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Abstract — Two B-carboline lactams harmalanine and harmalacidine have
been isolated from the seeds of Peganum harmala and their structures were
eluclidated as I and II respectively through chemical and spectroscopic
studies. In the case of I, which is the simplest tetracyclic g-carboline
lactam from any source, detalled nmr (!H and !3C) investigations including
nle difference, 2D nmr (cosy-45, noesy, J-resolved) double resonance ex-
periments and 1H-13C-hetero-c0sSY measurements have been used.

Peganum harmala (Zygophylaceae) known in vernacular as harmala, is commonly found
in Indo~Pakistan subcontinent and other parts of Asia.l-u Its seeds are narcotle,

anthelmintic, antispasmedic and employed in cases of asthma and rheumatism in the

indigenous system of medicine.l’5 Recent investigations have revealed that its

main alkaloids, harmine, harmaline and tetrahydroharmine which belong to the category
of hallucinogenics, are also potent reversible inhibitors of monoamine oxidase,

2,3

Further, alkalolds of Peganum harmala were found to possess antimicrobial activity.”?

More recent studies undertaken by Siddiqui et al. 1n the seed of Peganum harmala

resulted in the isolation and structure elucldation of two new simple g-carboline

7 and harmalicine.8 The present paper deals with the 1sc¢lation

alkaloids harmalidine
of two B-carboline lactams harmalanine and harmalacidine from the seed and with

their structure elucidatlion through chemical and spectral studies. Harmalanine (I)

(1) R=CH, {(2) R=cH
(3) R=H (4) R=H
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1s the first instance of the isclatlon of a tetracyclic g-carboline lactam without
any substitution in ring D from any scurce, although a similar lactam with an alde-
hyde function at C-14 (nauclefidine) has been isolated earlier.9 The second cons-
tituent, harmalacidine (IXI) which is a simple B~carboline has previcusly been re-
ported from Banlsterlopsis caapi.l0 Prior to these studies only cne tetracyclic g-

7

carboline base namely harmalidine' has been reported from Peganum harmala, in which

the fourth ring was located at C-3 and Na’ while the ofhers reported earlier from

1-5,11,12 ona quinazoline3_5’13’1u

this source were simple tricyclic B-carbolines
type cof alkaloids. Harmalanine may be classified among the non-iscprencid trypte-
rhane (indoloquinolizidine group) alkaloids, biosynthesized through the condensation

> On the other hand, 1its formation in

of five-carbon unit with tryptophan moiety.l
nature may also be censldered from a corynanthg skeleton through the removal of
three carbons from C-15 and two carbons from C-16, A biomimetic transformation of
4,21-dehydrogeisscoschizine into 5,6=dihydroflavopereirine, through elimination of
three-carbens from C-15, has been demonstrated earlier.16 It is noteworthy in this
context that harmalanine can serve as an lmportant inftermediate in the synthesis of

pentacycliec Corynanthe - fohimbe type of alkaloids.”’l8

The pharmacological significance of the Peganum harmala alkalolds stated at the out

set and the fact that various other B-carbolines pcssess diverse blological actil-

2,3,19-23 2,3

vity ranging from analgesic,21 antimicrobial and antitumour22 proper-

ties suggest that harmalanline and harmalacidine might share these effects.

The crude base fraction obtained from the ethanolic extract of the seed of Peganum
harmala was divided into acid (5% acetic acid - 5% hydrochloric agid; 1:1) soluble
and inéoluble fractions. The latter on column chromatography {(sllica gel) followed
by thick layer chromatcgraphy eon alumina yilelded harmalanine (I) and harmalacidine
(ITI) as uniform constituents. I has molecular formula C, H, N,0, (high resclution
mass spectroscopy). Its uv spectrum showed maxima at 205, 220, 270, 377, 395 nm,
while the ir spectrum displayed peaks at 3450 (N-H), 2910, 2850 (C-H), 1670 {amide
carbeonyl), 1650 (C=C), 1400-1600 (4 peaks, aromatic ring), 1020 (C-0), 860, 840 em™*
{aromatic ring}. The MYenmp spectrum of T showed a double doublet at & 6,82
(J=8.6, 2.2) and two doublets at & 6.8% (J=2,2) and 7.45 (J=8.6) attributable to
H-10, H-12 and H-9, respectively, It further showed two, two-proton triplets at

