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Hg(ll)-mediated tandem Overman rearrangement and intramolecular amidomercuration reactions were proven to provide a convenient tool for
the stereoselective synthesis of cis- and trans-2,6-disubstituted piperidines. Thus, upon treatment with Hg(OTFA), in THF, the trichloroacetimidate
1 directly transformed into the 2,6-dialkyl piperidine 2 with almost exclusive trans selectivity. The amiodomercuration reaction of the carbamate
7 by Hg(OTFA), in nitromethane showed an excellent cis selectivity. Also reported is the stereoselective synthesis of solenopsin A and
isosolenopsin A.

Substituted piperidine ring compounds are abundant in methods have been developed for the stereoselective syn-
nature, and their therapeutic potential has been a subject otthesis of 2,6-disubstituted piperidiné$lowever, most of
intensive researck? Particularly, 2,6-disubstituted pip- them were directed toward the synthesis of eithans-2,6-
eridines have attracted much attention in both academia anddialkylpiperidines or cis-2,6-dialkylpiperidine$.Methodolo-

the pharmaceutical industry because they are one of the mospies for the stereoselective synthesis of bath andtrans
common piperidine skeletons and are found in many _
pharmaceutically interesting compounds. They appear in

various ring forms (Figure 1) and exhibit a broad range of

biological activitites. For examples, solenopsin A and iso- H
solenopsin A, which are active ingredients in the venom of RN RORON
fire ants, showed cytotoxic, haemolytic, necrotic, insecticidal, U Uf:,
antibacterial, antifungal, and anti-HIV properties, as well as

activities as neuronal nitric oxide synthase inhibifors. RN CyiHas
Clavepictines have cytotoxic activities against various cancer R‘@

cell lines? and precoccinelline is one of defense alkaloids Solenopsin A:

in ladybird beetle§.As a consequence, numerous synthetic R = Me-; R' = H-
Isosolenopsin A:
R =H-; R'= Me- Clavepictines Precoccinelline
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2,6-dialkylpiperidines from a common intermediate have
been sporadic in the literatu?eTherefore, there is still
considerable interest in developing methodologies that not
only allow the stereoselective synthesis of 2,6-dialkylpip-
eridines but also are efficient and amenable to synthetic
manipulation.

During the course of our recent studies on developing new
methodologies for the asymmetric synthesis of bioactive five-
and six-membered nitrogen heterocycles, especially poly-
hydroxylated pyrrolidines and piperidiné&sit was noticed
that Hg(ll) could mediate the Overman rearrangement
reactiof! of allylic imidates to allylic amine derivatives, as
well as the intramolecular amidomercuration reactiaf
e-alkenylcarbamate/amides to form piperidine rings. Also
known is that the stereochemistry of the intramolecular

amino-/amido-mercuration reactions is often dependent upon

the structure of substrates and reaction conditions tis&sl.
shown in Scheme 1, these findings strongly suggest that 2,6
disubstituted piperidine rings can be stereoselectively syn-
thesized from an allylic imidate such &¢ by the Hg(ll)-

mediated tandem Overman rearrangement and intramolecula
amidomercuration reactions. Furthermore, considering that

allylic alcohols required for the synthesis of the requisite
allylic imidates are readily available, the Hg(ll)-mediated
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G. B.; McClendon, D.; Desaiah, D.; Goddard, J.; Lister, A.; Moffitt, J.;
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(5) (a) King, A. G.; Meinwald, JChem. Re. 1996 96, 1105-1122. (b)
Daloze, D.; Braekman, J. C.; Pasteels, JOlemoecolog$995 5/6, 173—
183.
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3857. (b) Bertin, B. G.; Compere, D.; Gil, L.; Marazano, C.; Das, B. C.
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Scheme 1. Tandem Overman Rearrangement and
Amidomercuration Strategy for Construction of
2,6-Disubstituted Piperidine Rings
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tandem Overman rearrangement and intramolecular ami-
domercuration reactions can provide an efficient and general

