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The Pummerer reaction of imidosulfoxides bearing tethered alkenyl groups has been employed for
the synthesis of several alkaloids. The required imidosulfoxides necessary for the cascade sequence
were easily obtained by heating the appropriate amide with (ethylsulfenyl)acetyl chloride followed
by sodium periodate oxidation. The initially formed thionium ion, obtained by treating the
imidosulfoxide with acetic anhydride and p-toluenesulfonic acid, reacts with the neighboring imido
group, and the resulting oxonium ion undergoes subsequent deprotonation to produce an
isomünchnone dipole. This mesoionic betaine intermediate undergoes ready intramolecular dipolar
cycloaddition across the neighboring π-bond. Exposure of the resulting cycloadducts to additional
acetic anhydride leads to ring opening and formation of a 5-acetoxy-substituted 2(1H)-pyridone.
This six-ring heterocyclic system constitutes a valuable building block for the synthesis of a variety
of pyridine, quinolizidine, and clavine alkaloids. The cyclization-deprotonation-cycloaddition
cascade has been successfully applied to the synthesis of the naturally occurring alkaloids onychnine,
dielsiquinone, (()-lupinine, (()-anagyrine, (()-pumiliotoxin C, and (()-costaclavine.

Six-membered nitrogen-containing heterocycles are
abundant in nature and exhibit diverse and important
biological properties.1 Alkaloids that contain the piperi-
dine ring continue to be the targets of extensive synthetic
interest, partly because there are many biologically active
natural products of this type and also because this cyclic
framework is found in many rigid structures that show
substantial selectivity in their interaction with enzymes
or receptors.2,3 Accordingly, novel strategies for the
stereoselective synthesis of piperidine ring systems con-
tinue to receive considerable attention in the field of
synthetic organic chemistry.4-7 Among the reactions
available for the preparation of six-ring heterocycles,
nitrogen versions of the Diels-Alder reaction are par-
ticularly attractive.8 Well-known and extensively studied
for many decades, these 4+2-cycloadditions are fre-
quently employed for the construction of six-membered
aza ring systems.9 The comprehensive review by Boger

and Weinreb contains numerous examples demonstrating
the broad application of 4+2-cycloadditions with het-
eroatom containing dienes and dienophiles.8

A strategy that we have found to be of some importance
in the design of new processes for the synthesis of
piperidines is to make use of 1,3-dipolar cycloaddition
chemistry.10 The prominent role that dipolar-cycloaddi-
tion reactions play in the elaboration of a variety of five-
ring heterocyclic systems has become increasingly ap-
parent in recent years.11-13 The ease of cycloaddition, the
rapid accumulation of polyfunctionality in a relatively
small molecular framework, the high stereochemical
control of the cycloaddition, and the fair predictability
of its regiochemistry have contributed to the popularity
of the reaction.10 In the realm of synthesis, in which a
premium is put on the rapid construction of polyfunc-
tionality, the 1,3-dipolar cycloaddition reaction has now
emerged as a prominent synthetic method. When the
reacting components are themselves cyclic or have ring
substituents, complex multicyclic arrays, such as those(1) Strunz, G. M.; Findlay, J. A. The Alkaloids; Academic Press:

New York, 1985; Vol. 26, p 89.
(2) Southon, I. W.; Buckingham, J. Dictionary of Alkaloids; Chap-

man and Hall: London, 1989.
(3) For a representative review on the isolation of members of these

natural product classes, see: Daly, J. W. J. Nat. Prod. 1998, 61, 162.
(4) Yamaguchi, R.; Moriyasu, M.; Yoshioka, M.; Kawanisi, M. J. Org.

Chem. 1988, 53, 3507. Comins, D. L.; Killpack, M. O. J. Am. Chem.
Soc. 1992, 114, 10973. Comins, D. L.; Joseph, S. P.; Goehring, R. R. J.
Am. Chem. Soc. 1994, 116, 4719.

(5) Grieco, P. A.; Larsen, S. D. J. Am. Chem. Soc. 1985, 107, 1768.
Midland, M. M.; McLoughlin, J. I. Tetrahedron Lett. 1988, 29, 4653.
Kunz, H.; Pfrengle, W. Angew. Chem., Int. Ed. Engl. 1989, 28, 1067.
Waldmann, H.; Braun, M.; Dräger, Angew. Chem., Int. Ed. Engl. 1990,
29, 1468. Waldmann, H.; Braun, M. J. Org. Chem. 1992, 57, 4444.
Midland, M. M.; Koops, R. W. J. Org. Chem. 1992, 57, 1158. Hattori,
K.; Yamamoto, H. Tetrahedron 1993, 49, 1749. Ishihara, K.; Miyata,
M.; Hattori, K.; Tada, T.; Yamamoto, H. J. Am. Chem. Soc. 1994, 116,
10520.

(6) Flann, C.; Malone, T. C.; Overman, L. E. J. Am. Chem. Soc. 1987,
109, 6097. Tietze, L. F.; Bratz, M. Chem. Ber. 1989, 122, 997. Overman,
L. E.; Sarkar, A. K. Tetrahedron Lett. 1992, 33, 4103. Castro, P.;
Overman, L. E.; Zhang, X.; Mariano, P. S. Tetrahedron Lett. 1993, 34,
5243. deKimpe, N.; Boelens, M.; Piqueur, J.; Baele, J. Tetrahedron Lett.
1994, 35, 1925. Yang, T.-K.; Teng, T.-F.; Lin, J.-Y.; Lay, Y.-Y.
Tetrahedron Lett. 1994, 35, 3581. Laschat, S.; Fröhlich, R.; Wibbeling,
B. J. Org. Chem. 1996, 61, 2829.

(7) Guerrier, L.; Royer, J.; Grierson, D. S.; Husson, H.-P. J. Am.
Chem. Soc. 1983, 105, 7754. Bonin, M.; Grierson, D. S.; Royer, J.;
Husson, H.-P. Org. Synth. 1991, 70, 54. Amat, M.; Llor, N.; Bosch, J.
Tetrahedron Lett. 1994, 35, 2223. Micouin, L.; Varea, T. Riche, C.;
Chiaroni, A.; Quirion, J.-C.; Husson, H.-P. Tetrahedron Lett. 1994, 35,
2529. Munchhof, M. J.; Meyers, A. I. J. Am. Chem. Soc. 1995, 117,
5399. Francois, D.; Lallemand, M. C.; Selkti, M.; Tomas, A.; Kunesch,
N.; Husson, H.-P. Angew. Chem., Int. Ed. Engl. 1998, 37, 104.

(8) Boger, D. L.; Weinreb, S. M. Hetero Diels-Alder Methodology in
Organic Synthesis; Academic Press: San Diego, CA, 1987; Chapter 9.

(9) Teng, M.; Fowler, F. W. J. Org. Chem. 1990, 55, 5646. Uyehara,
T.; Suzuki, I.; Yamamoto, Y. Tetrahedron Lett. 1990, 31, 3753.
Whitesell, M. A.; Kyba, E. P. Tetrahedron Lett. 1984, 25, 2119.

(10) Padwa, A. In Comprehensive Organic Synthesis; Trost, B. M.,
Fleming, I., Eds.; Pergamon: New York, 1991; Vol. 4, pp 1069-1109.

(11) Padwa, A., Ed. 1,3-Dipolar Cycloaddition Chemistry; Wiley-
lnterscience: New York, 1984; Vols. I and II. Padwa, A.; Schoffstall,
A. M. Advances in Cycloaddition; JAI Press, Inc.: Greenwich, CT, 1990;
Vol. 2, p 1. Oppolzer, W. Angew. Chem., Int. Ed. Engl. 1977, 16, 10.

(12) Tufariello, J. J. Acc. Chem. Res. 1979, 12, 396. Confalone, P.
N.; Huie, E. M. Org. React. 1988, 36, 1. Kozikowski, A. P. Acc. Chem.
Res. 1984, 17, 410.

(13) Huisgen, R. In 1,3-Dipolar Cycloaddition Chemistry; Padwa,
A., Ed.; Wiley-Interscience: New York, 1984.
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contained in drugs and natural products, can be con-
structed in a single step. Often the syntheses of molecules
of this complexity are more difficult and lengthy by other
routes.

Several years ago our laboratory initiated a study
dealing with the intramolecular cycloaddition chemistry
of mesoionic betaines as a method for the construction
of a variety of piperidine ring systems.14 Our interest in
the chemistry of mesoionic dipoles stems from earlier
investigations dealing with the rhodium(II)-catalyzed
reactions of R-diazo carbonyl compounds in the presence
of various heteroatoms.15 The isomünchnone class of
mesoionics is easily available from the Rh(II)-catalyzed
reaction of R-diazo imides.16,17 This mesoionic dipole18 was
found to undergo cycloadditions with both electron-rich
and electron-deficient dipolarophiles and represents an
efficient way to synthesize complex polyheterocyclic ring
systems. More recently, we described a new approach
toward a variety of 2(1H)-pyridones employing iso-
münchnone dipoles obtained from the Pummerer-induced
cyclization-cycloaddition cascade of imidosulfoxides as
outlined in Scheme 1.19

R-Acyl thionium ions generated from R-acyl sulfoxides
under Pummerer conditions are powerful electrophiles
and react efficiently with a variety of nucleophilic
species.20-23 When imidosulfoxides of type 1 are used, the
initially formed thionium ion 2 derived from 1 rapidly
reacts with the neighboring imido group and the resulting
oxonium ion 3 undergoes subsequent deprotonation to
produce isomünchnone 4. Since 4 contains a carbonyl

ylide dipole within its framework, it readily undergoes
1,3-dipolar cycloaddition with various dipolarophiles.
Exposure of the resulting cycloadducts 5 to acetic anhy-
dride in the presence of a trace of p-toluenesulfonic acid
results in ring opening to give 5-acetoxy-substituted
2(1H)-pyridones 6. This six-ring heterocyclic system
represents a valuable building block in natural product
synthesis, as it can act as a common intermediate for the
preparation of a wide variety of piperidine, pyridine,
quinolizidine, and indolizidine alkaloids.24 To highlight
the method, the above synthetic strategy was applied to
the synthesis of several different classes of alkaloids. The
present paper documents the results of these studies.

Results and Discussion

Azafluorenone and Azaanthraquinone Alkaloids
Isolated from the Trunkwood of Guatteria Dielsi-
ana. The 4-azafluorenone alkaloids comprise a small but
biologically intriguing group of alkaloids. Onychnine (7),

the simplest member of this family, was first isolated
from the Brazilian Annonaceae species (onychopetalum
amazonicum, Guatteria dielsiana) in 1976 and was
shown to have anticandidal activity.25 Together with
dielsine (8), dielsinol (9), and the related azaanthraqui-
none dielsiquinone (10),26 this class of alkaloids is
speculated to be derived from aporphine precursors.27 A
considerable number of onychine derivatives bearing
hydroxy and/or methoxy groups in the benzene ring have
also been isolated from Annonaceae.28 Subsequent to an
initial misassignment,25 the structure of onychine and
related 4-azafluorenones have been confirmed by inde-
pendent syntheses.29 Several approaches toward this
class of alkaloids were developed including an oxidative
thermal rearrangement of 2-indanone oxime O-allyl
ethers30 and cyclization of 2-aryl-3-methylpyridines and
2-aryl-3-nicotinic acids31,32 as well as a Pd(0)-catalyzed

(14) Padwa, A.; Hertzog, D. L.; Nadler, W. R. J. Org. Chem. 1994,
59, 7072. Padwa, A.; Harring, S. R.; Semones, M. A. J. Org. Chem.
1998, 63, 44.

(15) Padwa, A.; Weingarten, M. D. Chem. Rev. 1996, 96, 223.
(16) Hamaguchi, M.; Ibata, T. Tetrahedron Lett. 1974, 4475. Hamagu-

chi, M.; Ibata, T. Chem. Lett. 1975, 499.
(17) Osterhout, M. H.; Nadler, W. R.; Padwa, A. Synthesis 1994,

123.
(18) Potts, K. T. In 1,3-Dipolar Cycloaddition Chemistry; Padwa,

A., Ed.; Wiley-Interscience: New York, 1984. Ollis, W. D., Ramsden,
C. A. In Advances in Heterocyclic Chemistry; Katritzky, A. R., Boulton,
A. J., Eds.; Academic Press: New York, 1976; Vol. 19, p 1.

(19) Kuethe, J. T.; Padwa, A. J. Org. Chem. 1997, 62, 774. Kuethe,
J. T.; Padwa, A. Tetrahedron Lett. 1997, 38, 1505. Padwa, A.;
Heidelbaugh, T. M.; Kuethe, J. T. J. Org. Chem. 1999, 64, 2038.

(20) De Lucchi, O.; Miotti, U.; Modena, G. Organic Reactions;
Paquette, L. A., Ed.; John Wiley: New York, 1991; Chapter 3, pp 157-
184.

(21) Grierson, D. S.; Husson, H. P. In Comprehensive Organic
Synthesis; Trost, B. M., Ed.; Pergamon: Oxford, U.K., 1991; Vol. 6, pp
909-947.