§ 3,05 (J=7.1) and 4,42 (J=7.1) which were ascribed to H-6 and H-5 respectively. A
three-proton singlet at & 3.86 and a one-proton singlet at § 8,03 which is exchange-

able with DEO were due to a methoxy group and indeolic NH respectively, These
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Table-1, ]H-NHR Spectral Data (GH ppm and J/Hz) of B-Carbolines

HETEROCYCLES, Vol. 27, No. 6, 1988

Pro- Harmaline’ Tetrzhydro- Harmatanine (I) Harmalacigine 1711 TV

tons harmine {II)

1 8.17brs 9.67brs 8.03brs 9.09rs 8.80brs 8.61brs

3 - 4.07q(6.6) - - - -

4 - . - 5.59br.s - 7.10brs

5 3.81¢(8.5) 3.20m h42¢(7.1) 3,01t(7.4) 4, 22m 4.20t(6.0)

6 2,93t(8.5) 2,61m 3.05t(7.1} 2,29t(7.1) 3.6Um 3.51t(6.0)

9 7.45d(8.9) 7.25d(8.5) 7.45d(8.6) 7.444(8.8) 7.45m 7.40d(7.0)
10 6.80dd(B.9,2.1) 6.63d4d(8,5,2,2) 6.B2dd(8.6,2.2) 6.804d(B.8,2.1) 6.82m 6.92dd(7.0,2.1)
12 6.93d(2.1) 6.83d (2.2} 6.85d(2.2) 6.85d(2.1) 6.89m 6.99d{2,1)
ih 2.57s 1.38d4{6.6) 6.21dd(6.8,1.7} - 6,15m -

15 - - 7.32dd(8.8,6.8) - 7.30m -

16 - - 6.47dd(8,8,1.7) - 6.38m -

0CH, 3.8ks 3.75s 3.86s 3.85s - -

oH - - - 7.20 L. 45

*Spectra recorded on a 400MHz instrument.

Table-2. 'JC-NMR Shifts (8 /ppm) of B-Carbolines
Carbons Harmaline 30 Tetrahydroharmine 8 Harmalanine (I) Harmalacidine (IT)
2 126.6 137.7°2 139.4° 125.1
3 162 .1 490 154.5 163.2
5 41.6 43.5 42,3 b2.1
b 17.3 23.5 19.6 21,0
7 1144 108.2 115.,0 119.7
3 126.6 123 .1 126.0 120.6
9 121.7 118.8 120.3 121.1
10 109.3 108.9 11,0 111.7
1 157.7 156.8 158.5 158.8
12 a0.7 95.6 94.7 gh.h
13 136.8 138.0° 138.0 138.5
1h 19.1 21.0 99.1 -
15 - 133.6 -
16 - 117.6 -
17 - - 163.0 -
()(:H3 54,6 55.6 55.6 55.5
a,b,c = Assignments may be reversed,
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assignments were confirmed by lH-IH homonuclear decoupling experiments. Thus, irra-
diation a2t § 6.82 collapsed each of the two doublets at § 6.85 and & 7.45 into 2
singlet, while on lrradiation at § 6.8% and 7.%5 the double doublet at s 6.82 was
= §.6 and J

converted into a doublet with J 2.2 respectively. On the

9,10 10,12
other hand, irradiaticn at § 3.05 resulted in the collapse of the triplet at g 4,42
to a singlet and vice versa. The above 1H~nmr spectral data are comparable wlth

those of harmaline7 (table 1). However, the signal for C., methyl group was missing