solution for the stereoselective synthesis of 2,6-disubstituted
piperidine rings from the relatively simple allylic alcohols.
Pespite such possibility, as well as the efficiency and
versatility of the reactions, the Hg(ll)-mediated tandem
Overman rearrangement and intramolecular amidomercura-
tion reactions have never been realized so far. Herein, we
report that the above strategy indeed enables the stereose-
lective synthesis ofcis- and trans-2,6-disubstituted pip-
eridines from commercially available 2,7-octadienol. Appli-
cation of the developed methodology to the stereoselective
synthesis of solenopsin A and isosolenopsin A is also
described.

The tandem Overman rearrangement and intramolecular
amidomercuration reactions were accessed with the allylic
imidate 1 (see Supporting Information for the synthesis of
1) by screening various Hg(ll) salts at room temperature,
and the results are summarized in Table 1. Only the reactive
Hg(ll) salts (entries +3) enabled the tandem reactions to
generate the desired piperidirZe Interestingly, mercuric
acetate (entry 4) gave the oxazoline prod8cas a sole
identifiable product, which formed probably through the Hg-
(IN-mediated 5-exo cyclization of.}¢d The reactions did
not take place with mercuric bromide and mercuric chloride
(entries 5 and 6).

To establish relative stereochemistry of the 2,6-substituents
of the piperidine2, conversion to the known 2,6-disubstituted

(12) (a) Khalaf, J. F.; Datta, Al. Org. Chem2004 69, 387—390. (b)
de Koning, C. B.; van Otterlo, W. A. L.; Michael, J. Petrahedror2003
59, 8337-8345. (c) Enierga, G.; Espiritu, M.; Perlmutter, P.; Pham, N.;
Rose, M.; Sjoberg, S.; Thienthong, N.; Wong, Ketrahedron: Asymmetry
2001 12, 597-604. (d) Martin, O. R.; Saavedra, O. M.; Xie, F.; Liu, L.;
Picasso, S.; Vogel, P.; Kizu, H.; Asano, Rioorg. Med. Chem2001, 9,
1269-1278. (e) Takahata, H.; Bandoh, H.; MomoseT&trahedronl993
49, 11205-11212. (f) Takahata, H.; Banba, Y.; Tajima, M.; Momose, T.
J. Org. Chem1991, 56, 240-245. (g) Takahata, H.; Takehara, H.; Ohkubo,
N.; Momose, T.Tetrahedron Asymmetryl99Q 1, 561-566. (h) Takacs,
J. M.; Helle, M. A.; Sanyal, B. J.; Eberspacher, T. Petrahedron Lett.
199Q 31, 6765-6768. (i) Adams, D. R.; Carruthers, W.; Williams, M. J.
J. Chem. Soc., Perkin Trans.1B89 1507-1513. (j) Tamaru, Y.; Hojo,
M.; Yoshida, Z.J. Org. Chem.1988 53, 5731-5741. (k) Tokuda, M.;
Yamada, Y.; Suginome, HChem. Lett1988 17, 1289-1290. (I) Kinsman,
R.; Lathbury, D.; Vernon, P.; Gallagher, J..Chem. Soc., Chem. Commun
1987, 243-244. (m) Harding, K. E.; Marman, T. H.. Org. Chem1984
49, 2838-2840. (n) Harding, K. E.; Burks, S. R. Org. Chem1984 49,
40—44. (o) Harding, K. E.; Burks, S. Rl. Org. Chem1981, 46, 3920-
3922,
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Table 1. Effects of Hg(ll) Reagents on the Overman
Rearrangement and Amidomercuration Reactions of
Trichloroacetimidatel?

