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Abstract—The palladium catalyzed tandem cyclization—cross-coupling reaction of indolylb@jatétl vinyl bromide @) was developed
for the preparation of pyrido[4,Bjcarbazole as a key reaction. The cross-coupling reactioBagfrovided hexatrienelQ), and then

cyclization of10to pyrido[4,3b]carbazole 12) was effected with irradiation or Lewis acid. Using indolylbora2e) for the cross-coupling
reaction, a novel construction of ellipticine was attained through similar reaction sequ@&nt®89 Elsevier Science Ltd. All rights

reserved.

Ellipticine is a member of pyrido[4,B]carbazole alkaloids
(such as olivacine, janetine, strellidimine) with a planar
structure, and was isolated from the stemsQifhrosia
elliptica Labill (Apocynaceae. Strychnos dinklage®ilg.
proved to be a good source of pyridocarbazole alkaloids of
the ellipticine serie.In 1967, ellipticine and its derivatives
were found to possess promising antitumor activities,
which, since then, has prompted a vast range of investi-
gation of the structure—activity relationships of this struc-
turally simple alkaloid’ To date, numerous efforts have also
been invested in developing efficient synthetic avenues to
ellipticine and its structurally modified derivatives, which
are well documented.
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Prompted by our previous work dealing with the palladium
catalyzed tandem cyclization—cross-coupling reaction of
indolylborate 2),° we have become interested in the
construction of pyrido[4,®]carbazole based on this
protocol, a part of which has been reported previodsly.
Our synthetic approach is outlined in Scheme 1, wherein
pyrido[4,3b]carbazole %) was viewed as arising from the
cyclization of hexatriene4). The hitherto known cycliza-
tion of a similar hexatriene system has been conducted on
the thermal electrocyclic process involving pyridine 3,4-
guinodimethane and indole 2,3-quinodimethane intermedi-
ates at high temperatufdn our case, hexatriendl)is an
isolable product of the palladium catalyzed tandem cycliza-
tion—cross-coupling reaction of indolylborat® (vith vinyl
bromide @). We now report the full details of a novel
construction of pyrido[4,3®]carbazoles and the total synth-
esis of ellipticine by the use of the palladium catalyzed
tandem cyclization—cross-coupling reaction of indolylbo-
rates @) with vinyl bromides @) as a key reaction.

Vinyl bromides @), requisite for the cross-coupling reaction
with 2, were prepared according to the sequences outlined in
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Scheme 2. Allylamine {a) was readily obtained by the The palladium catalyzed tandem cyclization—cross-
treatment of hexamethylenetetramine and commercially coupling reaction was carried out by heatidg[generated
avallable 2,3-dibromopropenéd) according to the litera-  in situ from 1-methylindole Xa) (2 equiv.) andtert-butyl-
ture® Similar treatment of hexamethylenetetramine with a lithium, followed by treatment with triethylborane] wighin
mixture of E)- and ¢)-1,2-dibromo-2-butenesp), derived the presence of a catalytic amount of palladium complex in
from acis—transmixture of crotyl alcohol in several step$, THF under argon atmosphere af6QScheme 3), and these
provided an isomeric mixture oEj- and ¢)-7b. Alkylation results are summarized in Table 1, which discloses the
of allylamines {) with pent-3-ynyl trifluoromethanesulfo-  crucial role of PRP on the reaction outcome. The reaction
nate gave3, and subsequent protection af@camino group of 2awith 9a—d led to the formation of hexatriene$Qa—d)

in 8 provided vinyl bromides9). and vinylindoles 11). Use of Pd complex without BR
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Table 1. Reaction of indolyborate2@) with vinyl bromides 9)

R X PdLn Yield (%}
10 11

H Ac Pd(Oac) 43 (109 29 (119
H Ac PACH(CH:CN), 43 (103 30 (113
H Ac Pdy(dbay-CHCh 44 (109 30 (119
H Ac Pd(dba)y-CHCL+4PPh 10 (108 60 (119
H Ac PACh(PPh), 5(108 62 (113
H Ac Pd(PPH). 8(108 61 (119
H  COOPh Ph(OAgQ) 44 (10 29 (11b)
H  COOPh PAG(CH4CN), 48 (10b) 29 (11b)
H  COOPh Pe(dba)-CHC 45 (10b) 30 (11b)
H  COOPh Pe(dba)-CHCk+4PPh 19 (10b) 53 (11b)
H  COOPh PAG(PPh), 16 (10b) 56 (11b)
H  COOPh Pd(PPy, 10 10b) 59 (11b)
H  COOCHPh Pd(OAc) 39 (109 18 (119
H  COOCHPh Pd(dba)CHCk 45 (109 30 (119
H  Boc Pd(OAC) 20 (10d) 11 (11d)
H  Boc Pg(dba)-CHCh 43 (10d) 22 (11d)
Me Ac Pd(OAC) 23 (108 -

Me Ac PACH(CHLCN), 35 (108 -

Me Ac Pa(dba)-CHCh 26 (108 -

Me Ac Pd(dba)y-CHCk+4PPh 60 (108 —

Me Ac PACh(PPh), 67 108 -

Me Ac Pd(PPH), 46 (109 -

Me COOPh Pd(OAg) 14 10f) -

Me COOPh PAG{CH:CN), 30 (10f) -

Me COOPh Ps(dba)-CHCh 25 (10f) -

Me COOPh Peldba)-CHCL+4PPh 71 (10f) -

Me COOPh PAG(PPh), 70007 -

Me COOPh Pd(PR) 34(10) -

Me COOCHPh Pd(dbayCHCk+4PPh 66 (109 -

Me COOCHPh PdC)PPh), 68 (109 -

Me Boc Pd(dba)-CHCk+4PPh 67 (10h) —

Me Boc PACI(PPh), 69 (10h) -

#lsolated yields (%) based on indol&)(

effectively drives the reaction in the direction of preferential
formation of desired10a—d, while the reaction in the
presence of Pd complex with fhmeets with the predomi-
nant formation ofllab. In contrast to these trends, the
observation that hexatriene40g-h) are invaluably sole
products, and using Pd complex with JPhappreciably
increases the yields dfOe-h on the reaction oRa with
9e-h, is notable.

The outcome of the present reaction2afwith 9 would be
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11rather tharlOa-d is perceivable. Otherwise, on reaction
of 2a with 9e-h, the transition stateB) involves spatial
repulsive interaction arising from the methyl group on the
vinyl carbon (R=H, R'=Me or R=Me, R'=H in B), which
diminishes the transmetallation step and enhances the
formation of10e-h.

With an effective preparation of hexatrieng9) in hand,
we then turned our attention to the conversionl6fto
pyridocarbazoles 1). As a photocyclization protocol
represents a great potential for the conversion of styryl-
indoles to carbazole$,a study was firstly undertaken to
explore if this photo-cyclization protocol would be effective
for the conversion ofl0 to pyridocarbazolesl@). Irradia-
tion of 10 was undertaken with a high-pressure mercury
lamp in benzene to afford the desird@ as an oxidized
form and/or isomeric hexatrienes3)** (Scheme 5). Irradia-
tion of 10f—h producedl2f-h, solely, except for the case of
10egiving 12e accompanied by substantial photochemical
isomerization tdl3e while the reaction ol0a-d led to the
concomitant formation o12a—d and13a-d (Table 2).

As complexation of an unsaturated system with a Lewis acid
is known to lower the activation energy to accelerate some
pericyclic reactions? a study was also undertaken to
explore whether a Lewis acid would also be effective for
cyclization of10. The reaction o0 with 2 equiv. of Lewis
acid in CHCl, was carried out to give the desird@ and
spiroindolines {4), where the ratio 012:14 was apparently
affected by the nature of the Lewis acid used (Scheme 6 and
Table 3). Thus, TiClwas found to effect the desired conver-
sion of 10 to 12 with pronounced selectivity. Otherwise,
BF;OEt,, and Znh mediated reactions df0 led to spiro-
indolines (4), in which a 1:1 mixture of diastereomeric
isomers14f and 14f was obtained fromilOf. Structural
elucidation of14 was based on X-ray crystal analysis of
144’ and their spectral data (see Experimental section).
Exposure ofl0ato trifluoroacetic acid again promoted the
spiroannelation leading tbda and thus, a postulated path is
shown in Scheme 7 which involves initial attack of acid at
the 3-position of the indole ring dfOa, followed by spiro-
annulation. The NOE experiments confirmed the twisted
conformation ofLOa which was also supported by the opti-
mized structure in CHGI obtained by the MM3-AM1

understandable (Scheme 4). Catalytically active Pd(0) method® (Fig. 1). Thus, a great tendency of acid mediated
species [Pd(0)Ln], generated in the reaction medium, under-spiroannulation td4 as well as photochemical isomeriza-

goes an oxidative addition t®to produce vinylpalladium
complex @). Through a faster transmetallation wifta,
complex @) producesll via complex C). For the putative
transmetallation step, the well known four-centesedond
metathesis process [transition stag](seems to be accept-
able!! If the acetylene bond is complexed intramolecularly
to Pd, complex E) results from complex) via carbo-
palladation,
complex €) and 2a brings about complexH). Reductive
elimination from complexK) forms 10 and Pd(0) species.
Stabilization of complexA) by ligation of PRP through
d—m backbonding is likely to change significantly the reac-
tivity, which implies that the transmetallation beteween
complex @) (L=PPh) with anionic 2a seems to precede

tion to 13 is ascribable to the distortion of this hexatriene
system of10.

Since the desired pyrido[4 §carbazole 12) was obtained,
efforts were focused on developing further conversion
protocols to 6-methylellipticine derivatives. Removal of
the carbobenzyloxy group id2c and 12g was attained

and subsequent transmetallation betweensmoothly under normal catalytic hydrogenation conditions

using 20% Pd(OH)on C, giving 15aand15b, respectively.
Completion of this sequence was undertaken to oxid&e
with MnO, to 17, which could be conducted under much
milder conditions rather than the heretofore adapted proto-
col using Pd—C at high temperature (20)° Heating15a
and 15b with MnO, in AcOEt under reflux gave

weaker side-on complexation of the acetylene bond to Pd 11-demethyl-6-methylellipticine1¢fa in 62% vyield and

[complex O)]. Thus, on reaction o2awith 9a—d using Pd
complex ligated by PRhthe pronounced tendency to form

6-methylellipticine (7b)'® in 60% yield. Mild oxidation
of 15bin CH,Cl, at room temperature allowed the isolation
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Table 2. Photocyclization of hexatriend Q)
R X Yield (%) R X Yield (%)
12 13 12 13
H Ac 15 (129) 50 (133 Me Ac 21 (129 50 (139
H COOPh 3512b) 30 (13b) Me COOPh 4812f) -
H COOCHPHh 38 (1209 30 (139 Me COOCHPh 50 (129 -
H Boc 41 (120) 28 (130) Me Boc 56 (12h) -
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Scheme 6.

of 16 in 56% vyield, which was converted tb7b in 60%
yield on heating with Mn@ in AcOEt under reflux (see
Scheme 8).

