CHAPTER II

HISTORICAL

1. Chemical Constituents of Murraya Linn.

Chemically, the Clauseneae are characterized by the
occurrence of carbazole alkaloids. In addition to carbazoles
Murraya species have been reported to contain furoquinoline
and acridone alkaloids and are also a good source of

coumarins (Kong et al., 1986a) .

List of the compounds found in wvarious species

of Murraya is shown in the following tables:-



able 1 Chemical comstituents of Jorrifa alata Drake

Cherical substance Category Plant part eference
Yuehchunene Indole alkaloid Roots (Tong et al., 1986b)

fable 2 Chenical coustituvents of Xorrie creaulata (Turcz.) Oliver

Chenical substance

Cetegory

Plast part

Reference

Giriniatine(37)

Kerrayafoline-1(5)

Carbazele alkeloid

Carbazole alkaloid

Roots

Roots

{fong &t al., 1986b)

(Eong et al., 1986b)

fable 3 Chemical constitwents of Xorrapa elosgata kiph. DC.

Chemical substasce Category Plant part Reference
Furrelengin(196) Cotgarin ' heaves (Talapatra, Jutta, and Talapatra, 1972:)
i
Kerrangatin{196) Coukerin Leaves (Talapatra, Datta, and Talapatra, 1373%)

fable 4 Chenical coustituents of Xurrei enchrestifolia Hagati

Cherical substance

Lategory

Hlagt part

Reference

Bisnurrayafoline-L(€6)
Bissurrayafoline-(67)
Bismurrayafolinel (§5)
Dibydrozygirizinbize(d?)
3-Foraylearbazole(2)
Girininbize(37)

Isoxurragafoline(36)

Carbazole alkaloid
Carbazole allaloid
Carbazole allaloid
Carbazole allaleid
Carbazole allaloid
Carbazole &lkaloid

Carbazole alleloid

+

t

Ster bark

|Root bark '

Root bark

Roots

Ster bark

(Parukava, Tu, and Obta, 1983)
(Puruiavz, ¥u, end Obte, 1983)
(Ito, Vu, and Furatens, 1947
(Purakeva, Wu, axd Faok, 1985:)
(Ito, Tu, asd Purukewz, 198¢)
(Fong et al., 1986b)

(Ito, Wu, and Percheva, 1987)




fable 4 (Continue)
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E-Yethory-3- (erbazole alkaloid |Root bark (Ito, Wu, azd Furckava, 1988)
foraylearbazole(25)

Yurrafoline-1(68) Carbazole alkaloid | Root bark (fu, Obta, and Pureiama, 1983)
Yurrafoline-B(69) Carbazole alkaloid t (Purekava, Wu, and Tuoh, 1985h)
Nurrafoline-C(M) Carbazole alkaloid + (Furakeva, Wu, and Tush, 1985D)
Xurrafoline-B{71) Carbazole alkaloid t (Purskava, Fu, and Kuoh, 1985b)
Yurrafoline-E(72) {ardazole alkaloid  |Root bark (Ito, Tu, and Furchera, 1988)
Nurrafolize-F(73) Carbazole aikeloid -~ |Root bark {Ito, Tu, and Furctave, 1988)
Nurrayafolize-1(5) (arbazole alkaloid  |Root bark (Vu, Obta, and Purckews, 1983)
Yurrayafoline-B{35) Cirbazole alkaloid |Root bark (Forukava, Vo, and Obtz, 1983)
¥urrayaline(23) Carbazole alkaleid | Stem bark (Furnkava e al., 1986)
Yurrayaquinone-1 Carbazolequinone Root bark {fu, Obta, axd Furuhewz, 1983)
Yurrayaquinone-3 (arbzzolequizane Root bairk (Yu, Obte, azd Percheva, 1983)
¥urrayaquinone-C Carbazoleguinone Root bark (Fa, Obtq, and Furskase, 19983)
Yurryastine(22) Carbazole altalsid | Stem bark (Furukava ef al., 1986)
Ozydisnrrayafolize(74) Carbazele alkaloid | Stes bark {Ito, Wu, azd Purchewa, 1987)
Pyrayafoline(49) (arkazole alkalqid Stex bark {Furukeva ef al., 1986)
Pyrayaguinore-i (erbazoleguinone Rost bark (Purukeve ef al., 1988
Prtajaqninone-x (arbezoleqrizone Root bark {Furukeva ef al., 1985) '
Pyrayaquinone-C Carbazoleqrizone Root bark {Ito, ¥u, and Purzhenz, 1988)




table 5 Cheeical constituents of Murrija exstici
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girininbine(37)
Baivaneurpaniz(268)

