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ABSTRACT

Murraya koenigii (Curry leaf tree), from the Rutaceae family, is a medicinally important herb of Indian origin and
now were widely distributed throughout southern Asia. The bark of Malayan Murraya koenigii was selected for
phytochemical investigation. The isolation of chemical constituents from its hexane and dichloromethane extract
was carried out by using different chromatographic techniques. Sx carbazoles with C,3-framework was isolated and
identified as mahanimbine, murrayamine-J, murrayazolinol, mahanimbilol, murrayakoeninol and
bicyclomahanimbine. The structural characterization of the isolated compounds was supported by spectroscopic
methaods, including NMR, IR, UV, MS spectra data.
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INTRODUCTION

Among the 14 species under the geNusraya, Murraya koenigii (L.) Spreng andurraya paniculata (L.) Jack,
belonging to the Rutaceae family (citrus familyg ¢he most commonly found in Malaysia [1,2].

The plantM. koenigii (curry leaf tree)is native to India and is now distributed in southdsia [3]. It is widely
cultivated for its aromatic leaves. Its leaves ased as traditional vegetable or locally known kasnuy especially
used as Indian culinary practices [4]. Traditiopalt used to treat on rheumatism, traumatic injudtysentery,
diarrhea and snake bite [5,8]he plant is also reported to have antioxidantidatietic, anticarcinogenic, anti-
dysenteric, stimulant, hypoglycaemic and antimig@bactivities [7,8,9,10].

Phytochemistry screening dd. koenigii shows the presence of alkaloids, carbohydratesteipr amino acids,
saponins, flavonoids and coumarins by various rekess.[11,12]. Carbazole alkaloids are the major constits
of the plant are known to possess cytotoxic, aideative, antimutagenic and anti-inflammatory adites [3,13,14]

In continuation of our studies on carbazole alldgdoof M. koenigii, we report the isolation of si€,s-carbazole
alkaloids from the bark dfl. koenigii collected from Pahang, Malaysia, which have bdentified as mahanimbine
1, murrayamine-22, murrayazolinol3, mahanimbilol4, murrayakoeninols and bicyclomahanimbiné. Their
structures were elucidated by combination of varispectroscopic methods such as 1D and 2D NMRJYRand
MS.

EXPERIMENTAL SECTION
General Experimental Procedures
Nuclear Magnetic Resonance spectra (NMR) were detbusing Joel (500 MHz). Deuterated chloroform QTP

was used as the NMR solvent. Chemical shi)swere reported in ppm and coupling constadjsifi Hz. Mass
spectra (MS) were determined by using the LC-mpestsometry. The ultra violet spectrum (UV) wasaihéd in
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methanol on a Perkin Elmer UV-visible spectrophatten and the wavelength of the spectrum was detexdnin
the range of 200 to 1000 nm. The infrared spectriiRiswere recorded on a Nicolet 6700 FTIR spediaipmeter,
with methanol as dilution solvent of the samplelu@m chromatography were prepared by using Siliea8BFs,,
70-230 mesh ASTM and 230-400 mesh ASTM as statyophase. Silica Gel 6Q&containing Gypsum was used
as stationary phase for the preparative thin lapeomatography. Analytical thin layer chromatognahLC) was
performed on commercially precoated aluminium suggabsilica gel 60§, TLC sheets.

Plant M aterial

The species selected for the current studiisraya koenigii (L.) Soreng (TM1006) which was collected from
Jerantut, Pahang, Malaysia in January 2012. Theirapa was identified by the phytochemical groupe@fstry
Department, Faculty of Science and Mathematicsyé&fsity Pendidikan Sultan Idris, Malaysia.

Extraction and I solation

The dried barks (3.0 kg) dfi. koenigii were extracted with hexane and dichloromethaneedttimes each)
continuously at room temperature. The extracts werabined and were concentrated under reducedypectss
yield brown syrup of hexane crude (106.0 g) and@}icrude (32.0 g). After evaporation of the solvé&,0 g of
thehexane crude extract was subjected to column chomraphy over silica gel (gradient solvent systbexane,
CH,CI, and Methanol) yielded three known compounds: miahigine [1, R+ = 4.4 cm in Hex:ChCl, (1:1)],
murrayamine-J4, Rr = 4.1 cm in CHCI;:MeOH (99:1)], murrayazolinol3y R = 3.4 cm in CHCl,:MeOH
(99:1)]. While 30.0 g of CKCl, crude extract was subjected to column chromatdgyrawer silica gel (gradient
solvent system: hexane, @El, and Methanol) yielded another three known compsunthhanimbilol 4, R = 3.2
cm in Hex:CHCI, (1:1)] and murrayakoeninob] R; = 3.3 cm in CHCl,: MeOH (99:1)], bicyclomahanimbin®,[
R;=5.1 cmin Hex:CECl, (1:1)].

