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Abstract—The first total synthesis of Clausenamine-2) (vas developed involving the Suzuki cross-coupling and oxidative coupling
reaction. The synthesis of its demethoxylated analogysd?2 were also reported. Resolution ofJ-1, (+)-2, (+)-3and (-)-1, (—)-2, (—)-3
were performed via their corresponding camphorsulfonates of the racemates. The absolute configuratiehs(ef)¢2, (+)-3 and ()-1,
(—)-2, (—)-3 were assigned asRpand (&), respectively, by X-ray analysis and their CD spectrum. The primarily cytotoxic activities of
these biscarbazoles agaifdasmodium falciparumvere briefly described® 2000 Elsevier Science Ltd. All rights reserved.

Introduction

A number of dimeric carbazole alkaloids have been isolated
from different natural sources during the past years, which
exhibited various biological activities including anti-tumor,
anti-inflammatory and cytotoxic activiti¢é. In 1996, 2. Ry=0OMeR,=H

Clausenamine-A3) was isolated from the stem and root 3. Ry =R, =OMe

bark of Clausena excavatawhich is used as the Chinese

folk medicine for detoxication treatment caused by the

poisonous snhakebite. Recently, dimeri®-demethyl- ]

murrayafoline A () was found to exhibit antiplasmodial Synthesis

activity againstPlasmodium falciparumin vitro. In the ]

previous communications, the synthesis of these biscarba-AS shown in Scheme 1, the hydroxyl group 4fwas

zoles and the evaluation of their biological activities against Protected as the benzyl ether, and the resulting proBuct
cancer cells were reportéd. was reduced by ferrum to yieldl When compound was

subjected to the Goldberg coupling reacfdhor the
Due to the restricted rotation around the central biaryl axis, Ullmann coupling reactioft’ the desired producfa was
1, 2 and 3 are structurally atropisotopic. However, little ~Obtained in poor yields. After several attempts, amination
attention has been paid to the relationship between theof 6 was achieved with satisfaction under Buchwald
stereochemistry and the biological activityerein, we  conditiof®®to afford 7a in 93% yield. Cyclization of the
report the first synthesis of the optically pure Clausena- N-phenyl-2-benzyloxy-4-methylaniling§) with Pd(OAc)

mine-A (3) and its demethoxy'ated ana'ogsand 2’ in in acetiC aCid gav@a in 32% y|e|d8 The |OW y|e|d Of the
which the regioselective oxidative coupling of synthetic cyclization is possible caused by the electron-donating
phenolic monomerZ1) and the enantioresolution of-{-3 effects of the methyl and the benzyloxyl substitution in

were employed as the key steps. The absolute configurationghe benzene ring. Catalytic hydrogenation 8af afforded
of (+)-1, (+)-2, (+)-3 and (-)-1, (-)-2, (-)-3 were the O-demethyl-murrayafoline A9) in 73% yield. Oxida-
assigned as R and (&), respectively, by X-ray analysis five coupling of the phenolic monome®)(was completed
and their CD spectra. by aerial treatment 09 with (t-BuO), in chlorobenzene,
providing the racemic dimeri©-demethyl-murrayafoline
A (1) in 87% yield® Lower yield was obtained when this
oxidative coupling was performed under argon atmosphere.
In the presence of oxygen, the radicals were preferentially
—_— ) ) . . . provided which cause the termination of the desired
fe‘zyc"t‘fg:]dsr;'?jmgﬂ'“m falciparuprelausemine-A; Suzuki cross-coupling  ragction. The desired coupling site was confirmed by the
* Corresponding author. Tel.:+86-21-641-63300; fax+86-21-641-  disappearance of the signal of 2-H in th&NMR spectrum
66263; e-mail: lingg@pub.sioc.ac.cn and the analysis on X-ray spectrum.
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Scheme 1Reagents and condition§) PhCH,Br, NaOH, DMSO, 86%; (ii) Fe, D, NH,CI, reflux, 83%; (iii) Pd(dibenzylideneacetong)2,2-bis(diphe-
nylphosphine)-1,tbinaphthyl, 18-C-6t-BuONa, THF, 40C, iodobenzene fora, 93%, 2,4-dimethoxyl-indobenzene féb, 77%; (iv) Pd(OAc), HOAc,
reflux, 32%; (v) 10% Pd/C, K 73%; (vi) {-BuO),, chlorobenzene, reflux, 87%.

After accomplishing the synthesis of racemic dime@ie 14 Havmg tried the use of several protected groups, tosylate
demethyl-murrayafoline A 1), the similar manner was 15" was employed as the electron-withdrawing group.
employed to synthesize Clausenamine-3). (However, Compound16 was gamed through electrophilic aromatic

the cyclization of7b using palladium acetate failed to afford brominatiort* of 15 using bromo-dimethylsulfonium bro-
the desired produ@b, probably due to the electrondonating mide generated in situ. The brominate position substituted
effects exerted by the methoxyl groups in the benzene ring, in the ortho position of the amino group was confirmed by
which decrease the Pd oxidative addition activity. Thus, NOE effects (94% yield). The required biphery8 was
another approach t@, the analog ofl, was taken as a prepared quantitatively by Suzuki cross-coupling of 3,5-
model study (Scheme 2). The Japp—Klingmann condensa-dimethoxyphenyl boronic aC|d1(7)15 and 16 with 5%
tion'%f p-methoxybenzenediazonium chloride withO Pd(PPh), and 2N aqueous N&O; in benzene® Conver-
resulted in hydrazondla which cyclized to givel2a® sion of the aminel8a to toluene-4-sulfonic acid 2-azido-
Treatment ofLl2awith 10% Pd/C in a sealed tube furnished 3',5'-dimethoxy-5-methyl-biphenyl-3-yl ester18b by
13in 73% yield. The next oxidative coupling &8 provided diazotization followed by treatment with sodium aZifle
2 in 82% yield. The cyclization ofilb was employed to  has been tried. Unfortunately it failed to complete this
gain the product2b. Surprisingly, by using several reactlon procedure; the same was met while the detosylat&8af
conditions such as TsOH/benzeﬁ%BFS EtLO/AcOH 1?° was used. Analysis of the electron distributing D8a
BF;-ELO/EtOAC!? the cyclization ofl1b was unsuccess-  through the semiempirical MO calculation using the
ful. It is, as mentioned above, probably due to the elec- Hyperchem programs disclosed that the phenyl ring bearing
tron-donating effects of the methoxyl groups in the two methoxyl groups is electron abundant, which fits for the
benzene ring. electrophilic bromination procedure. Bromination d8a
using 48% HBr in DMSO afforded compoundl9 in
As mentioned above, owing to the electro- donating effects 79.5% yield'* The five-member ring closure was success-
of the two methoxyl groups in the benzene ring, the desired fuIIyEPerformed through a palladium(0) mediated cycliza-
product can not be obtained through Pd(OQAcatalyzed tion'® of compoundl9 which provided 9-H-carbazol20 in
cyclization of N-(2,4-dimethoxy)-phenyl-2-benzyloxy-4- 97% yield. Detosylation a20 gave the monome1. Oxida-
methylaniline b) and cyclization of 4-methyl-cyclohex-  tive coupling of the phenolic monom2i was completed by
ane-1,2-dione-1-(3,5-dimethoxy)-phenylhydrone 11k).° aerial treatment of21 with (t-BuO), in chlorobenzene
Therefore, another synthetic route starting from the offering the racemic clausenamine-&)(in 90% yield®
commercially available 2-amino-5-methylphenbft was The structure oB was characterized fully by spectroscopic
employed, as depicted in Scheme 3. Firstly, in order to analysis.
introduce a bromine atorortho-positioned to the amine
group, it is needed to protect the free hydroxyl group in After accomplishing the synthesis of racemic Clausenamine-
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11a R1 OCH3 Rz = 123 R1 OCH3 2= H
1b Ry = R2—00H3 12b Ry = R; = OCHj3
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Scheme 2Reagents and condition¢i) HCI, NaNO,, CH;COONa, 54%; (ii) HOAc, HCI, reflux, 44%; (iii) 10% Pd/C, 220—240) 73%; (iv) ¢-BuO),
chlorobenzene, reflux, 82%.
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Scheme 3.Reagents and conditiongi) TsCl, EgGN, CH,Cl,, rt, 84%; (ii) 48% HBr, DMSO, rt, 94%; (iii) 5% Pd(PBh, 2N N&CO;, benzene, 3,5-
dimethoxyphenyl boronic acid, ethanol, reflux, 99%; (iv) 48% HBr, DMSO, rt, 79.5%; (v) 1.2 equiv. PJ{PR&CO;, toluene, reflux, 97%; (vi) KOH,
H,0O, EtOH, reflux, 88%; (vii) -BuO),, chlorobenzene, reflux, 90%.