3,5,6,7,3",4' 8-
Beptanetbozyilavone

i Carbazole albzloid

Cotgarin

Flavonoid

Sten bark

Leaves

| Leaves
Leaves

Cheaical substance Categery Plant part Reference

Seni-eccarotenone Carotenoid Pruits (Yokoyana and Guerrers, 1974)
{3-11,1-Dinetbylallyl) Comarin Stea bark (1baad and Begun, 1986)

rantbyletin(234)

Broticin Havonoid Leaves (Joshi and Kamat, 1%69)

Bxozoline{57) tarbazole alkeloid | Leaves {6arguly and Sarar, 1978)

3.5,68.3 4.9 Plavonoid Pruits (Chowdhury and Chekraborty, 197ib)

Beptametboxyflavone

Perozyaarraol {182) Counarin Leaves (Ito azd Partkews, 198}

YTechchunene Indole alkaloid Roots {Torg et al., 1985)

fable € Cheaical constituents of Xerraga ezotici L.

Chesical substance Category Plant part Refereace
burantianide acetate Trelassified jSte: berk ‘ {Tong et al., 1980)
durzptencl(178) Cougarin Leaves {Berik et al., 1983)

Leaves (Bishay et al., 1988
Casegravol {186) Cousarin Leaves {Ito and Purvkava, 19873)
Chloticol(184) Cousaria Leaves {Ito and Purukeva, 198%:)
Debydroosthol (173) Cotearin Lezves (Ito and Purakava, 1387:)

iLeaves (ito and Purelama, 19870)
J-Epi-cyclolandenul (ycloartens! Leaves (Bistay et al., 1988)
Ezoticin Plavonoid Leaves (Biskay ef al., 1380)
3-Forsyiindole Indole alkaleid Stex bark {Chowdbury exf Chakrabarty, 1971a)

(Roy and Bhettackeryya, 192%)
(Ito anf Purgkave, 1987:)

(Barik et al., 1983)
{Biskay et al., 1980




fable § (Contiue)
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Cheaical substance Category Plant part Reference
3,5,6,8,3".4" %' Plavoneid Leaves (Raril et al., 1983)
Beptanethoryflavone
35,18, 059 Plavoneid Leaves (Joshi and Tamat, 1974)
Beptanethoryflavone - (Biskey ef al., 1987)
1.5.0.3040,5 Plavonoid Leaves (Bishay et al., 1981)
Beranetbozyflavone
§.6,1.3.0.5- Plavonoid Leaves (Bishay et al., 1987)
Pexasetberyflavone
Isoneranzin(173) Cotazris Leeves (Ito and Purukava, 1987a)
Isosurralonginel acetate Coukirin Leaves {Ito azd Furakawa, 19872)

(191)

Iscaurranganon sepecioate Cotnzrin Leaves {Ito and Purukava, 1987:)

(193)

Toeninbine (46) Carbazole aikaleid | Stem bark {Roy @nd Bhattackarya, 1%81)
Lupeol Cycleartenol Leaves {Biskay et al., 1980)
Yabaninbine(51) Carbazole alkeleid  |Tissues (Bhattacharyya et &, 1978
Keranzin(18§) Cotaerin Leaves (1to and Purukese, 1387:)
Yeranzin bydrate(183) Cotazrin Leaves {¥znandbar, 198§)
(Barik et al., 1983)
7-Rethory-8- (2'-aetbory-3'- | Coukerin Leives t¥anardbar, 1984)
bydrozy-3'-netbylbutyl)
cotkarin{iss)
Xezoticin(218) Counerin Stex bark (Chakraborty and Chowdbury, 1%€7)
Yirunicrolin{196) CouRerit Leaves {Ito and Turukaws, 1987a)
Kurracarpin(1%9) Couaria Leaves (¥enandher, 1986)
Yurrzlongiz(199) (otkeriz Leaves 'Tto axd Purukave, 1937a)
i Yurranganon(198) (sanarit Leaves (Ito and Purubeme, 19873
Furrazgatin(196) Cotkerit Leaves {Baril et al., 1983)
Lezves (Ito anf Purchene, 19672)
Yurrazgatin acetate(l97) fotnirit Leeves {Ito zxf Furaheme, 2%¢%:)




