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Abstract: (Me;Si)3SiH-mediated 5-exo-trig radical cyclization of N-(2-
cyclohexenyl)-a-aryl-a-(phenylthio)acetamide 19 proceeded in a
stereoselective manner to give (3R*,3aS+,7aS*)-3-aryloctahydroindol-
2-one 20. The product was transformed into the key intermediate 25 for
the synthesis of (z)-pancracing),(a montanine-typémaryllidaceae
alkaloid.

The 5,11-methanomorphanthridine skeleton is a basic structural eleme
of montanine-typémaryllidaceae alkaloids such as pancracirfg &nd
montanine 2).1 The first total synthesis of this class of alkaloids were
reported concurrently by Overman [for (+)-pancradraid Hoshino
[for (+)-pancracine and (+)-montanirfeln 1991, and subsequently
many works have been reported for the synthesis of optically active ar
racemic methanomorphanthridine familyAsharyllidaceae alkaloids*

In continuation of our studies directed towards the synthesis of natur:
products using radical cyclizations as the key 3teg, were interested

in the synthesis of 3-aryloctahydroindd@ehrough Sendo-trig or 5-
exo-trig’ cyclization of theN-(1- or 2-cyclohexenyl)carbamoylmethyl
radical4 or 5. The Pictet-Spengler cyclization of the compounds havinc
the same stereochemistry a8 is known to provide the
methanomorphanthridinéswe found that the Bxo-trig cyclization of
N-(2-cyclohexenyla-aryl-a-(phenylthio)acetamidd9 proceeded in a
stereoselective manner to giveR{®8aS*,7aS*)-3-aryloctahydroindol-
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Scheme 2(a) p-methoxybenzylamine, benzene, reflux; (b) (3,4-methylene-
dioxyphenyl)acetic pivalic anhydride, pyridine, benzene, 30-40 °C; (c) LDA,
HMPA, THF, -78 °C then PhSeClI.

spectroscopy) was obtained in 82% combined yield. The structures of
10a and 10b were confirmed by the following chemical evidence.

2-one20. The present paper describes an application of the method tdydrolysis of the mixture of ethylene acetalia,b gave ketonedla

the formal synthesis of ()-pancracine.

R = H: Pancracine (1)
R = Me: Montanine (2)
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Ar = 3,4-methylenedioxyphenyl

Scheme 1

We initiated our investigation by examining therfgo-trig cyclization
of the carbamoylmethyl radicdl The synthesis of the radical precursor
9 was begun by condensation of 1,4-cyclohexanedione monoethyle
acetal6 with p-methoxybenzylamine to give iminé Acylation of 7

with (3,4-methylenedioxyphenyl)acetic pivalic anhydride gave enamide *.

8 (an oil), which was then treated successively with LDA and
phenylselenenyl chloride to gig(an oil).

When a boiling solution of in benzene was treated slowly with a

and 11b in 54 and 47% isolated yields, respectively, and each of the
ketoneslla and 11b was again protected with ethylene glycol to give
acetalslOa (mp 148-150 °C) andOb (an oil) as single stereoisomers,
respectively. Compounda and10b were then heated independently
with EtONa in boiling EtOH or wittiert-BuOK in boilingtert-BuOH to
result in the recovery of the starting material in both cases. These results
indicate that two hydrogen atoms between 3- and 3a-positions of both
10a and10b have therans relationshig? Thecis-stereochemistry of the

ring struncture ofl0a was established by transforming the same
compound prepared by an alternate method to the known comgbdund
(vide infra), and hence the stereochemistry of the ring structui®tof

was deduced to lteans.

Thus, the Zendo-trig cyclization of the carbamoylmethyl radicél
resulted in the formation of a considerable amount of the undesired
isomer10b. Therefore, our attention was next turned to thedbtrig
cyclization of the carbamoylmethyl radicad leading to 3-
aryloctahydroindol-2-ones.

