] ff|
12 13

Scheme 3. Saponification of formate 9. a) K,CO3, MeOH, 1 h. Ar =

2,4,6-triisopropylphenyl.
Recently, Dixon'*®! demonstrated in nitro-Mannich cyclizations
that the partial reduction of lactams by silanes is more
efficient when the reaction is catalyzed by an iridium complex
as developed by Nagashima,m] instead of the original
Buchwald titanium catalyst.m] Application of this iridium
catalyzed partial reduction of lactams to elegant tandem
transformations emerged right after and is still a particularly
growing field of interest.”? In this context, we were able to
show that these conditions are also perfectly suitable to
combine a lactam partial reduction with an aza-Prins
cyclization. In our case, we were please to obtain formate 9 in
reproducible almost quantitative yield in an enough pure form
to be engaged in the next step. In addition, no over-reduced
amine 11 or at least not higher than 2% (from '"H NMR on
crude material) was formed in that transformation.

The following task was to unmask the C6 methyl group.
Efficient protodesilylation of unactivated C(sp3)-Si bond or
sterically hindered silicon moiety were reported using tBuOK,
TBAF/THF solution in DMF at elevated temperature.[23]
However, during optimization of the reaction conditions we
have noticed erratic results depending on the age and/or on
the source of the TBAF solution. Furthermore, the importance
of the optimal amount of residual water in TBAF/THF solution
has been reported in the literature. Finally, we found that
using CsF as fluoride source together with the addition of 3%
of water in dry DMSO was more reliable. Applying these
conditions directly to the crude mixture of the aza-Prins
cyclization led to the isolation of the tricyclic structure 14 in

This journal is © The Royal Society of Chemistry 20xx

46% overall yield for this two steps, four transformations
sequence.

.CHs

8c _—

CH,

14
Scheme 4. Formation of the 8b-azaacenaphthylene core with
unmasking the methyl substituent. a) IrCI(CO)(PPhjs),, (Me,SiH),0,
then HCOOH; b) CsF, KOt-Bu, DMSO, H,0 3%, 120°C. Ar = 2,4,6-
triisopropylphenyl.

We next turned our attention to the introduction of the
second methyl group, which was planned to be performed
through the classic sequence of oxidation of the secondary
alcohol, methylenation and hydrogenation. However, the
oxidation of amino alcohol 14 was more difficult than expected
since the corresponding amino ketone appeared to be highly
unstable. For example, Dess-Martin oxidation gave a complex
mixture whereas Swern oxidation provided not reproducible
results from which the expected amino ketone could be
isolated in low yield from various byproducts. Fortunately,
applying the Iwabuchi modification of nitroxyl/copper
catalyzed aerobic oxidation developed by sthal® allowed the
efficient formation of the expected amino ketone. Due to its
moderate stability, this ketone was immediately engaged in
the subsequent Wittig reaction to provide the exocyclic
methylene product 16 (scheme 5). Albeit suffering some
degradation, pure analytical sample of 16 could be separated
from the excess of Wittig reagent. The conservation of the
stereochemistry of C8a was confirmed by the observation of
NOE interactions between C8a-H and the two axially oriented
hydrogens at C3 and C5.

Based on the shape of this tricyclic system and by comparison
with results described by Smith on related structure,[zs]
catalytic hydrogenation was expected to occur on the a—face
of the exo—methylene of 16 in order to furnish the expected
equatorial oriented methyl substituent. Unfortunately, we
observed that the hydrogenation of 16, first needed medium
pressure to occur and second, gave a disappointing 1:1
mixture of the two epimers. This low stereoselectivity is
certainly due to the presence of the axial methyl group on C6
that brings enough interaction to reduce the difference of
steric bias between the two faces of the olefin.

«CHjs HaC .CHs

a H o H cd H
14 — —
1 o >
Ar o H CHs nd A CH3
b<15 X=0 17
16 X=CH,

Scheme 5. Exo-methylene installation. a) AZADO, CuCl, DMAP, bpy,
MeCN, air; b) MePPh3Br, NaHMDS, THF, -78°C to RT; ¢) Mn(dpm)s,
PhSiH3, TBHP, i-PrOH, RT; d) TFA, DCM, 0°C. Ar = 2,4,6-
triisopropylphenyl
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To set-up the required thermodynamically favored equatorial
methyl substituent, the radical hydrogen atom transfer (HAT)
developed by Shenvi appeared promising.m] To our great
satisfaction, these conditions allowed the formation of only one
stereoisomer, as judged on the 'H NMR of the crude mixture. This
high selectivity certainly reflects the high steric 1,3-diaxial
interaction between the two methyl substituents in the undesired
epimer. From pure sample of 16, hydrogenated product could be
isolated in high yield (85%), however for synthetic purpose and due
to difficult purifications of intermediates 15 and 16, the
methylenation and the HAT reaction was performed on crude
material and led to tricyclic amino alcohol 17 after cleavage of the
chiral auxiliary under acidic conditions in 43 % overall yield from 14.

