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Abstract—Four new carbazole alkaloids, murrayamines F~H and euchrestifoline, were isolated from the leaves of
Murraya euchrestrifolia in May. The variation of carbazole alkaloids in the leaves with seasons was also examined
and the results obtained could be used to explain that the pharmacological activity of the plant in traditional
Chinese medicines is strictly related to the collection time. Neither coumarins nor flavonoids were found in M.
euchrestifolia and supported Tanaka’s proposition to divide Murraya into two sections, Murraya and Bergera.

Copyright © 1996 Elsevier Science Ltd

INTRODUCTION

Plants of the genus Murraya growing naturally in
Southern Asia are shrubs up to 4-5 m high [1]. Extracts
of the leaves and bark have been used as a folk
medicine for analgesia and local anesthesia, and for
treatment of eczema, rheumatism, dropsy, abdominal
pain, stomach-ache, toothache, diarrhoea, oedema,
thrombosis and stasis of blood, and as an expectorant,
anticonvulsant, anodyne and detoxification agent [2].

The chemicai constituents of the genus Murraya
have been extensively investigated since 1965 [3-6). It
is apparent that plants rich in coumarins and flavonoids
contain little or no carbazole alkaloids, whereas those
rich in carbazole alkaloids seldom contain coumarins or
flavonoids [7-9].

We have shown the occurrence of numerous new
monomeric and dimeric carbazole alkaloids in M.
euchrestifolia from fruits [10], roots and stem barks
{11-30], and also the leaves collected in summer [31],
autumn {32] and winter (33, 34]. In continuation of our
phytochemical study on the constituents of the leaves of
this species collected in spring (May), four new car-
bazole alkaloids, murrayamines F-H (1-3) and euch-
restifoline (4) were isolated. We describe the isolation
and structural elucidation of these new compounds and
discuss the constitutional variation of carbazole al-
kaloids according to season.

RESULTS AND DISCUSSION

Fractionation of the acetone extract of leaves of M.
euchrestifolia resulted in the isolated of the four new

*Author to whom correspondence should be addressed.

carbazole alkaloids, along with four known carbazole
alkaloids, murrayazoline (5) [18], girinimbine (6) [18],
murrayazolidine (7) [18] and murrayazolinine (8) [35],
together with a steroid mixture (9).

Murrayamine F (1), an oil, was determined to have
the molecular formula C,,H,,NO, by high-resolution
mass measurement. The UV bands at 221, 244, 256
(sh), 303, 316 (sh), 328 (sh) nm revealed this compound
to be a I,7-dioxygenated carbazole derivative [31].
Inspection of the '"H NMR spectrum of compound 1
(Table 1) allowed several signals could be readily
assigned: ortho-coupled doublets for H-5 and H-6 at
6769 and 6.70 (J=8.4Hz), meta-coupled protons
appearing as broadened singlets at 6 6.62 and 7.32 for
H-2 and H-4, respectively. An aromatic methyl singlet
at § 2.49 was attached to C-3 and an aromatic methoxyl
singlet § 3.97 should be at C-1. The NOE difference
spectrum provided information about the location of
those substituents on ring C. The 10.69% and 6.84%
enhancements for the signals at § 7.32 (H-4) and 6.62
(H-2) were observed an irradiation of the methyl signal
at 8 2.49 (3-Me). Furthermore, only the signal at 6 6.62
could be increased by 17.3% after irradiation of the
methoxyl signal at 6 3.97 (1-OMe). The peaks in the
upfield region of compound 1 were similar to those of
murrayazolidine (7), which has also been isolated from
this species. Two vinylidene protons appeared as
typical broadened singlets at 8 4.69 and 4.79. In
addition, the peak at 6 3.45 (1H, m) was attributed to
benzylic protons, (H-1'). In the 'H NMR region & 1.5~
2.6, multiplicities of these signals suggested the exist-
ence of three methylene and one methine protons,
which were supported by a decoupling experiment.
Finally, the spectrum contained two more three-proton
singlets at & 1.55 for vinyl methyl and 1.42 for a
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Murrayamine-F (1) : R; = OCHj3
Murrayamine-G (2) : Ry =H

Murrayamine-D :

Ry

Murrayamine-A: R;=0OH, Bg=H, R=CH3
Murrayamine-B :
Murrayamine-l : R;=OH, Rg=H, R=CHyOAc
Murrayamine-K : R; =H, Rg=H, R=CH,0Ac
Girinimbine (6) : R;=H, Rg=H, R=CHj
Mahanimbine : R; =H, Rg=H, R =CHyCH,CH=(CH3),