(22) Kennedy, M.; McKervey, M. A. In Comprehensive Organic
Synthesis; Trost, B. M., Ed.; Pergamon: Oxford, U.K., 1991; Vol. 7, pp
193-216.

(23) Padwa, A.; Gunn, D. E.; Osterhout, M. H. Synthesis 1997, 1353.

(24) Scriven, E. F. V. In Comprehensive Heterocyclic Chemistry;
Katritzky, A. R., Rees, C. S., Eds.; Pergamon Press: Oxford, U.K., 1984;
Vol. 2. Elbein, A. D.; Molyneux, R. J. In Alkaloids: Chemical and
Biological Perspectives; Pelletier, S. W., Ed.; Wiley: New York, 1981;
Vol. 5, pp 1-54.

(25) De Almeida, M. E. I.; Braz, F. R.; von Bulow, M. V.; Gottleib,
O. R.; Maia, J. G. S. Phytochemistry 1976, 15, 1186.

(26) Goulart, M. O. F.; Santana, A. E. G.; de Oliveira, A. B.; de
Oliveira, G. G.; Maia, J. G. S. Phytochemistry 1986, 25, 1691.

(27) Cavé, A.; Leboeuf, M.; Waterman, P. G. Alkaloids; Chemical
and Biological Perspective; Pelletier, S. W., Ed.; Wiley: London, 1987;
Vol. 5, p 245. Arango, G. J.; Cortes, D.; Cassels, B. K.; Cavé, A.;
Mérienne, C. Phytochemistry 1987, 26, 2093.

(28) Wu, Y. C. Heterocycles 1989, 29, 463.
(29) Koyama, J.; Sugita, T.; Suzuta, Y.; Irie, H. Heterocycles 1979,

12, 1017. Bracher, F. Synlett 1991, 95. Nitta, M.; Ohuma, M.; Lino, Y.
J. Chem. Soc., Perkin Trans. 1 1991, 1115.

(30) Tadic, D.; Cassels, B. K.; Cavé, A.; Goulart, M. P. F.; de Oliveira,
A. B. Phytochemistry 1987, 26, 1551. Prostakov, N. S.; Vasilév, G. A.;
Zvolinski, V. P.; Varlamov, A. V.; Savina, A. A.; Sorokin, O. I.; Lopatina,
N. D. Chem. Heterocycl. Compd. (Engl. Transl.) 1975, 971.

(31) Prostakov, N. S.; Soldatenkov, A. T.; Radzhan, P. K.; Fedorov,
V. D.; Fomichev, A. A.; Rezakov, V. A. Chem. Heterocycl. Compd. (Engl.
Transl.) 1982, 390.

(32) Zhang, J.; el-Shabrawy, O.; el-Shabrawy, M. A.; Schiff, P. L.,
Jr.; Slatkin, D. J. J. Nat. Prod. 1987, 50, 800.
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cross coupling of arylboronic acids with 2-halopyridines.33

Although a number of strategies are available for the
synthesis of substituted azafluorenone derivatives, these
methods often bear the disadvantage of giving rise to
mixtures of isomers.32,34,35

Given our success in forming a variety of substituted
5,6-fused acetoxy pyridones from the Pummerer-induced
reaction of imidosulfoxides,19 it seemed to us that this
approach could well prove to be adaptable to the synthe-
sis of both onychnine (7) and dielsiquinone (10). The
starting material for the synthesis of onychnine was the
known 2-(2-butenyl)benzoic acid (11).36 Conversion of 11
to the corresponding p-methoxybenzyl amide 12 followed
by reaction with (ethylsulfenyl)acetyl chloride (13)37 and
subsequent oxidation with sodium periodate gave imido-
sulfoxide 14 in 68% overall yield. The Pummerer-induced
dipolar cycloaddition of 14 occurred smoothly when a
mixture of toluene and acetic anhydride which also
contained a catalytic quantity of p-toluenesulfonic acid
(p-TsOH) was used.38 These conditions, whereby the
sulfoxide is slowly added to a refluxing mixture of
toluene, acetic anhydride (10 equiv), and p-TsOH (cata-
lyst), gave pyridone 16 in 81% isolated yield. The forma-
tion of 16 is consistent with the sequence of events
proposed in Scheme 2. The critical steps involve (a)
isomünchnone formation, (b) intramolecular dipolar cy-

cloaddition, and (c) oxabicyclic ring cleavage (i.e., 15 f
16). Base-induced hydrolysis of the acetoxy group in 16
gave the 3-hydroxy-substituted pyridone 17 which was
immediately converted into the corresponding triflate 18
in 83% overall yield by reaction with N-phenyltrifluo-
romethanesulfonimide.39 A Pd(0)-formate reduction40

gave pyridone 19 in 97% yield. The p-methoxybenzyl
group was easily removed by heating 19 in trifluoroacetic
acid at 100 °C for 1 h.41 The resulting NH-pyridone was
immediately treated with triflic anhydride in pyridine at
0 °C to give 20 as a crystalline solid in 66% yield.
Removal of the triflate functionality was accomplished
by a Pd(0)-formate reduction to furnish 4-methyl-5H-
indeno[1,2-b]pyridine (21) in 75% yield. Subsequent
oxidation of 21 with potassium permanganate (68%)
afforded onychnine (7) in 11 steps in 15.3% overall yield
starting from 2-(2-butenyl)benzoic acid.

The Annonaceae species is a large family comprising
over 130 genera and is recognized as being the center of
benzyl isoquinoline alkaloid production in plants.42 The
co-ocurrence of onychnine (7) and dielsiquinone (10) in
the same trunkwood of Gutteria dielsiana suggests their
biogenetic relationship. Loss of CO would convert an
azaanthraquinone into an azafluorenone derivative. As
an extension of the above studies, we initiated a synthesis
of dielsiquinone (10) that employs an intramolecular
isomünchnone cycloaddition as the key synthetic strat-
egy. This approach is based on the earlier methodology
used to prepare oncychnine (7). Thus, the pyridone ring
system was to be constructed by treating imidosulfoxide
22 with Ac2O and trapping the resulting dipole with the
tethered π-bond (Scheme 3). On the basis of our earlier
model studies,19 we expected that the initially formed
cycloadduct would spontaneously rearrange to give an
acetoxy-substituted pyridone (i.e., 23). Indeed, treatment
of the 2-(butenyl)phenylacetyl imidosulfoxide 22 under
the standard Pummerer conditions afforded pyridone 23
in 68% yield. Oxidation of the benzylic positions with
CrO3 followed by a base-induced hydrolysis/methylation
sequence afforded anthraquinone 24 in 54% overall yield.
The p-methoxybenzyl group was readily removed by(33) Alves, T.; de Oliveira, A. B.; Snieckus, V. Tetrahedron Lett.

1988, 29, 2135.
(34) Koyama, J.; Okatani, T.; Tagahara, K. Heterocycles 1989, 29,

1648.
(35) Tadic, D.; Cassels, B. K.; Cavé, A. Heterocycles 1988, 27, 407.
(36) Korte, D. E.; Hegedus, L. S.; Wirth, R. K. J. Org. Chem. 1977,

42, 1329.
(37) Mooradian, A.; Cavallito, C. J.; Bergman, A. J.; Lawson, E. J.;

Suter, C. M. J. Am. Chem. Soc. 1949, 71, 3372.
(38) Watanabe, M.; Nakamori, S.; Hasegawa, H.; Shirai, K.; Kuma-

moto, T. Bull. Chem. Soc. Jpn. 1981, 54, 817.

(39) McMurry, J. E.; Scott, W. J. Tetrahedron Lett. 1983, 24, 979.
(40) Cacchi, S.; Ciattini, P. G.; Morera, E.; Ortar, G. Tetrahedron

Lett. 1986, 27, 5541.
(41) Schlessinger, R. H.; Bebernitz, G. R.; Lin, P.; Poss, A. Y. J. Am.

Chem. Soc. 1985, 107, 1777. De Shong, R.; Ramesh, S.; Elang, V.; Perez,
J. J. J. Am. Chem. Soc. 1985, 107, 5219.

(42) Hegnauer, R. Chemotoxonomie der Pflanzen; Birkhauser, Inc.:
Basel, Switzerland, 1964; Vol. 3, p 116.
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heating 24 in trifluoroacetic acid at 100 °C for 45 min
which resulted in the formation of dielsiquinone (10) in
93% yield. The above route constitutes the first total
synthesis of this alkaloid and provides support for the
original structural assignment based on comparison of
the physical data with those reported in the literature.26

Synthesis of the Quinolizidine Alkaloids (()-
Lupinine and (()-Anagyrine. The quinolizidine alka-
loids represent a relatively large class of natural prod-
ucts43 whose importance stems from the potent and
useful biological activity of certain of its members.44 The
common structural feature of these compounds is a six-
membered nitrogen heterocycle incorporated into a bi-
cyclic ring system. Our interest in establishing imidosulf-
oxides as useful building blocks for quinolizidine alkaloid
synthesis prompted us to use this methodology for the
preparation of (()-lupinine (30). A short synthesis of this
alkaloid was carried out as depicted in Scheme 4. The
Pummerer-induced reaction of imidosulfoxide 25 with
methyl acrylate gave rise mainly to cycloadduct 26 (61%)
together with lesser quantities of pyridone 27 (10%). The
directionality of ring opening of cycloadduct 26 was found
to be markedly dependent on the nature of the electro-
philic agent used to induce oxabicyclic cleavage. Acetoxy-
substituted pyridone 27 was the exclusive product formed
when 26 was heated in the presence of acetic anhydride.
Treatment of 26 with BF3‚OEt2, on the other hand,
furnished the thioethyl substituted pyridone 28 (62%),
which upon Raney-nickel reduction provided the desulfu-
rated pyridone 29 (85%). The preparation of 29 consti-
tutes a formal synthesis of (()-lupinine (30), as Boekel-
heide had previously reported the conversion of 29 into
30.45 We suspect that BF3‚OEt2 coordinates with both the
amido carbonyl and oxa bridge atoms thereby lessening
the availability of the amido nitrogen lone pair for ring
cleavage. Consequently, the sulfur atom lone pair of
electrons controls the regioselectivity of ring cleavage
when BF3‚OEt2, is used as the electrophile. This results
in the formation of the thioethyl-substituted pyridone 28.

As shown in Scheme 5, cycloadduct 26 may also be
used for a short synthesis of (()-anagyrine (35), a
member of the lupinine family of quinolizidine alka-

loids.46 Oxidation of 26 with NaIO4/RuCl3 furnished
sulfone 31 (91%), which, when treated with BF3‚OEt2

followed by reaction with N-phenyltrifluoromethane-
sulfonimide,40 gave triflate 32 in 80% overall yield. Stille
cross-coupling47 of 32 with (tri-n-butylstannyl)pyridine
provided 33 in 70% yield. Catalytic hydrogenation of 33
over PtO2 followed by a base-induced equilibration de-
livered 34 in 85% isolated yield. The present sequence
constitutes a formal synthesis of (()-anagyrine, based on
the successful conversion of lactam 34 into 35 by Gold-
berg and Lipkin.48

Application of the Method toward the Synthesis
of (()-Pumiliotoxin C. Extracts from the skin of certain
poison frogs and toads have yielded many pharmacologi-
cally active alkaloids,49 including a variety of quinoliz-
idines such as pumiliotoxin C (36).50 Several imaginative
syntheses of this cis-decahydroquinoline alkaloid have
already been reported in the literature.51 Our approach
to the skeleton of pumiliotoxin C is shown in antithetic
format in Scheme 6 and is centered on the construction
of the key oxabicyclic intermediate 39. We reasoned that
isomünchnone 38, formed by a Pummerer-induced cy-
clization-deprotonation sequence from imidosulfoxide 37,
should undergo intramolecular dipolar cycloaddition. The
resultant cycloadduct 39 is expected to undergo ready
ring-opening. Our synthetic plan called for a controlled
reduction of the pyridone derived from 39 to generate the
cis-decahydroquinoline system of 36. Indeed, a short

(43) Michel, J. P. Nat. Prod. Rep. 1994, 11, 17. Howard, A. S.;
Michael, J. P. In The Alkaloids; Brossi, A., Ed.; Academic Press: New
York, 1986; Vol. 28, p 183.

(44) Daly, J. W.; Spande, T. F. In Alkaloids: Chemical and Biological
Perspectives; Pelletier, S. W., Ed.; Springer Verlag: New York, 1986;
Vol. 4, p 1.

(45) Boekelheide, V.; Lodge, J. P., Jr. J. Am. Chem. Soc. 1951, 73,
3681.

(46) Introduction to Alkaloids. A Biogenetic Approach; Cordell, G.
A., Ed.; John Wiley & Sons, Inc.: New York, 1981; pp 154-195.

(47) Stille, J. K. Angew. Chem., Int. Ed. Engl. 1986, 25, 508.
(48) Goldberg, S. I.; Lipkin, A. H. J. Org. Chem. 1972, 37, 1823.
(49) Witkop, B.; Gossinger, E. In Alkaloids; Brossi, A., Ed.; Academic

Press: New York, 1983; Vol 21, p 190. Daly, J. In The Alkaloids;
Cordell, G. A., Ed.; Academic Press: New York, 1997, Vol. 50.

