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The synthesis of 11 -methoxynauclefine and 11 -methoxyrutaecarpine is described starting
from harmaline.

Harmaline (1) and harmine (20) are major indole
alkaloids in the seeds of Pegcinum harmala [1-3].
The demonstration of a highly mobile equilibrium
between the imine and enamine tautomers of harmaline by deuteration studies [4] had led us previously
to report the synthesis of a number of novel indoloquinolizidines [5, 6], reserpine and sempervirine
analogues [7, 8] and gambirtannine derivatives [9]
utilizing the enamine chemistry of harmaline and
its derivatives.
Nauclefine (11), was isolated in 1975 first by
Pousset as a minor indole alkaloid from Nauclea
latifolia [10] and later as a major alkaloid by Sainsbury from Nauclea parva [11]. The extract of one
such plant N. parva Merrill showed activity against
the experimental P. 388 lymphocytic leukaemia in
mice [12], Considerable interest has therefore developed in the synthesis of this alkaloid [13-21],
In view of the pharmacological activity of nauclefine and having at hand a versatile and cheap
starting material such as harmaline, it was thought
interesting to investigate the possibility of synthesizing 11-methoxynauclefine and 11-methoxyrutaecarpine starting from harmaline. As a result of these
investigations, the synthesis of these compounds is
described here.

uct, which was observed to possess a greenish
fluorescence in the U V light (254 nm) in contrast to
the bluish fluorescence of harmaline. Isolation of
the product from the reaction mixture by column
chromatography provided a pure compound which
was homogeneous on h.p.l.c. The mass spectrum of
the substance exhibited the molecular ion peak at
mje 3 1 7 , in agreement with the molecular formula
C19H15N3O2. Elemental analysis and high resolution
mass spectrum confirmed the molecular formula.
Other prominent mass spectral peaks at mje 106 and
79 were attributed to CßHiNO4" and CsHsN"1" respectively, while the peaks at m/e 1 4 3 , 144, 1 5 6 . 168, 169
and 1 7 0 were ascribed to the fragmentation of the
indole nucleus. The I R spectrum showed a band at
1660 c m - 1 (amide C = 0 ) . The U V spectrum afforded
maxima at 222, 365 and 402 nm and a characteristic
bathochromic shift was observed 011 addition of acid.
The aromatic protons in the NMR spectrum appeared at d 7.4-9.2. The above spectrometric data was
in agreement with structure 3 (Scheme 1).

The reaction of harmaline (1) with nicotinoyl
chloride was investigated in tetrahydrofuran and
dimethyl formamide but the optimum results were
obtained in pyridine. In a typical preparation,
harmaline was reacted with a large excess of nicotinoyl chloride in pyridine at 60 °C for 18 h. Aliquots
were drawn at regular intervals, chromatographic
examination of which showed a gradual conversion
of harmaline into a new major faster moving prod* Reprint requests to Prof. Atta-ur-Rahman.
** Formerly H. E. J. Postgraduate Institute of Chemistry.
0340-5087/82/0600-0762/$ 01.00/0

The proposed mechanism for the reaction involves
an initial acylation at Nb of harmaline (1) with
nicotinoyl chloride (2) to give the enamide (6). A
second molecule of nicotinoyl chloride quaternizes
the pyridine nitrogen of the enamide, thus stimulating an intramolecular thermal cyclization at C-4
of the pyridine nucleus in 7 to afford 10. The unstable dihydropyridine system then undergoes an
autooxidation to give 11-methoxynauclefine. Pyridine present as a solvent may participate in the
cleavage of the Nc-nicotinoyl bond prior to oxidation (Scheme 2).
Another substance isolated in the same reaction
possessed a violet fluorescence and it was slower
moving than 11-methoxynauclefine on t.l.c. Tin1
mass spectrum of the compound showed the molecular ion at mje 337, with other prominent peaks at
mje 2 1 5 , 204, 202, 169, 160. 156, 144 and 1 4 3 . Ab-
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Sorption bands in the IR spectrum at 1620 and
1660 cm - 1 were attributed to the amide carbonyl
and conjugated -CO-CH 3 respectively. The UV
spectrum in methanol showed maxima at 233. 259
and 337 nm. The NMR spectrum in d6-dimethylsulphoxide showed the indolic - N H at b 10.2, and a