(+)}-Mahanine : Ry =OH, Rg=H, R=CH,CH,CH=(CH,),

R;=H, Rg=OCHz; R =CH,CH,CH=(CHa),
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CHs

Euchrestifoline (4)

Murrayamine-H (3): Ry =H  Rg=0CH;
Murrayazolidine (7): Ry=H, Rg=H

R;=OH Rg=H

Murrayamine-C: Ry =0CHy Rz=H, R3=CHj
Murrayamine-J : Ry =H  Ry=H, R3=CHO
Murrayamine-N : R; = OCH; Rp=H, R3=CHO
Isomahanine : Ry =H Ry=0H, R3=CHj

CH3

Murrayamine-E : R; = OH
Murrayazoline (§) : R;=H

Bis-7-hydroxygirinimbine-A

methyl in a geminal position to the electronegative
oxygen substituents. These results inferred a 10-carbon
bicylic ring containing methyl and isopropenyl sub-
stituents fused to the A-ring of a carbazole nucleus.
Consequently, the pentacyclic structure of murrayamine
F was deduced as compound 1.

Murrayamine G (2) was isolated as needles and the
molecular formula was determined as C,,H,,NO,
OCH, less than that of 1. H was deduced as a-7-
oxygenated carbazole alkaloid derivative because of the
UV absorptions at 221, 241, 262 and 307 nm [36]. The
absence of the methoxyl signal and an AB-type pattern
at §6.72 and 7.72 (d, J=8.3Hz, H-6 and H-5,
respectively) and an ABX spin system at 8 7.10 (dd,

Bis-7-hydroxygirinimbine-B

Murrayazolinine (8)

J=18.3, 1.0Hz, H-2), 7.22 (d, J=8.3Hz, H-1) and
7.71 (br s, H-4), and also a typical aromatic methyl at
5 2.49 on C-3 in the "H NMR spectrum of compound 2
constructed a 3-methyl-7-oxygenated-8-alkylcarbazole
unit (Table 1). That irradiation of the methyl singlet at
8 2.49 gave rise to 8.3% and 10.6% increases of the
signals at 8 7.10 (H-2) and 7.71 (H-4), respectively,
further confirmed the presence of this unit. The simi-
larity of the vinyl protons and aliphatic protons in
compound 2 to those in compound 1 revealed a 10-
carbon bicyclic ring connected to the A-ring of car-
bazole. These results led us to propose structure 2 for
murrayamine G.

Murrayamine H (3) is an isomer of 1. All the
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Table 1. 'H NMR spectra data of compounds 1--4* (400 MHz, in CDCl,; J (Hz) values in parentheses)
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1 2 3 4
H-1 or 1-OMe 3975 7.22d(8.3) - -
H-2 6.62brs 7.10dd (8.3, 1.0) - -
3-Me 2495 249 s 233s 2.39d(0.7)
H-4 7.32brs 771 brs 761 brs 8.02 ¢ (0.7)
H-5 7.69d (8.4) 7.72d(8.3) 7.50dd (7.8,1.2) 795 brd (8.2)
H-6 6.70d (8.4) 6.72d(8.3) 7.061(7.8) 7.23ddd (8.2,7.2,09)
H-7 - - 6.78 dd (7.8,1.2) 7.39ddd (8.2,7.2,0.9)
H-8 or 8-OME 3995 7.48dd (8.2,0.9)
NH 7.88brs 7,71 brs 7.90brs 10.14 br s
H-1' 345m 3.41brd (3.0) 348m -
H-2' 1.93d1(12.8,24) 1.95 ddd 1.90dt (13.4,2.8) 2835
2.03dd (12.8,2.4) (12.6,3.0,1.2) 2.04dd (13.4,2.8)
2.03dd (12.6,3.0)
3'-Me 1425 1435 1435 1545
H-4’ 1.62d1(9.3,2.4) 1.66 brd (12.6) 1.61 and 2.10m -~
2.10dr(9.3,2.4) 2.10dd (12.6,2.4)
H-5' 148 m 1.50 m 146 & 1.70m -
1.66dt (9.3,2.4) 1.70 dr (12.6,2.4)
H-6' 253m 2.57dd (9.0,2.4) 2.58m -
7'-Me (H-9') 1555 150s 1565 -
H-8' 4.69 & 4.79 br s 4.73 and 4.81 brs 4.17 & 480 brs ~