Racemic <+
1,23

(+)-1, (+)-2, (+)-3 (-1, ()2, (-)-3

Scheme 4Reagents and condition§) Et;N, (S)-camphorsulfonylchloride, C}l,, reflux, 94%, then chromatographic separatio@@and3b (silica gel,
eluent; CHCI,/CHCly/ether=50:1:2); (ii) KOH, EtOH, rt, (+)-3, 84%, (—)-3, 87%.

A (3) and its demethoxylated analoygand?, it is turned to of 1la from ethanol provided a colorless prism, which is
get the optically pure ones through resolution of these race-good for X-ray diffractior. The absolute stereochemistry
mic biscarbazoles. Resolution of these racemates wasof the diesterla was determined as R by correlation
accomplished by silica gel column chromatography of with the known absolute configuration of){camphor-
their  corresponding )-camphorsulfonaté$ using sulfonate moiety within the molecular.
CH,.CI,/CHCIJ/Et,O (50:1:2) as the eluant (Scheme 4).

Some physical properties of these correspondirAg- ( Treatment ofla, 1b, 2a, 2b, 3a and3b with KOH in EtOH
camphorsulfonates were listed in Table 1. Recrystallization and water afforded their corresponding optically pure

Table 1. Some physical properties &, 1b, 2a, 2b, 3aand3b

Entry Resolution yield (%) Mp°C) [a]3 AB signals (-CHSO.-) in 'H NMR (300 Hz)

la 48 177-179 +3.75 (c 0.1, CHCb) 3.48 (2H, d,J=14.8 Hz), 2.23 (2H, d}=14.8 Hz) ppm
1b 46 132-134 +15.2 (c 0.48, CHCY) 3.13 (2H, d,J=14.9 Hz), 2.53 (2H, dJ=14.8 Hz) ppm
2a 41 235-237 +38.7 (c 1.08, CHCY) 3.47 (2H, d,J=14.9 Hz), 2.25 (2H, dJ=14.9 Hz) ppm
2b 47 203-204 —34.9 (c 1.14, CHCJ) 3.13 (2H, d,J=14.8 Hz), 2.53 (2H, d}=14.9 Hz) ppm
3a 47 167-168 +7.7 (c 0.65, CHCY) 3.43 (2H, d,J=14.8 Hz), 2.17 (2H, d}=14.8 Hz) ppm

3b a7 148-150 —5.9 (¢ 0.55, CHCY) 3.08 (2H, d,J=14.8 Hz), 2.48 (2H, dJ=14.9 Hz) ppm
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Figure 1. The CD spectrum of{)-3 and (—)-3 (solid line stands for{)-3
and dashed lines represents){3.

Table 2. Some physical data of{)-1, (+)-2, (+)-3 and (-)-1, (—)-2, (—)-3
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As shown in Table 3, Clauseamine-3) @nd its demethoxyl-
ated analog$ and2 exhibited moderate cytotoxic activities.
From the table it was also concluded that as the number of
methoxyl group increases, the activities are decreasing. To
our disappointment, the chiral biscarbazoles did not show
any increase activities compared with the racemic one.

In summary, we have accomplished the first synthesis of the
optically pure R)- and -Clauseamine-A 3) and its
demethoxylated analogk and 2. The absolute configura-
tions of (+)-1, (+)-2, (+)-3 were established a&kaand the
ones of ()-1, (=), (—)-3 should be & based on X-ray
analysis and CD spectrum. We also found these bis-
carbazoles exhibited moderate antimalarial activities.

Experimental

Distillation of the products was performed using Kugelrohr
(Buchi); the boiling points are indicated by air-bath
temperature values without any correction. The NMR

Entry []Z (Solvent: CHCY) Yield (%) (+)-Cotton effect (nm) {)-Cotton effect (nm)
(+)-1 +29.9 (c 0.67) 73.2 256.6 227.4

(—)-1 -39 (c0.1) 94 227.6 257.4

(+)-2 +44.2 (c 0.09) 57 256.4 228.6

(-)-2 —44.7 (c0.13) 90 229 258.4

(+)-3 +142.2 (c 0.75) 84 256 225

(—)-3 —147.6 (c 0.65) 87 227 225

Table 3. The cytotoxic activities againflasmodium falciparunm vitro

Sample D8 ICsp (ug/ml) W2 1Csq (g/ml)
()1 1.357 1.215
(+)-2 3.196 3.395
(+)-3 3.219 3.375
(+)-3 4.387 4.256
(-)-3 3.382 3.337

2D6 is the chloroquine-sensitive clone, and W2 is the chloroquine-resis-
tant clone.

biscarbazoles, respectively. The CD spectrumiof-8 and
(—)-3 were illustrated in Fig. 1. The structure of -3 was
confirmed by the CD spectrum which showed the first (posi-

spectra {H) was recorded on a Varian GEMINI 300
spectrometer in CDGJ tetramethylsilane (TMS) was
used as the internal standard. The IR spectra was
determined on a JASCO IR-810 spectrometer. Unless
mentioned elsewhere, the reactions were performed in
argon atmosphere.

1-Nitro-2-benzyloxy-4-methyl-benzene (5)To a suspen-
sion of 2-nitro-cresol (3.06 g, 20 mmol) in DMSO (30 ml),
NaOH (1.6 g, 40 mmol) was added with stirring. 15 min
later, benzyl bromide (6 ml, 50 mmol) was added. The stir-
ring was kept until the disappearance of the starting material
monitored by TLC, the products were quenched with water
(20 ml) and the aqueous layer was extracted with,Clk
(2x30 ml). The combined organic layers were washed with

tive) cotton effect at 256 nm and the second (negative) onebrine, dried over Ng5O, and the solvent was removed in

at 225 nm, while its isomer<)-3 showed the first (negative)

vacuo. The residue was purified by recrystallization from

cotton effect at 255 nm and the second (positive) one at ether to giveb as a yellow solid (4.20 g, 86%). Mp 54—%5&

227 nm. Some physical data of these optically pure bis-

FT-IR(KBr): 1613, 1591, 1507, 1454, 1336, 1267, 1178,

carbazoles were listed in Table 2. From the X-ray analysis 1035, 1013, 817, 731 cm. *H NMR (300 MHz, CDC}):

and CD spectrum, the absolute configurationstof L, (+)-
2, (+)-3 were established afkaand those of{)-1, (—)-2,
(—)-3 should be 8%°

Cytotoxicity Activities

In the previous report, the racemic biscarbazole& and3)
showed moderate activities against cancer édisre their
cytotoxic activities againg®. falciparumwere reported.