Hereupon, we have aimed for the total synthesis of ellipti-
cine, which implies that the present protocol requires
indolylborate R) bearing a removable protecting group at
the 1-position since ellipticine does not position a sub-
stituent at this position.

The cross-coupling reaction of 1-methoxyindolylborats)(
derived from indole 1b) in situ, with 9c in the presence of
Pd(dba}-CHCE in THF at 60C under argon atmosphere
provided hexatrienel®) in 51% yield and vinylindole 19)
in 18% yield (Scheme 9). Attempted cyclization D8 to

pyrido[4,3b]carbazole, using photocyclization or an acid

Table 3. Acid promoted cyclization of hexatrien&(@)

R X Acid Conditior? Yield (%)°
12 14

H Ac BF;-OEt A - 67 (14a)

H Ac TFA A - 68 (143

H COOPh BR-OEt A - 41 (14b)

H COOCHPh BR-OEt A - 35 (149

H Boc BR-OEL A - -

H Ac Znl, B - 53 (143

H COOPh Zn} B - 45 (14b)

H COOCHPh znj B - 65 (1409

H Boc Znb B - -

H Ac TiCl, c 50 (129) 17 (144

H COOPh TiC} c 73(12h -

H COOCHPh TiCl, c 48 (129 -

H Boc TiCl, C — —

Me COOPh BFOEt B - 40 (14f+14F)°

Me COOPh TiC} c 70 120) —

Me COOCHPh TiCl, C 40 (129 -

aA: atrt for 3 h; B: at rt for 20 h; C: at-78°C for 4 h.
® |solated yield (%).
€ 14f:14f=1:1 mixture.

H+
H* N-Ac

108 ——— ]\ ",

Scheme 7.
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14 Me Me
a: R=R'=H, X=Ac
b: R=R'=H, X=CO,Ph
c: R=R'=H, X=COCH,Ph
f: R=Me, R'=H, X=CO,Ph
f: R=H, R'=Me, X=CO,Ph

promoted cyclization protocol, resulted in a complex mixture,
which is consistent with the known labilities of 1-methoxy-
indole derivatives under acidic and photochemical con-
ditions!’ This sequence was not pursued in further detail.

The cross-coupling protocol was successfully extended to
the reaction of 1iért-butoxycarbonyl)indolylborate2),
generated from indolel€) in situ, with 9h using a 1:4
ratio of Pd(dbay-CHCk and PRP, producing hexatriene
(20) in 64% yield (Scheme 10). Irradiation @0 with a
high-pressure mercury lamp in benzene gave rise to pyrido-
carbazole Z1) in 41% yield. Then, treatment df1 with
TFA in CH,CI, afforded22 in 88% yield, and deprotection

of carbobenzyloxy group i22 by catalytic hydrogenation
produced23 in 90% vyield. However, the oxidation &3
with MnO, in AcOEt under reflux was frustrated by a fairly
low yield of ellipticine, and an attempt to didehydrogenate
23 even at room temperature was disappointing, which
reveals that the presence of free indole-1-NH would be
problematic. For successful completion of the synthesis of
ellipticine, 24 bearing a Boc group at indole-1-N derived
from 21 by catalytic hydrogenation was subjected to oxida-
tion with MnO, in AcOEt under reflux to give5 in 65%
yield. Finally, deprotection of the Boc group2®with TFA
provided ellipticine in 84% vyield.

In summary, a novel route to ellipticine and its derivatives
has been realized through the palladium catalyzed tandem
cyclization—cross-coupling reaction of indolylboraf® &s

a key reaction. The one-pot tandem cyclization—cross-
coupling reaction of2a with 9 provides hexatrienel(Q)
and the conversion o010 to pyrido[4,3b]carbazole {2)
could be effected by irradiation and with TiCln addition,

it was found that cyclization 010 mediated by BEOEb
undergoes spiroannelation to produce spiroindolih). (
Subsequently] 2 could be converted to 6-methylellipticine
via oxidation. Furthermore, a novel access to ellipticine was
realized by using indolylborat®c through the present
sequences.
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Figure 1. Optimized structure of hexatrien&Qa and NOE correlations.
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Experimental high-resolution MS were recorded on a Micromass AutoSpec

3100 mass spectrometer. IR spectra were measured on a

Melting points were recorded on a Yamato MP21. All melt- Hitachi Model 270-30 spectrometer. The NMR experiments
ing points and boiling points are uncorrected. MS and were performed with a JEOL JNM-LA300 or JNM-EX400
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spectrometer, and chemical shifts are expressed in ppm ( 5.81 (s, 1H).**C NMR (CDCL) &: 3.5, 19.9, 46.6, 57.1,
with tetramethylsilane (TMS) as an internal reference. The 76.8, 76.9, 117.3, 133.4. Anal. Calcd fogHG,BrN: C,
following abbreviations are used=singlet, d=doublet, 47.55; H, 5.98; N, 6.93. Found: C, 47.48; H, 5.91; N, 7.00.
t=triplet, g=quartet, m=multiplet, be=broad. Medium
pressure liquid chromatography (MPLC) and flash chroma- (2-Bromobut-2-enyl)pent-3-ynylamine (8b)According to
tography were performed on silica gel (silica gel 60N, Kanto the above procedure, 9.9 g (75%)&# was obtained from
Chemical Co., Inc.). Dehydrated tetrahydrofuran (THF) and 3-pentyn-1-ol (5.2 g, 62 mmol) and 2-bromobut-2-enyl-
diethyl ether (E4O) were purchased from Kanto Chemical amine {b) (18.5g, 123 mmol). Bp 80—8€C/0.5 mmHg.
Co., Inc. IR (neat): 3312, 1656 cit. *H NMR (CDCly) 6: 1.73 (d,
1.5H, J=7Hz), 1.77 (d, 1.5H,J=7Hz), 1.79 (t, 3H,
(2-Bromoprop-2-enyl)pent-3-ynylamine (8a). Trifluoro- J=2.5Hz), 2.20 (br s, 1H), 2.25-2.38 (m, 2H), 2.57-2.68
methanesulfonic anhydride (10 ml, 59 mmol) was added (m, 2H), 3.48 (s, 1H), 3.53 (s, 1H), 5.95 (g, 0.557 Hz),
dropwise to a solution of diisopropylethylamine (7.7 g, 6.09 (g, 0.5H,J=7 Hz). **C NMR (CDCL) &: 3.3, 14.9,
59 mmol) and 3-pentyn-1-ol (4.6 g, 54 mmol) in &, 16.4, 19.7, 46.2, 46.3, 50.6, 57.4, 76.6, 76.7, 76.8, 124.9,
(100 ml) under ice-cooling, and stirring was continued for 125.0, 128.0, 129.1. Anal. Calcd fogld,4,BrN: C, 50.07; H,
20 min. Then, this solution was added dropwise to a solution 6.52; N, 6.48. Found: C, 49.96; H, 6.51; N, 6.47.
of 2-bromoprop-2-enylamine7&)® (14.7 g, 108 mmol) and
diisopropylethylamine (7.7 g, 59 mmol) in G&l, (100 ml) N-(2-Bromoprop-2-enyl)-N-pent-3-ynylacetamide (9a).
under ice-cooling, and the whole mixture was stirred at Acetyl chloride (1.7 ml, 24 mmol) was added dropwise to
room temperature overnight. After the mixture was concen- a solution of8a (4 g, 20 mmol) and triethylamine (2.4 g,
trated in vacuo, the residue was extracted with ether, and the24 mmol) in CHCI, (100 ml) under ice-cooling, and the
organic layer was washed with water and dried over mixture was stirred for 2h at room temperature. The
anhydrous MgS@Q The solvent was removed and the resi- mixture was concentrated in vacuo, the residue was
due was distilled under reduced pressure to give 8.4 g (77%)extracted with ether and the extract was washed with
of 8a Bp 76—78C/1 mmHg. IR (neat): 3312, 1626 crh water and dried over anhydrous Mg$Qhe solvent was
'H NMR (CDCl;) 6: 1.78 (t, 3H,J=2.5Hz), 2.30-2.35 removed, and the residue was distilled under reduced pres-
(m, 2H), 2.60-2.70 (m, 2H), 3.48 (s, 2H), 5.55 (s, 1H), sure to give 3.9 g (79%) dda. Bp 66—67C/1 mmHg. IR