substituents, including an aromatic methyl at § 2.33 (s),
an aromatic methoxyl at § 3.99 (s), a bicyclic ring with
isopropenyl and methyl substituents in '"H NMR spec-
trum of compound 3 were in agreement with those of
compound 1 (Table 1); the difference between them
was in the location of these groups. According to the
chemical shift and splitting pattern of the signals in the
aromatic region, a lone proton at & 7.61 (s) was
assigned to H-4 and the mutually coupled ABX pattern
at 6 6.78 (dd, J = 1.8, 1.2 Hz), 7.06 (t, J = 7.8 Hz), and
17.50 (dd, J=1.8, 1.2 Hz) was attributed to H-7, H-6
and H-35, respectively. The methoxyl substituent should
positioned at C-8 because of the downfield shift of H-5
(6 7.50). A NOE difference experiment showed en-
hancement of the signal at & 7.61 (H-4) by 10.9%
during irradiation of the signal at &2.33 (3-Me),
whereas an increase of H-7 (6 6.78) by 10.5% after
irradiation of 8-OMe (&8 3.99) was observed. These
spectral data supported the structure of murrayamine H
as compound 3.

Euchrestifoline (4) was obtained as yellow needles
with a molecular formula of C, ;H,;NO,. Except for a
methyl group (5 2.39) at C-3, the "H NMR spectrum of
compound 4 clearly showed that the molecule con-
tained a singlet proton at § 8.02 for H-4 and four
mutually coupled protons at § 7.23 (ddd, J =82, 7.2,
0.9 Hz, H-6), 7.39 (ddd, J = 8.2, 7.2, 0.9 Hz, H-7), 7.48
(dd, J=8.2, 09 Hz, H-8) and 7.95 (br d, J=8.2 Hz,
H-5) for a nonsubstituted A-ring carbazole (Table 1). A
relatively low-field broad signal at 6 10.14 along with
the IR absorptions at 3440 (NH) and 1650 (C=0) cm ™'
suggested that compound 4 would be a keto-carbazole
with intramolecular hydrogen bonding. The remaining
signals, including two methyls at § 1.54 (S) adjacent to
an oxygen functionality and a methylene at 6 2.83 (s),
represented a dimethyl pyranone ring fused to the

C-ring. On the basis of these data, the structure of
euchrestifoline was proposed to be compound 4.

This work and our previous results show that the
constitutions of the leaves of M. euchrestifolia vary
according to season (Table 2). Girinimbine (6) occurs
in all seasons; the dimeric carbazole alkaloids, bis-7-
hydroxygirinimbine-A and bis-7-hydroxygirinimbine-B,
were found only in winter; pentacyclic carbazole
alkaloids with terminal methylene substitution, mur-
rayamines D, F (1), G (2), and H (3), murrayazolidine
(7) and murrayazolinine (8), existed in spring, whereas
the methyl at C-3 in some of the carbazole alkaloids,
such as murrayamines J, M and N, was oxidized to
aldehyde or the methyl of the 2,2-dimethylpyran ring,
as in murrayamines I and K, was oxidized to alcohol in
the autumn. This is the reason why the pharmacological
activity of this species traditional Chinese medicine is
related strictly to the collection time.

Ecologically, species, such as M. exotica and M.
paniculata, rich in coumarins and flavonoids were
found to contain no carbazole alkaloids, whereas others,
such as Murraya, Clausena, Glycosmis and Mi-
cromelium, were rich in carbazole alkaloids but had no
coumarins or flavonoids. Neither coumarins nor flavo-
noids were found in M. euchrestifolia and support
Tanaka’s proposition to divide Murraya into two
sections, Murraya and Bergera, which differ from each
other in both external morphology and chemical consti-
tution [7-9, 37, 38].

EXPERIMENTAL

General. Mps: uncorr. UV: MeOH. IR: CHCI,. 'H
and >C NMR: CDCI, with TMS as int. ref. MS: direct
inlet.

Plant material. Leaves of M. euchrestifolia Hayata
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Table 2. Variation of alkaloid content in leaves of Murrya euchrestifolia

Compound February May August November Ref.