3
in I, and the presence of an additiocnal ring (unsaturated lactam) was indicated
instead by the mclecular formula (016“1HN2023 eleven double bond eguivalance), ir
{vide 1infra) and 1H—nmr spectrum, Thus, three mutually coupled one-proton double
doublets were further observed at & 7.32 (J=8.8, 6.8), 5 6,21 (J=6.8, 1.7) and § 6.47
(J=8.8, 1.7). Irradiation at & 7.32 (H-15) collapsed each of the two double doub-
lets at 4§ 6.21 (H-14) ang 6.47 (H-16) intec a dcublet with Jlu,16=1'7’ while irpradia-
tion at 6 6.47 and 6.21 collapsed the double doublet at § 7.32 into a doublet in

each ecase, with J =6,8, and Jl5 16 =B.8 respectively. These observations indl-
3

14,15
catad the partial structure -?-C=CH—CH=CH—CO—#, also supported by the 13C-nmr spec—

trum (broad band and DEPT) which showed an amide carbonyl (516 163.0) and three
tertiary clefinlc carbons (614 99.1, 815 133.6 and 816 117.6) apart from the g-

carboline carbons (Table 2). These data which are comparable with those of 2-

24,25

pyridone led te the assignment of the fourth ring as depicted in the structure

I. Finally, the 1H and 13C-nmr assignments were conclusively established through

3C chemical shift correlation experiment (heterc-COSY which

two-dimensional 1H-1
showed connectivities of C€-5 (& #40.3) with H-5 (& 4.42), C-6 (& 19.6) with H-6

(6 3.09), C=9 (& 120.3) with H-S (s 7.45),C-10 (s 111.0) with H-10 (s 6.82), c-12
3 (5 55.6)

with OCE3 (& 3.86). In the.light of the above discussilon structure I has been as-—

(6 94.7) with H-12 (& 6.85), €-15 (s 133.6) with H-15 (& 7.32) and OCH

cribed to harmalanine which was corrcborated by the significant fragments at m/z
265,0942, 251,0772, 223.0857, 222,0788, 203,0855 and 194,0895 corresponding to the
loss of H, CH3, CH3+CO, CQHHO’ 05H3 and OCH3+02HO respectively. Demethylation of I
with hydriodic acid yilelded III (M+ m/z 252), the lH—nmr spectrum of which showed

a signal at & 7.20 for the hydroxyl function while the singlet of the methoxy group

disappeared (Table 1),

The melecular formula, Cle12N202 of harmalacidine II was derived through exact

mass measurement of molecular ion at m/z 216,0916. It has maxima at 220, 250, and
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Table-3, Connectivitjes Observed In the 2-dimensional 'H=H Correlation Spectrum (Cosy-45 plot of I)

Protons (6) Connected with (3)
H-5 (4.42) H-6 (3.05)
H-9 (7.45) H-10 (6.82)
H-14 (6,21} H=16 (6.47)
H-15 (7.32)
H-15 (7.32) H-14 {6,21)
H-16 (6.47)

Table-4, nOe Difference Spectral Uata of Harmalanine (I}

Protons Irradiated (&) Protons affected (&)
H-6 {(3.05) H-5 (4. 42)
H-1 (8.50)
H-5 (4.42) H-1 (B.50)
H-16 (6,47) H-1 (8.50)
H-5 (4.42)
H-14 (6.21)
H-10(6.82} OCH3 (3.86)
H-12 (6.85) OCH3 {3.86)
H-1 (8.50)
H-1 {8.,50) H=5 (b, h2}
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315 nm in the uv spectrum whille its ir spectrum displayed peaks at 3400 {NH), 1560
{amide ITI), 1680 {amide I}, 14%00-1610 (4 peaks aromatic ring) and 1130 cm_l(C—O).