singlet of three protons at b 3.8 attributed to the
methoxy group. A sharp 3H-singlet at <5 2.6 was
assigned to the methyl protons of the acetyl group.
Based on these spectral data the compound was
identified as the 2-acyl indole (5), formed by the
hydrolysis of the enamide intermediate (Scheme 3).
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A third minor product formed in pyridine was
identified as the reaction product 4 of harmaline
with two molecules of nicotinoyl chloride. The mass
spectrum of this compound afforded the molecular
ion at m/e 422 and a fragmentation pattern consistent with 4. Absorption at 1640 cm - 1 in the IR spectrum were assigned to the amide carbonyl group.
The UV spectrum gave maxima at 374 and 390 nm
indicating a high degree of conjugation present in
the molecule.
Naito and Ninomiya have recently reported a
similar thermal cyclization of a nicotinoylenamide
derivative to afford azaberberine [22].
Rutaecarpine (19) an indole alkaloid of the
quinozolone series, was first isolated from Evodia
species [23, 24] and then from Hortia aborea [25].
A considerable amount of work has since been
reported on the pharmacological activity and synthesis of this alkaloid [26-39]. It has been found to
increased arterial pressure [40], and is useful as a
diuretic and as a perspiration stimulant [41].
As many indoles possessing a phenolic hydroxyl
or a methoxy substituent on the benzene ring are
reported to possess marked pharmacological activity, it was therefore of interest to synthesise novel

11-methoxyindoloquinolizidines starting from harmaline.
The first step in the conversion of harmaline to
11-methoxyrutaecarpine involved the acetylation of
harmaline. A homogeneous solution of harmaline in
acetic anhydride and catalytic quantities of sodium
acetate were stirred at room temperature for approximately one hour to afford Nb-acetyl harmaline (14)
as yellow crystals [42]. Potassium permanganate
oxidation of the Nb-acetyl harmaline [43] in dry
acetone over five to six hours resulted in the formation of a faster moving product. The mass spectrum
of the product showed the molecular ion at m/e 258,
with other major peaks at m/e 217. 216, 201, 187,
160, 158 and 43. The IR spectrum showed absorptions at 1662 and 1692 cm - 1 indicating the presence
of the amide carbonyl function in the product . The
U V absorption maxima appeared at 212, 257 and
332 nm and minima at 242 and 275 nm. The N M R
spectrum showed a singlet at b 3.8, which integrated
for three protons, corresponding to the methoxyl
group. The -CHo-N protons appeared as a downfield
two protons triplet at b 4.6. The two aliphatic
protons resonated at b 2.93. A broad multiplet at
<3 6.63-7.61 was assigned to the aromatic protons.
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The spectral evidences thus confirmed the formation
of the expected imide (15) in 2 0 % yield.
The imide was hydrolysed by refluxing in aqueous
alkaline ethanol for about half an hour. Evaporation
of the solvent and partitioning of the residue between water and ethyl acetate afforded the amide
(16). The mass spectrum showed the molecular ion
at m/e 216 as expected for the lactam. The amide
carbonyl stretching vibrations appeared at 1652 enr 1
in the IR spectrum. The UV absorption, exhibited
maxima at 220, 248 and 315 nm, indicating the
indolic nature of the product. The NMR spectrum
showed signals due to the methoxyl protons at
b 3.83 and the aromatic protons which resonated at
6 6.66-7.6. Alternatively the hydrolysis of 15 to 16
was achieved by refluxing the imide in the presence
of BF3-methanol complex in methanol.
The final step which afforded the rutaecarpine
derivative involved the reaction between the lactam
(16) and o-aminomethyl benzoate (17) in the presence of phosphorous oxychloride. The ester was
prepared according to the conventional procedure,
by refluxing o-amino benzoic acid in methanol in
the presence of concentrated sulphuric acid for
6 h. A mass spectrum confirmed the formation of
the ester (molecular ion m/e 151). Cyclocondensation
of the lactam (16) and the ester (17) in the presence
of phosphorous oxychloride was achieved by refluxing the reactants in chloroform for 1-2 h. when
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a neat conversion into the product 18 was observed
by t.l.c. as a faster moving spot. The reaction
mixture was basified and the product extracted
with chloroform. Concentration of the solvent resulted in crystallization of the product as pale
yellow crystals, m.p. 268-270 °C, which were found
to be homogeneous by t.l.c. and h.p.l.c.
The mass spectrum of the product showed the
molecular ion peak at m/e 317, as expected, corresponding to the formula C19H15N3O2. High resolution mass spectral determination on the molecular
ion afforded the exact mass at 317.1183 (calcd. for
C19H15N3O2: 317.1164). The IR spectrum showed
the presence of an amide carbonyl stretching frequency at 1670 cm - 1 , a value higher than the one
normally observed. This high value of the carbonyl
stretching frequency was attributed to the partial
availability of the lone pair of electrons on the amide
nitrogen for conjugation with the carbonyl group,
thus enhancing the ' ; ketonic" character of the amide
carbonyl function. The IR absorption at 1575, 1628
and 1650 cm - 1 were attributed to the indole nucleus.
The indolic N - H stretching vibrations appeared at
3340 cm - 1 in the IR spectrum. The UV spectrum
showed indolic absorptions at 275 and 291 nm. A
strong absorption at 353 nm was indicative of the
extent of conjugation of the indole nucleus with the
adjacent chromophore. On acidification, the absorptions at 275, 291 and 353 nm disappeared and a new
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absorption appeared at 374 nm. Subsequent basification resulted in the reversion of the spectrum to its
original form. These acid-base shifts indicated that
the nitrogen atom being protonated was a part of
the chromophoric system. The NMR spectrum
(recorded in trifluoroacetic acid, due to the lack of
sufficient solubility of the product in other organic
solvents) showed a three-proton singlet of the
methoxyl group at b 4.02. Furthermore it showed a
downfield resonance of the N-CH2 signal which
appeared at b 4.43. The other two methylene protons
resonated as a triplet centered at b 3.43. A weak
NMR signal due to the indolic-NH appeared at
b 9.6. The seven aromatic protons appeared as
complex multiplets at b 6.69-8.55. Based on the
above spectral data, structure 18 was assigned to
the product, 11-methoxyrutaecarpine (Scheme 4).
Attempts were next made to synthesize the tetracyclic canthinone skeleton (22) starting from harmine (20). We attempted to approach the canthino-6one synthesis by reacting harmine (20), another
abundantly available Peganum harmala base, with
diethyloxalate. Initially harmine was reacted with
diethyloxalate in dry benzene, at room temperature
for 48 h followed by reflux of 4 h, which produced
no reaction. A change of the solvent to a mixture of
anhydrous benzene and absolute ethanol or diglyme
also produced no effect. It was therefore decided to
repeat the reaction with the sodio-salt of harmine
(at the aromatic methyl carbon atom) which would
be more reactive. The sodium salt was prepared by
refluxing harmine in diglyme with metallic sodium
and then adding diethyloxalate. Again no reaction
was found to occur. Harmine Mas then refluxed
directly in diethyloxalate. A reflux of 1 h produced
a dark green colour in the reaction mixture. An
aliquot was drawn and examined by t.I.e. The
chromatographic plate showed the formation of a
new faster moving product, which gave a bright
green fluorescent spot. Heating under reflux was
continued and the reaction was checked at regular
intervals of 30 min. At the end of 6 h harmine was
found to be converted completely to the new product. Cooling of the flask resulted in crystallization
of the dark green crystals which were filtered under
vacuum and were found to be highly soluble in
chloroform and methanol, partially soluble in ethyl
acetate and acetone, and insoluble in ether. The
crystals showed a single spot on t.l.c. Charcoaling
Mas ineffective in improving the colour of the