(50) Daly, J. W.; Spande, T. F. In Alkaloids: Chemical and Biological
Perspectives; Pelletier, S. W., Ed.; Wiley-Interscience: New York, 1986;
Vol. 4, pp 1-274.

(51) Oppolzer, W.; Flaskamp, E. Helv. Chim. Acta 1977, 60, 204.
Bonin, M.; Royer, J.; Grielson, D. S.; Husson, H. P. Tetrahedron Lett.
1986, 27, 1569. Murahashi, S.; Sasao, S.; Saito, E.; Naota, T. J. Org.
Chem. 1992, 57, 2521. Comins, D. L.; Dehghani, A. J. Chem. Soc.,
Chem. Commun. 1993, 1838. Naruse, M.; Aoyagi, S.; Kibayashi, C.
Tetrahedron Lett. 1994, 35, 9213. Oppolzer, W.; Flaskamp, E. Helv.
Chim. Acta 1977, 60, 204. Schultz, A. G.; McCloskey, P. J.; Court, J.
J. J. Am. Chem. Soc. 1987, 109, 6493. Toyota, M.; Takanobu, A.;
Fukumoto, K. Tetrahedron Lett. 1996, 37, 4401. Comins, D. L.;
Dehghani, A. Tetrahedron Lett. 1991, 32, 5697. Braudi, A.; Cordero,
F. M.; Goti, A.; Guarua, A. Tetrahedron Lett. 1992, 33, 6697. Polniaszek,
R. P.; Dillard, L. W. J. Org. Chem. 1992, 57, 4103. Meyers, A. I.; Milot,
G. J. Am. Chem. Soc. 1993, 115, 6652. Mehta, G.; Praveen, M. J. Org.
Chem. 1995, 60, 279.
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synthesis of pumiliotoxin C was carried out along these
lines and is depicted in Scheme 7. The Pummerer-
induced reaction of imidosulfoxide 37 gave mainly 5-ace-
toxypyridone 40 together with lesser quantities of 41
(13%). Both compounds were independently converted to
pyridone 42 via the procedure outlined in Scheme 7.
Selective reduction of 42 with L-Selectride52 afforded the
ene-lactam 43 in 77% yield. Catalytic hydrogenation of
43 over PtO2 furnished 44 (86%) with a high degree of
diastereoselectivity.53 The preparation of 44 constitutes
a formal synthesis of (()-pumiliotoxin C, as 44 had
previously been converted into the natural product.54

Application of the Method to the Ergot Alkaloid
(()-Costaclavine. The successful synthesis of pumil-
iotoxin C by the Pummerer cyclization-deprotonation
route prompted us to use a similar methodology for the
preparation of (()-costaclavine (45). The clavine ergot
alkaloids have received increasing attention in recent
years,55 since many members of this family exhibit
diverse pharmacodynamic properties and present a for-
midable challenge for synthetic chemists.56 Costaclavine
was first isolated from the saprophytic culture of the

agropyrum-type ergot fungus57 and was later obtained
chemically by the reduction of both agroclavine and
elymoclavine.58 This alkaloid was first synthesized in
1976 by Ninomiya59 and more recently in the Oppolzer
laboratory using an intramolecular nitrone-olefin cy-
cloaddition reaction.60 The cornerstone of our strategy
(Scheme 8) involves the cycloaddition of an isomünchnone
dipole (46) generated from imidosulfoxide 47.

Exploiting the ready accessibility of 4-substituted
indolines, we chose the known amide 4861 as our bifunc-
tional starting material since this permits the facile
generation of the desired mesoionic betaine intermediate
46. Treatment of 48 with (ethylsulfenyl)acetyl chloride
(13) followed by sodium periodate gave imidosulfoxide 47.
When 47 was subjected to the Pummerer-deprotonation
conditions, a-mixture of R-acetoxy and R-thioethyl pyri-
dones 49 and 50 was obtained in 64% and 11% yield,
respectively. Both of these compounds are derived from
the transient cycloadduct obtained by intramolecular
cycloaddition of isomünchnone 46 across the tethered
vinyl group. Pyridone 49 was then converted to the
corresponding triflate 52 in 81% yield by hydrolysis of
the acetoxy group with K2CO3 (i.e., 49 f 51) followed by
reaction with N-(5-chloro-2-pyridyl)triflimide62 (Scheme
9). Stille cross-coupling of 52 with tetramethyl tin47 in
the presence of Pd(PPh3)2Cl2 provided the methyl-
substituted pyridone 53 in 73% yield. Catalytic hydro-
genation of 53 in acetic acid at 5 atm pressure of
hydrogen followed by removal of the protective benzoyl
group with aqueous HCl afforded 54 as a 4:1 mixture of
diastereomers in 85% yield. The major isomer was
separated, reduced with LAH, and oxidized with man-
ganese dioxide according to the procedure of Ninomiya59

to give (()-costaclavine (45). Thus, starting from amido
indoline 48, (()-costaclavine was obtained in 12 steps
with an overall yield of 17% which compares very
favorably with the other two syntheses of racemic 45.59,60

In summary, a new route to several 4-azafluorenone,
quinolizidine, and clavine ergot alkaloids has been de-
veloped. An important finding from this study is that the
Pummerer reaction of imidosulfoxides represents a highly
efficient method for the synthesis of azapolycyclic ring
systems. The subsequent ring cleavage reaction of the

(52) Mabic, S.; Castagnoli, N., Jr. J. Org. Chem. 1996, 61, 309.
(53) Murahashi, S.; Sasao, S.; Saito, E.; Naota, T. Tetrahedron 1993,

49, 8805.
(54) Oppolzer, W.; Fehr, C.;.Warneke, J. Helv. Chim. Acta. 1977,

60, 48. Maruola, K.; Miyazaki, T.; Ando, M.; Matsumura, Y.; Sakane,
S.; Hattori, K.; Yamamoto, H. J. Am. Chem. Soc. 1983, 105, 2831.

(55) Rehacek, Z.; Sajdl, P. Ergot Alkaloids: Chemistry, Biological
Effects, Biotechnology; Elsevier Science Publishers: Amsterdam, 1990.

(56) Stadler, P. A.; Gigar, K. A. Natural Products and Drug
Development; Krogsgaard-Larsen, P., Christensen, S. B., Koffod, H.,
Eds.; Munksgaard: Copenhagen, 1984; p 463.

(57) Abe, M.; Yamatodani, S.; Yamano, T.; Kusumoto, M. J. Agric.
Chem. Soc. Jpn. 1960, 34, 360.

(58) Yamatodani, S.; Abe, M. J. Agric. Chem. Soc. Jpn. 1960, 34,
366.

(59) Ninomiya, I.; Kiguchi, T. J. Chem. Soc., Chem. Commun. 1976,
624. Ninomiya, I.; Kiguchi, T.; Naito, T. J. Chem. Soc., Perkin Trans.
1 1980, 208.

(60) Oppolzer, W.; Grayson, J. I.; Wegmann, H.; Urrea, M. Tetra-
hedron 1983, 39, 3695.

(61) Marino, J. P., Jr.; Osterhout, M. H.; Padwa, A. J. Org. Chem.
1995, 60, 2704.

(62) In this case, the yield of triflate 52 was much higher when N-(5-
chloro-2-pyridyl)triflimide was used as the triflating agent; see: Comins,
D. L.; Dehghani, A. Tetrahedron Lett. 1992, 33, 6299.
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initially formed isomünchnone cycloadducts gives rise to
acetoxy-substituted pyridones which can be further uti-
lized for natural product synthesis. The foregoing ex-
amples help to define the scope of the cyclization-
deprotonation-cycloaddition cascade of imidosulfoxides
and validate their potential in natural product synthesis.
The use of this methodology for the synthesis of other
alkaloidal skeletons is currently under investigation.

Experimental Section

Melting points are uncorrected. Mass spectra were deter-
mined at an ionizing voltage of 70 eV. Unless otherwise noted,
all reactions were performed in flame-dried glassware under
an atmosphere of dry nitrogen. Solutions were evaporated
under reduced pressure with a rotary evaporator, and the
residue was chromatographed on a silica gel column using an
ethyl acetate-hexane mixture as the eluent unless specified
otherwise.

General Procedure for the Preparation of Imidosulf-
oxides. A solution containing 10 mmol of the appropriate
amide and 13 mmol of (ethylsulfenyl)acetyl chloride (13)37 in
100 mL of anhydrous benzene was heated at reflux for 12 h.
The reaction mixture was cooled, diluted with ether, and
washed with 10% NaOH solution. The organic layer was dried
over MgSO4 and concentrated under reduced pressure. The
residue was purified by flash silica gel chromatography.

To a solution of 5.5 mmol of sodium periodate in a 2:1
mixture of methanol-H2O was added 5.0 mmol of the ap-
propriate imidosulfide. The resulting mixture was stirred for
3 h, diluted with water, extracted with chloroform, and dried
over MgSO4. The solvent was removed under reduced pressure,
and the residue was subjected to silica gel chromatography to
give the pure imidosulfoxide.

2-But-2-enyl-N-(4-methoxybenzyl)benzamide (12). To
a stirred solution of 5.0 g (28 mmol) of trans-2-(2-butenyl)-
benzoic acid (11)36 in 100 mL of benzene was added 7.2 g (57
mmol) of oxalyl chloride followed by 1 drop of DMF. The
resulting mixture was stirred for 2 h at rt (room temperature),
concentrated under reduced pressure, dissolved in 25 mL of
CH2Cl2, and added to a stirred solution of 9.0 g (65 mmol) of
p-methoxybenzylamine in 100 mL of CH2Cl2. After stirring for
1 h at rt, the mixture was diluted with water, extracted with

CH2Cl2, and dried over MgSO4. Removal of the solvent under
reduced pressure followed by silica gel chromatography af-
forded 6.3 g (75%) of 12 as a white solid: mp 79-80 °C; IR
(CCl4) 3288, 1637, 1509, and 1246 cm-1; 1H NMR (CDCl3, 300
MHz) δ 1.57 (d, 3H, J ) 6.6 Hz), 3.42 (d, 2H, J ) 6.2 Hz), 3.74
(s, 3H), 4.52 (d, 2H, J ) 5.6 Hz), 5.51 (m, 1H), 5.97 (m, 1H),
6.11 (brs, 1H), 6.82 (d, 2H, J ) 8.6 Hz), and 7.23 (m, 6H); 13C-
NMR (CDCl3, 75 MHz) δ 12.8, 30.5, 43.1, 55.1, 113.2, 124.9,
125.7, 125.8, 126.4, 127.1, 128.7, 129.6, 136.1, 139.0, 158.8,
and 169.6. Anal. Calcd for C19H21NO2: C, 77.25; H, 7.15; N,
4.74. Found: C, 77.19; H, 7.03; N, 4.68.

2-But-2-enyl-N-((ethylsulfinyl)acetyl)-N-(4-methoxy-
benzyl)benzamide (14). Following the general procedure,
treatment of 6.1 g (21 mmol) of the above amide with 3.7 g
(27 mmol) of (ethylsulfenyl)acetyl chloride (13) afforded 7.5 g
(91%) of 2-but-2-enyl-N-((ethylsulfenyl)acetyl)-N-(4-methoxy-
benzyl)benzamide as a clear oil: IR (neat) 1694, 1509, 1346,
and 1246 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.19 (t, 3H, J )
7.5 Hz), 1.65 (d, 3H, J ) 3.8 Hz), 2.45 (q, 2H, J ) 7.5 Hz),
3.30 (m, 2H), 3.57 (s, 2H), 3.76 (s, 3H), 4.83 (s, 2H), 5.46 (m,
2H), 6.77 (d, 2H, J ) 8.6 Hz), 7.05 (d, 2H, J ) 8.3 Hz), and
7.29 (m, 4H). Without further purification, this sulfide was
subjected to oxidation.

Treatment of 7.5 g (19 mmol) of the above sulfide with 4.8
g (23 mmol) of sodium periodate gave 7.5 g (99%) of 14 as a
colorless oil: IR (neat) 1687, 1509, 1346, and 1246 cm-1; 1H-
NMR (CDCl3, 300 MHz) δ 1.33 (t, 3H, J ) 7.5 Hz), 1.64 (m,
3H), 2.81 (m, 2H), 3.20 (d, 2H, J ) 7.5 Hz), 3.76 (s, 3H), 3.97
(d, 1H, J ) 14.6 Hz), 4.10 (d, 1H, J ) 14.6 Hz), 4.82 (m, 2H),
5.42 (m, 2H), 6.75 (d, 2H, J ) 8.6 Hz), 6.98 (d, 2H, J ) 8.2
Hz), 7.29 (m, 3H), and 7.43 (m, 1H); 13C-NMR (CDCl3, 75 MHz)
δ 6.5, 12.8, 17.8, 30.1, 35.8, 55.1, 60.0, 113.8, 125.9, 126.2,
127.0, 127.7, 128.3, 129.3, 130.2, 131.2, 134.1, 139.5, 159.0,
168.4, and 173.9. Anal. Calcd for C23H27NO4S: C, 66.80; H,
6.59; N, 3.39. Found: C, 66.71; H, 6.48; N, 3.25.