Cy Girinimbine (6) ++ + ++ ++ 31,32,36

unit Murrayamine-A + - ++ + 31, 32,36
Murrayamine-1 - - - + 32
Murrayamine-K - - - + 32
Euchrestifoline (4) - + -~ - This work

C,, Murrayazoline (5) - + - - This work

unit Murayazolidine (7) - ++ -~ - This work
Murrayazolinine (8) - + - - This work
Bicyclomahanimbine + - - + 32,36
Mahanimbine ++ ++ ++ 31, 32, 36
(+)-Mahanine + - ++ + 31,32,36
Murrayamine-B - - + — 31
Murrayamine-C - - + - 31
Murrayamine-D + - -~ + 32,36
Murrayamine-E + - - + 32,36
Murrayamine-F (1) - + - + This work
Murrayamine-G (2) - + - - This work
Murrayamine-H (3) - + - - This work
Murrayamine-J - - -~ + 32
Murrayamine-M - - -~ + 32
Murrayamine-N - - - + 32
Isomahanine - - - + 32

Dimer bis-7-Hydroxygirinimbine-A + - - 33
bis-7-Hydroxygirinimbine-B + - -~ - 33
Unknown dimer C + - - - -
Unknown dimer D - - - + -

+, Content <100 mg/kg; ++, content > 100 mg/kg; —, no isolation.

were collected in Kuantaochi, Nantou Hsien, Taiwan,
in May 1986 and identified by Prof. C. S. Kuoh. A
specimen of the plant has been deposited at the
herbarium of the National Cheng Kung University,
Tainan, Taiwan.

Extraction and isolation. Air-dried leaves (0.43 kg)
were extracted with Me,CO at room temp. The com-
bined Me,CO extracts were concd under red. pres. to
yield a dark-brown syrup (32 g) which was subjected to
CC over silica gel and eluted with benzene—Me,CO
(9:1) to give 10 frs. Fr. 1 was repeatedly rechromato-
graphed by silica gel CC to furnish compounds 9
(1.1g), 1 (6mg), § B3mg), 2 9mg), 3 (3mg), 6
(0.1g) and 7 (174 mg), successively. Fr. 5 was also
rechromatographed on silica gel to give compounds 8
(12mg) and 4 (4 mg).

Murrayamine F (1). Oil. HRMS: caled for
C, H,,NO,, m/z 361.2041 [M] ", found 361.2043. UV
Aax DM 221, 244, 256 (sh), 303, 316 (sh), 328 (sh). IR
Vour €M1 3649, 1622, 1585. EIMS m/z (rel. int.): 361
(IM17, 69), 278 (100), 263 (14), 240 (17)).

Murrayamine G (2). Needles, mp 173-176°
(MeOH). HRMS: calcd for C,,H,;NO, m/z 331.1934
[M]", found 331.1920. UV A_,, nm 221, 241, 262,
303, 307. IR »,, cm™': 3465, 1617. EIMS m/z (rel.
int.): 331 ([M]", 38), 316 (4), 248 (100), 210 (21).

Murrayamine H (3). Syrup. HRMS: caled for
C,,H,,NO,, m/z 361.2041 [M]", found 361.2023. UV
Amax M 218, 243, 255, 301, 329. IR »,, cm'": 3435,

max

1628, 1580, 1449. EIMS m/z (rel. int.): 361 ([M]",
100), 346 (8), 278 (100), 263 (10), 240 (12)).

Euchrestifoline (4). Yellow needles, mp 187-189°
(Et,0). HRMS: calced for C,,H,,NO,, m/z 279.1258
[M] ", found 279.1215. UV A, nm (log &) 231 (4.53),
255 (3.85, sh), 284 (4.15), 291 (4.16), 330 (3.52, sh),
386 (3.80). IR ,,, cm ': 3440, 1650, 1605, 1585,
1490, 1450. EIMS m/z (rel. int.): 279 ({(M]17, 100), 264
(94), 223 (84), 195 (43), 167 (58), 140 (12), 139 (17),
132 (23)).

Acknowledgement—We thank the National Science
Council, R.O.C. (NSC) for financial support of this
research.

REFERENCES

1. Chang, C. E. (1977) Flora of Taiwan, Vol. 3, p.
520. Epoch Publishing Co. Ltd, Taipei.

2. Jiangsu New Medicine College (1977) Encyclo-
pedia of Chinese Materia Medica, p. 47. Shanghai
Science and Technology Press, Shanghai.

3. Kapil, R. S. (1971) in The Alkaloids (Manske, R.
H. F, ed.), Vol. 13, Chapter 6. Academic Press,
New York.

4. Das, K. C., Chakraborty, D. P. and Bose, P. K.
(1965) Experientia 21 340.

5. Chakraborty, D. P.,, Barman, B. K. and Bose, P. K.
(1965) Tetrahedron 21, 681.



11.

12.

13.

14.

15.

16.

18.

19.

20.

Carbazole alkaloids from Murraya euchrestifolia

. Chakraborty, D. P., Chowdhury, B. K. and Das, K.

C. (1967) Tetrahedron Letters, 3471.

. But, P.P. H, Kong, Y. C,, Ng, K. H, Chang, H. T.,

Li, Q., Yu, S. X. and Waterman, P. G. (1986) Acta
Phytotaxon Sin. 24, 186.