5 7.82 (d, 1H,J=8.3 Hz, 6H), 7.26—7.49 (m, 5H, Bii),
6.93 (s, 1H, 3H), 6.83 (d, 1H,J=8.1 Hz, 5H), 5.22 (s, 2H,
—OCH,), 2.39 (s, 3H, —Els) ppm. MSm/z (El, 70 eV): 288,
271, 228, 181, 137, 91 (100), 77, 65, 51. EA: Calcd for
CiH1sNO3: C, 69.12; H, 5.39; N, 5.76. Found: C, 69.10;
H, 5.28; N, 5.83.

2-Benzyloxy-4-methyl-aniline (6).A flask charged with
ferrum (280 mg, 5 mmol), NECI (35 mg, 0.65 mmol),
water (8 ml), was warmed to reflux for 15 min, followed
by addition of 5 (243 mg, 1 mmol). The mixture was
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refluxed for 1.5h under vigorous stirring. After the
completion of the reaction, the solution was cooled to
room temperature, 5% NaHGQvas added to adjust the
pH to between 7 and 8. Then filtrated and the filtrate was
extracted with ethyl acetate X30 ml). The combined
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CDCL): 8 7.99 (d, 1H,J=7.9 Hz, 8H), 7.46 (s, 1H, 2H),
7.40 (d, 1H,J=10.0 Hz, 5H), 7.36 (td, 1H,J=2.1 Hz,
7.8 Hz, 7H), 7.19 (td, 1H,J=7.1 Hz, 1.7 Hz, 6H), 6.64
(s, 1H, 4H), 2.47 (s, 3H, —GEly) ppm. MS miz (El,
70 eV): 197 (M", 100), 180, 168, 167, 154, 139, 128, 115,

organic layers were washed with brine and then washed99, 89, 76, 71, 63, 51, 43. EA: Calcd for;#l;;NO: C,

with 5% aqueous HCI. The water layer was neutralized by
addition of 20% NaOH, extracted with ethyl acetate
(330 ml), finally dried over NgO,. Removal of the
solvent provided the produd@ (177 mg, 83%). Mp 75—
76°C. FT-IR(KBr): 3464, 3374, 3033, 920, 1620, 1596,
1239, 1156, 1018, 809, 759, 699chm 'H NMR
(300 MHz, CDC}): 6 7.31-7.46 (m, Brd), 6.70 (s, 1H,
3-H), 6.66 (d, 1H,J=7.8 Hz, 6H), 6.62 (d, 1H,J=8.0 Hz,
5-H), 5.05 (s, 2H, —0@,), 2.25 (s, 3H, —€El3) ppm. MSnV
z(El, 70 eV): 213 (M), 167, 122 (100), 104, 94, 91, 77, 65,
51. EA: Calcd for G4H1gNO: C, 78.84; H, 7.09; N, 6.57.
Found: C, 78.78; H, 7.14; N, 6.58.

N-Benzyl-2-benzyloxy-4-methyl-aniline (7a).A 10 ml-
flask was charged with iodobenzene (0.055ml, 0.49
mmol), 6 (114 g, 0.535 mmol), sodiumtert-butoxide
(60 mg, 0.625 mmol), PDBA)3; (8 mg, Pd, 4% equiv.),
BINAP (8 mg, 0.026 mmol), 18-C-6 (116 mg, 0.63 mmol),
THF (1 ml). The mixture was warmed at 4D for 48 h
under vigorous stirring. After the reaction was completed,

79.17; H, 5.62; N, 7.10. Found: C, 78.72; H, 5.39; N, 7.46.

1,7-Dihydroxy-3,3’-dimethyl-2,2'-biscarbazole (1). A
solution of 9 (100 mg, 0.51 mmol) in chlorobenzene
(10 ml) and ditert-butyl peroxide (14Qul, 0.76 mmol)
was refluxed for 2 h under air atmosphere. After cooling,
the solvent was evaporated in vacuo and the remaining solid
was purified by chromatography on silica gel with Ethyl
acetate:Petroleum ether (3:1) as the eluant to dies a
yellow solid (92 mg, 95%). Mp>26C°C. FT-IR (KBr):
3511, 3412, 2952, 2854, 1611, 1562, 1447, 1253, 1224,
745cmt. *H NMR (300 MHz, CDC}): & 8.09 (d, 1H,
J=7.7 Hz), 7.61 (s, 2H), 7.59 (m, 2H), 7.39 (m, 2H), 7.18
(td, 2H, J=7.4, 1.0 Hz), 3.31 (b, 4H, NH, O-H), 2.12 (s,
6H) ppm. MSmvz (El, 70 eV): 392 (M), 386, 359, 330,
291, 262, 234, 196, 165, 130, 110, 91, 55, 44. HRMS
Calcd for GgHooN,O, (M™): 392.1256, Found 392.1514.
UV(Ethanol): 295.2, 253.6, 224.8 nm.

Resolution of (+)-1. To a mixture of 1 (60 mg,

the solution was cooled to room temperature. The residue0.153 mmol) and triethylamine (0.6 ml) in G&I, (10 ml)

after evaporation of the solvent was purified by flash chro-
matography (Ethyl acetate:Petroleum ethrl) to give7a
(132 mg, 93%). FT-IR (KBr): 3418, 3034, 2919, 2863,
1600, 1525, 1455, 1258, 1127, 746, 695 ¢m'H NMR
(300 MHz, CDC¥}): 6 7.34—7.45 (m, 5H, Bmid), 7.25 (m,
3H), 7.12 (m, 2H), 6.91 (dd, 1HI=7.3, 1.0 Hz, 5H), 6.81

(d, 1H, J=1.3 Hz, 6H), 6.06 (s, 1H, NH), 5.10 (s, 2H,
—CH,), 2.31 (s, 3H,—€El3) ppm. MSnvz (El, 70 eV): 289
(M™), 271, 198 (100), 183, 170, 154, 143, 128, 115, 91, 77,
65, 51. HRMS Calcd for gH;gNO(M™): 289.1468, Found
289.1478.