Acetic Acid 1-(4-Methoxybenzyl)-4-methyl-2-oxo-2,5-
dihydro-1H-indeno[1,2-b]pyridin-3-yl Ester (16). To a
refluxing solution of 2.0 g (19 mmol) of acetic anhydride and
2 mg of p-toluenesulfonic acid in 50 mL of toluene was added
dropwise 0.8 g (1.9 mmol) of sulfoxide 14 in 2 mL of toluene.
After being heated at reflux for 1 h, the mixture was concen-
trated under reduced pressure, and the residue was subjected
to silica gel chromatography to give 0.6 g (81%) of 16 as a white
solid: mp 200-201 °C; IR (CCl4) 1758, 1652, 1509, and 1196
cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.18 (s, 3H), 2.37 (s, 3H),
3.47 (s, 2H), 3.65 (s, 3H), 5.60 (brs, 2H), 6.77 (d, 2H, J ) 8.6
Hz), 7.09 (d, 2H, J ) 8.6 Hz), 7.23 (m, 2H), 7.45 (d, 1H, J )
7.1 Hz), and 7.55 (d, 1H, J ) 7.6 Hz); 13C-NMR (CDCl3, 75
MHz) δ 13.0, 20.3, 33.7, 47.2, 54.9, 113.9, 120.6, 121.9, 124.9,
126.9, 127.0, 127.5, 135.7, 136.7, 136.8, 141.9, 143.9, 157.5,
158.4, and 168.5. Anal. Calcd for C23H21NO4: C, 73.58; H, 5.64;
N, 3.73. Found: C, 73.49; H, 5.71; N, 3.65.

Trifluoromethanesulfonic Acid 1-(4-Methoxybenzyl)-
4-methyl-2-oxo-2,5-dihydro-1H-indeno[1,2-b]pyridin-3-
yl Ester (18). To a stirred solution of 1.8 g (4.8 mmol) of 16
in 50 mL of methanol was added 2 mL of a saturated solution
of potassium carbonate. The resulting mixture was stirred for
3 h at rt, diluted with water, extracted with CHCl3, and dried
over MgSO4. The solvent was removed under reduced pressure,
and the crude 3-hydroxypyridone 17 was dissolved in 50 mL
of CH2Cl2. To this was added 1.0 g (10 mmol) of triethylamine
followed by 2.6 g (7.2 mmol) of N-phenyltrifluoromethane-
sulfonimide. The resulting mixture was stirred for 12 h, diluted
with water, extracted with CH2Cl2, and dried over MgSO4.
Concentration under reduced pressure followed by silica gel
chromatography afforded 1.9 g (83%) of 18 as a bright yellow
solid: mp 166-167 °C; IR (CCl4) 1652, 1509, 1417, and 1211
cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.42 (s, 3H), 3.71 (s, 2H),
3.73 (s, 3H), 5.76 (brs, 2H), 6.82 (d, 2H, J ) 8.6 Hz), 7.11 (d,
2H, J ) 8.6 Hz), 7.32 (m, 2H), 7.58 (d, 1H, J ) 7.4 Hz), and
7.66 (d, 1H, J ) 7.9 Hz); 13C-NMR (CDCl3, 75 MHz) δ 13.8,
34.2, 47.9, 55.2, 114.4, 119.9, 122.8, 125.4, 126.9, 127.1, 127.6,
128.3, 135.4, 138.9, 144.6, 144.7, 157.4, and 158.9. Anal. Calcd
for C22H18F3NO5S: C, 56.77; H, 3.90; N, 3.01. Found: C, 56.85;
H, 3.92; N, 3.03.
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1-(4-Methoxybenzyl)-4-methyl-1,5-dihydroindeno[1,2-
b]pyridin-2-one (19). To a stirred solution of 0.5 g (1.1 mmol)
of triflate 18 in 25 mL of DMF was added 0.16 g (0.2 mmol) of
Pd(PPh3)2Cl2, 0.34 g (3.4 mmol) of triethylamine, and 0.1 g
(2.1 mmol) of formic acid. The reaction was heated to 110 °C
for 1 h. The reaction was cooled to rt, diluted with water,
extracted with ethyl acetate, and dried over MgSO4. The
solvent was removed under reduced pressure, and the residue
was purified by silica gel chromatography to give 0.35 g (97%)
of 19 as a white solid: mp 164-165 °C; IR (CCl4) 1652, 1524,
1246, and 1033 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.32 (s,
3H), 3.62 (s, 2H), 3.73 (s, 3H), 5.71 (brs, 2H), 6.48 (s, 1H), 6.82
(d, 2H, J ) 8.6 Hz), 7.12 (d, 2H, J ) 8.6 Hz), 7.29 (m, 2H),
7.54 (d, 1H, J ) 7.1 Hz), and 7.62 (d, 1H, J ) 7.6 Hz); 13C-
NMR (CDCl3, 75 MHz) δ 19.0, 33.6, 46.8, 55.2, 114.2, 116.6,
121.9, 122.5, 125.2, 127.1, 127.2, 127.4, 128.2, 136.3, 144.4,
145.7, 147.4, 158.6, and 163.7. Anal. Calcd for C21H19NO2: C,
79.47; H, 6.03; N, 4.41. Found: C, 79.39; H, 6.07; N, 4.34.

Trifluoromethanesulfonic Acid 4-Methyl-5H-indeno-
[1,2-b]pyridin-2-yl Ester (20). A solution of 0.1 g (0.3 mmol)
of 19 in 7 mL of trifluoroacetic acid was heated at 100 °C in a
sealed tube for 1 h. The mixture was concentrated under
reduced pressure, and the residue was dissolved in ethyl
acetate and filtered over a plug of silica gel. The solvent was
removed under reduced pressure, the resulting oil was dis-
solved in 5 mL of pyridine and cooled to 0 °C, and 0.13 g (0.47
mmol) of triflic anhydride was added dropwise. The resulting
mixture was stirred for 2 h and concentrated under reduced
pressure, and the residue was chromatographed on a silica
gel column to give 0.7 g (66%) of 20 as a white solid: mp 92-
93 °C; IR (CCl4) 1602, 1566, 1424, 1203, and 1139 cm-1; 1H-
NMR (CDCl3, 300 MHz) δ 2.47 (s, 3H), 3.75 (s, 2H), 6.86 (s,
1H), 7.44 (m, 2H), 7.56 (m, 1H), and 8.00 (m, 1H); 13C-NMR
(CDCl3, 75 MHz) δ 18.8, 33.0, 112.6, 121.7, 125.2, 127.5, 129.5,
136.4, 139.5, 143.8, 147.8, 156.1, and 159.3. Anal. Calcd for
C14H10F3O3S: C, 51.07; H, 3.06; N, 4.25. Found: C, 51.37; H,
3.24; N, 3.93.

4-Methyl-5H-indeno[1,2-b]pyridine (21). To a stirred
solution of 0.06 g (0.2 mmol) of 20 in 5 mL of DMF was added
0.03 mg (0.03 mmol) of Pd(PPh3)2Cl2, 0.05 g (0.5 mmol) of
triethylamine, and 0.01 g of formic acid. The mixture was
heated to 110 °C for 1 h, cooled to rt, diluted with water,
extracted with ethyl acetate, and dried over MgSO4. The
solvent was removed under reduced pressure, and the residue
was purified by silica gel chromatography to give 0.02 g (75%)
of 4-methyl-5H-indeno[1,2-b]pyridine as a white solid: mp 97-
98 °C (lit.29 mp 97-99 °C); IR (neat) 1606, 1455, 1388, and
1077 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.42 (s, 3H), 3.77 (s,
2H), 7.01 (d, 1H, J ) 5.0 Hz), 7.37 (m, 2H), 7.58 (d, 1H, J )
7.0 Hz), 8.09 (d, 1H, J ) 7.0 Hz), and 8.47 (d, 1H, J ) 5.0 Hz);
13C-NMR (CDCl3, 75 MHz) δ 18.5, 33.3, 120.9, 122.4, 125.1,
127.2, 128.4, 136.0, 141.2, 143.0, 143.3, and 148.4. Anal. Calcd
for C13H11N: C, 86.15; H, 6.12; N, 7.73. Found: C, 86.22; H,
6.13; N, 7.79.

Onychnine (7). To a stirred solution of 0.02 g (0.1 mmol)
of the above indenopyridine 21 in 10 mL of acetone was added
0.08 g (0.5 mmol) of potassium permanganate. After being
stirred at rt for 3 h, the reaction was diluted with EtOH,
filtered over a pad of Celite, and concentrated under reduced
pressure. The residue was chromatgraphed on silica gel to
afford 0.02 g (68%) of onychine (7) as a pale yellow solid: mp
127-129 °C (lit.29 mp 125-127 °C); IR (neat) 2935, 1703, 1600,
1565, and 920 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.52 (s, 3H),
6.75 (d, 1H, J ) 6.0 Hz), 7.00-7.90 (m, 4H), and 8.29 (d, 1H,
J ) 6.0 Hz). Anal. Calcd for C13H9NO: C, 79.98; H, 4.65; N,
7.17. Found: C, 79.75; H, 4.61; N, 7.19.

(E)-2-(But-2-enyl-phenyl)acetonitrile. To a mixture of
1.4 g (5.3 mmol) of phosphorus tribromide in 8 mL of benzene
at 0 °C was added 0.3 g (4 mmol) of pyridine in 4 mL of
benzene. After stirring of the mixture for 15 min, 2.0 g (13
mmol) of 2-((E)-but-2-en-1-yl)benzyl alcohol63 in 3 mL of
benzene was added via syringe. After being stirred for 10 min,

the mixture was treated with 20 mL of a 5% HCl solution,
extracted with chloroform, and dried over MgSO4. Filtration
through a plug of silica gel gave 2.8 g (76%) of (E)-1-
(bromomethyl)-2-but-2-enylbenzene as a colorless oil which
was immediately used in the next step: IR (neat) 3018, 1485,
1450, and 1245 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.70 (d,
3H, J ) 6.2 Hz) 3.48 (d, 2H, J ) 6.2 Hz) 4.55 (s, 2H), 5.51-
5.66 (m, 2H), and 7.18-7.35 (m, 4H); 13C-NMR (CDCl3, 75
MHz) 617.9, 31.7, 35.5, 126.5, 126.6, 126.8, 128.1, 129.2, 130.1,
130.5, and 139.7.

To a solution of 5.4 g (24 mmol) of the above bromide in 30
mL of DMSO was added 1.5 g (31 mmol) of NaCN. The mixture
was stirred for 20 min at rt, diluted with water, and extracted
with ether. After drying over MgSO4, the solvent was removed
under reduced pressure and the residue was purified by silica
gel chromatography to give 3.9 g (94%) of (2-but-2-enyl-
phenyl)acetonitrile as a 4:1-mixture of E and Z isomers: IR
(neat) 2244, 1491, and 1451 cm-1; 1H-NMR (CDCl3, 300 MHz)
δ 1.68 (d, 3H, J ) 5.7 Hz), 3.32 (d, 2H, J ) 5.1 Hz), 3.70 (s,
2H), 5.38-5.66 (m, 2H), and 7.19-7.40 (m, 4H); 13C-NMR
(CDCl3, 75 MHz) δ 17.7, 30.7, 36.1, 117.7, 125.9, 126.8, 127.0,
127.8, 127.9, 128.3, 129.6, and 130.0; HRMS calcd for C12H13N
171.1048, found 171.1054.

(E)-2-(2-But-2-enyl-phenyl)-N-(4-methoxybenzyl)acet-
amide. To a solution of 2.0 g (12 mmol) of the above nitrile in
100 mL of 95% ethanol was added 6.5 g (120 mmol) of KOH.
The mixture was heated at reflux for 15 h and cooled to rt,
and the solvent was removed under reduced pressure. To the
resulting mixture was added 50 mL of water. The mixture was
acidified with 2 N HCl and extracted with ether. The ether
extracts were dried over MgSO4, and the solvent was removed
under reduced pressure. Chromatography on silica gel gave
4.0 g (93%) of (E)-(2-but-2-enyl-phenyl)acetic acid as a colorless
oil which was immediately used in the next step: IR (neat)
3018, 2662, 1709, and 1410 cm-1; 1H-NMR (CDCl3, 300 MHz)
δ 1.65 (d, 3H, J ) 6.0 Hz), 3.36 (d, 2H, J ) 5.8 Hz), 3.69 (s,
2H), 5.42-5.57 (m, 2H), 7.21-7.23 (m, 4H), and 11.1-12.1 (brs,
1H); 13C-NMR (CDCl3, 75 MHz) δ 17.8, 30.8, 36.3, 38.3, 125.2,
126.4, 126.7, 127.8, 128.1, 129.0, 129.4, 129.8, 130.7, 131.8,
139.8, and 178.3.