crystals, as the colour redeveloped on evaporating
the solvent. The crystals M ere then taken up in 50%
acetic acid, and addition of 25% sodium hydroxide
solution resulted in the precipitation of a thick
jelly-like bright green material, which crystallized
on scratching to afford dark orange crystals m.p.
280 °C. The mass spectrum of a pure sample showed
an unexpectedly high molecular ion at m/e 266, and
other peaks at 237, 223, 143, 109 and 73. The loss
of carbethoxy group from the molecular ion gave the
fragment at m/e 221. High resolution mass spectrum
afforded the molecular formula C17H14N2O3 for the
product . Elemental analysis also corresponded to the
above formula. The IR spectrum showed the unsaturated ester carbonyl stretching vibrations at
1700 cm -1 and the olefinic C = C bond stretching at
1648 c m 1 . The presence of UV absorption maxima
at 277 and 345 nm, indicated the presence of an
extended conjugation. Shift to high wave length
absorptions of /max 280 and 350 nm M as observed on
addition of acid. The NMR in trifluoroacetic acid
showed a triplet of three aliphatic protons at ö 1.88
and a quartet of two protons at ö 4.98. Spin-spin
decoupling by irradiating the triplet resulted in the
quartet collapsing to a singlet. The three methoxyl
protons appeared as a sharp singlet centered at
b 4.2 while the aromatic protons resonated in the
region b 7.35-8.9. The above spectra Mere thus
found to be consistent with the structure 23 for the
product (Scheme 5).
A reexamination of the t.l.c. plate after keeping
for a few hours, surprisingly showed the conversion
of the green fluorescent spot to a violet one. This