The lH-nmr spectrum exhibited a double doublet at & 6.80 (J=8.8, 2.1), two doublets
at § 6.85 {J=2.1) and & 7.44 (J=8,8) attributable to H-10, H-12 and H-9 respec-
tively., Two triplets (J=T7.%) at & 3.01 and & 2.26 have been assigned to two sets of
ethylenic protons, H-5 and H-6 respectively and a three-proton singlet at & 3.85 to

a methoxy group. Indolic and amlde NH resonating at 6 9.09 and & 5.59 were exchange-
able wilth D2O. These asslgnments were conflrmed through double resonance experi-
ments. Thus, irradiation at 6 6.80 collapsed each of the two doublets at § 6,85

and 7,44 into a singlet, while on irradiation at & 6.85 and 7.44 the double doublet
9,10 = 8.8 and J10,12 = 2,1 respectively.
On the cther hand, Irradiation at & 3.0l resulted in the collapse of the triplet

at ¢ 6.80 was converted into a doublet with J

at § 2,29 to & singlef and vice versa. These assignments are comparable with those

7 {(Table 1}. However, the signal of

reported for tetrahydroharmine8 and harmaline
C-3 methyl was mlssing in IX, and the absence of any other proton signal, calcula-
tion of double bond equivalents, and presence of one more oxygen in the molecule,

led to the placement of a carbonyl funection at C-3. In the light of these spectral
data structure of harmalacidine has been deduced as II which was substantliated by

the mass spectrum which showed significant fragments at m/z 201.0663, 187.0633,
158,.0605 and 144,0449 corresponding to the loss of CH3, CHZ'NH’ CQHMNO angd CEHGNO
respectively from the mclecular ion. In conformity to this structure, it yielded
(IV; nt 202) on demethylaticn, the 1H—nmr spectrum of which showed a signal at & 4,45
due to OH while the singlet of the methoxy group disappeared. Filnal evidence of the

13

structure was provided by the ~~C-nmr chemical shifts (broad band and DEPT) {Table 2)

which was not reported earlier,

In both the B-carbolines I and II, the lO—OCH3 regicisomer could also be considered
in the 1ight of the observed multiplicities in the 1H---nmr' spectra (Table 1). Ina-
pection of the Dreiding model also showed that nOe's observed in I (Table 4) are
possible in both the isomers. However, a comparliscn of the chemical shifts of the
aromatic protons particularly the downfileld doublets at & 7.45 (J=8.6) and 7.44
{5=8.8) in T and II respectively with those reported for 10 and ll—OCH3

7,8,10,26-28

isomers suggests that the placement of methoxy group at C-11 1s more

plausible in these cases. In the lO--OCH3 instances the downfleld doublet resonates

comparatively upfield ranging from 7.12-7.27.26’28
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It has to be noted in thls context that harmalanine and harmalacidine were initially
obtained through column chromatography, showing a single spot on tlec (silica gel,

CHCl., MeOH, 9:1), However, the nmr (1H and lBC) spectral data indicated that it

3’
was a mlxture of two compounds, After trying a number of solvent systems on plates
coated with silica gel, these were ultimately separated into two bands on aluming

{CHC1.,=-MeCH §.5:0.5) and characterized as I and II.

3

EXPERIMENTAL

Melting polnts were recorded on an ailrbath type melting point apparatus and are un-
corrected, Mass spectra were run on double focussing mass spectrometer cconnected to
PDP 11/34 computer system. Exact mass measurements were carriled out through peak
matching. Ir (in CHCl3) and uv spectra (in MeQH) were measured on JASCO IRA-1 and
Shimadzu UV 2L0 spectrometers respectively, 1H—nmr spectra were recorded 1in CDCl3
on 300MHz and 400MHz instruments, Model Bruker Aspect 3000 AM 300 and Bruksr Aspect

13C-nmr {(broad band and DEPT) spectra were recorded

3000 AM 400 spectrometers, while
at 75MHz. The chemieal shifts are in 6 (ppm) and the coupling constants (J) are 1n

Hz., The 1H-nmr assignments are based on the multiplicities, homonuclear decoupling
experiments, 2D-J resolved and 2D homonuclear correlation (cosy L45) (Table 3) spec-
tral data. Assignments of 13C-nmr chemical shifts are based on chemical shift
rules,29 hetero-C0SY and comparison wilth those of similar compounds.7’8’2u’30 The
purity of samples was checked on tlc (silica pel SIF-254 precoated aluminium cards,

and aluminium oxide 60 PF y coated on glass plates).