1-Benzyloxy-3-methyl-9-H-carbazole (8a).To a stirred
solution of 7a (84 mg, 0.29 mmol) in HOAc (5 ml) was
added Pd(OAg) (98 mg, 0.44 mmol). The mixture was
refluxed for 1 h under vigorous stirring. After the reaction

was completed, the solution was cooled to room tempera-

was added |{)-camphorsulfonyl (115 mg, 0.459 mmol),
and the mixture was refluxed for 2 h. Then the mixture
was treated with water (20 ml), extracted with £CHL
(220 ml). The combined organic layers were dried over
anhydrous Ng5Q,, filtered, and concentrated under reduced
pressure. Purification of the residue by flash chromato-
graphy (silica gel, ChCl,:CHCIl;:Et,0=50:1:2) provided

1b (58 mg, 46%) andla, respectively both as a white
solid (60 mg, 48%).1a mp 177-179C. FT-IR (KBr):
3418, 2952, 2858, 1749, 1615, 1496, 1453, 1359, 1245,
1175, 746 cm®. *H NMR (300 MHz, CDC}): 6 8.90 (2H,
N-H), 8.04 (d, 2H,J=7.8 Hz), 7.96 (s, 2H), 7.46 (m, 4H),
7.25 (m, 2H), 3.48 (d, 2HJ=14.8 Hz), 2.23 (d, 2H,
J=14.8 Hz), 2.31 (s, 6H), 1.2—2.1 (m, 14H), 0.64 (s, 6H),
0.31 (s, 6H) ppm. M3z (El, 70 eV): 823, 822, 757, 606,
542, 392 (100), 373, 330, 196, 109, 81. HRMS Calcd for
CagHagN20sS, (MT): 820.1954, Found 820.2887. UV

ture. Then the HOAc was removed in vacuo and the residue (Ethanol): 300, 252.4, 220.4 nmaJ3¥=+3.75 (c 0.1,

was purified by flash chromatography (Ethyl acetate:
Petroleum ethet10:1) to give8a as a yellow oil (25 mg,
32%). FT-IR (KBr): 3429, 3034, 2922, 2862, 1588, 1504,
1455, 1305, 1233, 1130, 1026, 748, 732¢mH NMR
(300 MHz, CDCk): & 8.22 (1H, N-H), 8.02 (d, 1H,
J=7.7 Hz), 7.20-7.80 (m, 10H, A, 6.83 (s, 1H, ArH),
5.24 (s, 2H, —@l,), 2.53 (s, 3H, —El3) ppm. MSm/z (El,

70 eV): 287 (M), 271, 258, 196 (100), 180, 168, 154, 139,
105, 91, 77, 65, 51. HRMS Calcd for,,,NO (M"):
287.1311, Found 287.1305.

1-Hydro-3-methyl-9-H-carbazole (9).To a suspension of
8a (70 mg, 0.24 mmol) in 95% ethanol (20 ml), 10% Pd/C
(25 mg) was added. Hydrogenation of the mixture gabg

CHCL). 1b: mp 132-132C. FT-IR (KBr): 3420, 2962,
1749, 1615, 1497, 1454, 1363, 1246, 1172, 748%tnH
NMR (300 MHz, CDC): 6 8.94 (2H, N-H), 8.05 (d, 2H,
J=7.8 Hz), 7.98 (s, 2H), 7.45 (m, 4H), 7.27 (m, 2H), 3.13 (d,
2H, J=14.9 Hz), 2.53 (d, 2HJ=14.8 Hz), 2.34 (s, 6H),
0.88—2.27 (m, 14H), 0.50 (s, 6H), 0.41 (s, 6H) ppm. MS
m/z (El, 70 eV): 822, 757, 606, 542, 392 (100), 373, 330,
196, 109, 81. HRMS Calcd for fHigN,0sS, (M™):
820.1954, Found 820.2812. UV (Ethanol): 298.8, 254.6,
220.8 nm. jr]3’=+15.2 (c 0.48, CHC}).

(+)-1,7-Dihydroxy-3,3’-dimethyl-2,2'-biscarbazole (&-
1). To a mixture ofla (20 mg, 0.024 mmol) in EtOH—$D
(2:1, 30 ml) was added KOH (80 mg, 1.43 mmol) at room

routine flash chromatography (Ethyl acetate:Petroleum temperature. When TLC showed no starting material left,

ether=5:1) as a yellow solid (35 mg, 72.8%). FT-IR (KBr):

3464, 3412, 2922, 1615, 1587, 1500, 1454, 1298, 1227,

1118, 1091, 975, 766, 730 c¢rh. '"H NMR (300 MHz,

the mixture was extracted with GBI, (3x20 ml). The
combined organic layers were dried over,8@y, filtered,
and concentrated under reduced pressure. Purification of the
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residue by flash chromatography (silica gel, Ethyl acetate:

Petroleum ether2:1) provided )-1 as a white solid
(7 mg, 73.2%). Mp-260°C. *H NMR (300 MHz, CDC})

5 8.28 (b, 2H, N-H), 8.09 (d, 2H,J=8.0 Hz), 7.70 (s,
2H), 7.43 (m, 4H), 7.26 (m, 2H), 2.17 (s, 6H) ppm. FT-IR
(KBr): 3508, 3409, 2922, 1614, 1564, 1251 nm. & (El,
70eV): 392, 391 (100), 197, 196. HRMS Calcd for
CoeHaoNO, (M*): 3921526, found 392.1513. UV
(Ethanol): 296.4, 252.4, 224.4 nm]B’=+29.9 (c 0.67,
CHCLy).

(—)-1,7-Dihydroxy-3,3'-dimethyl-2,2'-biscarbazole (&
1). To a mixture oflb (20 mg, 0.024 mmol) in EtOH/FO
(2:1, 30 ml) was added KOH (100 mg) at room temperature.

G. Lin, A. Zhang / Tetrahedron 56 (2000) 7163—-7171

C, 73.33; H, 6.60; N, 6.11. Found: C, 72.83; H, 6.29; N,
6.10.

1-Hydroxy-3-methyl-6-methoxy-carbazole (13)A 25 ml-
flask was charged with2 (700 mg, 3.06 mmol), 10% Pd/C
(450 mg), biphenyl ether (30 ml), 1,2,4-trimethylbenzene
(3.5 ml), and the mixture was warmed at 2082C0°C for
12 h in vacuo. Then the mixture was cooled to room
temperature, and the product was purified by flash chroma-
tography (Ethyl acetate:Petroleum eth@0:1, then
CH,CI/HCOOH=100:0.1) providedl3 as a yellow solid
(504 mg, 73%). FT-IR (KBr): 3429, 3282, 2911, 1622,
1591, 1506, 1482, 1288, 1206, 1178, 1143, 832,
761 cm . *H NMR (300 MHz, CDCL): & 7.47 (d, 1H,

The stirring was kept until the disappearance of the starting J=2.4 Hz, 5H), 7.40 (s, 1H, 44), 7.27 (d, 1H,J=8.7 Hz,

material on TLC. The products were extracted with,CH
(3%20 ml). The combined organic layers were dried over

8-H), 7.06 (dd, 1H,J=8.8, 2.4 Hz, 7H), 6.60 (s, 1H, 2H),
5.00 (b, 2H, N-H, O—H), 3.91 (s, 3H, —O@l), 2.46 (s, 3H,

Na,SQ,, filtered, and concentrated under reduced pressure.—CH3) ppm. MSnvz (El, 70 eV): 227 (M, 100), 212, 198,

Purification of the residue by flash chromatography (silica
gel, Ethyl acetate:Petroleum ethé?:lz provided ()-1as a
white solid (9 mg, 94%). Mp-260°C. "H NMR (300 MHz,
CDCly) 6 8.28 (b, 2H, N—H), 8.09 (d, 2H]=8.0 Hz), 7.71

(s, 2H), 7.47 (m, 4H), 7.26 (m, 2H), 2.18 (s, 6H) ppm. FT-IR
(KBr): 3510, 3422, 2925, 1615, 1564, 1253 nm. & (El,
70eV): 392, 391 (100), 197, 196. HRMS Calcd for
CzﬁHzoNzOz (M +): 392.1526, found 392.1531. UV
(Ethanol): 295.2, 253.6, 224.8 nma]3’=—3% (c 0.1,
CHCly).