Scheme
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led us to expose a solution of the product 23 in
chloroform to solar radiations. After 24 h the solvent
was evaporated to give a gum, t.l.c. of which
showed partial conversion to a slower moving violet
product. The new product was isolated by preparative t.l.c. on silica gel plates. Examination of the
mass spectrum showed the highest molecular weight
peak at mje 226. and other prominent peaks w ere
present at mje 156, 169 and 170. The presence of a
broad band at 1730 cnr 1 in the IR spectrum indicated the presence of an aromatic ester and/or
aldehyde. The UY spectrum showed maxima at 213,
252 and 332 nm. The NMR spectrum (CDCI3) when

23

compared with that of the start ing material, showed
in addition to the ester protons, two new NMR
signals, one at d 3.76 corresponding to a singlet of
two protons (N-CHo-CO^Et) and a one-proton
singlet at 6 9.5 (aldehydic proton). The spectral data
suggests that the product of sunlight irradiation has
structure 24 though this remains to be confirmed.
Its formation can be rationalized by involving a
simple Micheal addition of a water molecule to the
starting material (23) (Scheme 6). A facile cleavage
of the type show in Scheme 6 appears to account for
the presence of the (M^-CH-jCC^Et) peak as the
highest molecular weight peak.

25

Scheme 6.

Experimental
Preparation oj 11-methoxynauclefine (3),
2-acehjl-6-methoxy-3- (2- (3-pyridylcarbonylamino )ethyl)-indole (5) and ll-methoxy-o-oxo-14( 3-pyridylcarbonyl )-5,7,8,13-tetrahydroindolo(2,3-a)pyrido(3,4-gJquinolizine (4)
Pyridine-3-carbonyl chloride (3 ml, 21 mmol) was
added to a stirred solution of harmaline (2.0 g,
9.3 mmol) in pyridine (20 ml) at 60 °C and the
stirring continued at the same temperature for 18 h.
The reaction was followed by t.l.c. (85% chloroform, 15% methanol), which showed the conversion
of harmaline to three new faster running products.
The reaction mixture was kept overnight to give a
semi-crystalline mass. The crystals were filtered off
and a t.l.c. on the mother liquor and crystals was
found to be identical. Three products were isolated
from the mother liquor by carefull column chromatography on silica gel-60F254 (eluent: chloroform) (or
by preparative t.l.c. on silica gel PF254 (30 g) coated
plates).
One product was identified as 11-methoxynauclefine (3), and it recrystallized from MeOH-CHCl3,
m.p. (dec.) 240 °C; yield 1.16g (40%).

Mass spectrum: mje = 317 (M+, 40), 316 (15%).
302 (22%), 288 (5%), 280 (5%), 279 (29%), 273 (5%),
242 (6%), 240 (7%). 239 (6%), 218 (5%), 207 (5%),
205 (6%), 204 (10%), 197 (5%). 195 (8%), 194 (32%),
193 (8%). 192 (6%), 191 (5%), 189 (6%), 187 (5%),
186 (10%), 185 (6%), 184 (8%), 183 (7%). 182 (5%),
181 (10%), 180 (7%), 179 (15%), 178 (10%). 177
(9%), 176 (5%). 175 (5%). 173 (5%), 171 (6%),
170 (5%), 169 (10%), 168 (16%). 167 (51%), 166
(13%), 165 (39%), 164 (10%). 163 (35%), 159 (15%),
157 (11%), 156 (6%), 155 (11 %). 154 (5%), 153 (9%),
152 (11%), 151 (16%), 150 (26%), 149 (100%), 148
(5%). 147 (7%), 145 (8%), 144 (11%), 143 (44%),
142 (8%). 141 (21%), 140 (8%), 139 (15%), 173
(10%). 135 (15%). 132 (9%), 127 (13%), 126 (5%).
125 (15%). 124 (70%). 123 (19%), 122 (7%), 121
(16%). 120(10%), 119(16%).
High resolution mass spectrum: Calculated for
C19H15N3O = 317.11648, observed 317.116203.
Analysis:
Calcd
Found

C 71.94
0 71.72

H 4.73 N 13.25,
H 4.92 , N 13.13.
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IR spectrum (KBr):
JWX = 3 4 2 0 c m - 1 (indole.
NH), 1660 cm- 1 (amide, C = 0 ) .
UV spectrum (MeOH):
/min = 293. 314 nm.

/max = 222. 307, 402 nm;

NMR spectrum (de-DMSO):
ö 7.4-9.05 (m, aromatic protons), ö 9.2 (s, I H . indole NH).
A second product was identified as the 2-acylindole (5), m.p. 240 °C, yield = 1.57 g (50%).
Analysis:
Calcd
Found

C 67.67
C 67.44

H 5.63
H 5.62

N 12.46,
N 12.34.