. But, P. P. H,, Kong, Y. C, Li, Q,, Chang, H. T.,

Chang, K. L., Wong, K. M., Gray, A. 1. and
Waterman, P. G. (1988) Acta Phytotaxon Sin. 26,
205.

. Kong, Y. C.,, Cheng, K. F, Neg, K. H., But, P. P.

H. Li, Q. Yu, S. X, Chang, H. T., Cambie, R. C.,
Kinoshita, T., Kan, W. S. and Waterman, P. G.
(1986) Biochem. Syst. Ecol. 14, 491.

. Ito, C., Kanbara, H., Wu, T. S. and Furukawa, H.

(1992) Phytochemistry 31, 1083. (The compound,
murrayamine C, was named incorrectly and was
renamed as murrayamine Q).

Ito, C. and Furukawa, H. (1990) Chem. Pharm.
Bull. 38, 1548.

Ito, C. and Furukawa, H. (1991) Chem. Pharm.
Bull. 39, 1335.

Wu, T. S., Ohta, T., Furukawa, H. and Kuoh, C. S.
(1983) Heterocycles 20, 1267.

McPhail, A. T., Wy, T. S., Ohta, T. and Furukawa,
H. (1983) Tetrahedron Letters 24, 5377.
Furukawa, H., Wu, T. S. and Ohta, T. (1983)
Chem. Pharm. Bull. 31, 4202.

Furukawa, H., Wu, T. S. and Kuoh, C. S. (1985)
Heterocycles 22, 1267.

. Furukawa, H., Wu, T. S. and Kuoh, C. S. (1985)

Heterocycles 22, 2391.

Furukawa, H., Yogo, M., Tto, C., Wu, T. S. and
Kuoh, C. S. (1985) Chem. Pharm. Bull. 33, 1320.
Furukawa, H., Wu, T. S. and Kuoh, C. S. (1985)
Chem. Pharm. Bull. 33, 2611.

Furukawa, H., Wu, T. S., Ohta, T. and Kuoh, C. S.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.
38.

789

(1985) Chem. Pharm. Bull. 33, 4132.

Furukawa, H., Ito, C., Yogo, M. and Wu, T. S.
(1986) Chem. Pharm. Bull. 34, 2672.

Ito, C., Wu, T. S. and Furukawa, H. (1987) Chem.
Pharm. Bull. 35, 450.

Ito, C., Wu, T. S. and Furukawa, H. (1988) Chem.
Pharm. Bull. 36, 2377.

Ito, C., Wu, T. S. and Furukawa, H. (1990) Chem.
Pharm. Bull. 38, 1143.

Ito, C., Nakagawa, M., Wu, T. S. and Furukawa, H.
(1991) Chem. Pharm. Bull. 39, 1668.

Ito, C., Nakagawa, M., Wu, T. S. and Furukawa, H.
(1991) Chem. Pharm. Bull. 39, 2525.

Ito, C., Okahana, N., Wu, T. S., Wang, M. L., Lai,
J. S., Kuoh, C. S. and Furukawa, H. (1992) Chem.
Pharm. Bull. 40, 230.

Furukawa, H., Ito, C., Wu, T. S. and McPhail, A. T.
(1993) Chem. Pharm. Bull. 41, 1249.

Ito, C., Thoyama, Y., Omura, M., Kajiura, 1. and
Furukawa, H. (1993) Chem. Pharm. Bull. 41, 2096.
Wu, T. S., Wang, M. L. and Wu, P. L. (1995)
Tetrahedron Letters 30, 5385.

Wu, T. S. (1991) Phytochemistry 30, 1048.

Wu, T. S, Wang, M. L., Wu, P. L, Ito, C. and
Furukawa, H. (1996) Phytochemistry 41, 1433.
Wu, T. S, Wang, M. L, Lai, J. S, Ito, C. and
Furukawa, H. (1991) Phytochemistry 30, 1052.
Wu, T. S., Wang, M. L., Wu, P. L. and Jong, T. T.
(1995) Phytochemistry 40, 1817.

Chakraborty, D. P., Ganguly, S. N, Maji, P. N,
Mitra, A. R., Das, K. C. and Weinstein, B. (1973)
Chem. and Ind. 322.

Naraimhau, N. S., Paradkar, M. V., Chitguppi, V. P.
and Kelkar, S. L. (1975) Indian, J. Chem. 13, 993.
Tanaka, T. (1929) J. Soc. Trop. Agric. 1, 23.
Tanaka, T. (1936) Blumea 2, 101.