4-Methyl-cyclohexane-1,2-dione-1-(4methoxy)-phenyl-
hydrazone (11a).To a stirred solution of sodium acetate
(22 g, 27 mmol) in HO (15ml) was addedlO (1.4 g,

10 mmol) in methanol (29 ml). The solution was kept for
the next step. Another 50 ml-flask charged with 4-methoxy-
aniline (1.42 g, 11.5 mmol), ice (5 g), water (5 g), 12N HCI
(4.8 ml) was cooled to €, and then sodium nitrite (0.8 g,
11.5 mmol) in water (10 ml) was added. The mixture was
stirred for 25 min at this temperature, then stirred under
room temperature for another 15 min. The solution above
was added slowly, and the mixture was stirred for 30 min,
filtrated, washed by water. The red solid was dried and
recrystallized from ethanol to givella as red solid
(1.33 g, 54%). Mp 203-20€. FT-IR (KBr): 3243, 2926,
1658, 1600, 1488, 1420, 1219, 1038, 831, 724 tnMS

m/z (El, 70 eV): 246 (M), 229, 175, 135, 122, 108, 95, 77,
69, 55, 42. EA: Calcd for GH1gN,0,: C, 68.27; H, 7.37; N,
11.37, Found: C, 68.06; H, 7.35; N, 11.35.

1-Oxo0-3-methyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
(12). A 25ml-flask was charged with 1la (1.23g,
5.37 mmol), HOAc (9 ml), 12N HCI (3ml), and the
mixture was refluxed for 10 min. Water (60 ml) was
added slowly while cooling the mixture. The yellow solid
was gained after filtrating, then washed with water and dried
over infrared lamp. The yellow solid was recrystallized
from benzene to give yellow solid2 (560 mg, 44.2%).
Mp 200-203C. FT-IR (KBr): 3251, 2953, 1653, 1537,
1484, 1447, 1216, 1139, 1029, 808¢cm 'H NMR
(300 MHz, CDC}): 6 9.05 (s, 1H), 7.34 (m, 1H), 7.04 (m,
2H), 3.87 (s, 3H, —085), 3.11 (dd, 1H,J=5.3, 3.0 Hz),
2.53 (m, 4H), 1.23 (d, 3HJ=5.9 Hz, —CH3) ppm. MSnVz
(El, 70 eV): 229 (M), 214, 201, 186, 170, 159, 144, 129,
116, 103, 89, 77, 69, 51, 42. EA: Calcd forH:3NOs:

184, 166, 155, 140, 128, 113, 91, 77, 63. HRMS Calcd for
C14H13NO,(M™): 227.0947, found 227.0947.

1,1-Dihydroxy-3,3’-dimethyl-6,6’-methoxy-2,2-biscar-
bazole (2).A solution 0of13 (100 mg, 0.44 mmol) in chloro-
benzene (10 ml) and dert-butyl peroxide (127,
0.66 mmol) was refluxed for 2 h under air atmosphere.
After cooling, the solvent was evaporated in vacuo and
the remaining solid was purified by chromatography on
silica gel with Ethyl acetate:Petroleum ether (3:1) as the
eluant to give2 as a yellow solid (75 mg, 79.3%). Mp
>260C. FT-IR (KBr): 3518, 3406, 2924, 1621, 1564,
1496, 1300, 1211, 1154, 1031, 779¢m *H NMR
(400 MHz, D-acetone):s 7.64 (d, 2H,J=2.4 Hz, 5H),
7.57 (d, 2H,J=0.8 Hz, 4H), 7.48 (dd, 2H,J=8.8 Hz,
0.3 Hz, 8H), 7.04 (dd, 2H,J=8.7, 2.5 Hz, 7H), 3.91 (s,
6H, —OM3), 3.02 (s, 4H, NH, O-H), 2.10 (s, 3H,
—CHj3) ppm. MS m/z (El, 70 eV): 452 (M), 437, 419,
376, 333, 292, 250, 226, 211, 197, 160, 139. HRMS Calcd
for CygH24N50,. 452.1737, Found: 452.1738.