Mass spectrum: m/e = 337 (M+, 91%). 288 (34%),
285(7%),284(7%),217 (9%),216(55%),215(100%),
214 (53%). 213 (15%), 204 (15%). 203 (63%). 202
(74%), 201 (11%), 200 (41%). 199 (5%), 190 (12%),
189 (16%). 188 (43%). 187 (32%). 186 (13%). 184
(6%), 175 (5%), 174 (29%). 173 (13%). 172 (19%).
171 (7%). 167 (7%). 161 (8%), 160 (44%). 159 (36%).
158 (16%), 149 (29%), 148 (36%), 147 (6%), 146
(10%). 145 (35%). 144 (12%), 143 (8%), 142 (5%).
135 (16%), 132 (7%). 131 (23%), 130 (17%). 129
(10%). 128 (7%). 123 (33%). 118 (8%). 117 (33%),
116 (15%), 115 (8%), 107 (15%), 106 (43%).
High resolution mass spectrum: Calculated for
C19H19N3O3 = 337.14263. observed = 337.14363.
IR spectrum (KBr):
rmax = 3300 c m - 1 (indole,
NH), 1660 c m - 1 ( C = 0 ) . 1620 c m - 1 (C = 0 , amide).
UV spectrum (MeOH):
/min = 250, 282 nm.

/ m a x = 218. 259. 337 n m ;

NMR spectrum (de-DMSO): 62.6 (s,3H, COCH3),
3.8 (s, 3H. OCH3). ö 6.9-9 (m, aromatic protons),
Ö 10.3 (s, 1H, NH-indole).
A third product obtained in low yields (0.3 g,
10%) was identified as the diacylated substance (4),
m.p. 229-230°C.
Analysis:
Calcd
Found

C 70.12
C 70.89

H 4.26
H 4.45

N 13.27,
N 13.15.

Mass spectrum: m/e = 422 (M+, 18%), 336 (5%),
317 (7%), 293 (8%), 288 (13%), 280 (7%). 279 (30%),
221 (7%), 197 (100%), 191 (8%), 189 (6%), 186 (6%),
184 (12%), 183 (12%), 180 (6%), 179 (12%), 178
(27%). 177 (8%), 176 (6%), 175 (6%), 171 (9%),
169 (8%), 168 (15%). 167 (80%), 165 (10%), 163
(9%). 161 (5%). 159 (5%), 155 (16%), 153 (9%),
152 (9%), 151 (16%). 150 (35%). 147 (10%), 145
(6%), 143 (6%), 141 (15%). 139 (12%). 137 (16%),
136 (6%). 135 (15%). 133 (9%), 132 (13%). 131 (8%).
130 (7%). 129 (11%), 128 (10%). 127 (15%). 126
(8%). 125 (21%), 124 (21%). 123 (26%), 122 (15%),
121 (20%), 119 (13%), 118 (5%). 117 (10%). 115
(10%), 113 (37%), 111 (37%), 110 (13%).
IR spectrum (KBr): i w x
1640 c m 1 (C = 0 ) .
UV spectrum (MeOH):
/max
207. 270, 362,
390 nm ; / m in = 252, 310, 366 nm.

Preparation of 2-acetyl-7-methoxy-1-methylene1,2,3,4-tetrahydro-ß-carboline
(Nb-acetyl harmaline) (14)
A homogenous solution of harmaline (1 g,
4.67 mmol) in acetic anhydride (25 ml) and catalytic
quantities of CH 3 COONa (5 mg, 0.06 mmol) was
magnetically stirred at room temperature (28-30 °C)
for 45 min. During the reaction the product crystallized spontaneously as pale yellow crystals, which
on t.l.c. (chloroform) were observed as a faster
running spot to harmaline. The crystals were filtered
with suction and dried in a vacuum dessicator;
yield: 0.96 g (80%); m.p. 207-209 °C.
Mass spectrum: m/e = 256 (M+, 15%), 214 (12%),
213 (11%), 173 (18%), 145 (60%). 143 (13%), 100
(54%), 87 (10%), 85 (47%), 83 (69%), 74 (10%),
73 (98%), 71 (50%), 70 (7%), 69 (5%), 60 (8%),
59 (6%), 58 (57%), 57 (38%). 56 (28%), 55 (72%),
54 (5%), 50 (9%), 49 (8%), 48 (13%), 47 (24%),
45 (17%), 44 (31%), 43 (100%), 42 (40%), 41 (40%),
39 (20%), 38 (5%), 37 (10%). 36 (7%), 35 (25%),
32 (47%), 31 (17%), 30 (7%). 29 (54%), 28 (69%),
27 (39%), 26 (11%). 18(41%).
IR spectrum (KBr):
Vmax — 3278 cm 1 (indole
NH), 1718 cm - 1 (amide, C = 0), 1608 c m - 1 ( C = C H 2 ) .
UV spectrum (MeOH):
/min = 213, 278 nm.