25

Extraction and Isolation of X and IX: Unerushed seeds of Peganum harmala (5 Kg)

were repeatedly percolated with methanol and the dark reddish brown residue obtained
from the combined percolates on remcval of the solvent in vacuo, was basified and
filtered. The liberated base fraction thus obtalned was repeatedly treated with a
1:1 mixture of 5% acetic acld and 5% hydrochloric acid., The acid Insoluble portion
was partitioned between ethyl acetate and a mixture of 5% acetic acld and 5% hydro-
chloric acid (1:1). The residue cbtained on removal of the sclvent, from the ethyl
scetate layer after usual work up, was divided into petroleum ether soluble and
inscluble portions, and the latter was subjected to flash column chromatography3l
(silica gel, CHCl3 and CHCIS—MeOH in order of increasing polarity). The CHCl3
eluate afforded a fraction showing single spot on tle (silica gel, CHClB, MeOH, §:1)
which was ultimately separated into I and II on plates ccated with A1203 (CHCl3 -

MeOH, 9.5:0.5). Compound I crystallized from CHCl3 as rods (45 mg), mp 108-110%,
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High resolution mass spectroscopy m/z 266,0997 Mt {caled. for 016H14N202’ 266.1055)
(12) 265.0942 (M"-1) (100), 251.0772 (M'-15) (15), 223.0857 (C;,E, N,0} (3),

222.0788 (Cqu10N20) (4), 206.0768 (015H100) (7), 205.0836 (Cl5HllN) (1},

203,0855 (Cy;H;1N505), (1), 197.0754 {C,HgN,0, fragment a), (5), 196.0674.

(012H8N2O) (14), 195.0898 (013H11N2) (L), 194,0895 (ClBHloNE, fragment d), (3),

193.0774 (013H9N2) {(5), 191.0785 (ClquN) (1), 190.0830 {C NO,), (1), 189.0732

11H12
(€y1H,,N0,) (3), 180.0855 (Cl3H10N, fragment f), (2), 166.0700 (C,,HgN, fragment g)
(§), 140,05h2 (C  H.N, fragment c), (12), 135.0632 (CgHgNO), (6), 116.0616 (CgRg)

(¥}, 10k.0602 (CgHg) (3),81,0211 (C,H,NO, fragment e) (2), and 70.0391 (C,H.0,

3
fragment v} (10},

Demethylation of Harmalanine I: Harmalanine I (20 mg) was refluxed with HI for 48 h,

The mixture was then poured inte crushed ice and extracted with ethyl acetate. On

usual work up ITI was obtalned showing a single spot on tlc mp 17900; uv Am x{MeOH)

a

nm: 205, 220, 285, 365. Ir VpaxCHCL, em L, 3350 (OH, NH), 2850 (C-H), 1690 (amide

3
carbonyl) 1410-1640 (aromatiec ring). Eims m/z (rel.int.) 252 mt (2), 235(2), 205(2),

and 185 (3).

Harmalacidine IXI crystallized from CHCl, as rods (30 mg), mp 200-201%c. EIMS m/z

3

+
{rel.int.) 216,0616 M (caled. for C12H12N202

fragment a) (20}, 187.0646 (M-29, fragment d) (42), 185(10), 173(12}, 172(6),

216,0898) (100), 201.0675 (M-15,

158.0607 (M~58, fragment ¢), (95), 156(7), 144.0451 {M'-72, fragment b) (22),
129¢12), 116(20), 111(5), 101(10) and 89(22),

Demethylation of Harmalacidine II: Harmalaclidine II (15 mg) was refluxed with HI for

24 h. The mixture was then poured into H,0 and extracted with ethyl acetate. On

usual work up pure IV of mp 138°C was obtalned; uv A x(MeOH) {(nm): 212, 220, 290,

a
-1

360, 1Ir vmaxCHCl em ~: 3200-3500 {OH and NH), 1680, 1620 {(amide I and II bands),

3
1400-1600 (4 peaks, aromatic ring). Eims m/z (rel.int.) 202.0793 Mt (ecalecd, for
CqqHygN,0, 202,0742), (10), 185 (M-17) (10), 161 (M-41) (5), 146°(M~56) (20) and
128 (M-74%) (40),
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