Resolution of ()-2. To a mixture of2 (50 mg, 0.11 mmol)
and triethylamine (0.5 ml) in C§Cl, (10 ml) was added
(+)-camphorsulfonyl (84 mg, 0.33 mmol), and the mixture
was refluxed for 2 h. Then the mixture was treated with
water (20 ml), extracted with Ci&l, (2x15ml). The
combined organic layers were dried over anhydrous
Na,SQ,, filtered, and concentrated under reduced pressure.
Purification of the residue by flash chromatography (silica
gel, CHCI,:CHCI;:Et,0=50:1:2) provided 2b (47 mg,
48.3%) ania, respectively, both as a white solid (40 mg,
41%).2a: mp 235-237C. FT-IR (KBr): 3413, 2956, 2925,
1748, 1585, 1496, 1466, 1360, 1291, 1212, 800trH
NMR (300 MHz, CDC}): 6 8.76 (2H, N-H), 7.91 (s, 2H,
4-H), 7.50 (d, 2H,J=2.4 Hz, 5H), 7.38 (d, 2H,J=8.8 Hz,
8-H), 7.09 (dd, 2H,J=8.8, 2.6 Hz, 7H), 3.93 (s, 6H,
—OCH3), 3.47 (d, 2H, J=149Hz), 2.25 (d, 2H,
J=14.9 Hz), 2.29 (s, 6H), 1.2—-2.1 (m, 14H), 0.64 (s, 6H),
0.33 (s, 6H) ppm. M3z (El, 70 eV): 882, 881, 817, 753,
667, 602, 452 (100), 397, 333, 226, 152, 109, 81. HRMS
Calcd for CgHsN,O5S, (M™): 880.3065, Found 880.3068.
[]®¥=+38.7 (c 1.08, CHC}). 2b: mp 203-204C. FT-
IR(KBr): 3412, 2956, 2925, 1748, 1585, 1496, 1466,
1364, 1291, 1212, 802cm 'H NMR (300 MHz,
CDCly): 6 8.78 (2H, N-H), 7.94 (s, 2H, 4H), 7.51 (d,
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2H,J=2.4 Hz, 5H), 7.37 (d, 2H,J=8.8 Hz, 8H), 7.09 (dd, CH3) ppm. MS m/z (El, 70eV): 350, 349 (M, 100),
2H, J=8.8, 2.5 Hz, 7H), 3.93 (s, 6H, —OE5), 3.13 (d, 2H, 291, 258, 243, 227, 212, 184, 144, 110, 91, 77, 65, 52.
J=14.8 Hz), 2.53 (d, 2HJ=14.9 Hz), 2.32 (s, 6H), 1.2-2.1 HRMS Calcd for G,H,sNO; (M™): 349.1679, Found
(m, 14H), 0.51 (s, 6H), 0.42 (s, 6H) ppm. M&/z (El, 349.1668.
70 eV): 882, 881, 817, 753, 667, 602, 452 (100), 392, 301,
226, 152, 109, 95. HRMS Calcd for,gs,N,08S, (MF): 4-Methyl-cyclohexane-1,2-dione-1-(35'-dimethoxy)-
880.3065, Found 880.306mx [3°=—34.9 (c 1.14, CHC}). phenylhydrazone (11b).To a stirred solution of sodium
acetate (4.4 g, 54 mmol) in B (15 ml) was addedlO
(+)-1,7-Dihydroxy-3,3'-dimethyl-6,6’dimethoxy-2,2- (2.8 9, 20 mmol) in methanol (29 ml). The solution was
biscarbazole (&-2). To a mixture of 2a (21 mg, kept for the next step. Another 50 ml-flask charged with
0.024 mmol) in 95% EtOH (30 ml) was added KOH 3,5-dimethoxylaniline (3.52 g, 25 mmol), ice (5g), water
(100 mg) at room temperature. The accomplishment of the (5 g), 12N HCI (9.5 ml) was cooled tdG, and then sodium
hydrolysis was monitored by TLC, then the products were nitrite (1.6 g, 23 mmol) in water (10 ml) was added. The
extracted with CHCI, (3x20 ml). The combined organic  mixture was stirred for 25 min at this temperature, then
layers were dried over N&8Q,, filtered, and concentrated stirred under room temperature for another 15 min. The
under reduced pressure. Purification of the residue by flashsolution above was added slowly, and the mixture was stir-
chromatography (silica gel, Ethyl acetate:Petroleum red for 30 min, filtrated, washed by water. The red solid was
ether=2:1) provided (-)-2 as a white solid (6 mg, 57%). dried and recrystallized from ethanol to gildb as red
Mp>26C°C. *H NMR(300 MHz, CDC}) 8.13 (b, 2H, N— solid (4.02 g, 72.5%). Mp 91-9B. FT-IR (KBr): 2929,
H), 7.66 (s, 2H), 7.55 (d, 2HJ)=2.4 Hz), 7.40 (d, 2H, 1620, 1517, 1497, 1208, 1164, 1026¢cm'H NMR
J=8.8 Hz), 7.11 (dd, 2HJ)=8.8, 2.4 Hz), 5.12 (s, 2H, O- (300 MHz, CDC}): & 14.0(1H, N-H), 7.53 (d, 1H,
H), 3.96 (s, 6H, —O@l3), 2.17 (s, 3H, —€Ely3). FT-IR (KBr): J=8.2 Hz), 6.49 (m, 2H), 3.89 (s, 3H, —®{3), 3.79 (s,
3529, 3414, 2924, 1622, 1564, 1212. UV (Ethanol): 302.0, 3H, —OH3), 2.69 (m, 3H), 2.04 (m, 3H), 1.46 (m, 1H),
254.0, 226.0, 203.2 nm. M®&z (El, 70 eV): 453, 452 (M), 1.04 (d, 3H,J=6.6 Hz, —CH3) ppm. MSnvz (El, 70 eV):
227, 226. HRMS Calcd for GH,N,0, (M™): 452.1737, 276 (M"), 261, 165, 152 (100), 138, 124, 109, 93, 79, 69, 55,
found 4520.1738.4]3°=+44.3 (c 0.09, CHC}). 42. EA: Calcd for GsHpoN,Os5: C, 65.22: H, 7.25; N, 10.14.
Found: C, 65.26; H, 7.47; N, 10.11.
(—)-1,1-Dihydroxy-3,3’-dimethyl-6,6'dimethoxy-2,2-
biscarbazole (&-2). To a mixture of 2b (28 mg, Toluene-4-sulfonic acid 2-amino-5-methyl-phenyl ester
0.032 mmol) in EtOH-HO (1:1, 30 ml) was added KOH  (15). To a suspension of 2-amino-5-methylphenol (2.66 g,
(500 mg) at room temperature. When TLC showed no start- 20 mmol) in CHCI, (40 ml) cooled to €C, triethylamine
ing material was left, the products were extracted with (2.78 ml, 20 mmol) angb-tosyl chloride (3.81 g, 20 mmol)
CHCl, (3x20 ml). The combined organic layers were were added with stirring. When TLC showed no starting
dried over NaSQ,, filtered, and concentrated under reduced material left, the products were quenched with water
pressure. Purification of the residue by flash chromato- (30 ml) and the aqueous layer was extracted with,Clk
graphy (silica gel, Ethyl acetate:Petroleum eth2rl) (3%20 ml). The combined organic layers were dried over
provided &1)—2 as a white solid (13mg, 90%). NaSQ,, filtered, and the solvent was removed in vacuo.
Mp>260°C. "H NMR (400 MHz, CDC}) 8.10 (b, 2H, The residue was purified by recrystallization from ether to
N-H), 7.65 (s, 2H), 7.55 (d, 2H}=2.4 Hz), 7.39 (d, 2H, givel5as ayellow solid (4.27 g, 77%). Mp 81-82 FT-IR
J=8.7 Hz), 7.10 (dd, 2H,J=8.8, 2.5Hz), 3.95 (s, 6H, (KBr): 3482, 3389, 3035, 2919, 1740, 1630, 1597, 1521,
—OCH,), 2.17 (s, 3H, —@3). FT-IR(KBr): 3520, 3412, 1198, 1089 cm®. '"H NMR (90 MHz, CDCL): 6 7.85 (d,
2924, 1561, 1465, 1213. UV (Ethanol): 302.0, 253.6, 2H,J=9.0 Hz), 7.32 (dJ=9.0 Hz, 2H), 6.62-6.91 (m, 3H),
226.8, 203.6 nm. MSwz (El, 70 eV): 453, 452 (M), 3.96 (2H, —MHy), 2.50 (s, 3H, @), 2.22 (s, 3H, —
227, 226. HRMS Calcd for GH,N,04 (MF): 452,1737,  CHg) ppm. MSmvz (El, 70 eV): 278, 277 (M), 213, 198,
found 4520.1738.4]3°=—44.7 (c 0.13, CHC}). 185, 170, 155, 122 (100), 107, 94, 77, 65, 51, 42. EA: Calcd
for Ci4H1sNSOs: C, 60.63; H, 5.46; N, 5.05. Found: C,
N-(3',5'-Dimethoxy)-benzyl-2-benzyloxy-4-methyl-aniline 60.51; H, 5.39; N, 5.24.
(7b). A 10 mi-flask was charged with 2,4-dimethoxy-iodo-
benzene (132 mg, 0.5 mmo§,(128 g, 0.6 mmol), sodium  Toluene-4-sulfonic acid 2-amino-3-bromo-5-methyl-
tert-butoxide (67 mg, 0.7 mmol), B(DBA); (10 mg, Pd, phenyl ester (16).To a stirred solution oft5 (1.369 g,
4% equiv.), BINAP (9 mg, 0.026 mmol), 18-C-6 (116 mg, 4.94 mmol), in DMSO (15ml) was added 15ml 48%
0.63 mmol), THF (1 ml). The mixture was warmed at@0 aqueous HBr. Heat was applied after stirring for 24 h at
for 48 h under vigorous stirring. After the reaction was room temperature. The reaction progress was monitored
completed, the solution was cooled to room temperature. by TLC analysis. Then the reaction mixture was diluted
The residue after evaporation of the solvent was purified with water and made basic (pHL0) by slow addition of
by flash chromatography (Ethyl acetate:Petroleum solid NaOH. The aqueous layer was extracted with ether
ether=5:1) to give7b (96 mg, 77%). FT-IR (KBr): 3421, (3x30 ml) and the combined organic layers were washed
2938, 2834, 1618, 1528, 1509, 1465, 1280, 1258, by brine, dried over N&O,. The solvent was removed in
1208 cm . *H NMR (300 MHz, CDC}): 6 7.32—7.47 (m,  vacuo and the residue purified by flash chromatography
5H, BnH), 7.22 (d, 1H,J=8.3 Hz, 4H), 7.06 (d, 1H, (silica gel, Ethyl acetate:Petroleum ethér1) to give 16
J=7.7 Hz, 3H), 6.76 (s, 1H, 1H), 6.68 (d, 1H,J=8.0 Hz, as a white solid (1.41g, 80%). Mp 134-185 FT-
2-H), 6.51 (d, 1HJ=2.3 Hz, 6-H), 5.11 (s, 2H, —&,), 3.80 IR(KBr): 3475, 3389, 2928, 1629, 1596, 1495, 1365,
(s, 3H, —O®3), 3.79 (s, 3H, —-OE), 2.28 (s, 3H, 1177, 1091 cm'. *H NMR (300 MHz, CDC}): 6 7.79 (d,
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2H, J=8.3 Hz), 7.32 (d, 2H,J=8.1Hz), 7.13 (d, 1H, 3H, —CH,), 2.38 (s, 3H, —€El3) ppm. MSmv/z (El, 70 eV):
J=1.0Hz), 6.67 (d, 1HJ=1.1 Hz), 3.79 (b, 2H, —N,), 412, 256, 232, 226, 213, 198. HRMS Calcd fopld, NSOy
2.47 (s, 3H, —CE3), 2.14 (s, 3H, —€El3) ppm. MSm/z (El, (M™): 411.1141, Found 411.1137.