;.max = 207. 228, 320 nm;

NMR spectrum (CF3C00II):
Ö 2.74 (s, 3 H ,
-NCOCH3), <5 3.08 (s, 2 H , C=CHo), ö 3.45 (t, 2 H .
C H 2 C H 2 N ) , (3 4.07 (s, 3H, 0CH 3 ), <5 4.45 (t, 2 H ,
-CHoN), <5 6.9-7.6 (m, 3 H , aromatic protons.
Preparation of
2-acetyl-7-methoxy-1-oxo-1,2,3,4tetrahydro-ß-carboline (15)
A suspension of finely crushed potassium permanganate (82 mg, 1.58 mmol) in dry acetone
(50 ml) was added, over a period of 1 h to a stirred
solution (14), (500 mg, 1.95 mmol) in dry acetone
(50 ml) and stirring continued for 5 - 6 h at 30 °C.
T.l.c. of the reaction mixture in ethyl acetate on
silica gel PF254 coated plates showed an almost
complete conversion of the starting material to one
major faster running product. The reaction mixture
was then filtered and the residue washed several
times with 100 ml of acetone and chloroform. The
filtrate and washings were combined and evaporation under reduced pressure gave a further residue,
which M as combined with the previous residue and
after several crystallization from methanol afforded
the product as pale yellow crystals; yield: 100 mg
(20%); m.p. 207-209 °C (lit. [43J 207-208 °C).
Analysis:
Calcd
Found

C 65.09
C 64.86

H 5.42
H 5.61

N 10.83.
N 10.71.

Mass spectrum (70 eV): m/e 258 (M+, 100%),
217 (10%), 216 (65%). 215 (17%), 201 (13%), 209
(7%), 188 (5%), 187 (30%), 186 (5%), 160 (6%),
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159 (29%). 158 (6%). 144 (6%), 69 (6%). 61 (6%),
57 (8%). 55 (6%). 45 (6%), 43 (50%). 42 (5%), 41
(7%), 32 (8%), 29 (12%), 28 (18%), 27 (7%), 18
(23%).
IR spectrum (KBr): i w = 1662 cm- 1 ( C = 0 ,
conjugated), 1692 cm - 1 (imide C = 0 ) .
UV spectrum (MeOH): <32.93 (t, 2H. CH 2 CH 2 N),
<5 3.80 (s, 3H. OCH3), <5 4.16 (t. 2 H , -CH 2 X),
6.63-6.71 (m, 3H, aromatic).
Preparation of 7-methoxy-l-oxo-1,2,3,4-tetrahydro-ßcarboline (16)
Method A: 30% aqueous potassium hydroxide
(1 ml) was added to a solution of 15 (300 mg,
1.01 mmol) in ethanol (50 ml) and the mixture was
heated at 60 °C for 30 min. T.l.c. showed complete
conversion of the starting material to a slower
moving compound at the end of this period. Ethanol
was then evaporated and the residue partitioned
between water (25 ml) and 3 portions (25 ml each)
of ethyl acetate. The organic layers were combined
and dried over anhydrous sodium-sulphate and
evaporated under reduced pressure at 40 °C to
afford a residue, which after recrystallization from
methanol afforded the lactam (16): yield: 243 mg
(96.7%); m.p. 194-196 °C.
Analysis:
Calcd
Found

C 66.6
C 66.43

H 5.55
H 5.74

N 12.96,
N 12.84.

Mass spectrum: mje 216 (M+, 100%), 200 (18%),
185 (24%). 184 (7%). 185 (24%), 172 (8%), 160
(90%), 158 (10%), 159 (63%), 144 (13%), 117 (17%),
116 (13%), 89 (13%). 77 (6%). 63 (9%), 58 (9%),
43 (35%). 41 (2%). 39 (6%). 30 (25%), 29 (17%).
28 (25%), 27 (7%).
IR spectrum (KBr):
C=0).