To complete the synthesis, a selective Barton deoxygenation of
the secondary hydroxyl group of 17 was achieved through its
phenyl thiono-carbonate derivative. Radical reduction was
evaluated with the aim of future biological evaluations of the
final product, thus tributyltin hydride was precluded. We were
please to observe that under
conditions,*® tris(trimethylsilyl)silane was a very powerful
hydrogen donor® and allows

corresponding amino alcohol

conventional radical

neat conversion to the
18. Finally, dehydration
performed in the acidic conditions described in the last step of
the synthesis reported by ToyookaBa] gave the same 6:1
mixture of olefin, from which the natural product was isolated
in 38% overall yield from 17 (4 steps).lso]

HsC wCH;g CH3

H «H

a, b

17 —

CHg

Tn
oY
jun

@
In

18 -

N

05B (1)
Scheme 6. Completion of the synthesis of the alkaloid (-)-205B. a)

PhO(CS)CI, DMAP, DCM; b) TMS3SiH, AIBN, benzene, reflux; c) p-TsOH,
benzene, reflux, (38% from 17)

With the natural form of the (-)-205B alkaloid in hand, we
turned our attention toward its effect on a7 nAChR. The gene
coding for the human a7 nAChR was subcloned in a specific
vector (pGEMHE-derivative) for overexpression in Xenopus
laevis oocytes. The related mRNA was synthesized in vitro and
micro-injected in Xenopus oocytes (2.7 ng/oocyte). The
heterologous expression in the plasma membrane is sufficient
after 2 to 3 days of incubation at 19°C. The functional
characterization of (-)-205B performed
electrophysiologically by the two-electrode voltage-clamp
technique with a HiClamp robot (Multichannel Systems). The
buffer was the standard ND96 buffer and the membrane
voltage was clamped at -60 mV. The protocol of recordings
was an initial incubation with the natural agonist acetylcholine
(ACh) at 100 uM, then with the alkaloid (-)-205B at 1, 10 and
100 pM for 5 seconds. The oocytes were washed for 90
seconds between each application. A total of 6 oocytes were

was
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tested for each condition. In sharp contrast to results
published by Toyookaw with the unnatural enantiomer, the
natural form of this alkaloid induced a significant inhibitory
effect only at a high concentration (100 pM) (Figure 2).
However, lower concentrations (1 and 10 uM) of this alkaloid
significantly increased the current amplitude compared to the
control.

A Ach100uMm  + + + + +
(-)-2058 - 1uM 10 um 100 uM -

—

| 0.5 uA

- N w

Current amplitude of peaks (nA)

o

ACh 100 uM + + + + +
(-)-2058 - 1uM 10 uM 100 uM -
Figure 2. Effects of alkaloid (-)-205B on ACh-induced currents in
Xenopus oocytes expressing a7 nAChR. A) Representative TEVC
recording of response a7 nAChR-expressing oocytes to ACh and
(-)-205B. B) Statistical analysis of 6 recordings based on paired
t-test with the first application of ACh 100 uM as reference.

To evaluate if the alkaloid had an agonist effect on the a7-
nAChRs, the oocytes were incubated with the alkaloid at 1, 10
and 100 uM without ACh and no current was observed (Figure
3); meaning that this alkaloid cannot open the channel by
itself. These data suggest a positive allosteric modulator role
of this alkaloid at low concentrations (1 and 10 uM) and an
antagonist effect at high concentrations (100 uM).

A achiooum 4+ - - - +
(-)-2058 1uMm 10 uM 100 uM -
B
. 0.5 uA
8 .
2
3
o 24 .
2 | .
el
3
N +
1
E °® .
5 ns ns ns [
3 ol -l >
ACh 100 O + - - - *
(-)-2058 [eY] 10 QM 100 Qv -

Figure 3. Effects of alkaloid (-)-205B on a7 nAChR expressed in
Xenopus oocytes. A) Representative TEVC recording of
responses to ACh and (-)-205B applied separately. B) Dot plots
of 6 recordings showing means of normalized current
amplitudes in bars +/- SEM. ns: not significant (one sample t-
test with O as reference).
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Conclusions

In this paper, we have described the total synthesis of alkaloid
(-)-205B in its natural optical form with high control of the
different stereogenic centers. In this work, a reliable chirality
transfer by intramolecular enolate alkylation through a silyl
link has been exploited. The transient bridged cycle thus
created serve as an efficient configurationnal lock of a
potentially epimerizable chiral center. In addition, the highly
selective iridium catalyzed partial reduction of lactam was
efficiently coupled with an intramolecular aza-Prins reaction,
and a particularly high stereoselectivity has been observed in
the radical HAT favoring the thermodynamic
Furthermore, by opposition to the previously published results
for the unnatural antipode, this natural form of the alkaloid (-)-
205B has shown a modest positive allosteric behavior toward
a7 nAChR at a concentration as low as 1 uM and an antagonist
effect at 200pM.

isomer.
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