fatle € (Continue)
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{henical substance Category Plant part Reference
arraol (181) Counarin Leaves (Ito and Furukava, 1387a)
Leaves (Ito and Purukava, 1987D)
Rurrazocin(291) Counarin Leives {Barik ard Bundu, 1987)
urrazonia Cinnanic acid Leaves (Barik azd Bunde, 1987)
ferivative
Rurragatia(189) Comaerin Leaves (Barik, Dey, and Chatterjee,, 1983)
* |Leaves {140 and Purukaws, 1%87a)
Yurragazoline{63) Carbazole altaloid  |tissues (Bhattactaryye et al., 197¢)
Kurrayone(176) Cotnarin Leaves (Lakshai, Ratzam, an Subda Rao, 1972)
Osthenon(177) Cotazrin Leaves (Ito and Purukava, 1987a)
Ostbol(172) Comparin Leaves (Ito azd Purukava, 1%87a)
Leaves (Biskay et al., 1988)
56,734 Flavonoid Leaves (Bishay et al., 1987}
Pentinethozyflavone
Perozyeuraptencl(179) Connarin Leaves Ito and Purvkame, 19¢7a)
Leaves (Ito axd Puruase, 19578)
Phebalosin{i%4) Comarin Leaves {Ito and Furukawa, 19€74)
Sibiricol(207) Cousarin Leaves {Ito and Furukews; 19673)
Sitosterol-p-D-galactoside Stearoid Stew bark (Rbmad, Tripathi, ant Begua, 1987)
abelliferone(119) Counarin Leaves {Ito and Furukeve, 1987a)
Tuebchunene Indole alkeloid Roots (Torg et al., 198t}




fable 7 Chexical constituents of Xorrefe gleizell
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Chenical substance Category Plant part leference
Bulzesol Sesquiterpene Roots (Kumar et al., 1987)
Comnarrayin(213) Cownarin Root bark {Tusar, 1985}
Loots (Tuner ef al., 1980
Ezoticin Flavonoid Leives (vickranaratze, fusar, and Balastbraminian,
1984)
Gleinadiene(212) Cotnarin Roots (Kunar et &l., 1987)
gleinene(211) Coumarin Roots {Tunar et al.. 1987}
Guziol Sesquiterpene Roots (Tumar et al., 1987)
o-Gurjunene Sesquiterpene Roots (Tumer et al., 1987)
Berniarin{18%) Cousarin Ster bark {Rumar, 1985)
Keranzin(i8e) Couazrin Leaves (Fickranaratoe, Iuaar, and Balasubrananiaa,
: 1984)
Leaves (Tunar, 1985)
Yeranzin bydrate(183) Couarin Leaves (Fictraseratze, Tuaer, and Balasubramanian,
LY
i Leaves {Tugar, 1385)
Kexoticin{218) Connaris Leaves (Vickraneratne, usar, and Balastbraecnian,
1934)
Leaves (Fuar, 1385)
Root bark (Tunar, 1988}
Stes bark {Fugar, 1983)
Roots (Rumar ef al., 1987)
Murpanidisiide) (oanarin Root bark (Fuaar, 1383) :
| . T
 urragleinin(221) Counerin Leaves (Rickramaratoe, Iuar, and Dalasnbramaniae,
1984)
Leaves (Tusar, 198%)
purralongin(i96) Counarin Leaves | (Fickranaratze, Turar, and Balastbramanian,
1984) |
1 | beaves ! (Fumar, 1988) ‘
' g iloot bark (Tunar, 1985) %
l lStex bark “{Tugar, 1985) f
E ! Hoots (Lukar éf al., 1987) _
1 |
i |
L | |