To a solution of 1.5 g (7.6 mmol) of the above carboxylic acid
in 75 mL of benzene was added 1.5 g (11 mmol) of oxalyl
chloride followed by 1 drop of DMF. The resulting mixture was
stirred for 2 h, concentrated under reduced pressure, and
dissolved in 80 mL of methylene chloride, and this was added
to a stirred solution of 2.2 g (16 mmol) of p-methoxybenzyl-
amine. After being stirred for 20 min at rt, the reaction
mixture was diluted with water, extracted with CHCl3, and
dried over MgSO4. Removal of the solvent under reduced
pressure followed by chromatography on silica gel gave 0.49 g
(87%) of the titled compound as a white solid: mp 81-82 °C;
IR (KBr) 3288, 1643, 1512, and 1446 cm-1; 1H-NMR (CDCl3,
300 MHz) δ 1.64 (d, 3H, J ) 5.2 Hz), 3.30 (d, 2H, J ) 3.2 Hz),
3.64 (s, 2H), 3.77 (s, 3H), 4.32 (d, 2H), 5.44-5.48 (m, 2H), 5.71
(brs, 1H), 6.82, (d, 2H, J ) 8.6 Hz), 7.09 (d, 2H, J ) 8.6 Hz),
and 7.21-7.25 (m, 4H); 13C-NMR (CDCl3, 75 MHz) δ 17.8, 36.1,
41.1, 42.9, 55.1, 113.9, 126.8, 127.8, 127.9, 128.6, 128.7, 128.8,
128.9, 130.1, 130.2, 130.7, 132.9, 139.6, and 170.7. Anal. Calcd
for C20H23NO2: C, 77.64: H, 7.49; N, 4.53. Found: C, 77.48:
H, 7.53; N, 4.50.

N-[(2-But-2-enylphenyl)acetyl]-2-(ethylsulfanyl)-N-(4-
methoxybenzyl)acetamide. Following the general proce-
dure, treatment of 0.42 g (1.4 mmol) of the above amide with
0.23 g (1.6 mmol) of acid chloride 13 gave 0.49 g (87%) of the
titled compound as a clear oil: IR (neat) 1694, 1609, and 1509
cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.21-1.27 (m, 3H), 1.57-
1.62 (m, 3H), 2.5-2.60 (m, 2H), 3.10 (d, 2H, J ) 5.2 Hz), 3.78
(s, 3H), 3.95 (s, 2H), 3.97 (s, 2H), 4.98 (s, 2H), 5.19-5.24 (m,
1H), 5.34-5.41 (m, 1H), 6.84-6.89 (m, 2H), and 7.03-7.25 (m,
6H); 13C-NMR (CDCl3, 75 MHz) δ 14.3, 17.8, 26.2, 36.2, 37.9,
41.7, 46.7, 55.3, 114.3, 126.3, 126.4, 127.5, 127.6, 128.8, 128.9,
129.7, 130.3, 132.3, 139.3, 159.0, 172.7, and 174.4; HRMS calcd
for C24H29NO3S 411.1868, found 411.1867.

N-[(2-But-2-enylphenyl)acetyl]-2-(ethylsulfinyl)-N-(4-
methoxybenzyl)acetamide (22). Treatment of 0.33 g (0.8(63) Semmelhack, M. F.; Zask, A. J. Am. Chem. Soc. 1983, 105, 2034.
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mmol) of the above sulfide with 0.42 g (1.9 mmol) of sodium
periodate in a 4:1 H2O/methanol mixture gave 0.3 g (96%) of
22 as a clear oil: IR (neat) 1690, 1610, 1514, and 1349 cm-1;
1H-NMR (CDCl3, 300 MHz) δ 1.29 (t, 3H, J ) 7.5 Hz), 1.52-
1.56 (m, 3H), 2.72-2.79 (m, 2H), 2.97 (d, 2H, J ) 5.9 Hz), 3.74
(s, 3H), 3.89 (s, 2H), 4.10 (d, 1H, J ) 14.8 Hz), 4.35 (d, 1H, J
) 14.8 Hz), 5.15 (m, 3H), 5.35 (m, 1H), 6.86 (m, 2H), and 7.15
(m, 6H); 13C-NMR (CDCl3, 75 MHz) δ 6.4, 17.6, 35.9, 40.9, 45.9,
46.7, 55.0, 60.5, 114.2, 126.1, 126.2, 127.4, 127.6, 127.7, 127.8,
128.6, 129.6, 130.1, 131.4, 158.9, 168.4, and 174.6. Anal. Calcd
for C24H29NO4S: C, 67.42; H, 6.84; N, 3.28. Found: C, 67.29;
H, 6.73; N, 3.17.

AceticAcid1-(4-Methoxybenzyl)-4-methyl-2-oxo-1,2,5,10-
tetrahydrobenzo[g]quinolin-3-yl Ester (23). To a refluxing
solution of 2.4 g (2.3 mmol) of acetic anhydride and 2 mg of
p-toluenesulfonic acid in 60 mL of m-xylene was added
dropwise 1.0 g (2.3 mmol) of the above amide in 2 mL of
m-xylene. After being heated at reflux for 1.5 h, the mixture
was concentrated under reduced pressure and the residue
subjected to silica gel chromatography to give 0.6 g (68%) of
23 as a white solid: mp 170-171 °C; IR (KBr) 1755, 1663,
1613, and 1546 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.14 (s,
3H), 2.37 (s, 3H), 3.72 (s, 3H), 3.77 (s, 2H), 3.93 (s, 2H), 5.39
(brs, 2H), 6.81 (m, 2H), and 7.14 (m, 6H); 13C-NMR δ 12.8,
20.5, 30.2, 31.6, 46.6, 55.2, 111.5, 114.2, 126.5, 126.8, 127.8,
127.9, 127.8, 127.9, 131.0, 132.3, 137.3, 137.4, 138.7, 156.0,
158.8, and 168.7. Anal. Calcd for C24H23NO4: C, 74.02; H, 5.95;
N, 3.60. Found: C, 73.92; H, 6.03; N, 3.63.

Acetic Acid 1-(4-Methoxybenzyl)-4-methyl-2,5,10-tri-
oxo-1,2,5,10-tetrahydrobenzo[g]quinolin-3-yl Ester. To a
stirred solution of 0.3 g (0.8 mmol) of pyridone 23 in 25 mL of
acetic acid at rt was added 0.3 g (3 mmol) of chromium trioxide
followed by 7 drops of water. The oxidation was complete after
15 min, and the solution was extracted with ether. The organic
layer was dried over MgSO4, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel
chromatography to give 0.22 g (62%) of the titled compound
as a yellow solid: mp 94-95 °C; IR (KBr) 1773, 1661, 1608,
and 1278 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.42 (s, 3H), 2.59
(s, 3H), 3.72 (s, 3H), 5.94 (s, 2H), 6.78 (d, 2H, J ) 8.6 Hz),
7.16 (d, 2H, J ) 9.4 Hz), 7.68-7.75 (m, 2H), 7.94 (d, 1H, J )
7.1 Hz), and 8.04 (d, 1H, J ) 9.4 Hz); 13C-NMR (CDCl3, 75
MHz) δ 15.0, 20.4, 48.1, 55.1, 113.9, 119.7, 126.6, 126.5, 128.2,
128.9, 129.0, 132.1, 132.2, 133.7, 134.4, 138.5, 140.8, 157.1,
158.8, 167.9, 180.3, and 182.3. Anal. Calcd for C24H19NO6: C,
69.04; H, 4.59; N, 3.36. Found: C, 68.80: H, 4.65; N, 3.32.

3-Methoxy-1-(4-methoxybenzyl)-4-methyl-1H-benzo[g]-
quinoline-2,5,10-trione (24). To a solution of 0.16 g (0.1
mmol) of the above azaanthraquinone in 10 mL of methanol
was added 25 mg of sodium methoxide at 25 °C. After stirring
of the solution for 20 min, 2 mL of an aqueous NH4Cl solution
and 5 mL of brine were added. The mixture was extracted with
chloroform, dried over MgSO4, filtered, and concentrated under
reduced pressure to give 0.03 g (91%) of 3-hydroxy-1-(4-
methoxybenzyl)-4-methyl-1H-benzo[g]quinoline-2,5,10-trione:

IR (neat) 1662, 1626, and 1279 cm-1; 1H-NMR (CDCl3, 300
MHz) δ 2.63 (s, 3H), 3.73 (s, 3H), 6.03 (s, 2H), 6.78-6.80 (m,
2H), 7.16-7.19 (m, 2H), 7.69 (brs, 2H), 7.98 (brs, 2H), and 8.05
(brs, 2H). This compound was used in the next step without
further purification.

To a solution of 0.1 g (0.3 mmol) of the above alcohol in 2
mL of dimethyl sulfoxide was added 0.25 g (4.5 mmol) of KOH
in 5 mL of DMSO. To this mixture was immediately added an
excess of iodomethane. After being stirred for 25 min, the
mixture was diluted with water, extracted with ether, and
dried over MgSO4. The solvent was removed under reduced
pressure, and the residue was chromatographed on silica gel
to give 0.08 g (74%) of 24 as a yellow solid: mp 211-212 °C;
IR (KBr) 1649, 1588, 1509, 1358 and 1279 cm-1; 1H-NMR
(CDCl3, 300 MHz) δ 2.63 (s, 3H), 3.73 (s, 3H), 4.02 (s, 3H),
6.00 (s, 2H), 6.78 (d, 2H, J ) 8.6 Hz), 7.17 (d, 2H, J ) 8.6 Hz),
7.70 (m, 2H), 7.95 (dd, 1H, J ) 6.0 and 1.5 Hz), and 8.05 (dd,
1H, J ) 6.0 and 1.5 Hz); 13C-NMR (CDCl3, 75 MHz) δ 14.3,
47.6, 55.2, 59.8, 113.9, 121.1, 126.2, 126.4, 128.7, 128.8, 129.6,
132.3, 133.5, 134.1, 135.9, 138.8, 151.1, 158.5, 158.7, 180.2,

and 182.9. Anal. Calcd for C23H19NO5: C, 70.93; H, 4.92; N,
3.60. Found: C, 70.85: H, 4.88; N, 3.52.

Dielsiquinone (10). A solution of 0.03 g (6 mmol) of the
above amide in 12 mL of trifluoroacetic acid was heated in a
sealed tube at 100 °C for 45 min. The mixture was cooled, the
solvent was removed under reduced pressure, and the residue
was chromatographed on silica gel to give 10 as a light yellow
solid: mp 252-254 °C; IR (neat) 1652, 1591, 1478, 1327, 1297,
and 1131 cm-1; 1H-NMR (CDCl3, 400 MHz) δ 2.66 (s, 3H), 4.06
(s, 3H), 7.76 (t, 1H, J ) 7.6 Hz), 7.83 (t, 1H, J ) 7.6 Hz), 8.16
(d, 1H, J ) 7.6 Hz), 8.21 (d, 1H, J ) 7.6 Hz), and 9.75 (brs,
1H); 13C-NMR (CDCl3, 100 MHz) δ 15.0, 61.0, 118.5, 127.5,
128.6, 131.0, 134.6, 134.7, 135.8, 136.5, 138.8, 153.8, 157.9,
178.4, and 183.0. Anal. Calcd for C15H11NO4: C, 66.90; H, 4.12;
N, 5.20. Found: C, 66.81: H, 4.06; N, 5.14.

8-(Ethylsulfenyl)-7-oxo-11-oxa-6-aza-tricyclo[6.2.1.01,6]-
undecane-10-carboxylic Acid Methyl Ester (26). A solu-
tion containing 0.3 g (1.2 mmol) of 1-((ethylsulfinyl)acetyl)-
piperidin-2-one (25),19 1.0 g (9.8 mmol) of acetic anhydride,
1.9 g (22 mmol) of methyl acrylate, and 2 mg of p-toluene-
sulfonic acid in 30 mL of toluene was heated at 90 °C for 15
min. The reaction mixture was cooled and concentrated under
reduced pressure, and the resulting residue was purified by
silica gel chromatography. The major product eluted from the
column (51%) was identified as cycloadduct 26: mp 93-94 °C;
IR (CCl4) 1727, 1402, and 1172 cm-1; 1H-NMR (CDCl3, 300
MHz) δ 1.32 (t, 3H, J ) 7.5 Hz), 1.61 (m, 2H), 1.98 (m, 5H),
2.51 (dd, 1H, J ) 12.6 and 4.6 Hz), 2.80 (m, 3H), 3.09 (dd, 1H,
J ) 8.3 and 4.6 Hz), 3.76 (s, 3H), and 3.82 (m, 1H); 13C-NMR
(CDCl3, 75 MHz) δ 14.9, 20.2, 23.2, 24.0, 27.5, 35.9, 39.0, 48.3,
52.4, 92.8, 94.0, and 170.7. Anal. Calcd for C13H19NO4S: C,
54.72; H, 6.71; N, 4.91. Found: C, 54.72; H, 6.75; N, 4.84.