The radical precursal9 was prepared as follows. The Friedel-Crafts
reaction of chlorosulfid@3® with 1,2-(methylenedioxy)benzent2j in

the presence of Tiglgave ested4 (75%), which was hydrolyzed to

r(1:)(ieve carboxylic acidl5 (quant.). On the other hand, according to the

procedure reported by Backvall, cis-1-acetoxy-4-chloro-2-
cyclohexenel?, prepared from 1,3-cyclohexadieris) ! was treated
with p-methoxybenzylamine in the presence
bis(dibenzylideneacetone)palladium (0) [Pd(¢b&) give aminel8 in
81% vyield. Compound8 was acylated with carboxylic ackb in the
presence of DCC to givEd (an oil) in 79% yield.

of

benzene solution of 1.1 equiv. of tributyltin hydride and a catalytic

quantity of azobis(isobutyronitrile) (AIBN), an inseparable mixture of
two cyclization productsl0a and 10b (ca. 1:1 by 'H NMR
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Scheme 3(a) BuSnH, AIBN, benzene, reflux; (b) 5% HCI, acetone, reflux;
ethylene glycol, TsOH, benzene, reflux.
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Scheme 4.(a) TiCly, CHCL, 0 °C to r.t.; (b) (i) KOH, HO-EtOH, reflux, (i)
HCI; (c) Pd(OAc), LiCl, LIOAc-2H,0, p-benzoquinone, AcOH, r.t.; (d)
p-methoxybenzylamine, Pd(dalPPh, NEt, THF, r.t.; (e)15 DCC, DMAP,
CH,Cly, r.t.; (f) (Me;Si)3SiH, AIBN, benzene, reflux.

When a boiling solution of 19 in benzene was treated slowly with a
mixture of 4 equiv. of tris(trimethylsilyl)silane and a catalytic quantity

of AIBN, (3R*,3aS*,7aS")-3-aryloctahydroindol-2-one 20 (mp 149-150
°C) was obtained in high yield (84%) as a single stereoisomer.

The stereochemistry @ was confirmed by transforming it to the key

intermediate25 for the synthesis of (x)-pancracine. Thus, hydrolysis of 2)

the acetoxy group &0 with LiOH followed by Swern oxidation of the
resulting alcohoR1 gave keto-lactanila, which was identical to that
obtained by hydrolysis ofOa, one of the radical cyclization products
from 9. Protection of ketondla with ethylene glycol followed by
reduction of the resulting lactab®a with alane gave amin2?2 (87%).
Treatment of22 with benzyloxycarbonyl chloride gave carbamase

(an oil) (86%), whose hydrogenolysis in the presence of hydrochloric

acid gave the amine hydrochlorié Compound4 was then subjected

to the Pictet-Spengler cyclization to give, with concomitant deprotection

of the ethylene acetal, 5,11-methanomorphanthridé 64% yield
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from 23. The melting point (125-126 °C, fit. 125 °C) andH NMR
spectrum o5 herein obtained was identical with those of an authentic
sample!? Since compound5 has already been converted to (+)-
pancracine 1), the present sequence of the reactions means in a
formal sense a total synthesis of (+)-pancracine.
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Scheme 5(a) LIOH-H,O, H,0-MeOH, reflux; (b) DMSO, (COC}) NEf,
CH,Cl,, -60 °C; (c) ethylene glycol, TsOH, benzene, reflux; (d) AlH

(LiAIH 4-AICl3), THF-ERO, r.t.; () CbzCl, benzene, reflux; (fpHPd-C, conc.
HCI, MeOH, r.t.; (9) (i) 36% formalin, NgtMeOH, r.t., (i) 6 N HCI, MeOH,
30 °C.

Thus, we revealed that theefe-trig radical cyclization ofN-(2-
cyclohexenyl)ei-aryl-a-(phenylthio)acetamides  provided a new
stereoselective synthesis oR(BaSt,7aS")-3-arylhydroindoles, which
are useful intermediates for the synthesis of 5,11-
methanomorphanthridine alkaloids.
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