70 eV): 358, 357, 356 (M), 355, 241, 214, 202 (100), 184,

174, 172, 155, 134, 120, 93, 65. HRMS Calcd for 6,8-Dimethoxy-3-methyl-9H-carbazole-1-OH (21). A

Ca4H2sNOs (M™): 407.1734, Found 407.1729. mixture of 20 (36 mg, 0.09 mmol) and NaOH (98 mg) in
water (5 ml) and ethanol (5 ml) was stirred under reflux for
Toluene-4-sulfonic  acid 2-amino-35'-dimethoxy-5- 1 h. The mixture was quenched with water (10 ml). After

methyl-biphenyl-3-yl ester (18a). A 25 ml-flask was extractive work up (CHCl,, 3x30 ml), the combined
charged Pd(PR}y (20 mg, 0.017 mmol), benzene (15 ml), organic layers were washed by brine and dried over
16 (180 mg, (0.5 mmol) and aqueous solution of,88x NaSQ,, filtered, and concentrated under reduced pressure.
(2 ml of 2 M, 4 mmol), then 3,5-dimethoxy-phenylboronic Purification of the residue by flash chromatography (silica
acid (110 mg, 0.6 mmol) in ethanol (4 ml) was added. The gel, Ethyl acetate:Petroleum etkds:1) provided2l as a
mixture was refluxed for 8 h under vigorous stirring. After yellow solid (20 mg, 88%). Mp 181-182. FT-IR (KBr):

the reaction was completed, the solution was cooled to room3518, 3380, 1588, 1512 crh *H NMR (300 MHz, CDC}):
temperature. The product was extracted with ether, washeds 8.27 (s, 1H, —NH), 7.40 (s, 1H), 7.06 (d, 1B&1.9 Hz),

by brine, and finally dried over N&QO,. The residue after  6.64 (s, 1H), 6.57 (d, 1HJ=2.0 Hz), 5.36 (s, 1H, —OH),
evaporation of the solvent was purified by flash chromato- 3.97 (s, 3H, —O@l5), 3.92 (s, 3H), 2.46 (s, 3H, 4d) ppm.
graphy (Ethyl acetate:Petroleum eth&rl) to give 18a MS m/z (El, 70 eV): 257, 242, 226, 214, 199. EA: Calcd for
(204 mg, 99%). Mp 122-128. FT-IR (KBr): 3498, CisH1sNOs: C, 70.02; H, 5.88; N, 5.44. Found: C, 70.32; H,
3406, 2941, 1629, 1588, 1366, 1205, 1154, 1089, 1062,6.03; N, 5.29.

775cm Y. *H NMR (300 MHz, CDC}): & 7.82 (d, 2H,

J=8.3 Hz), 7.35 (d, 2HJ=8.1 Hz), 6.84 (s, 1H), 6.75 (s, Clausenamine-A (3).A solution of21 (80 mg, 0.31 mmol)
1H), 6.47 (d,J=2.0 Hz, 1H), 6.44 (dJ=2.1 Hz, 1H), 6.04 in chlorobenzene (10 ml) and tért-butyl peroxide (86ul,
(dd,J=8.0, 2.0 Hz, 1H), 3.79 (s, 6H, —Q43), 3.74 (s, 2H, — 0.45 mmol) was refluxed for 2 h under air atmosphere. After
NH,), 2.47 (s, 3H, —€l5), 2.20 (s, 3H, —El3) ppm. MSm/z cooling, the solvent was evaporated in vacuo and the
(El, 70 eV): 414, 413 (M), 374, 277, 258(100), 243, 227, remaining solid was purified by chromatography on silica
212, 184, 154, 122, 111, 91, 77, 42. HRMS Calcd for gel with Ethyl acetate:Petroleum ether (3:1) as the eluant to

CoHosNSQO; (M): 413.1298, Found 413.1295. give 3 as a yellow solid (72 mg, 90%). FT-IR (KBr): 3493,
3404, 1596 cm*. *H NMR (300 MHz, CDC}): 6 8.76 (s,
Toluene-4-sulfonic  acid 2-amino-2bromo-3',5'-di- 2H, —NH), 7.59 (s, 2H), 7.02 (s, 2H), 6.43 (s, 2H), 5.83 (s,