)'max = 1652 cm

1

(lactam

Preparation of 11-methoxyrutaecarpine (18)
Methyl-2-aminobenzoate (1.2 g, 7.9 mmol) in dry
chloroform (5 ml) and phosphoryl chloride (5 ml)
were added to a magnetically stirred suspension of
the lactam (16) (100 mg, 0.45 mmol) in dry chloroform (5 ml) and the mixture refluxed for 2 h. The
solution became homogeneous as the reaction proceeded. Aliquots were drawn at regular intervals of
10 min each and the reaction followed by t.l.c. At
the end of this period t.l.c. showed almost complete
conversion of the starting imide to a faster running
compound which gave a violet fluorescent spot in
UV light. The reaction mixture was basified with
10% aqueous sodium hydroxide (5 ml) and exhaustively extracted with successive portions of
ethyl acetate (150 ml) and chloroform (150 ml).
The organic layers were combined and dried over
anhydrous sodium sulphate and evaporated 011 a
rotary evaporator to afford a gum. Constant
scratching of the gum and dropwise addition of
chloroform resulted in crystallization. Crystals were
filtered through a sinter and washed with ethylacetate, chloroform, few drops of methanol and
ether. The product was obtained as yellow crystals;
yield: 81 mg (55%); m.p. 268-270 °C.
Analysis:
Calcd
Found

C 71.94
C 71.93

H 4.73
H 4.9

X 13.25,
X 13.12.

Mass spectrum (70 eV): mje = 317 (M+, 100%),
316 (63%). 303 (24%), 302 (79%). 301 (17%). 286
(10%). 275 (20%). 274 (66%). 273 (34%). 247 (9%),
246 (8%), 245 (13%), 244 (5%), 219 (6%), 218 (9%),
217 (6%), 186 (8%), 185 (10%), 184 (9%). 170 (8%),
169 (5%), 167 (5%), 159 (7%), 158 (20%), 157 (11%),
155 (12%), 154 (12%), 153 (12%), 152 (12%). 151
(12%). 149 (22%). 144 (5%). 143 (16%). 142 (17%),
141 (10%), 137 (11%), 136 (16%), 130 (10%), 129
(15%), 128 (10%), 127 (10%), 123 (6%), 122 (7%).
120 (6%), 109 (7%), 107 (9%).

/ m a x = 229. 248. 315 nm;

High resolution mass spectrum: Calculated for
Ci9H15X3O0 = 317.1164, observed for M+= 317.1183.

NMR spectrum (d6-DMSO):
d 2.9 (t, 2H,
C H 2 C H 2 X ) , d 3.4 (t, 2H, CHo-N), (3 3.8 (s, 3H,
OCH3), Ö 6.66-7.6 (m, 3H, aromatic protons).

IR spectrum (KBr): ''max = 3340 cm - 1 (indole,
XH), 1670 cm- 1 (amide, C = 0 ) .

UV spectrum (MeOH):
/mm = 237, 262 nm.

Method B: Boron trifluoride-methanol complex
(14% BF3, 0.5 ml) was added to a solution of the
imide (15) (100 mg, 0.38 mmol) in dry methanol
(20 ml). The mixture was refluxed for 5-6 h with
continuous stirring and then evaporated to a gum
in vacuo. T.l.c. on the gum showed complete conversion of the starting imide to a slower moving
product. The residue was partitioned between water
(20 ml) and ethyl acetate (20 ml) and exhaustively
extracted with successive portions of ethyl acetate
(20 ml). The organic extracts were combined, dried
over anhydrous sodium sulphate and evaporated
under reduced pressure at 40 °C to afford the lactum
(16); yield: 80 mg (95%).

UV spectrum (MeOH): / m a x = 208, 275, 291.
353 nm; Amin = 252, 285, 299.
NMR spectrum (CF3COOD):
3.43 (t, 2H.
-CHo-CHo-X), 4.02 (s, 3H, OCH3), 4.75 (t, 2H,
CH 2 X), 6.69-8.55 (m, aromatic protons).
Preparation of l-ethoxycarbonyl-8-methoxybenzo(b)pyrido(2,3,4-gh)pyrolizine (23)
A solution of harmine (20) (9 g, 42 mmol) in
diethyloxalate (30 ml, 205 mmol) was refluxed for
4-6 h. The solution was observed to develop a dark
green colour as the reaction proceeded. T.l.c. on
silica gel coated plates (70% chloroform: 30%
methanol) on aliquots showed a neat conversion of
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harmine to a slower-running product, which was
observed as a bright green fluorescent spot in UV
light. The reaction mixture was cooled and the
product crystallised out on cooling. Benzene (20 ml)
was added and the reaction allowed to stand overnight in a refrigerator. The dark green crystals were
filtered. Charcoaling of a solution of the crystals in
ethanol produced no difference in colour. The crystals were dissolved in 5 0 % acetic acid and basified
with 2 5 % sodium hydroxide solution. Basification
resulted in precipitates which were exhaustively
extracted with ethyl acetate and chloroform. The
organic layers were combined, dried over anhydrous
sodium sulphate and evaporated on a rotary evaporator at 40 °C to afford a crystalline residue, which
after repeated crystallization from ethanol and ethyl
acetate afforded the pure product as orange crystals;
m.p. 280 °C; yield: 9.98 g (80%).
Analysis:
Calcd
Found

C 71.49
C 71.73

H 4.73
H 4.90

X 13.25.
X 13.12.