Cl,C

3
O._CCl 0._CCl
T HgX, | T O)EN HgBr
> NH = N HgBr 9 2
then KBr +
1 2 3

entry HgXz products (yield)

1 Hg(CIO4)2 2 (90)

2 Hg(OCOCFs3)2 2 (90)

3 Hg(NOs), 2(90)

4 Hg(OAc), 3(75)

5 HgCl, no reaction

6 HgBr, no reaction

a All reactions were carried out with (1.0 mmol) and HgX (1.2 mmol)
in THF (10 mL) at room temperature. Aftdr disappeared on TLC, the
reaction mixture was quenched with aqueous KBr solution.

piperidines was accomplished (Scheme 2). The organomer-

curial 2 was reductively demercurated with sodium amal-
gam? in aqueous THF, and deprotection of tNetrichlo-
roacetyl group also took place under the reaction conditions.

Scheme 2. Conversion of Organomercuridlto Known
2-Methyl-6-ethylpiperidine

ccl,

0.
Y
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2

H,, Pd/C, MeOH
then 1N HCI, 98%

i) Na-Hg, THF-H,0

if) Cbz-Cl, 70% for
two steps

H - HCI

N .
/\(J trans- : cis- =>20:1
5

Thus, the demercurated product was isolated in the Chz-

protected form4 by adding benzyl chloroformate to the
reaction mixture. It is worthwhile to mention that reductive
demercuration o by the more popular NaBHin DMF

produced the desired demercurated product without depro-

tection of the trichloroacetyl group but in a low reaction yield
(20—25%). This may be attributed to the fact that such

To study effects of differenN-protection groups on the
stereochemistry of the intramolecular amidomercuration
reactions, the compounds-9 were synthesized frong,
which was prepared by the thermal Overman rearrangement
reaction ofl (Scheme 3). Basic hydrolysis 6ffollowed by

Scheme 3. Stereoselective Synthesis of
cis-2-Ethyl-6-methylpiperidine

(0] CCly fe) CCl,
g \ﬂ; 138-140°C % i) 2N NaOH, MeOH
Xylene, 85% ~ i) N-protection
1 6
I ;IDG Cl:bz
NH Hg(OTFA),, solvent

%\C\jﬂ“ “HgBr
10

cis-: trans-=7:3in THF
cis- : trans- = >20 : 1 in CH;3;NO,
Na-Hg,
THF, 85%

H - HCI Cbz

N
/\L)/ H,, Pd/C then /\LN)/
12 11

1N HCI, 98%
cis- : trans-=>20: 1

then KBr, 70%

7: PG- = Cbz- (94% for two steps)
8: PG- = Ac- (90% for two steps)
9: PG- = Ts- (92% for two steps)

protection of the resulting amine with benzyl chloroformate,
acetic anhydride, and tosyl chloride produced the differently
N-protected amidomercuration substrafe8, and9 respec-
tively. As expected, the amidomercuration reactiof wfith
Hg(OTFA), in THF at room temperature led to the formation
of trans2 (>20:1). Interestingly, the amidomercuration
reaction of7 under similar conditions gave an inseparable
mixture of thecis andtransmercuric bromide40, favoring
the cis isomer in a ratio of 7:3. Varying temperature and
reaction time had little effects on the stereochemical outcome
of the amidomercuration reaction 6fand 7. No reaction
was observed witl8 and9 under the similar amidomercu-
ration conditions (this remains to be explained).

Although the origin of the contrasting stereochemical
outcomes in the amidomercuration reactionéoénd 7 is
not clear yet, they can be rationalized by considering the
equilibrium between two chair conformekdl and VI
where the vinyl group at C3 and tHe-protection group

reductive demercuration reactions are believed to proceedoccupy equatorial positions (Figure 2). According to the

through radical intermediatésand the trichloroacetyl groups
are susceptible to react under radical condititridydro-
genation of4 under atmospheric pressure of élver Pd-C
followed by treatment wit 1 N HCI furnished 2-ethyl-6-
methylpiperidine hydrochloride5], the stereochemistry of
which was determined to keans by comparing itsH and
13C NMR data with those reported in the literatdfe.