methoxy-5-methyl-biphenyl-3-yl ester (19).To a stirred 2H, —OH), 3.90 (s, 6H, —083), 3.56 (s, 6H), 2.14 (s, 6H,
solution of 18a (150 mg, 0.36 mmol), in DMSO (5ml)  —CHj) ppm. MSmv/z (El, 70 eV): 512, 497, 482, 449, 255.
was added 2 ml 48% aqueous HBr at room temperature HRMS Calcd for GgHogN.Og (M™): 512.1948, Found
for 4 days. Then the reaction mixture was diluted with 512.1974.
water and made basic (pH0) by slow addition of solid
NaOH. The aqueous layer was extracted with ether Resolution of (£)-3. To a mixture of 3 (14 mg,
(3%x30 ml) and the combined organic layers were washed 0.027 mmol) and triethylamine (0.25ml) in GEl,
by brine, dried over Ng&5O,. The solvent was removed in  (10ml) was added +)-camphorsulfonyl (13 mg,
vacuo and the residue purified by flash chromatography 0.052 mmol), and the mixture was refluxed for 2 h. Then
(silica gel, Ethyl acetate:Petroleum ethérl) to give 19 the mixture was treated with water (20 ml), extracted with
as a white solid (142 mg, 79.5%). Mp 140-1@1FT-IR CH_CI, (2x15 ml). The combined organic layers were dried
(KBr): 3452, 3368, 2939, 1584 cm. *H NMR (300 MHz, over anhydrous N&O,, filtered, and concentrated under
CDCl,): 6 7.79 (d, 2H,J=8.4 Hz), 7.31 (d, 2HJ=7.3 HZz), reduced pressure. Purification of the residue by flash
6.94 (d, 1H,J=2.32 Hz), 6.72 (d, 1HJ=2.01 Hz), 6.48 (d, chromatography (silica gel, GBI,:CHCI;:Et,0=50:1:2)
1H, J=2.73 Hz), 6.37 (d, 1HJ=2.85 Hz), 3.89 (s, 6H, — provided3b (12 mg, 47%) anda respectively both as a
OCHs5), 3.78 (s, 2H, —M,), 2.44 (s, 3H, —€El53), 2.23 (s, 3H, white solid (12 mg, 47%).3a mp 167-168C. FT-IR
—CH3) ppm. MS mvz (El, 70eV): 494, 492, 412, 337, (KBr): 3434, 2924, 1749cm. H NMR (300 MHz,
257(100), 242. HRMS Calcd for GH,,NBrSQ; (M™): CDCly): 6 8.75 (s, 2H, —NH), 7.88 (s, 2H), 7.06 (d, 2H,
491.0402, Found 491.0403. J=1.8 Hz), 6.60 (d, 2H,)=1.9 Hz), 3.95 (s, 6H, —OC}),
3.93 (s, 6H, —0€El5), 3.43 (d, 2HJ=14.8 Hz), 2.17 (d, 2H,
Toluene-4-sulfonic acid 6,8-dimethoxy-3-methyl-9H- J=14.8 Hz), 2.36 (s, 6H), 0.8-1.9 (M, 14H), 0.61 (s, 6H),
carbazole-1-yl ester (20). A solution of Pd(PP%), 0.30 (s, 6H) ppm. MSw/z (El, 70 eV): 942, 940, 878, 876,
(704 mg, 0.6 mmol), toluene (10ml),19 (250 mg, 727, 663, 512. HRMS Calcd for §gHsgN,S,010 (M7):
0.5 mmol), NaCO; (65 mg) were refluxed for 6 h. The 940.3271, Found 940.315Bb: mp 148-150C. FT-IR
mixture was cooled and the solvent was removed in (KBr): 3431, 2924, 1749cm. H NMR (300 MHz,
vacuo. The residue was purified by flash chromatography CDCly): 6 8.75 (s, 2H, —NH), 7.90 (s, 2H), 7.07 (d, 2H,
to give the producR0 as a white solid (188 mg, 90%). Mp J=1.9 Hz), 6.60 (d, 2HJ=2.0 Hz), 3.96 (s, 6H, —OC}j,
152—-154C. FT-IR (KBr): 3384, 2920, 1596 ci. *H NMR 3.93 (s, 6H, —OEl3), 3.08 (d, 2HJ=14.8 Hz), 2.48 (d, 2H,
(300 MHz, CDC}): 6 7.82 (s, 1H, —NH), 7.77 (d, 2H, J=14.9 Hz), 2.32 (s, 6H), 0.8-2.2 (M, 14H), 0.49 (s, 6H),
J=8.4 Hz), 7.65 (s, 1H), 7.29 (d, 1H=8.8 Hz), 7.01 (d, 0.40 (s, 6H) ppm. MSw/z (El, 70 eV): 942, 878, 813, 727,
1H, J=2.0Hz), 6.70 (d, 1H,J=0.8 Hz), 6.57 (d, 1H, 663, 512. HRMS Calcd for £HseN,S,01, (M T): 940.3271,
J=2.1Hz), 3.96 (s, 3H, —0KBy), 3.90 (s, 3H), 2.42 (s, Found 940.3344.
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(+)-Clausenamine-A (3). The mixture of 3a (35 mg,
0.037 mmol) in EtOH-HO (1:1, 30ml) and KOH

7171

2. Wu, T.-S.; Humg, S.-C.; Wu, P.-Tetrahedron. Lett1996 37,
7819-7822.

(100 mg) was kept stirring at room temperature until no 3. Bringmann, G.; Ledermann, A.; Holenz, J.; Kao, M.-T.; Busse,
starting material was left, the products were extracted with U.; Wu, H.-G.; Francois, GPlanta. Med.1998 64, 54-57.

CH,CI, (3x20 ml). The combined organic layers were dried 4. Zhang, A.-M.; Lin, G.-QBioorg. Med. Chem. Let200Q 10,
over NaSQ,, filtered, and concentrated under reduced 1021-1023.

pressure. Purification of the residue by flash chromato- 5. Lin, G.-Q.; Zhang, A.-M.Tetrahedron. Lett1999 40, 341—

graphy (silica gel, Ethyl acetate:Petroleum eth2rl)
provided (+)-3 as a white solid (16 mg, 84%). FT-IR
(KBr): 3398, 2932, 1595cat. 'H NMR (300 MHz,
CDCly): & 8.69 (s, 2H, —NH), 7.60 (s, 2H, -4H), 7.04 (d,
2H, J=1.7 Hz, -5H), 6.45 (d, 2HJ=1.6 Hz, -7H), 5.73 (s,
2H, —OH), 3.91 (s, 6H, —0B;), 3.63 (s, 6H), 2.15 (s, 6H, —
CHs) ppm. MSnvz (El, 70 eV): 512, 497, 482, 449, 256.
HRMS Calcd for GgH,gN,Os (M™): 512.1948, Found
512.1970. §]3'=+142.2 (c 0.75, CHC}).

(—)-Clausenamine-A (3). To a mixture of 3b (37 mg,
0.037 mmol) in EtOH-HO (1:1, 30 ml) was added KOH

344,

6. Bringmann, G.; Ledermann, A.; Stahl, M.; Gulden, K.-P.
Tetrahedronl995 51, 9353-9360.

7. () Hall, R. J.; Jackson, A. H.; Oliveira-Campes, A. M. F;
Queiroz, M.-J. R. P.; Shannon, P. V. Reterocycles199Q 3,
401-405. (b) Hall, R. J.; Marcoux, J.-F.; Oliveira-Campes, A. M.
F.; Queiroz, M.-J. R. P.; Shannon, P. V.R.Chem. Soc., Perkin.
Trans. 11992 3439-3450. (c). Su, T.-L.; Kohler, B.; Chou, T.-C.;
Chun, M. W.; Watanabe, K. Al. Med. Chem1992 14, 2703—
2710. (d). Wagaw, S.; Buchwald, S.-I.. Org. Chem1997, 62,
1568-1569. (e). Wolfe, J.-P.; Buchwald, S.3LOrg. Chem1997,

62, 6066—6068.

(100 mg) at room temperature. The accomplishment of the 8. (a) Akermark, L.; Eberson, E.-J; Pettersson]JEOrg. Chem.
hydrolysis was monitored by TLC, then the products were 1975 40, 1365-1367. (b). Hewlins, J.-E; Michael Jackson, A.-H.;

extracted with CHCI, (3xX20 ml). The combined organic
layers were dried over N8Q,, filtered, and concentrated

Long, A.; Ana, O.-C.; Shannon, P.-V.-P.Chem. Red.986 292—
293.

under reduced pressure. Purification of the residue by flash9. Bringmann, G.; Ledermann, A.; Francios, Beterocycles

chromatography (silica gel, Ethyl
ether=2:1) provided ()-3 as a white solid (17 mg, 87%).
FT-IR (KBr): 3400, 2935, 1595 cint. *H NMR (300 MHz,
CDCl): 6§ 9.12 (s, 2H, —NH), 7.59 (s, 2H, -4H), 6.95 (d, 2H,
J=1.4 Hz, -5H), 6.38 (s, 2H, —OH), 6.30 (d, 2B&=1.0 Hz,
-7H), 3.87 (s, 6H, —08,), 3.26 (s, 6H), 2.15 (s, 6H,
—CH3) ppm. MSm/z (El, 70 eV): 512, 497, 482, 449, 256.
HRMS Calcd for GgH,gN,Og (MF): 512.1948, Found
512.1923. §]3'=—147.6 (c 0.65, CHC}).
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