Spectroscopic Characterization
Different spectroscopic methods were used to edtteidthe structure of isolated compounds. Among the
spectroscopic techniques UV, ®}-NMR, **C-NMR and LGMS were carried out.

Mahanimbine (C,3H,sNO), 1. Colourless crystal, mp 94-9% (ethyl acetate). UM ,ox (MeOH) nm (loge): 238
(4.39), 288 (3.83). IRy cm *: 3338, 1646, 1610, 1444, 1156, 1121, 782. LC-M&; 882.2002 [M+H]. *H and
3C NMR see Table 1 and Table 2, respectively.

Murrayamine-J (C,3H23sNO,), 2. Pale yellowish oil. UVALx (MeOH) nm (loge): 215 (4.25), 248 (4.35), 265
(4.25), 290 (4.33), 310 (4.45). IR it : 3332, 2855, 1675, 1615, 1575, 1156, 782. LC-Mz;: 346.1783
[M+H]*. 'H and™*C NMR see Table 1 and Table 2, respectively.

Murrayazolinol (CyHosNO,), 3. Brown solid. UVA ., (MeOH) nm (loge): 248 (4.84), 265 (4.82), 305 (4.40). IR
Vimax CM * 2 3360, 1650, 1620, 1380. LC-MS, m/z: 348.1957 Mt *H and**C NMR see Table 1 and Table 2,
respectively.

Mahanimbilol (CysH,/NO), 4. Yellowish oil. UV A. (MeOH) nm (loge): 213 (4.74), 238 (4.35), 285 (4.15), 305

(4.20). IRVmax M ™ : 3455, 3400, 3030, 1625, 1605, 1160. LC-MS, 1884.2151 [M+H]. 'H and**C NMR see
Table 1 and Table 2, respectively
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Murrayakoeninol (CyHosNOy), 5. Brown solid. UVA.x (MeOH) nm (loge): 214 (4.50), 275 (4.15), 308 (4.10).
IR Viax CM* : 3405, 1635, 1455, 1330, 1160. LC-MS, m/z: 3483M+H]*. *H and™*C NMR see Table 1 and
Table 2, respectively

Bicyclomahanimbine (C,3H,5NO), 6. Brown solid. UVA s (MeOH) nm (loge): 242 (4.20), 255 (4.35), 265 (4.15),
305 (4.40). IRV cmi™ : 3455, 2950, 2920, 2840, 1625, 1605, 1350, 1166MS, m/z: 332.2008 [M+H] 'H and
13C NMR see Table 1 and Table 2, respectively.

RESULTSAND DISCUSSION

The bark of\M. koenigii collected from Pahang, Malaysia gave sps-€arbazole alkaloids. The fractionation of the
hexane extract of the bark by column chromatogragiy TLC afforded mahanimbin murrayamine-2 and
murrayazolinol3. The fractionation of the Ci€l, extract of the bark by column chromatography ah@ &afforded
another three compounds: mahanimb#dplmurrayakoeninob, and bicyclomahanimbiné. All compounds gave
blue to purple colour on spraying with 10% sulpbuacid at 105°C. They also show the similar spectroscopic
features with the carbazole alkaloids publishethénliterature.

Table 1: *H NMR [500 MHz, &, (J, Hz)] of Compound 1, 2, 3, 4, 5and 6 in CDCls

Position O, J Hz
1[16] 2[17] 3[18] 4719] 5[20] 6[21]
NH (ZJ",BS%) 8.35 fr 9) 7.85pr s) 7.42 pr9)
1
la
2
N 6.81
(d, 8.6 Hz)
4 7.696) @ ngz) 7.49 ¢ 7.68 (s) 7.509) 7676
4a
. 7.94 8.46 7.90 7.03 7.89 792
(d, 8.1 Hz) (d, 1.7 Hz) (d, 7.5 Hz) (d, 8.0 Hz) (d, 8.0 Hz) (d, 8.0 Hz)
5a
. 721 716 717 716 716
(td, 7.5, 1.2 Hz) (td, 6.9, 1.2 Hz) | (td, 8.0, 1.2 Hz)| (td, 8.1, 1.2 Hz) | (td, 8.0, 1.2 H?)
y 733 7.89 7.25 7.30 7.26 7.28