The minor product (10%) isolated from the above chromato-
graphic separation was identified as 3-acetoxy-4-oxo-6,7,8,9-
tetrahydro-4H-quinolizine-1-carboxylic acid methyl ester
(27): mp 122-123 °C; IR (CCl4) 2953, 1772, 1717, 1661, and
1198 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.88 (m, 4H), 2.33 (s,
3H), 3.39 (t, 2H, J ) 6.6 Hz), 3.82 (s, 3H), 4.09 (t, 2H, J ) 6.2
Hz), and 7.77 (s, 1H); 13C-NMR (CDCl3, 75 MHz) δ 18.0, 20.5,
21.2, 26.7, 43.3, 51.9, 105.9, 129.5, 136.6, 148.5, 153.2, 165.1,
and 168.6. Anal. Calcd for C13H15NO5: C, 58.86; H, 5.70; N,
5.28. Found: C, 58.92; H, 5.63; N, 5.01.

3-(Ethylsulfenyl)-4-oxo-6,7,8,9-tetrahydro-4H-quino-
lizine-1-carboxylic Acid Methyl Ester (28). To a stirred
solution containing 0.13 g (0.5 mmol) of cycloadduct 26 in 35
mL of CH2Cl2 was added 0.32 g (2.3 mmol) of boron trifluoride
etherate. The resulting mixture was stirred at rt for 3 h,
quenched with water, and extracted with CH2Cl2. The com-
bined organic extracts were dried over MgSO4 and concen-
trated under reduced pressure. The residue was subjected to
silica gel chromatography to give 0.12 g (62%) of thiopyridone
28 as a white solid: mp 71-72 °C; IR (CCl4) 1715, 1634, 1265,
and 1146 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.34 (t, 3H, J )
7.4 Hz), 1.81 (m, 2H), 1.94 (m, 2H), 2.91 (q, 2H, J ) 7.4 Hz),
3.35 (t, 2H, J ) 6.6. Hz), 3.84 (s, 3H), 4.09 (t, 2H, J ) 6.2 Hz),
and 7.77 (s, 1H); 13C-NMR (CDCl3, 75 MHz) δ 13.5, 18.2, 21.4,
25.1,26.6, 43.0, 51.8, 107.7, 124.8, 134.1, 151.5, 160.8, and
165.6. Anal. Calcd for C13H17NO3S: C, 58.40; H, 6.41; N, 5.24.
Found: C, 58.19; H, 6.34; N, 5.08.

4-Oxo-6,7,8,9-tetrahydro-4H-quinolizine-1-carboxylic
Acid Methyl Ester (29). To a suspension of 0.1 g of Raney
nickel in 15 mL of ethanol was added 0.07 g (0.3 mmol) of
pyridone 28 in 2 mL of ethanol. The mixture was heated at
reflux for 0.5 h, cooled to rt, and filtered through a pad of
Celite. Concentration under reduced pressure followed by silica
gel chromatography afforded 0.5 g (85%) of 29: mp 143-144
°C; 1H-NMR (CDCl3, 300 MHz) δ 1.85 (m, 2H), 1.94 (m, 2H),
3.37 (t, 2H, J ) 6.6 Hz), 3.83 (s, 3H), 4.06 (t, 2H, J ) 6.2 Hz),
6.41 (d, 1H, J ) 9.6 Hz), and 7.90 (d, 1H, J ) 9.6 Hz); 13C-
NMR (CDCl3, 75 MHz) δ 18.1,21.3, 26.8, 42.4, 51.7, 107.4,
115.3, 139.6, 155.7, 162.8, and 165.6. Anal. Calcd for C11H13-
NO3: C, 63.76; H, 6.32; N, 6.76. Found: C, 63.53; H, 6.28; N,
6.72.

8-(Ethylsulfonyl)-7-oxo-11-oxa-6-azatricyclo[6.2.1.01,6]-
undecane-10-carboxylic Acid Methyl Ester (31). To a
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stirred solution of 0.9 g (3.2 mmol) of cycloadduct 26 in 50 mL
of a 3:1 mixture of acetonitrile/dioxane was added 2.0 g (9.4
mmol) of sodium periodate followed by 0.03 g (0.2 mmol) of
RuCl3. The resulting mixture was stirred at rt for 4 h,
quenched with water, and extracted with CH2Cl2. The organic
extracts were washed with a saturated NaHCO3, dried over
MgSO4, and concentrated under reduced pressure. The residue
was purified by silica gel chromatography to give 0.91 g (91%)
of 31 as a white solid: mp 125-126 °C; IR (CCl4) 1731, 1401,
1326, and 1162 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.34 (t,
3H, J ) 7.5 Hz), 1.49 (m, 2H), 1.90 (m, 4H), 2.21 (m, 1H), 2.69
(m, 1H), 2.86 (dd, 1H, J ) 12.6 and 4.3 Hz), 3.20 (m, 3H), 3.67
(s, 3H), and 3.74 (m, 1H); 13C-NMR (CDCl3, 75 MHz) δ 4.9,
19.7, 22.7, 27.0, 30.1, 38.9, 47.6, 52.4, 66.6, 93.8, 95.9, 166.6,
and 169.5. Anal. Calcd for C13H19NO6S: C, 49.20; H, 6.03; N,
4.41. Found: C, 49.45; H, 6.07; N, 4.34.

3-Hydroxy-4-oxo-6,7,8,9-tetrahydro-4H-quinolizine-1-
carboxylic Acid Methyl Ester. To a solution of 0.7 g (2.2
mmol) of the above sulfone in 100 mL of CH2Cl2 was added
1.5 g (11 mmol) of boron trifluoride etherate. The mixture was
stirred at rt for 5 h, quenched with water, and extracted with
CH2Cl2. The extracts were dried over MgSO4 and concentrated
under reduced pressure, and the residue was subjected to silica
gel chromatography to give 0.41 g (85%) of 3-hydroxy-4-oxo-
6,7,8,9-tetrahydro-4H-quinolizine-1-carboxylic acid methyl es-
ter as a colorless solid: mp 162-163 °C; IR (CCl4) 3420, 1717,
1645, 1622, and 1213 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.82
(m, 2H), 1.95 (m, 2H), 3.32 (t, 2H, J ) 6.5 Hz), 3.83 (s, 3H),
4.13 (t, 2H, J ) 6.5 Hz), 7.11 (brs, 1H), and 7.40 (s, 1H); 13C-
NMR (CDCl3, 75 MHz) δ 18.3, 21.2, 25.9, 43.1, 51.8, 107.8,
114.7, 142.2, 144.7, 159.3, 165.8. Anal. Calcd for C11H13NO4:
C, 59.19; H, 5.87; N, 6.27. Found: C, 59.06; H, 5.86; N, 6.22.

4-Oxo-3-(trifluoromethylsulfonyloxy)-6,7,8,9-tetrahy-
dro-4H-quinolizine-1-carboxylic Acid Methyl Ester (32).
To a stirred solution of 0.33 g (1.5 mmol) of the above
hydroxypyridone in 45 mL of CH2Cl2 was added 0.23 g (2.2
mmol) of triethylamine. After stirring of the mixture for 30
min, 0.79 g (2.2 mmol) of N-phenyltrifluoromethanesulfon-
imide was added, and the resulting mixture was allowed to
stir at 25 °C for 3 h. At the end of this time, water was added
and the reaction mixture was extracted with CH2Cl2, dried
over MgSO4, and concentrated under reduced pressure. The
residue was chromatographed on a silica gel column to give
0.5 g (95%) of 32 as a colorless solid: mp 105-106 °C; IR (CCl4)
1724, 1676, 1426, and 1208 cm-1; 1H-NMR (CDCl3, 300 MHz)
δ 1.73 (m, 2H), 1.97 (m, 2H), 3.43 (t, 2H, J ) 6.7 Hz), 3.86 (s,
3H), 4.13 (t, 2H, J ) 6.2 Hz) and 7.96 (s, 1H); 13C-NMR (CDCl3,
75 MHz) δ 17.8, 21.0, 27.1, 43.9, 52.3, 105.6, 116.5, 120.7,
130.7, 135.4, 156.0, 157.1, and 164.3. Anal. Calcd for C12H12F3-
NO6S: C, 40.57; H, 3.40; N, 3.94. Found: C, 40.49; H, 3.43;
N, 3.91.

4-Oxo-3-(pyridin-2-yl)-6,7,8,9-tetrahydro-4H-quino-
lizine-1-carboxylic Acid Methyl Ester (33). A solution
containing 0.25 g (0.7 mmol) of the above triflate, 0.36 g (1.0
mmol) of 2-(tri-n-butylstannyl)pyridine, 0.24 g (5.7 mmol) of
lithium chloride, 0.07 g (0.07 mmol) of Pd2(dba)3, and 0.03 g
(0.14 mmol) of tris(2-furyl)phosphine in 40 mL of THF was
heated at reflux for 14 h. The mixture was cooled to rt, an
aqueous KF solution was added, and the mixture was stirred
at rt for an additional 1h. The mixture was extracted with
chloroform, washed with water, and dried over MgSO4. The
solvent was removed under reduced pressure, and the crude
residue was purified by silica gel chromatography to give 0.14
g (70%) of 33 as a bright yellow solid: mp 153-154 °C; IR
(CCl4) 1713, 1646, 1527, 1436, and 1224 cm-1; 1H-NMR (CDCl3,
300 MHz) δ 1.86 (m, 2H), 2.00 (m, 2H), 3.45 (t, 2H, J ) 6.7
Hz), 3.86 (s, 3H), 4.16 (t, 2H, J ) 6.2 Hz), 7.21 (m, 1H), 7.73
(m, 1H), 8.46 (d, 1H, J ) 8.2 Hz), 8.66 (m, 1H), and 8.91 (s,
1H); 13C-NMR (CDCl3, 75 MHz) δ 18.1, 21.6, 27.1, 43.1, 51.8,
107.9, 122.3, 123.4, 123.8, 136.2, 139.5, 149.1, 153.2, 155.9,
161.6, and 165.9. Anal. Calcd for C16H16N2O3: C, 67.59; H,
5.67; N, 9.85. Found: C, 67.34; H, 5.66; N, 9.63.

(11)R-(1R,3R,10S)-1-Carbomethoxy-3-(2-pyridyl)-4-quin-
olizidinone (34). A mixture containing 0.05 g (0.2 mmol) of
the above pyridone and 10 mg of PtO2 in 25 mL of methanol

was hydrogenated at rt under an atmosphere of 75 psi of
hydrogen for 18 h. The reaction mixture was filtered through
a pad of Celite, concentrated under reduced pressure, and
subjected to silica gel chromatography to give 0.04 g (85%) of
a mixture of diastereomers which could be equilibrated to a
single isomer 34 by refluxing the mixture in NaOMe/methanol.
The methanolic solution was diluted with water, extracted
with ether, and dried over MgSO4. Removal of the solvent
under reduced pressure followed by silica gel chromatography
gave a pure sample of 34 as a pale yellow solid: mp 145-146
°C (lit.48 mp 143-145 °C); IR (CHCl3) 3000, 1740, 1635, 1600,
1575, and 1170 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.70 (m,
7.H), 2.50 (m, 4H), 3.65 (s, 3H), 3.70 (m, 1 H), 4.78 (m, 1H),
7.12 (m, 2H), 7.55 (m, 1H), and 8.45 (m, 1H). Anal. Calcd for
C16H20N2O3: C, 66.65; H, 6.99; N, 9.72. Found: C, 66.51; H,
6.84; N, 9.53.

5-Methylhept-6-enoic Acid Benzylamide. To a solution
of 9.0 g (79 mmol) of 4-methylhex-5-en-1-ol64 in 150 mL of CH2-
Cl2 at 0 °C was added 10.9 g (95 mmol) of methanesulfonyl
chloride followed by 9.6 g (95 mmol) of triethylamine. The
solution was allowed to warm to rt and was stirred for an
additional 1 h. Concentration under reduced pressure followed
by silica gel chromatography afforded 15.2 g (100%) of meth-
anesulfonic acid 4-methylhex-5-enyl ester which was used in
the next step without further purification: 1H-NMR (CDCl3,
300 MHz) δ 1.01 (d, 3H, J ) 6.7 Hz), 1.41 (m, 2H), 1.74 (m,
2H), 2.15 (m, 1H), 3.00 (s, 3H), 4.21 (t, 2H, J ) 6.6 Hz), 4.97
(m, 2H), and 5.65 (m, 1H).

To a solution of 15 g (78 mmol) of the above mesylate in
100 mL of DMSO was added 5.8 g (117 mmol) of NaCN. The
mixture was heated to 90 °C for 2 h, diluted with water,
extracted with ether, and dried over MgSO4. The solvent was
removed under reduced pressure and the crude product
distilled to give 7.0 g (73%) of 5-methylhept-6-enenitrile: bp
87-90 °C (21 mm); IR (neat) 2243, 1636, 1455, and 1420 cm-1;
1H-NMR (CDCl3, 300 MHz) δ 1.02 (d, 3H, J ) 6.7 Hz), 1.45
(m, 2H), 1.65 (m, 2H), 2.14 (m, 1H), 2.33 (t, 2H, J ) 7.1 Hz),
4.98 (m, 2H), and 5.65 (m, 1H).