200 M. Ishikura et al. / Tetrahedron 56 (2000) 193-207

(neat): 1658 cri’. *H NMR (CDCly) &: 1.78 (m, 3H), 2.12 170.5. Anal. Calcd for gH1¢BrNO: C, 51.18; H, 6.25; N,
and 2.22 (two s, 3H), 3.43—-3.48 (m, 2H), 4.23-5.59 (m, 2H), 5.43. Found: C, 51.01; H, 6.11; N, 5.38.
4.23 and 4.30 (two s, 2H), 5.59 and 5.65 (two s, 2H),
5.75 (m, 1H)."*C NMR (CDCk) &: 3.37, 3.44, 17.9, 18.8,  N-(2-Bromobut-2-enyl)-N-pent-3-ynylphenoxycarbox-
21.5, 45.3, 46.9, 52.2, 57.2, 75.2, 76.5, 77.1, 78.4, 117.6,amide (9f). According to the above procedure, 1.9 g (80%)
118.0, 128.5, 128.6, 170.6, 170.8. Anal. Calcd for of 9f was obtained fronBb (1.5g, 7 mmol) and phenyl
C1oH14BIrNO: C, 49.20; H, 5.78; N, 5.74. Found: C, 49.13; chloroformate (1 ml, 8 mmol). Bp 17G/0.5 mmHg. IR
H, 5.78; N, 5.51. (neat): 1722 cm®. *H NMR (CDCly) 6: 1.77-1.85 (m,
6H), 2.40-2.60 (m, 2H), 3.40-3.65 (m, 2H), 4.31, 4.39
N-(2-Bromoprop-2-enyl)-N-pent-3-ynylphenoxycarbox- and 4.49 (three s, 2H), 5.95-6.25 (m, 1H), 7.13 (d, 2H,
amide (9b).According to the above procedure, 2.1 g (74%) J=7.8 Hz), 7.19 (dt, 1H,J=1, 7.8 Hz), 7.35 (t, 2H,
of 9b was obtained fromBa (1.8 g, 9 mmol) and phenyl J=7.8 Hz). ®*C NMR (CDCk) &: 3.5, 16.6, 18.1, 45.9,
chloroformate (1.4 ml, 11 mmol). Mp 74—75 (recryst. 46.2, 55.7, 55.9, 75.8, 76.3, 77.1, 77.2, 121.6, 123.5,
from hexane). IR (CHG): 1718, 1640, 1630 cit. *H 123.9, 125.3, 126.2, 127.1, 129.2, 151.3, 154.2, 154.6.
NMR (CDCly) 6: 1.78 (t, 3H,J=2.5Hz), 2.40-2.60 (m, Anal. Calcd for GgH1sBrNO,: C, 57.17; H, 5.28; N, 4.12.
2H), 3.48 (t, 1H,J=7.3 Hz), 3.57 (t, 1HJ=7.3 Hz), 4.29 Found: C, 57.15; H, 5.39; N, 4.16.
(s, 1H), 4.38 (s, 1H), 5.65 (dd, 1H=1, 6 Hz), 5.84 (d, 1H,
J=1Hz), 7.05-7.16 (m, 2H), 7.19 (t, 1H=7.3 Hz), 7.30— N-(2-Bromobut-2-enyl)-N-pent-3-ynyl(phenylmethoxy)-
7.40 (m, 2H)."*C NMR (CDCL) &: 3.4, 18.2, 18.8, 46.2, carboxamide (9g). According to the above procedure,
46.8, 55.3, 55.5, 75.7, 76.1, 77.3, 77.6, 117.7, 118.6, 121.5,12.6 g (78%) of 9g was obtained from8b (9.9 g,
125.4,129.1, 151.1, 128.6, 129.0, 154.0, 154.4. Anal. Calcd 46 mmol) and benzyl chloroformate (7.8 ml, 55 mmol).
for CygH1BINO,: C, 55.92; H, 5.00; N, 4.35. Found: C, Bp 180C/0.5 mmHg. IR (neat): 1712cm. 'H NMR
55.88; H, 5.07; N, 4.26. (CDClg) 6: 1.69-1.85 (m, 6H), 2.27-2.48 (m, 2H), 3.34—
3.46 (m, 2H), 4.23, 4.26, 4.30 and 4.35 (four s, 2H), 5.14 and
N-(2-Bromoprop-2-enyl)-N-pent-3-ynyl(phenylmethoxy)- 5.17 (two s, 2H), 5.79-6.20 (m, 1H), 7.25-7.42 (m, 5H).
carboxamide (9c).According to the above procedure, 3g *C-NMR (CDCkL) &: 3.4, 14.9, 15.1, 16.5, 16.6, 18.2, 18.7,
(75%) of 9c was obtained fronBa (2.5g, 12 mmol) and  18.8, 45.4, 46.3, 49.0, 49.2, 55.4, 55.5, 67.2, 67.3, 67.4,
benzyl chloroformate (2.1 ml, 15mmol). Bp 16D 76.1, 76.3, 76.4, 77.2, 77.3, 121.1, 121.5, 124.0, 125.5,
1 mmHg. IR (neat): 1708 cnt. *H NMR (CDCly) 6: 1.74 126.2, 127.8, 127.9, 128.0, 128.4, 128.5, 130.7, 131.3,
(t, 3H, J=2.5 Hz), 2.30-2.50 (m, 2H), 3.30-3.50 (m, 2H), 136.5, 136.6, 155.7, 156.0. Anal. Calcd for;8,,BrNO.:
4.21 and 4.24 (two s, 2H), 5.14 and 5.17 (two s, 2H), 5.55 C, 58.30; H, 5.76; N, 4.00. Found: C, 58.37; H, 5.79; N,
and 5.58 gtwo s, 2H), 5.67 and 5.75 (two s, 1H), 7.20—7.50 3.94.
(m, 5H).**C NMR (CDC}) 8: 3.7, 18.5, 19.1, 46.2, 46.9,
555, 67.3,67.4,75.9,76.2, 77.4, 77.5, 117.5, 118.2, 127.8,N-(2-Bromobut-2-enyl) (tert-butoxy)-N-pent-3-ynylcar-
128.0, 128.4, 128.5, 129.0, 136.8, 155.8, 156.2. Anal. Calcd boxamide (9h). According to the above procedure, 2.6 g
for CieH1gBINO,: C, 57.16; H, 5.40; N, 4.17. Found: C, (81%) of 9h was obtained fron8b (2.2 g, 10 mmol) and
57.30; H, 5.48; N, 4.12. di-tert-butyl dicarbonate (2.8 ml, 12 mmol). Bp 1¥Y/
0.5 mmHg. IR (neat): 1702 cm. *H NMR (CDCly) &:
(tert-Butoxy)-N-(2-bromoprop-2-enyl)-N-pent-3-ynylcar- 1.47 (s, 9H), 1.72-1.81 (m, 6H), 2.36 (br s, 2H), 3.22-
boxamide (9d). According to the above procedure, 1.3g 3.40 (m, 2H), 4.14, 4.18, 4.25 and 4.28 (four s, 2H),
(89%) of 9d was obtained from8a (1 g, 5mmol) and 5.82-5.95 (m, 0.5H), 6.05-6.18 (m, 0.5HC NMR
di-tert-butyl dicarbonate (1.4 ml, 6 mmol). Bp 11& (CDCly) é: 3.5, 15.0, 16.6, 18.3, 18.7, 28.4, 45.5, 45.7,
0.5 mmHg. IR (neat): 1704 cnl. *H NMR (CDCly) &: 48.4, 48.9, 54.9, 55.6, 80.1, 124.9, 125.4, 129.9, 130.7,
1.45 and 1.47 (two s, 9H), 1.76 (t, 3H=2.5Hz), 2.36 155.0. Anal. Calcd for @H,BrNO,: C, 53.15; H, 6.96;
(br s, 2H), 3.30-3.50 (m, 2H), 4.11 and 4.15 (two s, 2H), N, 4.41. Found: C, 53.17; H, 7.01; N, 4.43.
5.55 (s, 1H), 5.69 and 5.71 (two s, 1HJC NMR &: 3.3,
18.4, 18.6, 28.2, 46.2, 54.7, 55.4, 76.1, 76.4, 80.2, 116.5, General procedure for the palladium catalyzed
117.1, 129.6, 129.8, 154.7, 155.0. Anal. Calcd for cross-coupling reaction of indolylborate (2a) with
CigH20BrNO,: C, 51.67; H, 6.67; N, 4.63. Found: C, vinyl bromides (9)
51.63; H, 6.61; N, 4.60.
To a solution of indolylborate2@) in THF (15 ml), gener-
N-(2-Bromobut-2-enyl)-N-pent-3-ynylacetamide  (9e). ated in situ from the treatment of 1-methylindol&a)
According to the above procedure, 2 g (78%)9& was (2 mmol) withtert-butyllithium (2.4 mmol), and the subse-
obtained from8b (2.2 g, 10 mmol) and acetyl chloride quent addition of triethylborane (2.4 mmol) under argon
0.9ml, 12mmol). Bp 128/1 mmHg. IR (neat): atmosphere, were added vinyl bromid® (1 mmol) and
1648 cm™. 'H NMR (CDCl) 6: 1.70-1.85 (m, 6H),  palladium salt (0.05 mmol), and the mixture was heated at
2.15-2.23 (m, 3H), 2.30-2.45 (m, 2H), 3.35-3.54 60°C for 1-3 h. The reaction mixture was treated with 10%
(m, 2H), 4.23, 4.32, 4.33 and 4.39 (four s, 2H), 5.93 NaOH (10 ml) and 30% kD, (2 ml) under ice-cooling for
(9, 0.5H, J=7Hz), 6.10-6.24 (m, 0.5H).°C NMR 15 min. The mixture was diluted with AcOEt (50 ml),
(CDCly) 6: 3.1, 3.2, 14.8, 14.9, 16.3, 16.4, 17.5, 17.6, washed with brine and dried over anhydrous MgSThe
18.4, 18.5, 21.3, 21.4, 21.7, 43.7, 44.4, 45.6, 46.2, 50.6, solvent was removed, and the residue was separated by
51.8, 57.1, 75.0, 75.1, 76.4, 76.5, 76.7, 76.9, 78.0, 120.5,medium pressure liquid chromatography with hexane—
120.9, 123.3, 125.5, 125.9, 131.1, 131.2, 170.3, 170.4, AcOEt as an eluent to give0 and/orl1l
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1-Acetyl-3-methylene-4-[(1-methylindol-2-yl)ethylidene]- 119.2, 119.9, 120.0, 120.7, 120.8, 122.5, 122.6, 125.4,
piperidine (10a). IR (neat): 1642 cmt. 'H NMR (CDCly) 126.7, 127.8, 127.9, 128.4, 131.8, 131.9, 132.2, 136.7,
8:2.05and 2.06 (two s, 3H), 2.09 and 2.14 (two s, 3H), 2.59 136.9, 137.7, 142.7, 142.8, 169.1, 169.2. High-resolution
(t, 1H,J=6 Hz), 2.67 (t, 1H,J=6 Hz), 3.53 and 3.56 (two's, MS m/z Calcd for GgH,4N,O: 308.1889. Found: 308.1886.
3H), 3.59 (t, 1H,J=6 Hz), 3.75 (t, 1H,J=6 Hz), 4.02 (s,
1H), 4.16 (s, 1H), 4.39 and 4.40 (two s, 1H), 4.79 and 4.87 Phenyl 3-ethylidene-4-[(1-methylindol-2-yl)ethylidene]-
(two s, 1H), 6.23 and 6.27 (two s, 1H), 7.05—7.10 (m, 1H), piperidine-1-carboxylate (10f).IR (neat): 1712 cm*. *H
7.13-7.20 (m, 1H), 7.25-7.30 (m, 1H), 7.54 (d, 1H, NMR (CDCL) 5: 1.39 (m, 3H), 2.06 (s, 3H), 2.67 (m, 2H),