(td, 6.9, 1.2 Hz)| (dd, 8.6,1.7 Hz)| (td, 7.0, 1.2 Hz) | (td, 7.5, 1.2 H2)| (td, 7.0, 1.2 Hz) | (td, 8.0, 1.2 Hz)
8 7350, 7.5Hz)| 7.47d,8.6Hz)| 7.474,8.0Hz) | 7.374,8.6 Hz)| 7.47d, 7.8 Hz) | 7.37d, 7.5 Hz)

8a
6.60 6.66 362 329
9 (d, 9.8 H2) (d, 9.7 Hz) 332 (d, 6.9 Hz) 332 (d, 9.2 H2)
5.65 571 382
10 (d, 9.7 H2) (d, 9.7 Hz) 122 538 (M) (d, 8.3 H2) 2.06 )
11
2-0H 52109
3Me 2379 2369 240 § 223§ 234§
6.CHO 10.079
11-Me 1489 147§ 150§ 190§ 149§ 144§
. .79 1.76 250
1 (t, 8.1 H) L74@) | (44161, 69Hy)| 2110 1.53 () (t, 7.4 H)
2 2.20 () 2.16 ) 3.83 ) 2.11 ) @, 1e3l.i7,47.5 | 1650
515 5.10 270
8 | (75 12H7)| (t6.3H2) 217 5.06 () 218 () (t. 7.5 H)
=
TS 1629 158§ 1299 166§ 130§ 074§
4 Me” 1729 1.66 6 193§ 159§ 1926 1.56 §)

Compoundl was obtained as colourless crystal (mp 9429915]. The IR spectrum of compouddndicating the
presence of N-H (3338 ¢m), C-O and C-H stretching (1121 chand 782 cri, respectively). It was readily
recognized as f-pyranocarbazole derivative from its preliminaryesfal data. Its molecular weight was deduced
as GsH,sNO by LC-MS at m/z 332.2002 [M+H] Its UV spectrum showed characteristic absorbafare
pyranocarbazole moiety withmay 238 and 288 nm [15]. Th#H NMR spectrum (Table 1) of compouridwas
showed a broad downfield signal@f.81 assignable to the present of N-H in the cadganucleus. The signals at
7.94d,J=8.1,H-5),07.35¢@,J=7.5 H-8),07.33 (d, J=6.9, 1.2, H-7) and7.21 (d, J= 7.5, 1.2, H-6) ofl was
deduced for an unsubstituted carbazole ring-C @ apl Two olefinic protons at6.60 @, J = 9.8, H-9) and)5.65
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(d, J = 9.7, H-10) due to a pyran ring annulated to daaole moiety. Finally, th&H NMR spectrum contained
signals for an aromatic methyl &2.37 (s), a methyl group @t1.48 (s) and one prenyl group (2-methylpent-2-en-
5yl substituent) adjacent to an oxygen in pyrag ofithe pyranocarbazole at C-11 with 5.#5J= 7.5, 1.2 Hz, H-
3, 2.20 fn, H-2"), 1.79 {, J = 8.1, H-3"), 1.72 (s, 4"-Me) and 1.62 (s, 4'-Mehe *C NMR spectrum (Table 2)
indicated the present of 23 carbons resonancespann to be a £-carbazole. The complete assignments of
carbon signals and location bfvas achieved on the basis of DEPA;'H COSY, HMQC and HMBC spectra. The
structure of compountl was identified as mahanimbine [16].

Table2: *C NMR [125 MHz, &¢] of Compound 1, 2, 3, 4, 5and 6 in CDCl;

. éc, JHz

Position =T T 2717 [ 31a8] | 4[19] | 5120] | 6[21]
1 104.2| 1051 1054 107.6 1054 106.4
la | 1394 1368 1424 1385 1424 13].8
2 1499 152.7] 1534 1518 1533 153.3
3 1239 1110] 118§ 1167 1185 120.1
4 1212 1210] 1194 1194 1197 119.4
4a_ | 1166] 1172 1154 124D 1151 1242
5 119.3| 12290 120 1195 1201 1193
5a_ | 118.4| 1243 1274 1178 1272 1158
6 119.4| 1295 1104 1195 1195 119.3
7 1242| 1265 1234 1248 12311 1240
8 110.4| 110.8] 1134 1104 1136 110.4
8a | 134.8| 1434 140.] 1395 1407 139.3
9 1175| 116.8] 369 244 369 375
10 | 1284 1296] 215 1214 72.p 384
11 781 | 78.8| 795 1392 795 836