fable 7 (Continue)
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Chenical substance (ategory Plant part Reference
Furrangatin(196) Counarin Leaves (Vickranaratne, Fuaar, and Balaswbramaniaa,
1984)
Leaves {Fumar, 1985)
Root bark (Kuaar, 1985)
Stea bark (Funar, 1985)
Roots (Tunar et al., 1987
Oaphanurin(214) Courarin Root bark {Tumar, 1985)
foots (Rumar et al., 1987)
Osthol(172) Courarin Boot bark (Ramer, 1985)
Roots {(Kumar ef al., 1987)
Phebzlosin(194) Coumarin Leaves (Vickrameratne, Iusar, and Balasubramanizm,
1984)
Leaves (Rugar, 1985)
Root bark (Tusar, 1985)
Ster bark (Fumar, 1985)
Toots (Tumar et al., 1987)
Scopoletin(166) Courarin Leaves (Vickramaratne, Iunar, and Balasubramenias,
1984)
Leaves (Kumar, 1985)
Sibiricin(216) Cotazrin Leaves (Vickrameratze, Iumer, znd Balzsubrameniam,
1984)
Leaves (Fusar, 1985)
Reot bark (Tunar, 1985)
Stew bark {Rukar, 1985)
Roots (Kumar et al.,1987)
Skiseiazine Qrinolize alkeloid | Deaves (Vickramaratze, Iuazr, aod Balasubramaniar,
1984)
Stigrasterol Sterol Leaves (Fickrameratze, Runer, ard Belasubrameniam,
1984)
Roots {Tuaar ef al., 1987)
Toddalezone(217) {otgzrin Roots {Rwear et al., 1987}

016311




fable § Chemical coustituents of Xurrifa boer:gii

Chemical substance - Category Mant part Reference
Currayangine(63) tatbazole altaloid 4 (Dutta, Quasim, and Vadia, 1369a)
Carryangin(6h) Carbazole alkaloid 1 (Dutta, Quasim, and Wadia, 1969b)
Cyclonabaninbine(58) Carbazole alkaloid  |Ste bark {Narasiabar and elkar, 1976)
Girininbine(37) Carbazole alkaloid  |Stea bark {Das, Chakraborty, and Bose, 1965)
Stea bark {Dutta azd Quasin, 1969)
Glycozoline(1f) Carbazole alkaloid t {Mesina et al., 1988)
Isorurrayazeline(64) {arbazole alkalocid | Stem bark (Bhattacharye, Roy, axd Chakraborty, 1982)
Toenidine (44) Carbazole alkaloid  |Leaves (Rarasinkan, Parakar, and Ielkar, 1976)
Toezigine(43) Carbazole eltaloid ~|Leaves (Narasiaban, Paradker, and Reltar, 1974)
Toeninbin (44) Carbazole alkeloid  |Pruits (Narasinban, Paradkar, and Chitguppi, 1968)
Toerine(39) Carbazole altaloid  |Leaves (Ferasiaban, Paradkar, and Kelkar, 197)
Toenoline(7) : Carbazole altaleid  |Root bark (Fiebig et al., 1985)
Kebazigbin{5l) Carbazole alkzloid | Stew bark {Weresieban, Paradbar, end Chitquppi, 1958)
Kahaninbize(51) Carbezole alkaloid  |Stes bark (Das, Chakraborty, azd Bose, 19€5)
Stex bark (Dutta axd Quasim, 1959)
Xebzniabinol (50) Carbazole alkaloid  |Stem wood (Rexz Rao, Bbide, and Mujuadar, 1984)
Kabarine(53) Carbizole alkaloid |Leaves {Berasizkaz, Paredlar, and Pellar, 1974)
Leives (ktta, laidi, and Pirfous, 1988)
2-Yethory-3- Carbazole alkaleid | Seeds (3tattacheryya and Choslhury, 1985%)
| ketbflearbazole(14)
3-Metbylearbazole(3) Carbizole altaloid t (Mesina et al., 1988)
Fukoeic acid(8) (arbazole alkaloid |Ste bark {Chowcbury and Chelraborty, 1959)
¥utonal(i2) Carbazole allaleid | Stems - | (Bhattacharyya and Chekraborty, 1984b)
Kekenidine{13) {arbazole allaloid t {Chakraborty, Roy, axd Gebe, 1978)
Kurrayanine(6) Carbazole alkaloid |Stem bark (Das, Chekraborty, and Bese, 1965)




Table § Chemical constituents of Xarraya roezigii {L.) Spreng.
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Chenical substance Category Plant part Reference
Yurrayanize(6) Carbazole alkaloid | Leaves (Gupta and Wigas, 1971)

fable 1§ Chenical cotstituents of Xarraya oerigil Spreng.