A mixture of 7.0 g (57 mmol) of the above nitrile and 32 g
(570 mmol) of KOH in 100 mL of an ethanol/water mixture
was heated at reflux for 12 h. The mixture was cooled to rt,
washed with ether, and acidified with concentrated HCl. The
mixture was extracted with ether, dried over MgSO4, and
concentrated under reduced pressure. The crude acid was
distilled to give 7.2 g (89%) of 5-methylhept-6-enoic acid: bp
132-135 °C (20 mm); IR (neat) 1713, 1416, 1293, and 912 cm-1;
1H-NMR (CDCl3, 300 MHz) δ 1.00 (d, 3H, J ) 6.7 Hz), 1.33
(m, 2H), 1.62 (m, 2H), 2.13 (m, 1H), 2.34 (m, 2H), 4.95 (m,
2H), 5.67 (m, 1H), and 11.30 (brs, 1H); 13C-NMR (CDCl3, 75
MHz) δ 20.1, 22.4, 34.1, 35.8, 37.6, 112.9, 144.0, and 180.4.

To a solution of 4.7 g (33 mmol) of the above acid in 50 mL
of CH2Cl2 was added 6.4 g (40 mmol) of 1,1′-carbonylimidazole.
The mixture was stirred at rt for 1 h and then poured into a
solution of 3.9 g (37 mmol) of benzylamine in 50 mL of CH2-
Cl2. After being stirred at 25 °C for 1 h, the mixture was
washed with 10% HCl and dried over MgSO4. Removal of the
solvent under reduced pressure followed by silica gel chroma-
tography gave 7.1 g (93%) of 5-methylhept-6-enoic acid ben-
zylamide as a colorless oil: IR (neat) 3288, 1651, 1557, and
1455 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 0.99 (d, 3H, J ) 6.8
Hz), 1.32 (m, 2H), 1.65 (m, 2H), 2.12 (m, 1H), 2.19 (t, 2H, J )
7.6 Hz) 4.43 (d, 2H, J ) 5.7 Hz), 4.94 (m, 2H), 5.66 (m, 1H),
5.76 (brs, 1H), and 7.31 (m, 5H); 13C-NMR (CDCl3, 75 MHz) δ
20.1, 23.4, 36.1, 36.8, 37.6, 43.6, 112.8, 127.5, 127.8, 128.7,
138.4, 144.2, and 172.8. Anal. Calcd for C15H21NO: C, 77.88;
H, 9.15; N, 6.05. Found: C, 77.74; H, 9.08; N, 6.01.

N-Benzyl(ethylsulfenyl)-N-(5-methylhept-6-enoyl)-
acetamide. Following the general procedure, treatment of 5.7
g (25 mmol) of the above amide with 4.5 g (32 mmol) of acid
chloride 13 afforded 7.2 g (86%) of the titled compound as a
light yellow oil: IR (neat) 1694, 1455, 1377, and 1151 cm-1;

(64) Beckwith, A. L. J.; Easton, C. J.; Lawerence, T.; Serelis, A. K.
Aust. J. Chem. 1983, 36, 545.
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1H-NMR (CDCl3, 300 MHz) δ 0.96 (d, 3H, J ) 6.7 Hz), 1.27
(m, 5H), 1.63 (m, 2H), 2.06 (m, 1H), 2.60 (m, 4H), 3.75 (s, 2H),
4.91 (m, 2H), 5.01 (s, 2H), 5.64 (m, 1H), 7.17 (d, 2H, J ) 7.2
Hz), and 7.31 (m, 3H); 13C-NMR (CDCl3, 75 MHz) δ 14.2, 20.1,
22.4, 26.2, 35.7, 37.4, 37.6, 37.7, 46.9, 112.8, 125.9, 127.4, 128.8,
136.9, 144.1, 172.5, and 176.1; HRMS calcd for C19H27NO2S
333.1762, found: 333.1761.

N-Benzyl-2-(ethylsulfinyl)-N-(5-methylhept-6-enoyl)-
acetamide (37). Treatment of 4.1 g (12.4 mmol) of the above
sulfide with 2.9 g (13.7 mmol) of sodium periodate gave 4.1 g
(94%) of 37 as a colorless oil: IR (neat) 1694, 1455, 1379, and
1161 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 0.95 (d, 3H, J ) 6.7
Hz), 1.23 (m, 2H), 1.37 (t, 3H, J ) 7.5 Hz), 1.54 (m, 2H), 2.04
(m, 1H), 2.54 (t, 2H, J ) 7.3 Hz), 2.88 (m, 2H), 4.18 (d, 1H, J
) 14.6 Hz), 4.40 (d, 1H, J ) 14.6 Hz), 4.99 (m, 4H), 5.61 (m,
1H), 7.16 (d, 2H, J ) 7.1 Hz), and 7.32 (m, 3H); 13C-NMR
(CDCl3, 75 MHz) δ 6.6, 20.1, 22.0, 35.6, 36.9, 37.6, 46.3, 47.2,
60.5, 1130, 126.0, 127.7, 129.0, 136.1, 143.9, 168.3, and 176.4.
Anal. Calcd for C19H27NO3S: C, 65.30; H, 7.79; N, 4.01.
Found: C, 65.17; H, 7.63; N, 3.92.

Acetic Acid 1-Benzyl-5-methyl-2-oxo-1,2,5,6,7,8-hexahy-
droquinolin-3-yl Ester (40). To a refluxing solution of 3.1 g
(30 mmol) of acetic anhydride and 2 mg of p-toluenesulfonic
acid in 50 mL of toluene was added dropwise 1.1 g (3.0 mmol)
of sulfoxide 37 in 2 mL of toluene. After being heated at reflux
for 1 h, the mixture was concentrated under reduced pressure,
and the residue was subjected to silica gel chromatography.
The major product eluted from the above chromatographic
separation contained 0.68 g (73%) of a colorless oil which was
identified as acetoxypyridone 40: IR (neat) 1769, 1660, 1612,
and 1555 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.19 (d, 3H, J )
7.0 Hz), 1.35 (m, 1H), 1.71 (m, 3H), 2.33 (s, 3H), 2.53 (m, 2H),
2.68 (m, 1H), 5.35 (brs, 2H), 7.13 (d, 2H, J ) 8.8 Hz), and 7.27
(m, 4H); 13C-NMR (CDCl3, 75 MHz) 619.1, 20.6, 21.7, 27.0,
29.4, 30.8, 47.0, 118.3, 126.3, 127.2, 128.7, 130.0, 136.2, 138.7,
141.0, 157.8, and 168.8; HRMS calcd for C19H21NO3 311.1521,
found 311.1531. Anal. Calcd for C19H21NO3: C, 73.28; H, 6.80;
N, 4.50. Found: C, 73.09; H, 6.77; N, 4.32.

The minor product eluted from the column contained 0.12
g (13%) of a colorless oil which was identified as 1-benzyl-3-
(ethylsulfenyl)-5-methyl-5,6,7,8-tetrahydro-1H-quinolin-2-
one (41): IR (neat) 1639, 1588, 1537, and 1454 cm-1; 1H-NMR
(CDCl3, 300 MHz) δ 1.20 (d, 3H, J ) 6.9 Hz), 1.27 (m, 2H),
1.35 (t, 3H, J ) 7.3 Hz), 1.42 (m, 1 H), 1.71 (m, 3H), 2.53 (m,
1H), 2.69 (m, 1H), 2.91 (m, 2H), 5.35 (brs, 2H), 7.13 (d, 2H, J
) 6.5 Hz), and 7.26 (m, 3H); 13C-NMR (CDCl3, 75 MHz) δ 13.6,
19.0, 22.0, 25.1,26.9, 29.4, 30.9, 47.0, 119.8, 126.4, 126.5, 127.0,
128.6, 135.5, 136.6, 139.7, and 160.8; HRMS calcd for C19H23-
NOS 313.1500, found: 313.1497.

Trifluoromethanesulfonic Acid 1-Benzyl-5-methyl-2-
oxo-1,2,5,6,7,8-hexahydroquinolin-3-yl Ester. To a stirred
solution of 0.7 g (2.2 mmol) of pyridone 40 in 50 mL of
methanol was added 1 mL of a saturated aqueous solution of
potassium carbonate. The mixture was stirred for 30 min,
diluted with water, extracted with CHCl3, and dried over
MgSO4. The solvent was removed under reduced pressure, and
the crude hydroxypyridone was dissolved in 50 mL of CH2Cl2.
To this was added 0.44 g (4.4 mmol) of triethylamine followed
by 1.2 g (3.3 mmol) of N-phenyltrifluoromethanesulfonimide.
The resulting mixture was stirred for 2 h, diluted with water,
extracted with CHCl3, and dried over MgSO4. Removal of the
solvent under reduced pressure followed by silica gel chroma-
tography afforded 0.77 g (87%) of the titled compound as a
white solid: mp 97-98 °C; IR (CCl4) 1667, 1614, 1548, and
1427 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.19 (d, 3H, J ) 6.9
Hz), 1.35 (m, 1H), 1.73 (m, 3H), 2.63 (m, 3H), 5.37 (m, 2H),
7.12 (d, 2H, J ) 6.9 Hz), and 7.27 (m, 4H); 13C-NMR (CDCl3,
75 MHz) δ 18.8, 21.6, 27.2, 29.1, 30.8, 47.3, 118.0, 126.3, 127.4,
128.8, 131.1, 135.4, 137.6, 144.6, and 157.1. Anal. Calcd for
C18H18F3NO4S: C, 53.86; H, 4.52; N, 3.49. Found: C, 53.85;
H, 4.61; N, 3.44.

1-Benzyl-5-methyl-5,6,7,8-tetrahydro-1H-quinolin-2-
one (42). To a stirred solution of 0.9 g (2.1 mmol) of the above
triflate in 25 mL of DMF was added 0.08 g (0.1 mmol) of Pd-
(PPh3)2(OAc)2, 0.7 mg (6.4 mmol) of triethylamine, and 0.2 mg

(4.3 mmol) of 95% formic acid. The mixture was heated at 100
°C for 1 h, cooled to rt, diluted with water, extracted with ethyl
acetate, and dried over MgSO4. The solvent was removed
under reduced pressure, and the residue was purified by silica
gel chromatography to give 0.54 g (99%) of 42 as a white
solid: mp 87-88 °C; IR (CCl4) 1661, 1589, 1538, and 1455
cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.19 (d, 3H, J ) 7.0 Hz),
1.35 (m, 1H), 1.71 (m, 3H), 2.61 (m, 3H), 5.35 (m, 2H), 6.58 (d,
1H, J ) 9.3 Hz), 7.12 (d, 2H, J ) 7.2 Hz), and 7.27 (m, 4H);
13C-NMR (CDCl3, 75 MHz) δ 19.1, 21.8, 27.2, 29.4, 30.8, 46.4,
117.7, 119.9, 126.2, 127.1,128.7, 136.7, 140.7, 143,6, and 163.1.
Anal. Calcd for C17H19NO: C, 80.60; H, 7.56; N, 5.53. Found:
C, 80.35; H, 7.61; N, 5.48.

This same compound was also prepared by the Raney-nickel
desulfurization of thioethyl pyridone 41 using standard reduc-
tive conditions.

1-Benzyl-5-methyl-3,4,5,6,7,8-hexahydro-1H-quinolin-
2-one (43). To a solution of 0.2 g (0.8 mmol) of 42 in 25 mL of
THF at -40 °C was added dropwise 1.6 mL of a 1 M solution
of L-Selectride in THF. The reaction mixture was stirred for
1 h, allowed to warm to 0 °C, and quenched with brine. The
organic layer was washed with an aqueous solution of 30%
H2O2 and a 10% NaOH solution and dried over MgSO4. The
solvent was removed under reduced pressure, and the residue
was purified by silica gel chromatography to give 0.16 g (77%)
of 43 as a colorless oil: IR (neat) 1666, 1388, and 1182 cm-1;
1H-NMR (CDCl3, 300 MHz) δ 1.01 (d, 3H, J ) 7.0 Hz), 1.23
(m, 1H), 1.54 (m, 1 H), 1.67 (m, 2H), 2.06 (m, 3H), 2.21 (m,
2H), 2.56 (m, 2H), 4.82 (d, 1H, J ) 16.3 Hz), 4.92 (d, 1H, J )
16.3 Hz), and 7.22 (m, 5H); 13C-NMR (CDCl3, 75 MHz) δ 19.3,
20.1, 23.5, 25.8, 30.3, 31.9, 32.6, 43.8, 120.3,126.2,126.7,128.5,
131.7, 138.5, and 170.5. Anal. Calcd for C17H21NO: C, 79.96;
H, 8.29; N, 5.49. Found: C, 80.14; H, 8.26; N, 5.53.