3-Me | 161 155| 167 155 16

6-CHO 192.1

11Me | 258 | 26.2| 251 165 258 275
T 407 | 41.0| 36.0| 39.7 215 465
2 227 | 22.8| 722 265 360 25
3 | 118.4| 124.0| 495 1237 496  37)9
4 | 131.6] 132.0 60.6] 1322 60.6 _ 39)5

4Me | 176 | 17.7] 23.1] 258 234 18y

ZMe | 257 | 25.8| 302| 174 302  35p

Compound2 was obtained as pale yellowish oil. This compouves determined to have molecular formula
Cx3H,aNO, by LC-MS. The UV spectrum at 215, 248, 265, 2900) 8m suggested that this compound was thought
to be a 6-oxygenated pyranocarbazole derivativels Fixamination of the aromatic region of & NMR spectrum
suggested that compoudwas also a similar to that af The *H NMR spectrum of compoun® was showed a
broad downfield signal a?8.35 deduced to the present of N-H in the carleamatleus. A characteristic aldehydic
singlet atd10.07 in*H NMR spectrum together with a strong carbonyl band675 crit revealed a formyl group
attached to C-6. In the aromatic region of tHHENMR spectrum, one set of ABX mutually-coupled torosystem at
08.46 (1H,d, J = 1.7, H-5),07.89 (1H,dd, J = 8.6, 1.7, H-7), and 7.47 (1H,d, J = 8.6, H-8), which were
deshielded by an aldehyde substituent at C-6 irCtnimmg. An AB type spin system &6.66 @, J = 9.7 Hz), 5.71
(d, J =9.7 Hz) for H-9 and H-10, respectively, was efifeg by an oxygenated substituent at C-2. Thissdavther
evidence for the characteristic of pyranocarbazatdeleton [17]. Conversely, the signals in the hiighd region
contained signals for a methyl groupddt.47 (s) and one prenyl group (2-methylpent-2-elnsbipstituent) adjacent
to an oxygen in pyran ring of the pyranocarbazol€-41 withd5.10 ¢, J = 6.3 Hz, H-3'), 2.16n), H-2"), 1.80 (n,
H-1', and a long-range coupling with geminal dinyés at 1.68 (s, 4-Me) and 1.58 (s, 4-Me). Tfié NMR
spectrum (Table 2) indicated the present of 23 a@lresonances, a4f£tarbazole. The complete assignments of
carbon signals and location of substituent on tframocarbazole skeleton 2fwas achieved on the basis of DEPT,
'H-'H COSY, HMQC and HMBC spectra. The structure of poomd2 was identified as murrayamine-J [17].

Compound3 was obtained as brown solid. Its molecular formmiées determined to be,E1,sNO, by LC-MS. The
UV spectrum at 245, 265 and 305 nm and was readitpgnized as fpyranocarbazole derivative from its
preliminary spectral data [18]. The IR spectrum veéd absorption peaks at 3360 ¢nconfirmed the
pyranocarbazole framework with an additional OHugroThe'H NMR spectrum of murrayazolinol exhibited
signals for an aromatic methyl group@.36 (3-CH), and confirmed an aromatic substitution pattémmilar to
mahanimbinel. The differences between compouh@nd3 were the additional substitution of a monoterpénoi
moiety and the absence of N-H signal in compo8nd@he*H NMR spectrum of the monoterpenoid moiety3of
showed a signal for the carbinyl hydrogen of a sdaoy alcohol, which appeared as a multiplel at83. The*C
NMR spectrum (Table 2) indicated the present ot@®ons resonances and determined to bg-aatbazole. The

1096



Kartini Ahmad et al J. Chem. Pharm. Res., 2014, 6(4):1093-1098

complete assignments of carbon signals and locaticubstituent on the skeleton ®fvas supported on the basis
of DEPT,'H-'H COSY, HMQC and HMBC spectra. Based on the spsctipic data, structur® was assigned to
murrayazolinol [18].