2-Bydrozy-3-
aetbylcarbazolelll)

Tsonzbazinbine (54)

Roeridine(44)
Toenigine(d3)
Loeninbidine (44)

Toeninbin (46)

Teerine(39)
pebaninbicine(54)
gabazigbidize(63)

Bebaniabine(51)

Keherinbinine(56)

Carbazole ailaloid
Carbazole alleloid

carbazole allaloid
tarbazole alkaleid
Carbazole alkeloid

Carbazole alkeloid

Carbazole alkaloid
Carbazole alkaloid
tarbazole alkeloid

Carbezole allaleid

Carbezole allaloid

Roats

Roots

Leaves and roots
t
4
1

Leaves and roots

Leaves
t

4

Leaves

Leaves

Leaves

Leaves and roots
Stes bark

4

Leaves

picyclonzhaninbicine(62) Carbzzole altaleid | Leaves (Rureel, Tapil, and Popli, 1974b)
picyclenabarinbine(6l) Carbazole altaloid | Leaves (Pureel, Tapil, and Popli, 196b)
¢yclonabeninbize(Ss) Carbazole alkaloid | Leaves (Fureel, Tapil, ad Popli, 196%3)
3-(1,1-Dinetbylalll) Cousaria Stes bark (Bhattacheryye exd Chetraborty, 138%a)
anthyletin(23d)

Girininbine(37) Carbazole alkaloid  |leaves and roots | (Joshi, amet, and Gawad, 19°0)

{Rong et al., 1385b)

(Bhattacharyya, Jask, and Chowdhury, 1986)
(Joski, Iamat, axd Cevad, 1970
(Barasiaban et al., 1975

(Birasistan et al., 1979)

(Nerasisban ef dl., 11s)

(Josti, Famat, aud Gavad, 1970)

(Rureel, Rapil, and Popli, 196%)
(Karesisban et al., 1978)

(¥arasinkzn et al., 1978)
(Tureel, Tepil, axd Popli, 1976D)
(Pureel, apil, exd Popli, 1967%)
(Iureel, Tepil, axd Popli, 19€3D)
(Josti, zmat, atd Gamed, 197H)
(Koy art Chakreberty, 19%4)

(Rarasiskan et al., 19%5)

(Lureel, Tepil, aud Pepli, 19762)
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7able 10 (Continue)

Chenical substance Category Hat part Reference
¥abanize(53) Carbazole altaloid + (Farasiaban et al., 1975)
Kukoeic acid(8) Carbazole alkaloid  |Barks (Chowdhury and Chekraborty, 1971a)
Yukolifize(9) Carbazole alkaloid 1 (Roy, Bhattackaryya, and Chakraborty, 1982)
ﬁlt;olyne(ill)i A CCarbizole alkaleit | ¢+ |(Ro, Blattackarjje, amd Chatraborty, 1882}  —
Kutoricine(45) Carbazole altaleid |Leaves (!nkperjee et al., 1983)
Kurragacize(38) Carbazole alkeloid  |Leaves axd roots {Joshi, Xamat, and Gaval, 1974)
urrayecinize(52) Carbazole alkaloid  |Berks (Cbakraborty ef al., 1974)
Rurragenine(6) Carbazole alkeloid  |Sten bark (Chakraborty, Barman, and Bose, 1965)
Rurreyazolidine(Se) Carbazole alkaloid | Stem bark (Chakreborty ef al., 1974}
Yurragazolinine(S9) Carbazole alkaloid |Sten bark (Chakraborty et al., 1973)
Scopolin(i67) Counarin Leaves (6upta and Kigaw, 1971)

fatle 11 Chemical constituerts of Xarriga Irazgsieasis

Gerazial Xozoterpene Leaves {Li, Zbang, and Zhu, 1988)

Gerazicl Yonoterpene Leaves {Li, Zhang, and Zbu, 1988)

erazyl acetate Yonoterpene Leaves {Li, Zhezg, and lhu, 1988)

Linoneze ¥onoterpese Leaves {Li, Zheng, azd Zim, 19%8)

Linelool Konoterpene Leves (1, Zheng, aad Ita, 1983)

Feral Konoterpene Leaves {Li, Zhang, acd Zhe, 1988)

Berel Yonoterpene Leaves (i, Zbeng, zné Zbe, 1988)