(4aR,5S,8aS)-5-Methyldecahydroquinolin-2-one (44).
To a solution containing 0.08 g of 43 in 10 mL of EtOH was
added a catalytic amount of PtO2. The resulting mixture was
hydrogenated at 50 psi for 10 h, filtered through a pad of
Celite, and concentrated under reduced pressure. The residue
was chromatographed on silica gel to afford 0.07 g (86%) of
44 as a white solid: mp 148-149 °C (lit.54 mp 150-152 °C);
IR (neat) 3190, 2950, 1670, and 1600 cm-1; 1H-NMR (CDCl3,
300 MHz) δ 0.93 (d, 3H, J ) 6.5 Hz), 1.30-2.65 (m, 12H), 3.60
(m, 1H), and 6.53 (brs, 1H); 13C-NMR (CDCl3, 75 MHz) δ 19.2,
20.1, 23.2, 27.4, 27.7, 31.7, 33.8, 39.7, 52.2, and 172.3. Anal.
Calcd for C10H17NO: C, 71.81; H, 10.25; N, 8.37. Found: C,
71.69; H, 10.22; N, 8.36.

N-[(1-Benzoyl-4-vinyl-2,3-dihydro-1H-indol-3-yl)acetyl]-
2-(ethylsulfenyl)-N-methylacetamide. Following the gen-
eral procedure, treatment of 1.4 g (4.3 mmol) of 2-(1-benzoyl-
4-vinyl-2,3-dihydro-lH-indol-3-yl)-N-methylacetamide (48)61 with
0.66 g (4.8 mmol) of acid chloride 13 gave 1.8 g (98%) of the
titled compound as a colorless oil: IR (neat) 1690, 1646, 1449,
and 1383 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.21 (t, 3H, J )
7.4 Hz), 2.52 (q, 2H, J ) 7.4 Hz), 2.93 (m, 2H), 3.16 (s, 3H),
3.61 (m, 2H), 3.92 (m, 2H), 4.28 (dd, 1H, J ) 11.5 and 8.4 Hz),
5.35 (d, 1 H, J ) 11 .1 Hz), 5.77 (d, 1H, J ) 17.5 Hz), 6.72 (dd,
1H, J ) 17.5 and 11.1 Hz), 7.22 (m, 1H), and 7.42 (m, 7H);
13C-NMR (CDCl3, 75 MHz) δ 14.2, 26.0, 31.2, 35.0, 37.1, 42.2,
56.4, 116.4, 120.5, 127.1, 128.2, 128.3, 130.3, 131.9, 132.4,
133.7, 136.2, 142.4, 168.8, 171.8, and 173.8; HRMS calcd for
C24H26N2O3S 422.1664, found 422.1662.

N-[(1-Benzoyl-4-vinyl-2,3-dihydro-1H-indol-3-yl)acetyl]-
2-(ethylsulfinyl)-N-methylacetamide (47). Treatment of
0.5 g (1.1 mmol) of the above amide with 0.3 g (1.2 mmol) of
sodium periodate afforded 0.5 g (96%) of 47 as a colorless oil:
IR (neat) 2929, 1690, 1646, 1449, and 1383 cm-1; 1H-NMR
(CDCl3, 300 MHz) δ 1.31 (t, 3H, J ) 7.4 Hz), 2.80 (m, 4H),
3.13 (s, 3H), 3.83 (m, 2H), 4.04 (m, 1H), 4.25 (m, 2H), 5.37 (d,
1H, J ) 11.1 Hz), 5.78 (d, 1H, J ) 17.4 Hz), 6.71 (dd, 1H, J )
17.4 and 11.1 Hz), 7.22 (m, 1H), and 7.43 (m, 7H); 13C-NMR
(CDCl3, 75 MHz) δ 6.3, 30.9, 34.5, 41.3, 45.7, 56.0, 59.8, 116.5,
120.4, 126.9, 128.1,128.3, 130.2, 130.3, 132.2, 133.6, 136.0,
136.1, 142.3, 167.5, 168.6, and 173.8. Anal. Calcd for
C24H26N2O4S: C, 65.73; H, 5.98; N, 6.39. Found: C, 65.58; H,
5.81; N, 6.36.
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Acetic Acid 4-Benzoyl-7-methyl-8-oxo-4,5,5a,6,7,8-hexa-
hydroindolo[4,3-fg]quinolin-9-yl Ester (49). To a refluxing
solution of 2.3 g (23 mmol) of acetic anhydride and 2 mg of
p-toluenesulfonic acid in 50 mL of xylene was added dropwise
1.0 g (2.3 mmol) of sulfoxide 47 in 2 mL of xylene. After being
heated at reflux for 3 h, the reaction mixture was cooled to rt
and concentrated under reduced pressure, and the residue was
subjected to silica gel chromatography. The major product
eluted from the chromatographic separation contained 0.6 g
(64%) of 49 as a white solid: mp 269-270 °C; IR (CCl4) 1766,
1659, 1623, 1388, and 1196 cm-1; 1H-NMR (CDCl3, 300 MHz)
δ 2.36 (s, 3H), 2.67 (t, 1 H, J ) 15.2 Hz), 3.30 (m, 1 H), 3.67 (s,
3H), 3.72 (m, 1 H), 3.91 (t, 1H, J ) 10.8 Hz), 4.60 (m, 1 H),
7.02 (m, 1H), and 7.53 (m, 8H); 13C-NMR (CDCl3, 75 MHz) δ
20.6, 30.7, 32.0, 34.1, 58.3, 112.0, 116.1, 124.6, 127.3, 128.7,
129.1, 129.2,.129.3, 129.5, 130.8, 136.1,139.6, 140.9, 141.8,
157.6, 168.7, and 168.8. Anal. Calcd for C24H20N2O4: C, 71.99;
H, 5.03; N, 7.00. Found: C, 72.06; H, 5.08; N, 6.94.

The minor product eluted from the column contained 0.1 g
(11%) of 4-benzoyl-9-(ethylsulfenyl)-7-methyl-4,5,5a,7-tetrahy-
dro-6H-indolo[4,3-fg]quinolin-8-one (50): IR (CCl4) 1645, 1616,
1460, and 1396 cm-1; 1H-NMR (CDCl3, 300 MHz) δ 1.37 (t,
3H, J ) 7.5 Hz), 2.67 (t, 1 H, J ) 15.2 Hz), 2.91 (q, 2H, J )
7.5 Hz), 3.29 (m, 1 H), 3.65 (s, 3H), 3.69 (m, 1H), 3.91 (t, 1H,
J ) 10.7 Hz), 4.33 (m, 1H), 7.08 (m, 1H), and 7.53 (m, 8H);
13C-NMR (CDCl3, 75 MHz) δ 13.3, 24.9, 30.4, 31.9, 33.9, 57.7,
113.2, 115.9, 116.1, 127.2, 128.2, 128.4, 128.6, 129.0, 130.7,
136.1,140.3, 141.0, 160.5, and 168.7. Anal. Calcd for
C24H22N2O2S: C, 71.62; H, 5.51; N, 6.96. Found: C, 71.55; H,
5.49; N, 7.01.

Trifluoromethanesulfonic Acid 4-Benzoyl-7-methyl-8-
oxo-4,5,5a,6,7,8-hexahydroindolo[4,3-fg]quinolin-9-yl Es-
ter (52). To a stirred solution of 0.4 g (0.9 mmol) of 49 in 35
mL of methanol was added.2 mL of a saturated solution of
potassium carbonate. The resulting mixture was stirred for 3
h at rt, diluted with water, extracted with CHCl3, and dried
over MgSO4. The solvent was removed under reduced pressure,
and the resulting hydroxypyridone 51 was dissolved in 35 mL
of CH2Cl2. To this was added 0.2 g (1.7 mmol) of triethylamine
followed by 0.5 g (1.3 mmol) of N-(5-chloro-2-pyridyl)triflimide.
The resulting mixture was stirred for 12 h, diluted with water,
extracted with CH2Cl2, and dried over MgSO4. Concentration
under reduced pressure followed by silica gel chromatography
afforded 0.4 g (81%) of 52 as a colorless solid: mp 219-220
°C; IR (CCl4) 2875, 1666, 1424, and 1218 cm-1; 1H-NMR
(CDCl3, 300 MHz) δ 2.72 (t, 1H, J ) 15.2 Hz), 3.37 (m, 1H),
3.68 (s, 3H), 3.75 (m, 1H), 3.92 (t, 1H, J ) 10.7 Hz), 4.52 (m,
1H), 7.13 (m, 1H), 7.52 (m, 7H), and 7.73 (s, 1H); 13C-NMR
(CDCl3, 75 MHz) δ 30.8, 32.3, 33.6, 57.8, 111.6, 115.9, 116.4,
120.7, 125.5, 127.2, 128.6, 129.4, 130.8, 135.9, 138.6, 141.1,
145.2, 156.8, and 168.7. Anal. Calcd for C23H17F3N2O5S: C,
56.33; H, 3.49; N, 5.71. Found: C, 56.39; H, 3.56; N, 5.69.

4-Benzoyl-7,8-dimethyl-4,5,5a,7-tetrahydro-6H-indolo-
[4,3-fg]quinolin-8-one (53). A solution containing 0.1 g (0.2
mmol) of 52, 0.04 g (0.2 mmol) of tetramethyltin, 0.03 mg (0.6
mmol) of lithium chloride, and 0.01 g (0.02 mmol) of Pd(PPh3)2-
Cl2 in 20 mL of DMF was heated to 100 °C for 2 h. The mixture
was cooled to rt, diluted with water, extracted with ethyl
acetate, and dried over MgSO4. The solvent was removed
under reduced pressure, and the residue was purified by silica
gel chromatography to give 0.05 g (73%) of 53 as a white

solid: mp 237-238 °C; IR (CCl4) 1645, 1609, 1460, and 1396
cm-1; 1H-NMR (CDCl3, 300 MHz) δ 2.23 (s, 3H), 2.65 (t, 1H,
J) 15.0 Hz), 3.30 (m, 1H), 3.65 (s, 3H), 3.68 (m, 1H), 3.90 (t,
1H, J ) 10.8 Hz), 4.55 (m, 1H), 7.10 (m, 1H), and 7.56 (m,
8H); 13C-NMR (CDCl3, 75 MHz) δ 17.5, 30.7, 31.7, 34.1, 58.3,
112.6, 115.9, 127.2, 127.3, 128.6, 129.0, 130.7, 132.8, 136.2,
136.3, 140.9, 141.7, 163.3, and 168.8. Anal. Calcd for
C23H20N2O2: C, 77.51; H, 5.66; N, 7.86. Found: C, 77.60; H,
5.82; N, 7.69.

(5â,10â)-2,3-Dihydro-6,8-dimethylergolin-7-one (54). To
a solution of 0.04 g (0.13 mmol) of 53 in 2 mL of acetic acid
was added 3 mg of PtO2. The resulting mixture was hydroge-
nated at 1000 psi of hydrogen for 8 h and was filtered over a
pad of Celite. A few drops of concentrated hydrochloric acid
were added, and the mixture was heated at reflux for 3 h. The
solution was cooled to rt, diluted with aqueous ammonia, and
extracted with CHCl3. After drying over MgSO4, the solvent
was removed under reduced pressure and the residue was
purified by silica gel chromatography to give 0.04 g (85%) of
54 as a 4:1 mixture of diastereomers. A pure sample of the
major diastereomer 54 was obtained as a white solid by silica
gel chromatography: mp 247-248 °C (lit.59,60 mp 246-248 °C);
IR (KBr) 3400 and 1620 cm-1; 1H-NMR (CDCl3, 300 MHz) δ
1.20 (d, 3H, J ) 6.5 Hz), 3.30, (s, 3H), 2.6-4.7 (m, 11H), 6.9-
7.7 (m, 3H). Anal. Calcd for C16H20N2O: C, 74.97; H, 7.86; N,
10.93. Found: C, 74.85; H, 7.74; N, 10.78.

(()Costaclavine (45). To a solution containing 0.04 g (0.15
mmol) of lactam 54 in 5 mL of ether was added 0.03 g (0.66
mmol) of LAH in small portions. After heating of the mixture
at reflux for 1 h, water was added to decompose the excess
hydride. The aqueous layer was extracted with ether, and the
combined ether layer was washed with brine, dried, and
concentrated under reduced pressure. The resulting oil was
taken up in 5 mL of CHCl3, and 0.04 g (0.46 mmol) of MnO2

was added. The mixture was heated at 60 °C for 10 h, filtered,
and concentrated under reduced pressure. The resulting oil
was purified by preparative TLC to give 0.02 g (49%) of
costaclavine (45) as a white solid: mp 220-222 °C (lit.60 mp
222-224 °C); IR (KBr) 1620, 1610, 1560, 1130 and 1040 cm-1;
1H-NMR (CDCl3, 300 MHz) δ 0.95 (d, 3H, J ) 6.5 Hz), 1.45
(m, 1H), 1.87 (m, 2H), 2.27 (s, 3H), 2.50 (m, 1H), 2.65 (brs,
1H), 2.75 (1H, J ) 8.0 Hz), 2.90 (d, 1H, J ) 15.7 Hz), 3.30 (dd,
1H, J ) 15.7 and 3.0 Hz), 3.37 (brs, 1H), 6.90-7.45 (m, 4H),
and 7.80 (brs, 1H). Anal. Calcd for C16H20N2: C, 79.96; H, 8.39;
N, 11.66. Found: C, 79.87; H, 8.75; N, 11.51.
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