J=7.8 Hz). °C NMR (CDCk) 6: 21.1, 21.3, 21.5, 29.9, 3.53 and 3.56 (two s, 3H), 3.60—3.85 (m, 2H), 4.24 (s, 1H),
30.2, 30.6, 40.5, 44.3, 49.7, 53.6, 99.5, 99.7, 109.2, 109.3,4.33 (s, 1H), 5.09 (g, 1HJ=7 Hz), 6.24 and 6.25 (two s,
115.9, 116.9, 119.5, 120.1, 120.2, 121.0, 123.9, 124.1,1H), 7.00-7.30 (m, 6H), 7.30-7.45 (m, 2H), 7.53 (d, 1H,
127.8, 127.9, 135.5, 136.2, 136.9, 140.1, 140.5, 142.2,J=7.5Hz). '*C NMR (CDCk) &: 13.5, 21.1, 21.3, 30.3,
142.4, 169.0, 169.3. High-resolution M&z Calcd for 30.3, 30.7, 42.9, 43.2, 45.1, 45.4, 99.8, 99.9, 109.1, 119.3,
C1gH2oNL50: 294.1731. Found: 294.1747. 119.9, 120.7, 121.7, 122.5, 125.2, 125.9, 126.5, 128.0,
129.2, 132.2, 132.5, 136.9, 137.1, 137.6, 142.9, 151.4,
Phenyl 3-methylene-4-[(1-methylindol-2-yl)ethylidene]- 153.8. High-resolution MS1wz Calcd for GgHogN,Oo:
piperidine-1-carboxylate (10b). Mp 117-118C (recryst. 386.1993. Found: 386.2003.
from hexane—AcOEt). IR (CHG): 1712 cm ™. 'H NMR
(CDCly) 6: 2.08 (s, 3H), 2.69 (d, 2H)=2.2 Hz), 3.56 and Phenylmethyl 3-ethylidene-4-[(1-methylindol-2-yl)ethyl-
3.57 (two s, 3H), 3.65-3.85 (m, 2H), 4.14 and 4.23 (two s, idene]piperidine-1-carboxylate  (10g). IR (neat):
2H), 4.43 (s, 1H), 4.87 (s, 1H), 6.27 (s, 1H), 7.05-7.25 (m, 1702 cm . '"H NMR (CDCl,) 6: 1.34 (d, 3H,J=6.6 Hz),
5H), 7.26 (d, 1H,J=8.3 Hz), 7.30-7.40 (m, 2H), 7.54 (d, 2.02 (s, 3H), 2.59 (br s, 2H), 3.48 (s, 3H), 3.60-3.75 (m,
1H,J=7.8 Hz)."*C NMR (CDCEk) 8: 21.1, 21.2, 30.2, 42.7,  2H), 4.10-4.25 (m, 2H), 4.95-5.10 (m, 1H), 5.17 (s, 2H),
43.0, 51.3, 51.8, 99.6, 109.2, 116.2, 116.7, 119.4, 120.1,6.17-6.27 (m, 1H), 7.06 (t, 1H}=7.8 Hz), 7.15 (t, 1H,
121.7, 123.9, 125.2, 127.9, 129.2, 135.8, 136.1, 136.9,J=7.8 Hz), 7.22 (d, 1HJ=8.3 Hz), 7.28-7.45 (m, 5H),
140.0, 140.3, 142.3, 151.3, 153.6. Mz 372 (M"), 357, 7.52 (d, 1H,J=7.8 Hz).°*C NMR (CDC}) 8: 13.4, 21.3,
263. Anal. Calcd for gH,4N,O,+1/10H,0: C, 77.02; H, 30.3,30.5,42.7,44.9,67.1,99.8,109.1, 119.2, 119.9, 120.7,
6.51; N, 7.48. Found: C, 77.00; H, 6.48; N, 7.43. 122.3, 125.6, 126.1, 127.9, 128.0, 128.1, 128.5, 132.6,
136.8, 136.9, 143.0, 155.4. High-resolution M#z Calcd
Phenylmethyl 3-methylene-4-[(1-methylindol-2-yl)ethyl- for CyeHogN,O,: 400.2149. Found: 400.2161.
idene]piperidine-1-carboxylate (10c)IR (neat): 1706 cm.
'H NMR (CDCly) 8: 2.04 (s, 3H), 2.61(br s, 2H), 3.52 tert-Butyl 3-ethylidene-4-[(1-methylindol-2-yl)ethylidene]-
(s, 3H), 3.61-3.71 (m, 2H), 4.08 (s, 2H), 4.38 (s, 1H), Piperidine-l-carboxylate (10h). IR (neat): 1648 cm'.
4.74-4.90 (m, 1H), 5.15 (s, 2H), 6.24 (s, 1H), 7.07 (dt, "H-NMR (CDCly) §: 1.36 (d, 3H,J=7 Hz), 1.48 (s, 9H),
1H, J=1, 7.3 Hz), 7.16 (dt, 1HJ)=1, 7.3 Hz), 7.20-7.45  2.03 (s, 3H), 2.57 (t, 2H]}=6 Hz), 3.51 (s, 3H), 3.50-3.60
(m, 6H), 7.53 (d, 1H,J=7.8 Hz). 3C NMR (CDCL) &: (m, 2H), 4.03-4.20 (m, 2H), 4.98-5.08 (m, 1H), 7.06 (t, 1H,
21.1, 30.2, 30.2, 425, 51.2, 67.1, 99.6, 109.2, 116.0, J=7.8 Hz), 7.15 (t, 1HJ)=7.8 Hz), 7.23 (d, 1HJ=8.3 Hz),
116.3, 119.4, 120.1, 120.9, 123.6, 127.9, 128.0, 128.4,7.52 (d, 1HJ=7.8 Hz)."*C NMR &: 13.4, 21.2, 28.5, 30.3,
136.3, 136.7, 136.8, 140.5, 142.4, 155.2. High-resolution 30.5, 42.5, 45.2, 79.6, 99.8, 109.1, 119.2, 119.9, 120.6,
MS m/z Calcd for GsHeN.O,: 386.1993. Found: 121.8, 124.8, 128.0, 133.4, 136.9, 143.1, 154.9. High-
386.1994. resolution MS mVz Calcd for GsH3zN,O,: 366.2307.
Found: 366.2297.
tert-Butyl 3-methylene-4-[(1-methylindol-2-yl)ethylidene]-
piperidine-1-carboxylate (10d). IR (neat): 1690 crm'. N-[2-(1-Methylindol-2-yl)prop-2-enyl-N-pent-3-ynyl-
IH-NMR (CDCl;) &: 1.47 (s, 9H), 2.05 (s, 3H), 2.59 acetamide (11a)IR (neat): 1648 cri'. *H NMR (CDCls)
(t, 2H, J=6 Hz), 3.55 (s, 3H), 3.50-3.60 (m, 2H), 3.99 (s, 6:1.76and 1.77 (twot, 3HI=2.5 Hz), 2.10 and 2.16 (two S,
2H), 4.36 (s, 1H), 4.79 (br s, 1H), 6.25 (s, 1H), 7.07 (t, 1H, 3H), 2.35-2.50 (m, 2H), 3.41 (t, 1H=7 Hz), 3.53 (t, 1H,
J=7.8 Hz), 7.16 (t, 1HJ)=7.8 Hz), 7.26 (d, 1HJ=7.8 Hz), J=7 Hz), 3.76 and 3.78 (two s, 3H), 4.35 (s, 1H), 4.43 (s,
7.52 (d, 1H,J=7.8 Hz).®*C NMR (CDC}) é: 21.1, 28.4, 1H), 5.31 and 5.37 (two s, 1H), 5.39 and 5.41 (two s, 1H),
30.1,30.3,42.0,51.4,79.7,99.5, 109.1, 115.6, 119.3, 120.0,6.45 and 6.49 (two s, 1H), 7.05-7.15 (m, 1H), 7.20-7.35
120.8,123.2,127.8, 136.7, 136.8, 140.9, 142.5, 154.7. High-(m, 2H), 7.53—7.63 (m, 1H}3*C NMR (CDCk) é: 3.3, 3.4,
resolution MS m/z Calcd for G,H»gN,O,: 352.2149. 18.0, 18.7, 21.3, 21.4, 31.1, 31.2, 45.8, 46.9, 49.2, 54.1,
Found: 352.2154. 75.3, 78.2, 101.1, 101.5, 109.5, 109.6, 115.8, 116.7, 119.7,
120.0, 120.6, 121.9, 122.3, 127.3, 127.4, 135.3, 135.7,
1-Acetyl-3-ethylidene-4-[1-methylindol-2-yl)ethylidene]- 137.8, 138.3, 138.7, 170.5, 171.0. High-resolution MS
piperidine (10e).IR (neat): 1634 cm*. *H NMR (CDCly) m/z. Calcd for GoHpoN,O: 294.1731. Found: 294.1763.
6:1.39and 1.41 (two d, 3H=7 Hz), 2.06 (br s, 3H), 2.64—
2.73 (m, 2H), 3.54 and 3.57 (two s, 3H), 3.70-3.85 (m, 2H), N-[2-(1-Methylindol-2-yl)prop-2-enyl]-N-pent-3-ynyl-
4.24 and 4.33 (two s, 2H), 5.11 (q, 1B=7 Hz), 6.24 and phenoxycarboxamide (11b). IR (neat): 1722 cm'.
6.26 (two s, 1H), 7.07 (t, 1HI=6.8 Hz), 7.10-7.25 (m, 5H),  'H-NMR (CDCly) &: 1.77 and 1.79 (two t, 3H]}=2.4 Hz),
7.37 (t, 2H,J=7.8 Hz), 7.54 (d, 1HJ)=7.8 Hz).*C NMR 2.45-2.54 (m, 2H), 3.45-3.60 (m, 2H), 3.74 and 3.78 (two
(CDCly) 8: 13.4, 13.5, 21.0, 21.3, 21.5, 21.6, 30.0, 30.2, s, 3H), 4.44 (s, 1H), 4.50 (s, 1H), 5.37 (s, 1H), 5.54 (d, 1H,
30.3. 30.9, 40.5, 43.3, 44.4, 46.8, 99.6, 99.8, 109.0, 109.1,J=7.4 Hz), 6.51 and 6.54 (two s, 1H), 6.96 (d, 1H,
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J=7.8Hz), 7.01 (d, 1HJ=7.8 Hz), 7.10-7.40 (m, 6H), (t, 1H,J=6 Hz), 4.06 and 4.08 (two s, 3H), 4.77 (s, 1H), 4.87
7.55-7.65 (m, 1H):*C NMR (CDCL) &: 3.4, 18.2, 18.8, (s, 1H), 7.20 (dt, 1HJ=3, 7 Hz), 7.34 (t, 1HJ=7.8 Hz),
30.9, 31.1, 46.1, 46.9, 52.5, 52.9, 75.9, 76.3, 77.2, 77.5,7.40-7.50 (m, 1H), 7.68 and 7.72 (two s, 1H), 7.98 (dd, 1H,
101.5, 101.6, 109.5, 117.0, 117.4, 119.7, 119.8, 120.5,J=3, 7.8 Hz).:*C NMR (CDCk) &: 14.6, 14.7, 21.6, 21.8,
120.6, 121.5, 121.6, 122.0, 122.1, 125.2, 127.4, 127.5,26.6, 27.4, 33.3, 40.2, 44.5, 44.6, 48.9, 108.6, 108.8, 115.1,
129.2, 135.9, 136.3, 138.2, 138.3, 138.4, 138.5, 151.1,115.8, 119.0, 119.6, 119.8, 117.9, 118.6 (s), 122.2, 122.5,
151.2, 154.3, 154.6. High-resolution M®&z Calcd for 122.6, 124.3, 125.2, 131.3, 132.1, 139.5, 139.7, 142.6,
C,4H24N,0,: 372.1836. Found: 372.1813. 142.7, 169.3. MWz 292 (M"), 233, 221. Anal. Calcd
for CigH,oN,O: C, 78.05; H, 6.90; N, 9.58. Found: C,
77.79; H, 6.99; N, 9.47.
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N-[2-(1-Methylindol-2-yl)prop-2-enyl]-N-pent-3-ynyl-
gphenylmethoxy)carboxamide (11¢)IR (neat): 1702 cm™.
H NMR (CDCl) é6: 1.74 and 1.75 (two s, 2H), 2.34 and Phenyl 5,6-dimethyl-1,2,3,4-tetrahydropyrido[4,3b]car-
2.43 (two br s, 2H), 3.38 and 3.45 (two t, 287 Hz), 3.50 bazole-2-carboxylate (12b)Mp 172—-173C (recryst. from
and 3.76 (two s, 3H), 4.31 and 4.39 (two s, 2H), 5.08 and ethyl acetate). IR (CHG): 1710 cm . *H NMR (CDClL) :
5.13 (two s, 2H), 5.25 and 5.31 (two s, 1H), 5.38 and 5.44 2.71 (s, 3H), 3.00-3.10 (m, 2H), 3.80-3.95 (m, 2H), 4.04