Beryl acetate Yoroterpene Leeves {Li, Zhang, and Zkw, 1988)

givtetpinene Konoterpene Leeves (Li, Zhang, and Zhu, 1988) i
L
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able 12 Chemical constituests of Murriyi aicropbylla (Kerr. and Chuz)
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Chenical substance Category Plant part Reference
Giriniabize(37) Carbazole alkaloid |Roots (lonqA et al., 1986b)

table 13 Chenical constituents of durriyi oaphilocirpi

Cherical substance (ategory Plant part Reference
Counurrayin{2il) Cotaarin Pruits (Yo et al., 1981)
5, 7-Dinstboxy-8-(3'- Couaarin Pruits (Vo et al., 1980)
petbyl-1'-oxobutyl)
cousariz(21%)

15403048 Plavonoid Pruits (Tu et al., 198%)

Beptanethoxyflavone

Rexoticin(218) Cousaria Truits (Fu et al., 1980)

Kurrayancl Flavonoid Fruits {Tu et al., 1980)
" |ogphantrin(214) Couraria Leaves (Vu, 1981)

Sitosterol Sterol Fruits Tu et al., 1988

fable 14 Chemical constituets of Marrapi paniculata

Chericzl substance Category Plact part Reference
Cousurrin(188) Couszrin Leaves (Igai, Iinoshita, and Sattawa, 1987
tlucose Sugar Flovers (v et &l., 1975)

Pruits (Tu et al., 1975)

Leaves (Rhosa, 1975)
Inperztorin(226) Counarin Leaves (Ganguly, Ghosh, and Basak, 1977)
Isogurrelongizol Couarin Leaves {Ito and Furukewa, 1987c)
picotizate(192)
Furparictlol (193) Cotezrin Leaves {Tazi, Iinoshita, and Sankeva, 1987)
Osthezsz(ll7) Couaerin Lezves (Ito azf Furnkawe, 1987c)
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fable 14 (Continue)
~
Cheaical substance Category Plant part leference |

Panial (198) Coumarin Leaves (Ito and Purckava, 1987c)
Paniculal (168) Counarin Leaves (Inai, Iinosbita, and Sackawa, 1987)
Papiculiz(111) Counarin Leaves (Inai, Kinoshita, and Sankawa, 1987)
paniculonol isovalerate(187) |Counrin Leaves (Ito and Purciava, 198%c)
Scopoletin(166) Counarin Flovers (Fu et al., 1975)

Fruits (fu et al., 197%)
Scopolin{l67) (oukaris Flowers {Yu et al., 1978)

Pruits (Yu e¢ al., 1975)

Table 15 Chemical constituents of Murri paniculata Jack

Chenical substance Category Flant part Reference
Bentriacontane Trclassified Leaves (Ehosa, 1975)
DPhebalosin(194) Counerin Leaves (Thosa, 1975)

Table 16 Chemical constituents of Murrapz papicalata (Lin.)

Cherical substance Category Plant part Reference
‘¥yricyl alcohol Rlcobol Leaves {Positong, 198
Phebalosis Oclassified Leaves (Positong, 1986)

Table 17 Chemical constituents of Zurréfs paziclata (Lizn.) Jack
Cheice] substance (ategory Plant part Reference
~{uraptencl{iT8) Couaric Leaves (Inel, Tinoshita, ead Sazkava, 1959
liemmpanisin Plavonoid Leaves (Varg and Du, 1984a)
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{1

Yetbyl §-
petbylarthranylate

Kexoticin(218)

xethylpropyl) counarin

de-¥-Yetkylacrozycine

fe-E-Yettylroracronyeine

Reridone altaloid
kerifore elkeloid

Lkzloid

Coanaria

Leaves

Toots
Roots

leot bart

Bsct bark

(Inai, Yinoskits, and Sazhava, 1989)

(Fauvel ef al., 1978)
(Tauvel et al., 1978)

(Inai et al., 1989)

(Inei et ol., 1989)

fable 11 (Continue)
Chenical substance Category Plant part Reference

Root bark (Inai et al., 1983

Leaves (Inai, Hinoshita, and Sentava, 1989)
Cousarraginill) Counaria Foliages (Dreyer, 1968)

. e — Poliages (Steck, 1972)

Cousurrin{188) Counarin Leaves (Iaai, Tinoskita, and Sankama, 1989) E
§,7-Dinethoxy-8-(3'- Comaaria Leaves (Yang and Su, 1983)
sethyl-2'-ozobutyl) Root bark (Inai et al., 1989)
counaria(2is)
Eduline Quizoline alkaleid | Root bark (Inai et al., 1989)
Ezoticin Plavonoid Leaves (Inai, Iinoshita, and Sankawa, 1989)
Bainanaurpenin{266) Comnarin Leaves and branches | (Yang and Du, 1984b)