—— 1H-1H COSY
—> J2 Correlations
— > J3 Correlations

Figure 1: Selected COSY and HMBC corrélationsin Compound 1, 2, 3,4, 5and 6

Compound4 was obtained as yellowish oil. This compound stbwg mass spectral LC-MS at m/z 334.2151
[M+H] " and determined to be,fE,,NO. The IR spectrum showed absorptions,a 8455 and 3400 cthrevealed
the presence of an OH group in addition to the Nfblup. This was confirmed by the presence in‘theNMR
spectrum of a signal @5.21 for the OH group, in addition to the carbazdH signal a©v7.85. The UV spectrum,
'H and**C NMR spectra oft (Table 1 and 2) were similar to those of mahanirati indicating them to be 2-
oxygenated-3-methylcarbazole alkaloids [19]. THENMR spectrum oft contained signals for three methyl &t
1.59, 1.66 and 1.90, a four proton multipletde®.11, the benzylic CHdoublet atd 3.62 and two vinyl proton
multiplets atd5.06 and 5.38 indicating the presence of a gersutystituent. The presence of a singled @68 and
typical unsubstituted carbazole ring (H-5, H-6, 4 H-8) indicated that all three substituentsenan the same
ring of the carbazole. The OH substituent was pnaeebe at C-2 when the chemical shift of OH sigmak not
chelated to the carbazole nitrogen, which carbgnadi(C-OH) shifted to a lower field &151.3 when compared to
the C-OH at C-1 which would appear at a higherdfiat aboutd 145.0. The long range coupling between the
aromatic methyl protons and H-4 indicated the mletiigup to be at C-3, suggesting tHatvas a 2-hydroxyl-3-
methyl-1-(3-methyl-2-butenyl)carbazole, also knoag mahanimbilo#t [19]. Further correlating information was
confirmed by the experiment of DEP*H-'H COSY, HMQC and HMBC spectra.

Compound5 with molecular formula &H,sNO, by LC-MS, displayed absorption bandsAgt, 214, 275 and 308
nm indicating the presence of an oxygenated cal®aztromophore. Thé’C NMR spectrum of5 (Table 2)
displayed signals for 23 carbons which proven tamh®s-skeleton of carbazole alkaloid. Thed NMR spectrum
(Table 1) exhibited signals for five aromatic mathprotons, of which one appeared as singlet, smboablets and
two as triplet doublets. The HMBC spectrumbuggested the presence of an unsubstituted cdebeang by
showing correlation of the four aromatic methinetpns with neighboring carbons resemblance thoge irheir
exact positions were confirmed By-'H COSY and HMBC spectra. THel NMR spectrum also showed for one
aromatic methyl at 2.23, one methyl attached to a tetra-substitutgdj@en bearing group af1.49 and one gem-
dimethyl group ao 1.30 and 1.92. The position of OH substituent Wwaher confirmed by the HMBC spectrum
with the correlations of the aliphatic methyl prasowith mutually coupled methylene protons and@ihé bearing
carbon. It also showed the correlation between HaR.82 (), J = 8.3) and C-14105.4) to give further evidence
to confirmed the OH group position. Compouhdas closely resemblance to compo@mekcept for the position of
OH substituent. Based on the spectroscopic datetgte5 was assigned to murrayakoeninol [20].

Compound6 had the molecular formula,§1,sNO by LC-MS. The UV spectrum showed characterigbisorbance

at 242, 255, 260, and 305 nm for the typical altsmmpof a 2-hydroxy-3-methylcarbazole chromophdrae IR
spectrum of compoung@lindicating the presence of N-H (3455 ¢nC-CH; (2850 cm') and C-O (1156 ci). The
aromatic region of thtH NMR spectrum (Table 1) resembled that of mahaimnimb, indicating a similar aromatic
substitution pattern on the carbazole skeleton. él@n the monoterpene moiety fused at C-1 and @G=different.

In consideration of the molecular formula, and thesence of olefinic protons present in mahanimkine
bicyclomahanimbin& was proposed as a hexacyclic base with a cyclabuggstem. The presence of a cyclobutane
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ring was supported by the downfield shift of thetmyé group at 4'-ChHto 0 0.74 in bicyclomahanimbine when
compared to the methyl group of mahanimbin® &t62. The'*C NMR spectrum (Table 2) also shows the present
of 23 carbons resonances. The complete assignmeodsbon signals and location of substituent anskeleton of

6 was deduced on the basis of DEBT;'"H COSY , HMQC and HMBC spectra. Based on thesetspsmpic data,
the structuré was assigned to bicyclomahanimbine [21].

CONCLUSION

The present study was aimed to investigate the ida¢iconstituents oflurraya koenigii (TM 1006) collected from
Pahang, Malaysia. Six&carbazole alkaloids was isolated and identifiedreghanimbinel, murrayamine-2,
murrayazolinol 3, mahanimbilol4, murrayakoeninol5 and bicyclomahanimbing&. The spectral data of the
compound was also compared with those in the titeza
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