(two s, 1H), 6.38 and 6.50 (two s, 1H), 7.10 (t, 1H,
J=7.3Hz), 7.20-7.40 (m, 7H), 7.50-7.65 (m, 1H).
¥C-NMR (CDCk) &: 3.3, 18.2, 18.6, 30.7, 31.0, 45.7,

(s, 3H), 4.85 (s, 1H), 4.98 (s, 1H), 7.10-7.25 (m, 4H), 7.30—
7.40 (m, 3H), 7.44 (t, 1HJ=7.3 Hz), 7.71 (s, 1H), 7.98
(d, 1H, J=7.3 Hz). ®*C NMR (CDCk) &: 4.6, 26.6, 26.9,

46.8, 52.2, 67.1, 67.2, 76.4, 76.8, 77.1, 77.2, 101.2, 101.5,33.3, 42.2, 42.7, 46.6, 46.9, 108.7, 115.5, 115.2, 118.1,
109.5, 116.4, 116.9, 119.7, 120.6, 121.9, 127.4, 127.5,118.5, 118.9, 119.7, 121.7, 122.3, 122.6, 124.9, 1245,
127.8, 127.9, 128.3, 136.0, 136.1, 136.4, 136.6, 138.1,125.2, 125.7, 129.2, 131.5, 139.6, 14206, 151.5, 153.8.

138.4, 155.8, 156.0. High-resolution M&z Calcd for
C25H26N202: 386.1993. Found: 386.1965.

(tert-Butoxy)-N-[2-(1-methylindol-2-yl)prop-2-enyl]-N-
?ent—3—ynylcarboxamide (11d). IR (neat): 1692 cm'.
H-NMR (CDCly) &: 1.41 and 1.43 (two s, 9H), 1.76
(t, 3H,J=2.6 Hz), 2.28-2.43 (m, 2H), 3.28 and 3.39 (two
t, 2H, J=7 Hz), 3.74 and 3.76 (two s, 3H), 4.23 and 4.30
(two s, 2H), 5.28 (d, 1HJ=7.8 Hz), 5.40 (s, 1H), 6.43 and
6.49 (two s, 1H), 7.10 (t, 1HJ)=7 Hz), 7.22 (t, 1H,
J=7.8Hz), 7.31 (d, 1H,J=7.8Hz), 7.57 (d, 1H,
J=7.8 Hz). ®*C NMR (CDCk) &: 3.4, 18.4, 18.7, 28.3,

MS mz 370 (M"), 293, 277. Anal. Calcd for
C,o4H2N,O,: C, 77.81; H, 5.99; N, 7.56. Found: C, 77.73;
H, 6.12; N, 7.51.

Phenylmethyl 5,6-dimethyl-1,2,3,4-tetrahydropyrido[4,3-
b]carbazole-2-carboxylate (12c)Mp 150-152C (recryst.
from ethyl acetate). IR (CHGL: 1690 cm™. H NMR
(CDCly) 6: 2.72 (s, 3H), 2.97 (br, 2H), 3.79 (br, 2H), 4.08
(s, 3H), 4.81 (s, 2H), 5.19 (s, 2H), 7.19 (t, 187.3 Hz),
7.25-7.50 (m, 7H), 7.60-7.70 (m, 1H), 7.98 (br 1H).
¥C-NMR (CDC}) 6: 14.5, 26.8, 33.2, 42.0, 46.4, 67.1,
108.6, 115.2, 115.4 (s), 118.1, 118.3, 118.8, 119.7, 122.2,

30.9, 31.1, 46.3, 51.8, 52.6, 76.4, 76.7, 76.9, 79.8, 101.1,122.6, 124.7, 125.1, 125.6, 127.9, 128.5, 131.6, 136.9,
101.4, 109.4, 116.1, 116.4, 119.6, 119.8, 120.5, 121.8,139.4, 142.6, 155.4. M®&Vz 384 (M), 293, 249. Anal.
127.5, 136.5, 138.3, 138.8, 155.3. High-resolution MS Calcd for GsHo4N,O,: C, 78.12; H, 6.29; N, 7.28. Found:

m/z. Calcd for GsHzgN,O,: 366.2307. Found: 366.2297.
General procedure for the photocyclization of 10

A solution of10(100 mg) in benzene (10 ml) was irradiated

C,77.92; H, 6.43; N, 7.35.

tert-Butyl 5,6-dimethyl-1,2,3,4-tetrahydropyrido[4,3-b]-
carbazole-2-carboxylate (12d)Mp 158C (recryst. from
ethyl acetate). IR (CHG): 1680 cmi*. *H NMR (CDCl,)

with a 100 W high-pressure mercury lamp through a Pyrex &: 1.50 (s, 9H), 2.72 (s, 3H), 2.94 (t, 386 Hz), 3.71 (br s,

filter under ice-cooling for 3 h. The solvent was removed,

2H), 4.07 (s, 3H), 4.73 (s, 2H), 7.18 (dt, 1Bk=1, 7.8 Hz),

and the residue was separated by medium pressure liquid7.33 (d, 1HJ=8.3 Hz), 7.43 (dt, 1HJ=1, 7.8 Hz), 8.00 (d,

chromatography with hexane—AcOEt as an eluent to §ire
and/orl3.

General procedure for the acid promoted cyclization of 10

Acid (2 mmol) was added to a solution @0 (1 mmol) in
CH,CI, (20 ml), and stirring was continued (reaction

1H, J=8.3 Hz)."*C NMR (CDCk) §: 14.6, 27.0, 28.5, 33.4,
108.6, 115.3, 118.9, 119.7, 122.2, 122.7, 125.6, 132.0,
139.5, 142.7, 154.9. M8z 350 (M"), 293, 249. Anal.
Calcd for G,H»N,0,: C, 75.13; H, 7.54; N, 7.87. Found:
C, 75.39; H, 7.47; N, 7.99.

2-Acetyl-5,6,11-trimethyl-1,2,3,4-tetrahydropyrido[4,3b]-

temperature and time are shown in Table 3). The mixture carbazole (12e). Mp 181-182C (recryst. from ethyl

was diluted with AcOEt (50 ml), washed with 10% NaOH
and water, and dried over anhydrous MgSDhe solvent

acetate). IR (CHG): 1632cm™. *H NMR (CDCly) &:
2.21 and 2.24 (two s, 3H), 2.72 and 2.73 (two s, 3H), 2.77

was removed, and the residue was separated by mediunand 2.79 (two s, 3H), 2.96 (t, 1H=6 Hz), 3.02 (t, 1H,
pressure liguid chromatography with hexane—AcOEt as anJ=6 Hz), 3.73 (t, 1HJ=6 Hz), 3.87 (t, 1HJ=6 Hz), 4.08

eluent to givel2 and/orl4.

2-Acetyl-5,6-dimethyl-1,2,3,4-tetrahydropyrido[4,3b]-
carbazole (12a)Mp 194°C (recryst. from ethyl acetate). IR
(CHCLy): 1632 cm™. '"H NMR (CDCly) 8: 2.18 and 2.21
(two s, 3H), 2.71 and 2.72 (two s, 3H), 2.95 (t, 1H,
J=6 Hz), 3.01 (t, 1HJ=6 Hz), 3.72 (t, 1HJ=6 Hz), 3.87

and 4.09 (two s, 3H), 4.77 (s, 1H), 4.89 (s,1H), 7.22 (dt, 1H,
J=4,7.8 Hz), 7.39 (t, 1H)=7 Hz), 7.43-7.50 (m, 1H), 8.22

(dd, 1H,J=3.5, 7.8 Hz).*C NMR (CDCk) &: 14.8, 14.9,

15.4, 15.5, 21.6, 21.9, 27.1, 27.9, 33.7, 39.5, 42.5, 44.0,
46.8, 108.5, 108.6, 115.3, 116.1, 118.9, 121.1, 121.3,
122.4, 122.6, 122.7, 123.3, 123.4, 123.5, 125.0, 125.1,
126.6, 127.6, 131.1, 132.1, 139.4, 139.7, 142.8, 142.9,
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169.2. MSm/z: 306 (M), 291, 263, 249, 235. Anal. Calcd
for CyoH2N,O+1/10H,0: C, 77.88; H, 7.28; N, 9.06.
Found: C, 77.94 H, 7.25; N, 9.09.

Phenyl 5,6,11-trimethyl-1,2,3,4-tetrahydropyrido[4,3b]-
carbazole-2-carboxylate (12f).Mp 171-172C (recryst.
from ethyl acetate). IR (CHGL: 1706 cm™. 'H NMR
(CDCly) 6: 2.71 (s, 3H), 2.76 (s, 3H), 3.00—3.10 (m, 2H),
3.80—4.00 (m, 2H), 4.05 (s, 3H), 4.86 (s, 1H), 4.97 (s, 1H),
7.13-7.25 (m, 4H), 7.33-7.40 (m, 3H), 7.45 (t, 1H,
J=7.8 Hz), 8.21 (d, 1H,J)=7.8 Hz).**C NMR (CDCL) &:

203

3C NMR (CDCh) 8: 22.1, 29.9, 32.1, 32.5, 44.5, 44.7, 51.6,
52.2,99.7, 109.3, 115.2, 115.6, 119.6, 120.2, 121.2, 121.7,
124.6, 125.2, 127.9, 129.2, 137.0, 137.6, 140.7, 141.1,
141.4, 151.3, 153.5. High-resolution M&/z Calcd for
Co4H24NL50,: 372.1836. Found: 372.1818.