Leaves {Inai, Tinoskita, and Senkawa, 1989)
1.58.0.354 8- Plavonoid Poliages {Dreyer, 1958)
Beptanethoxyflavone
PSR B R R Flavonoid Leaves (Yang and Du, 1984a)
Beptanethozyflavcze
{'-Bydrozy-3,5,6,7,3,'%'- Flavonoid Leaves (De Silva et al., 1980)
bexanethoxyflavone
Isoneranzin(17%) Counarin Leaves aad branches |(Yang and Du, 19843)

Leaves {Isai, Tizostite, and Santawa, L1989)
Isorexcticin(218) Comsarin | beates {Vazg and $u, 1383
Yerazzin bydrate(18d) Coukarin Leaves (Rej et al., 1976)

Leaves {Yarg and Du, 1%84a)

Leaves {Izei, Tineskita, and Sazkava, 1989)
1-Yethory-3-(2'-forayl-2'- | Coukarix Leaves and branches | {Tang and Du, 1984b)




table 11 (Contizue)
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Chenical substance lategory Plant part Reference
Yicrosinutiz(203) Counarin Leaves (Inai, Finoskita, and Sankewe, 1989)
Hurpazicin(201) Counarin Leaves (Tazg and Su, 1983)

{ Leaves and bracches |(Targ and Du, 1984b)
gurpaniculol(195)  {Cowsarin  fleaves |(Inzi, Kinoshita, and Saakama, 1989)
Yurpanidin(196) Counarin Leaves (Tang and Su, 1983)

Leaves {Vang and Du, 1984z)
!urxalt;ngin!m) Cotkarin Leaves (2aj et al., 1976)

Leaves (Yeng and Su, 1983)

Leaves {Inai, Kinoshitaa, and Sazhama, 1989)

Root bark (Inai et al., 1989)

Root bark (Fizoskita et al., 1989)
Rurrangatin(196) Counariz Leaves {Raj et al., 1976)

Leaves (Imai, Tivoshita, and Seekawa, 1989)

Root bark Unei ef al., 1989)
Burrangatin acetate(19) Courarin Leaves (Inai, Tinoshita, and Sembawa, 1989)
Rurrayatin(189) Counarin Leaves | (Isai, Tinoskita, and Sankawa, 1989)
Toracraagein Reridore alkeloid  !'Roots (ia-:rel et al., 1978)
0sthol{i72) Courarin Foliages {Steck, 1972)

Root Dark {Tinoshita et al., 1989)
Pariculatin(202) omazrin Foliages {Steck, 1972)
Panictlidine-d Indole alkaloid Root Dark (Linoshita, fatara, and Saxkawa, 1985)

Root berk {(Titoskita ef al., 1989)
Pazicelidine-B Indole alkaleid Root bark {Lizoskita, Tatara, and Sazkawa, 1985)

Boot bark Tizoshita ef al., 1989)
Pariculin(171) Coukarin Leaves {Inai, Rinoshita, and Sankewa, 1989)
5.0, 5 Flavonoid Leaves aud brauches [(Yarg end Du, 1984D)
Pentanetbozyflavone Root bark {Inai et al., 1989)
Scopoletin{164) Cotazrin Root bark {Taai et al., 1939)
Sibiricin(216) {ourarin Rost berk (Tnei et al., 1989)
Stimmianine Quizolize alkeloid | Roots {Fatvel el &l., 1978)
Tuebcluneze Indcle albeleid Rosts {Terg et al., 1986}
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5,7-Dinethoxy-8-(3'- Couszrin Plovers (fu, Liou, and Kuoh, 1989)
pethyl-2'-oxobutyl)

counarin{219)

Mopanidin(196) Counarin Flovers (¥u, Liou, and Kuch, 1989)

Yurracarpin{199) Counzrin Plovers (fe, Liou, ard Iuod, 1989)

Yurraculatin(210) Courarin Leaves (Vu, 1988)

Nurrayacerpin-k(169) Coumarin Flovers (¥e, Liou, azd Ruck, 1989)
Yurrajacarpin-B(208) Comnaria Flovers (Tu, Liou, and Yusk, 1989)

Yurrayanone{220) Courarin Leaves {Te, 1988)