(13) Quirk, R. P.; Lea, R. E]. Am. Chem. Sod.976 98, 5973-5978.

(14) Barluenga, J.; Yus, MChem. Re. 1988 88, 487-509.

(15) (a) Cassayre, J.; Dauge, D.; Zard, SS¥nlett200Q 471-474. (b)
Nagashima, H.; Ozaki, N.; Ishii, M.; Seki, K.; Washiyama, M.; Itoh, XK.
Org. Chem.1993 58, 464—470.

(16) Bowen, J. P.; Furness, M. S., Whitmire, D. U.S. Patent 6369078,
2002.
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Dreiding models oIl andVIll , the trichloroacetyl group
(R = CClg) favors VIl and thus formation of thérans
isomer, whereas the Chz-group prefevéll and thus
formation of thecis isomer. With the trichloroacetyl group
(R = CCly), the severe steric repulsion between the L£CI
group and the terminal GHgroup (C8) inVIIl can shift
the equilibrium far toward/Il . On the other hand, with the
Cbz group (R= OBn), the quasi 1,3-diaxial interactions
between the two axial €H bonds (at C3 and C5) and the
terminal CH, group inVII could become more unfavorable
relative to steric hindrance between the OBn group and the
terminal CH group inVIIl , makingVIll the predominant
conformer in the equilibrium.
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1 Scheme 4. Synthesis of Solenopsin A and Isosolenopsin A
= H = Hy
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Figure 2. A plausible explanation for the contrasting stereochem- AN S2% fortwosteps _ Cutias
ical outcomes in the amidomercuration reactior6aind 7. " 15

Compound?7 was also subjected to the equilibrating
amidomercuration conditions [Hg(OTFA)n CH3NO, at
room temperature], under which the thermodynamically more
stablecis isomer ofl0was expected to form predominantiy.
Gratifyingly, under these conditions, the amidomercuration
reaction of 7 indeed proceeded with an excellenis
selectivity (>20:1). Such an exceptionals selectivity of

the reaction is a result of the equilibrium between di® 6 for the stereoselective synthesigrahs andcis-2,6-
and trans isomers of10 and thermodynamic control. The  gja\kyipiperidines from the readily available starting allylic
equilibrium is catalyzed by trifluoroacetic acid produced jmigate 1. The catalytic asymmetric version of the present

during the reaction. Neutralization of trifluoroacetic acid by strategy using neutral chiral Pd(ll) catalydtss currently
K2CO; reduced the steteroselectivity of the amidomercuration | ,nqer investigation.

reaction significantly taisitrans = 7:3. As with5, 10 was

of 13 gave solenopsin A, which was isolated and character-
ized as its HCI salt by treating the hydrogenation product
with 1 N HCL.% Similarly, isosolenopsin A was prepared
from 1194

In summary, it has been shown that the Hg(ll)-mediated
tandem Overman rearrangement and intramolecular ami-
domercuration reactions can provide an efficient and general

converted tocis-2-ethyl-6-methylpiperidine hydrochloride Acknowledgment. Financial support from National In-
(12) by a reaction sequence of reductive demercuration andstitute of Health (GM 08194) and The Welch Foundation
hydrogenation (Scheme 3). (AX-1534) is gratefully acknowledged.

With the efficient routes for the stereoselective formation . . ) )
of cis- and trans-2,6-disubstituted piperidines established, ~ SuPporting Information Available: - Complete experi-
the stereoselective synthesis of solenopsin 14) (and mental procedures for all new compounds and copiésiof
isosolenopsin A 15) was pursued (Scheme 4). Cross and™*C NMR spectra of the compounds 3—7, and 10—
metathesis reaction of the olefihwith 1-undecene using 15. This material is available free of charge via the Internet

the 2nd generation Grubbs’ catalyxt in refluxing CH.Cl, at http://pubs.acs.org.
afforded13as a mixture oE andZ isomers. Hydrogenation = OL048961W
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