Phenylmethyl 3-methylene-4-[(1-methylindol-2-yl)ethyl-
idene]piperidine-1-carboxylate  (13c). IR (neat):
1706 cm . '"H NMR (CDCly) 8: 2.13 (s, 3H), 2.15-2.25
(m, 2H), 3.40-3.50 (m, 2H), 3.58 (s, 3H), 4.12 (s, 2H),
5.05-5.20 (m, 3H), 5.25-5.50 (m, 1H), 6.27 (s, 1H), 7.10

14.9, 15.4, 27.2, 27.5, 33.6, 41.6, 42.2, 44.5, 45.0, 108.5,(t, 1H, J=7.8Hz), 7.20 (t, 1H,J=7.8 Hz), 7.27-7.45
115.6, 115.9, 118.9, 121.2, 121.8, 122.6, 123.0, 123.4,(m, 6H), 7.57 (d, 1H,J=7.8 Hz). 3C NMR (CDC}) &:
125.0, 125.2, 125.3, 127.0, 127.3, 129.2, 131.4, 131.5,22.0, 29.9, 32.3, 44.2, 51.6, 67.1, 99.6, 109.3, 115.1,

139.6, 142.9, 151.5, 153.8, 153.9. M®z 384 (M), 291.
Anal. Calcd for GsH.uN,O,: C, 78.10; H, 6.29; N, 7.29.
Found: C, 77.97; H, 6.47; N, 7.28.

Phenylmethyl  5,6,11-trimethyl-1,2,3,4-tetrahydropyr-
ido[4,3-b]carbazole-2-carboxylate (12g)Mp 130-132C
(recryst. from ethyl acetate). IR (CH{I 1688 cm *. 'H
NMR (CDCly) 8: 2.70 (s, 3H), 2.60-2.75 (m, 3H), 2.90—
3.00 (m, 2H), 4.07 (s, 3H), 4.81 (s, 2H), 5.21 (s, 2H), 7.21 (t,
1H, J=7.8 Hz), 7.30—7.50 (m, 7H), 8.21 (d, 1B&7.8 Hz).
13C NMR (CDC) 8: 14.8, 15.3, 27.3, 27.5, 33.6, 41.5, 44.4,

119.6, 120.2, 121.1, 124.2, 127.8, 127.9, 128.4, 136.7,
137.0, 137.9, 141.2, 141.5, 155.1. High-resolution MS
m/z. Calcd for GsHogN,O»: 386.1993. Found: 386.2024.

tert-Butyl 3-methylene-4-[(1-methylindol-2-yl)ethylidene]-
piperidine-1-carboxylate (13d). IR (neat): 1680 cm'.
IH-NMR (CDCly) &: 1.45 (s, 9H), 2.05-2.20 (m, 2H),
2.13 (s, 3H), 3.20-3.33 (m, 2H), 3.59 (s, 3H), 3.95-4.10
(m, 2H), 5.08 (s, 1H), 5.25-5.40 (m, 1H), 7.10 (dt, =1,

6.8 Hz), 7.20 (dt, 1HJ=1, 6.8 Hz), 7.31 (d, 1H)=7.8 Hz),
7.58 (d, 1HJ=7.8 Hz).*C NMR §&: 22.0, 28.5, 29.9, 32.6,

67.1,108.5,118.8, 121.1, 122.6, 123.5, 124.9, 127.8, 128.5,44.1, 51.2, 79.7, 99.7, 109.3, 114.8, 119.6, 120.2, 121.1,

136.9, 139.5, 142.9, 155.5. M®&z 398 (M"), 307, 263.
Anal. Calcd for GgH»gN,O,: C, 78.36; H, 6.58; N, 7.03.
Found: C, 78.12; H, 6.69; N, 7.01.

tert-Butyl 5,6,11-trimethyl-1,2,3,4-tetrahydropyrido[4,3-
b]carbazole-2-carboxylate (12h)Mp 148-149C (recryst.
from ethyl acetate). IR (CH@L 1680 cm*. 'H-NMR
(CDCL) &: 1.51 (s, 9H), 2.68 (s, 3H), 2.74 (s, 3H), 2.89—
2.98 (m, 2H), 3.65—3.74 (m, 2H), 4.05 (s, 3H), 4.73 (s, 2H),
7.20 (t, 1H,J=7.8 Hz), 7.36 (d, 1HJ=7.8 Hz), 7.44 (t, 1H,
J=7.3 Hz), 8.20 (d, 1H,)=7.8 Hz).*C NMR (CDC}) &:

123.9, 128.1, 137.1, 138.4, 141.7, 154.7. High-resolution
MS m/z Calcd for GoHygN,O,: 352.2194. Found:
352.2154.

1-Acetyl-3-ethylidene-4-[(1-methylindol-2-yl)ethylidene]-
piperidine (13e).IR (neat): 1626 cm'. *H NMR (CDCly)
8:1.87 (d, 3H,J=6.8 Hz), 2.04 (s, 3H), 2.09 (s, 3H), 2.10-
2.23 (m, 2H), 3.38 (g, 1HJ=6 Hz), 3.50-3.60 (M, 1H),
3.57 and 3.58 (two s, 3H), 4.12 and 4.30 (two s, 2H), 5.65
(9, 1H,J=6.8 Hz), 6.26 and 6.27 (two s, 1H), 7.10 (t, 1H,
J=6.8 Hz), 7.19 (t, 1HJ=6.8 Hz), 7.30 (d, 1H)=7.8 Hz),

14.7, 14.9, 27.5, 28.2, 28.5, 33.0, 33.4, 79.6, 108.4, 108.5,7.57 (d, 1H,J=7.8 Hz).3C NMR (CDCk) §: 13.4, 21.4,
115.6, 118.7, 121.0, 122.6, 123.5, 124.7, 124.8, 124.9,21.6, 22.0, 22.1, 29.8, 32.0, 32.6, 42.3, 43.0, 46.3, 47.1,

131.8, 139.4, 142.9, 154.9. M@z 364 (M), 307, 263.
Anal. Calcd for G3H,gN,Os: C, 75.79; H, 7.74; N, 7.69.
Found: C, 75.81; H, 7.68; N, 7.52.

1-Acetyl-3-methylene-4-[(1-methylindol-2-yl)ethylidene]-
piperidine (13a). IR (neat): 1638 cm'. *H NMR (CDCly)

6: 2.03 and 2.08 (two s, 3H), 2.14 (s, 3H), 2.00-2.30 (m,
2H), 3.38 (t, 1H,J=6 Hz), 3.50-3.60 (m, 1H), 3.59 and 3.60
(s, 3H), 4.05 (s, 1H), 4.23 (s, 1H), 5.13 (d, 181 Hz),

99.4, 99.5, 109.2, 119.5, 120.1, 121.0, 123.4, 124.0, 125.3,
127.9, 128.0, 132.9, 133.3, 137.0, 139.0, 139.3, 141.9,
168.8, 168.9. High-resolution MSm/zz Calcd for
CooH24N,0: 308.1878. Found: 304.1894.

2-Acetyl-5,10-dimethylspiro[2,3,4,6,7-pentahydrocyclo-
penta[l,2c]pyridine-6,2’-indoline] (14a). Mp 124-1258C

(recryst. from hexane—ethyl acetate). IR (CHCI
1630 cm ™. *H NMR (CDCly) &: 1.60 (s, 3H), 2.17 and

5.34 and 5.41 (two s, 1H), 6.28 and 6.29 (two s, 1H), 7.11 2.19 (two s, 3H), 2.53 (s, 3H), 2.45-2.60 (m, 3H), 2.78
(dt, 1H,J=1.3, 7 Hz), 7.21 (dt, 1H}=1.3, 7.8 Hz), 7.31 (d,  and 2.80 (two dd, 1HJ=1.5, 16 Hz), 2.86 and 2.87 (two
1H, J=8.3 Hz), 7.58 (dd, 1HJ=1.3, 7.8 Hz).°C NMR d, 1H, J=16 Hz), 3.15 and 3.17 (two d, 1HI=16 Hz),
(CDCly) 6: 22.0, 22.1, 29.9, 32.1, 32.6, 42.0, 46.1, 49.4, 3.60-3.90 (m, 2H), 6.20-6.30 (m, 1H), 6.61 and 6.59
54.1, 99.6, 99.7, 109.3, 114.9, 115.7, 119.6, 120.2, 121.2,(two t, 1H, J=1.5, 7.8 Hz), 6.93-7.13 (m, 2H}*C NMR
124.7, 127.9, 137.0, 137.4, 137.5, 140.7, 141.3, 141.4,(CDCly) 6: 10.3, 21.7, 22.0, 22.9, 23.5, 28.3, 36.2, 39.4,
168.8, 168.9. High-resolution MSm/zz Calcd for 40.7, 43.9, 80.9, 105.1, 114.4, 115.3, 116.8, 123.8, 127.4,
CioH2oN,0: 294.1731. Found: 294.17009. 127.5, 127.6, 127.9, 132.6, 133.3, 137.2, 137.7, 151.8,
167.2, 167.9. MSmw/'z. 308 (M"), 293, 251, 188. Anal.
Calcd for GgH,oN,O+1/5H,0: C, 76.57; H, 7.57; N,
9.40. Found: C, 76.74; H, 7.63; N, 9.47.

Phenyl 3-methylene-4-[(1-methylindol-2-yl)ethylidene]-
piperidine-1-carboxylate (13b).IR (neat): 1714 cm. *H
NMR (CDCly) 8: 2.17 (s, 3H), 2.22—2.33 (m, 2H), 3.45—
3.65 (m, 2H), 3.62 (s, 3H), 4.15-4.35 (m, 2H), 5.16 (s, 1H),
5.42 (s, 1H), 6.30 (s, 1H), 7.11 (t, 1B=7.8 Hz), 7.21 (t,
1H,J=7.8 Hz), 7.28—7.40 (m, 6H), 7.59 (d, 1B&7.8 Hz).

Phenyl 5,10-dimethylspiro[2,3,4,6,7-pentahydrocyclo-
penta[1,2c]pyridine-6,2’-indoline]-2-carboxylate (14b).
IR (neat): 1710 cm®. 'H NMR (CDCly) &: 1.61 (s, 3H),
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2.55 (s, 3H), 2.50-2.60 (m, 3H), 2.81 (d, 1816 Hz),
2.89 (d, 1H,J=16 Hz), 3.19 (d, 1HJ=16 Hz), 3.70-4.00
(m, 2H), 6.31 (d, 1HJ=7.8 Hz), 6.61 (t, 1HJ=7.8 Hz),

6.66 and 6.71 (two s, 1H), 7.00-7.30 (m, 5H), 7.33—7.45

(m, 2H).*C NMR 6: 10.3, 23.0, 23.2, 28.4, 36.2, 40.8, 41.9,
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for 3 h. The catalyst and solvent were removed, and the
residue was crystallized from ether to give 58 mg (90%)
of 15a which was used for the next reaction without further
?urification. Mp 152-15%C. IR (CHCk): 3100cm™.
H-NMR (CDCly) 6: 1.84 (br s, 1H), 2.66 (s, 3H), 2.84

42.4,80.9, 105.1, 114.5, 115.3, 116.8, 121.6, 123.8, 125.5,(t, 2H, J=6 Hz), 3.24 (t, 2HJ=6 Hz), 4.05 (s, 3H), 4.19

126.7, 127.3, 127.5, 127.6, 129.3, 132.5, 132.87.13
137.4, 151.2, 151.8, 151.9. High-resolution M&z
Calcd for G4H24N505: 372.1836. Found: 372.1860.