Mass spectrum: m/e 294 (M+, 64%), 227 (19%),
226 (73%). 254 (7%). 251 (10%), 248 (8%). 240
(10%), 239 (18%).' 238 (72%). 237 (100%). 236
(13%), 225 (7%). 224 (10%). 223 (50%), 222 (17%),
219 (12%). 217 (6%), 213 (11%). 212 (19%). 211
(14%). 210 (40%). 209 (23%). 208 (11%). 207 (10%),
206 (8%), 205 (7%). 204 (6%). 197 (15%), 196 (11%),
195 (51%). 194 (47%), 192 (12%), 191 (10%), 189
(7%), 183 (13%), 182 (9%). 181 (11%), 180 (14%),
179 (18%). 178 (10%), 177 (7%). 175 (7%), 173 (7%),
170 (8%). 169 (22%). 168 (16%). 167 (35%). 166
(35%), 165 (22%), 163 (10%). 159 (9%), 158 (5%),
157 (7%). 155 (15%), 154 (11%). 153 (16%), 152
(11%). 151 (17%). 149 (13%). 147 (10%). 145 (11%).
143 (12%), 141 (20%). 139 (32%), 138 (7%), 137
(14%), 135 (7%), 134 (6%), 132 (17%), 131 (14%),
130 (15%), 129 (18%), 128 (13%), 127 (19%). 126
(15%).
High resolution mass spectrum: Calculated for
C17H14N2O3 = 294.10043, obtained for M+ =
294.100258.

UV spectrum (MeOH):
;.raax =
345 nm: / m i I 1 = 247. 268. 308 11111.
NMR

spectrum

(CF3COOD):

226, 258. 277,
<3 1.88 (t,

3H.

CO2CH2CH3), b 4.2 (s, 3H, OCH3). Ö 4.9 (q. 2H,

-CÜ2CH2CH3). b 7.35-8.9 (111. aromatic protons).

^C NMR spectrum (d6-DMSO/C5-D5N ): 114.072
(d), 104.622 (d). 101.803 (d). 93.584 (d). 55.951 (q),
48.905 (t). 14.148 (q).
7-Methoxy-1-formyl-N a-carboethoxy methyl-9Hpyrido(3,4-b)indole
(24)
A solution of 23 (500 mg, 1.7 mmol) in chloroform
(500 ml) was exposed to solar radiation for 24 h.
During this period the solution was observed to
change colour from light green to yellow. T . l . c .
then showed conversion of the starting material to
a slower moving product having a violet fluorescence
in UV light. The solvent Avas evaporated and the
new product isolated from the unconverted starting
material by preparative t.l.c. 011 silica gel PF254
(30 gm) coated plates as a pale vellow gum; yield:
31 mg (60%).
Mass spectrum: m/e = 226 (M-CH 2 C0 2 Et, 100%),
225 (18%). 212 (15%), 211 (13%), 199 ( 6 % ) , 198
(35%). 197 (72%), 196 (23%), 195 (14%). 185 ( 6 % ) ,
184 (40%), 183 (96%). 182 (38%). 181 (26%), 179
(6%), 171 (6%). 170 (25%), 169 (45%), 168 (46%),
167 (28%), 166 (19%), 165 (8%), 156 (26%), 155
(73%), 153 (27%). 152 (6%). 149 (10%). 142 (12%),
141 (24%), 140 (39%). 139 (23%), 138 (9%), 131
(6%). 129 (23%). 128 (35%). 127 (50%), 126 (18%),
125 (6%). 123 (7%), 121 (7%). 119 (5%). 117 ( 5 % ) ,
116 (9%). 115 (20%), 114 (18%). 113 (27%), 112
(9%), 111 (8%), 109 (12%), 107 (8%), 105 (9%).
IR spectrum (KBr):
rmax =
C = 0 ) , 1618 cm- 1 (arom. str.).
UV spectrum (MeOH):
/mm = 233, 295 nm.

1728 cm" 1 (ester,

/ m a x = 213. 252, 332 nm;

IR spectrum (KBr):
rmax = 1690 cm" 1 (ester
C = 0 ) , 1640 cm- 1 ( C = C a to carbonyl).

NMR spectrum (CDCh): b 1.7 (t, 3 H. CO2CH2CH3).
<3 3.76 (s, 2 H , X-CHo-COoEt). <3 4.4-4.9 (q, 2 H .
O-CH0-CH3), b 6.67-8.05 (111, aromatic protons),
,3 9.5 (s, 1H, CHO).
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