Phenylmethyl 5,10-dimethylspiro[2,3,4,6,7-pentahydro-
cyclopenta[1,2€]pyridine-6,2’-indoline]-2-carboxylate
(14c). IR (neat): 1690 cm'. *H NMR (CDCly) &: 1.57
(s, 3H), 2.51 (s, 3H), 2.45-2.55 (m, 3H), 2.74 (d, 1H,
J=16 Hz), 2.85 (d, 1HJ=16 Hz), 3.15 (d, 1H,)=16 Hz),
3.55-3.68 (m, 2H), 5.19 (s, 2H), 6.29 (d, 1847.8 Hz),
6.60 (t, 1H,J=7.8 Hz), 6.53 and 6.65 (two s, 1H), 7.01 (d,
1H,J=7.8 Hz), 7.06 (t, 1HJ)=7.8 Hz), 7.30—7.40 (m, 5H).
3C NMR (CDC) 8: 10.2, 23.1, 28.3, 36.3, 40.8, 41.7, 67.5,

(s, 2H), 7.16 (t, 1HJ=7.8 Hz), 7.31 (d, 1HJ=8.3 Hz),
7.42 (t, 1H, J=7.8Hz), 7.59 (s, 1H), 7.96 (d, 1H,
J=7.8 Hz). ®°C NMR (CDCL) &: 14.3, 27.9, 39.3, 44.7,
495, 108.5, 115.1, 118.6, 118.7, 119.6, 121.8, 122.8,
125.3, 127.4, 131.6, 139.4, 142.6. High-resolution MS
m/z: Calcd for G;H.gN,: 250.1502. Found: 250.1469.

5,6,11-Trimethyl-1,2,3,4-tetrahydropyrido[4,3b]carba-
zole (15b).According to the above procedutig (100 mg)
was converted to 59 mg (90%) @bb. Mp 163-168C. IR
(CHCl): 3000 cnt. *H NMR (CDCly) §: 2.65 (s, 3H), 2.67
(s, 3H), 2.85 (t, 2HJ=6 Hz), 3.19 (t, 2H,)=6 Hz), 4.04 (s,
3H), 4.18 (s, 2H), 7.19 (dt, 1H=1, 7.8 Hz), 7.35 (d, 1H,

80.9,105.0,114.7, 115.4, 116.7, 123.7, 125.8, 126.3, 127.5,J=7.8 Hz), 7.43 (t, 1HJ)=7.8 Hz), 8.20 (d, 1HJ=8.3 Hz).
128.1,128.2,128.5,133.0, 136.4, 136.6, 151.9, 153.2. High-*C NMR 6: 15.1, 15.7, 29.2, 34.3, 44.6, 47.9, 109.0, 116.7,

resolution MS myz Calcd for GsH,yeN,O,: 386.1993.
Found: 386.2031.

Phenylrel-(11S, 7R)-5,7,10-trimethylspiro[2,3,4,6,7-penta-
hydrocyclopenta{l,Zc]pyridine—6,2’—indoline] (149). IR
(neat): 1720 cm*. *H NMR (CDCl;) 6: 1.14 and 1.15
(two d, 3H,J=7 Hz), 1.50 (s, 3H), 2.47 and 2.49 (two s,
3H), 2.47-2.57 (m, 1H), 2.57-2.68 (m, 1H), 2.77 (g, 1H,
J=7 Hz), 2.99 (d, 1HJ=6 Hz), 3.21 and 3.22 (two d, 1H,
J=6 Hz), 3.60-3.80 (m, 1H), 3.95-4.10 (m, 1H), 6.25 (d,
1H,J=7.8 Hz), 6.57 (t, 1HJ=7.3 Hz), 6.64 and 6.65 (two s,
1H), 6.99 (d, 1HJ=7 Hz), 7.05 (t, 1HJ=7.3 Hz), 7.16 (d,
2H,J=7.8 Hz), 7.22 (t, 1H)=7.8 Hz), 7.35-7.42 (m, 2H).
3C NMR (CDCL) 8: 10.6, 11.6, 11.8, 22.6, 22.8, 30.4, 30.5,

119.3, 121.4, 123.2, 124.3, 125.3, 126.1, 127.5, 132.5,
1435, 140.1. High-resolution MSm/z. Calcd for
CigHooN2: 264.1714. Found: 264.1724.

5,6,11-Trimethyl-3,4-dihydropyrido[4,3-b]carbazole
(16). A mixture of 15b (180 mg) and active Mn§X1 g) in
CH,CI, was stirred at room temperature overnight. After
insoluble material and solvent were removed, the residue
was separated by flash chromatography ¢(pHi@vith
CH,CI,:MeOH (50:1) as an eluent to give 100 mg (56%)
of 16. Mp 215-218C (recryst. from AcOEt). IR (CHG):
1620, 1572 cm’. *H NMR (CDCl) 6: 2.71 (s, 3H), 2.88

(t, 2H,J=7 Hz), 2.97 (s, 3H), 3.74 (t, 2H=7 Hz), 4.12 (s,
3H), 7.28 (dt, 1H,J=1, 7.3 Hz), 7.42 (d, 1H)=7.8 Hz),

39.3,39.4,42.4,42.8,44.9,81.8,104.1, 113.9, 114.6, 116.2,7.49 1(3dt, 1HJ=1, 7.3 Hz), 8.21 (d, 1H}=8.3 Hz), 8.89 (s,

116.3, 121.6, 121.8, 123.3, 125.6, 127.4, 127.7, 128.4,1H).

C NMR 6: 14.6, 15.1, 23.9, 33.3, 46.2, 108.8, 114.8,

129.3, 129.4, 1315, 131.7, 132.7, 133.2, 135.7, 136.1,119.1, 120.8, 122.6, 123.6, 125.3, 131.3, 134.4, 142.1,

151.2, 151.3, 152.0, 152.2, 152.8. High-resolution MS 142.4,

m/z Calcd for GsHaeN,O,: 386.1995. Found: 386.2021.

Phenyl rel-(7S,119)-5,7,10-trimethylspiro[2,3,4,6,7-penta-
hydrocyclopenta{l,Zc]pyridine—6,2’—indoline] (14). IR
(neat): 1720 cm™. 'H NMR (CDCl) 6: 1.11 and 1.13
(two d, 3H,J=6 Hz), 1.57 (s, 3H), 2.55 (t, 2HI=6.5 Hz),
2.58 and 2.60 (two s, 3H), 2.82 and 2.83 (two d, 1H,
J=6 Hz), 2.98 (q, 1H,J=6 Hz), 3.14 (d, 1H,J=6 Hz),
3.65 and 3.71 (two dt, 1H)=6.5, 7 Hz), 3.92 and 4.01
(two dt, 1H,J=6.5, 7 Hz), 6.30 (d, 1HJ)=7.8 Hz), 6.55—
6.63 (m, 2H), 6.99 (d, 1HJ=6.8Hz), 7.05 (t, 1H,
J=7.8 Hz), 7.10-7.19 (m, 2H), 7.22 (t, 1H=7.8 Hz),
7.33-7.42 (m, 2H)C NMR §&: 10.6, 15.4, 15.5, 22.7,

22.9, 28.5, 34.0, 34.1, 38.9, 39.0, 42.0, 42.4, 83.8, 104.5,J=7.3 Hz),

158.9. High-resolution MSm/z. Calcd for
CigHigN,: 262.1469. Found: 262.1458. Anal. Calcd for
CigH1aN>+1/10H,0: C, 81.84; H, 6.94; N, 10.60. Found:
C, 81.67; H, 7.08; N, 10.33.

5,6-Dimethylpyrido[4,3-b]carbazole (17a).A mixture of

15a (90 mg) and active Mn©(1 g) in AcOEt (50 ml) was
heated under reflux for 20 h. After insoluble material and
solvent were removed, the residue was separated by flash
chromatography with CyCl,:MeOH (50:1) as eluent to
give 60 mg (62%) ofl7a Mp 158-159C (recryst. from
AcOEt). IR (CHCE): 1606 cm™. 'H NMR (CDCl) 6:

3.13 (s, 3H), 4.21 (s, 3H), 7.34 (t, 18=7.3 Hz), 7.43 (d,

1H, J=8.3Hz), 7.62 (t, 1H,J=7.3Hz), 7.99 (d, 1H,
8.23 (d, 1H,J=7.8Hz), 8.46 (d, 1H,

114.2, 114.9, 115.3, 116.2, 120.4, 121.6, 121.7, 123.3,J=6.3 Hz), 8.60 (s, 1H), 9.39 (s, 1H}*C NMR (CDCl)
1255, 127.4, 127.9, 129.3, 129.5, 130.9, 131.2, 132.6,5:13.7, 29.7, 33.7, 108.8, 111.2, 116.3, 117.5, 120.0, 120.8,
133.1, 137.0, 137.4, 151.1, 151.2, 151.9, 152.0, 152.1.122.4,123.5,127.1, 128.1, 134.3, 139.6, 144.8, 152.4. Anal.

High-resolution MSm/z: Calcd for GgH,eN,O,: 386.1995.
Found: 386.1992.

5,6-Dimethyl-1,2,3,4-tetrahydropyrido[4,3b]carbazole
(15a). A solution of 12¢ (100 mg) in THF (15 ml) in the
presence of 20% Pd(OKpn carbon (10 mg) was stirred

Calcd for G;H14N,: C, 82.90; H, 5.73; N, 11.37. Found: C,
82.73; H, 5.86; N, 11.12. High-resolution M8z Calcd for
Ci7H1N,: 246.1158. Found: 246.1147.

Preparation of 5,6,11-trimethylpyrido[4,3-b]carbazole
(17b). (i) A mixture of 15b (60 mg) and active Mn®

under atmospheric pressure of hydrogen at room temperaturg500 mg) in AcOEt (20 ml) was heated under reflux for
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20 h. After insoluble material and solvent were removed, The cross-coupling reaction of indolylborate (2c) with

the residue was separated by flash chromatography withvinyl bromide (9h)

CH,Cl,:MeOH (50:1) as eluent to give 30 mg (60%) of

17b. (i) A mixture of 16 (50 mg) and active Mn® To a solution of indolylborate2¢) in THF (180 ml) [gener-
(500 mg) in AcOEt (20 ml) was heated under reflux over- ated in situ from the treatment of indoleld) (2.4 g,
night. After insoluble material and solvent were removed, 11 mmol) withtert-butyllithium (13 mmol), and the subse-
the residue was separated by flash chromatography withquent addition of triethylborane (13 mmol) under argon
CH,CI,:MeOH (40:1) as eluent to give 30 mg (60%) of atmosphere], were added bromidgh) (1.9 g, 5.4 mmol)
17b. Mp 210-212C (recryst. from EtOH) (lit> mp 211— and PdCl,(PPh), (100 mg, 0.14 mmol), and the mixture
212C)."H NMR (CDCly) 6: 3.06 (s, 3H), 3.26 (s, 3H), 4.13  was heated at 68C for 4 h. The reaction mixture was
(s, 3H), 7.32 and 7.58 (two t, 2H=7 Hz), 7.40 (d, 1H, treated with 10% NaOH (50 ml) and 30%,®, (10 ml)
J=8 Hz), 7.90 (d, 1H)=6 Hz}, 8.36 (d, 1HJ=8 Hz), 8.50 under ice-cooling for 15 min. The mixture was diluted
(d, 1H,J=7 Hz), 9.70 (s, 1H)-°*C NMR &: 13.9, 14.6,33.9,  with AcOEt (500 ml), washed with brine and dried over
108.4, 108.5, 115.9, 119.6, 122.7, 123.5, 123.9, 124.7,anhydrous MgS® The solvent was removed, and the
127.1, 128.7, 134.4, 141.0, 141.9, 145.1, 149.7. Anal. residue was separated by medium pressure liquid chroma-
Calcd for GgHi6N2: C, 83.04; H, 6.19; N, 10.76. Found: tography with hexane:AcOEt (10:1) as eluent to give 1.7 g

C, 82.94; H, 6.39; N, 10.76. (64%) of 20.

. ) . ) Phenylmethyl 4-({1-[(tert-butyl)oxycarbonyl]indol-2-yl}-
The cross-coupling reaction of indolylborate (2b) with ethylidene)-3-ethylidenepiperidine-1-carboxylate (20)IR
vinyl bromide (9c) (neat): 1724, 1690 cnt. *H NMR (CDCly) 8: 1.30-1.50

(m, 3H), 1.61 (s, 9H), 1.90 (s, 3H), 2.32 (br s, 1H), 2.64 (br s,
To a solution of indolylborate2p) in THF (15 ml), gener- 1H), 3.50-3.80 (m, 3H), 4.40—4.55 (m, 1H), 5.17 (s, 2H),
ated in situ from the treatment of indoldlk) (294 mg, 5.10-5.25 (m, 1H), 7.17 (t, 1H}=7.3 Hz), 7.23 (t, 1H,
2 mmol) with n-butyllithium (2.4 mmol), and the subse- J=7.3 Hz), 7.30-7.45 (m, 6H), 8.14 (d, 1KH=8.3 Hz).
quent addition of triethylborane (2.4 mmol) under argon *C NMR (CDCk) &: 13.4. 20.3, 28.0, 30.3, 42.8, 45.6,
atmosphere, were added bromid¥)((321 mg, 1 mmol) 67.1, 83.3, 106.4, 115.3, 120.1, 122.6, 123.3, 123.9, 125.1,
and Pd(dba)-CHCE (51 mg, 0.05 mmol), and the mixture 127.8, 127.9, 128.4, 129.6, 133.7, 135.B64, 136.8,
was heated at 6Q for 1 h. The reaction mixture was treated 142.7, 149.9, 155.4. High-resolution M®&'z Calcd for
with 10% NaOH (10 ml) and 30% 4@, (2 ml) under ice- CizoH34N20,4: 486.25185. Found: 486.25213.
cooling for 15 min. The mixture was diluted with AcOEt
(50 ml), washed with brine and dried over anhydrous Phenylmethyl 6-[tert-butyl)oxycarbonyl]-5,11-dimethyl-
MgSQO,. The solvent was removed, and the residue was 1,2,3,4-tetrahydropyrido[4,3-b]carbazole-2-carboxylate
separated by medium pressure liquid chromatography with (21). A solution of 20 (100 mg) in benzene (10 ml) was
hexane:AcOEt (10:1) as eluent to give 197 mg (51%)®f irradiated with a 100 W high-pressure mercury lamp
and 69 mg (18%) ol9. through a Pyrex filter under ice-cooling for 4 h. The solvent

was removed, and the residue was separated by medium
Phenyl 4-[(1-methoxyindol-2-yl)ethylidene]-3-methylene-  pressure liquid chromatography with hexane:AcOEt (10:1)
piperidine-1-carboxylate (18). IR (neat): 1718 cm'. as eluent to give 40 mg (41%) &fl. Mp 145C (recryst.
H-NMR (CDCl3) §: 2.16 (s, 3H), 2.65-2.73 (m, 2H), from EtOH). IR (CHC}): 1720, 1694 cm’. H NMR
3.70-3.85 (m, 2H), 3.88 (s, 3H), 4.21 and 4.32 (two s, (CDCly) &: 1.67 (s, 9H), 2.31 (s, 3H), 2.70 (br s, 3H),
2H), 4.54 (s, 1H), 4.88 (s,1H), 6.21 (s, 1H), 7.07 (t, 1H, 2.92 (br s, 2H), 3.75-3.83 (m, 2H), 4.78 (s, 2H), 5.21
J=6.8 Hz), 7.10-7.15 (m, 2H), 7.15-7.23 (m, 2H), 7.33— (s, 2H), 7.30-7.45 (m, 7H), 8.08 (d, 1H=8.3 Hz), 8.12
7.40 (m, 3H), 7.51 (d, 1H]=7.8 Hz).**C NMR (CDC}) &: (d, 1H, J=7.8 Hz).*C NMR (CDCk) &: 15.1, 17.2, 27.3,
20.1, 30.6, 31.1, 42.9, 43.3, 51.7, 52.0, 64.8, 97.5, 108.1,28.1, 41.2, 44.5, 67.1, 83.7, 114.9, 117.0, 122.4, 122.9,
114.9, 115.2, 120.2, 120.4, 120.5, 121.7, 121.9, 123.6,123.5, 124.2, 126.0, 127.3, 127.9, 128.0, 128.5, 132.7,
125.2, 129.2, 131.9, 136.5, 136.6, 1371l1.4, 141.7, 136.9, 138.0, 140.8, 151.3, 155.4. High-resolution MS
151.3, 153.5, 153.7. High-resolution M8vVz Calcd m/z. Calcd for GgH3z:N»O,: 484.2362. Found: 484.2355.
for Cy4H24N,03: 388.1785. Found: 388.1805. Anal. Calcd for GgH3,N,O4+1/5H,0: C, 73.80; H,

6.69; N, 5.73. Found: C, 73.63; H, 6.77; N, 5.62.
N-[2-(1-Methoxyindol-2-yl)prop-2-enyl-N-pent-3-ynyl-
[l.)henoxy-l-carboxamide (19). IR (neat): 1712 cm'. Phenylmethyl 5,11-dimethyl-1,2,3,4-tetrahydropyrido[4,3-
H-NMR (CDCl3) é: 1.78 (t, 3H,J=2.5Hz), 2.45-2.60 b]carbazole-2-carboxylate (22) A mixture of 21 (45 mg)
(m, 2H), 3.50-3.60 (m, 2H), 3.86 and 3.89 (two s, 3H), and TFA (1 ml) in CHCI, (10 ml) was stirred for 3 h at
4.55 and 4.62 (two s, 2H), 5.45 (s, 1H), 6.01 and 6.07 room temperature. The mixture was diluted with AcOEt
(two s, 1H), 6.46 and 6.56 (two s, 1H), 7.05-7.15 (m, 3H), (50 ml), washed with 10% NaOH (20 ml) and water, and
7.15-7.25 (m, 2H), 7.30—7.45 (m, 3H), 7.50-7.60 (m, 1H). dried over anhydrous MgSOThe solvent was removed,
13C NMR (CDCW) 6: 3.5, 18.1, 18.7, 45.4, 46.8, 51.2, 63.9, and the residue was separated by medium pressure liquid
75.8,76.3,77.3,77.6,98.8,99.4,108.5, 114.7, 116.0, 120.3,chromatography with hexane:AcOEt (5:1) to give 30 mg
120.6, 120.7, 121.0, 121.2, 121.6, 122.1, 123.2, 123.5,(88%) of 22. Mp 208C (recryst. from EtOH). IR
125.3, 129.2, 132.9, 133.0, 133.4, 133.7, 133.9, 151.3,(CHCly): 3484, 1690 cm'. 'H NMR (CDCly) &: 2.41
154.5, 154.7. High-resolution MSm/z Calcd for (s, 3H), 2.74 (s, 3H), 2.95 (br s, 2H), 3.78 (br s, 2H), 4.81
Co4H24N503: 388.1785. Found: 388.1794. (s, 2H), 5.21 (s, 2H), 7.22 (t, 1HI=7.3 Hz), 7.27-7.50



206 M. Ishikura et al. / Tetrahedron 56 (2000) 193-207

(m, 6H), 7.93 (br s, 1H), 8.20 (d, 1H=7.8 Hz)."*C NMR the organic layer was washed with water, and dried over

6:12.8, 15.2, 26.7, 26.9, 41.5, 44.4, 67.1, 110.4, 114.2, MgSQy. After the solvent was removed, the residue was

119.3, 120.2, 122.7, 122.9, 123.2, 124.4, 124.9, 127.9,separated by flash chromatography with LCH:MeOH

128.0, 128.5, 130.4, 136.9, 137.8, 139.8, 155.5. High- (30:1) to give 60 mg (84%) of ellipticine as orange crystals.

resolution MS nVz Calcd for GsHosN,O,: 384.1837. Mp 315-317C (recryst. from ethyl acetate) (fb.mp 312—

Found: 384.1835. Anal. Calcd for ,6H,4N-,O,+1/5H,0: 314C). *H NMR (CD;0D) &: 2.79 (s, 3H), 3.25 (s, 3H),

C,77.37;H,6.33; N, 7.21. Found: C, 77.22; H, 6.44; N, 6.95. 7.26 (ddd, 1HJ=1.5, 6.9, 8.3 Hz), 7.45-7.56 (m, 2H), 7.96
(dd, 1H,J=1, 6 Hz), 8.32 (d, 1HJ=6 Hz), 8.35 (d, 1H,

5,11-Dimethyl-1,2,3,4-tetrahydropyrido[4,3b]carbazole J=7.8 Hz), 9.57 (s, 1H). High-resolution M8vz Calcd

(23). A solution of 22 (100 mg) in THF (15 ml) in the for C7H14No: 246.1157. Found: 246.1131.

presence of 20% Pd(OHKpn active carbon (10 mg) was

stirred under atmospheric pressure of hydrogen at room
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