Oapbalocarpin(219) Comnarin Flovers {¥u, Liou, azd Emod, 1989)

Paniculatin{202) Comnarin Leaves {fu, 1988)

Scopoletin(164) Comaarin Flovers (¥, Liou, and Kuok, 1989)

Scopolin(167) Cougarin Plovers (¥u, Liou, and Iuok, 1989)

Seselinal (i89) Cousarin Leaves (fu, 1988}
fuehchuzene Indole alkiloid Roots {Tong et al., 1386h)

sable 19 Chenical constituests of Xorraps siamersis Craib

Cherica! substance Category Plant part Reference
Girininbize(37) Carbazole alkaloid |Roots {Tong et al., 198€D)
Kurrayanine(6) Carbazole alkaloil |Roots (Piebig et al., 1985)

+ = Tnclassified part



24

2. Carbazole Alkaloids

2.1 Introduction

A wide variety of structurally different alkaloids

are known to be present in the Rutaceae family

~  e.g. alkaloids belonging to the quinoline, furoquinoline,
pyrrolidine, quinazoline, protoberberine, imidazole, oxazole

and aporphine types have been obtained. A number of

L 4 alkaoids which are carbazole derivatives have been isolated
in recent years. Carbazole (1) was first isolated in 1872
from coal tar by Graebe and Glazer. Its occurrence in
plants was not reported until 1964-65 when thé structure of
murrayanine (6) the first member of carbazole alkaloids was
reported (Chakraborty, 1980). From plant sources almost all
of carbazole alkaloids have been reported in the family
Rutaceae, subfamily Aurantioideae in tribe Clauseneae. There
is found only one carbazole alkaloids ‘ekeberginine' (32)
from stem bark of Ekebergia senegalensis family Meliaceae
(Lontsi et al., 1985). Over the past ten years a number
of carbazole alkaloids, such as carbazomycin-B (24) (Kaneda

et al., 1981), has been found in marine sources and

microorganisms,
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2.2 Classification

Whereas most groups of indole alkaloids have been
known for many Yyears, the carbazole alkaloids are a
relatively recent addition in this area and included
in tryptophan- derived alkaloids, there is at present no
evidence to support this classification. However carbazole
alkaloids have been described into three basic types. All
are based on the parent carbazole nucleus(l), but they
differ in the number of carbon atoms attached to nucleus.
The groups are better analyzed however in terms of the
number of isoprene unité linked to an indole nucleus.
The first group, represented by murrayanine(6é), has an
indole unit plus one isoprene unit, the second group e.g.
heptaphylline(26) has an indole unit plus two isoprene
units, and the third group e.g. mahanimbine(51) has an

indole unit plus three isoprene units (Cordell, 1981).

Similar to Cordell, Chakraborty (1980) classified

carbazole alkaloids into three main groups as below:-
Members with C-13 carbon skeleton.
Members with C-18 carbon skeleton.

Members with C-23 carbon skeleton.
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From dictionary of alkaloids (Southon and Buckingham,
1989) they have been classified carbazoles as alkaloids

derived from tryptophan and sub-divided into:-

2.2.1 Simple carbazoles, there is simple

groups substitute on carbazole nucleus(1l).

2.2:2 Carbazoles with an additional

dimethylallyl substituent.

2 e Pyranocarbazoles, in which a prenyl

residue has cyclized on to a phenolic hydroxy groups.

2.2.4 Other alkaloids , in which a complete

monoterpene - unit has been introduced into the carbazole

nucleus(1).

2:2.5 2 number of bis-carbazole alkaloids.

The carbazole alkaloids that have been reported from

natural sources are listed below:-




2.2.1 Simple carbazoles

Reference

(Chosdhury et al., 1987)

5
6
B
7 N
8 H
Carbazole nucleus(1)
Campound Substituent
Carbazole(1) =
3-Formylcarbazole(2) 3-CHO

3-Methylcarbazole(3) 3-CH,

3-Formyl-1- 1-08
hydraxycarbazole (4) 3-Cw0

Murrayafoline-A(5) 1-0CH;
3-CH;
Murrayanine(6) 1-0CH;
3-CHO
Koenoline(7) 1-0CH,
3-CH,0H
Mukoeic acid(8) 1-0CH;
3-COCH
Mukolidine (9) 1-0CH;
6—CHO

(Ito, Wu, and Furukawa, 1988)

(Roy, Bhattacharyya, and Chakraborty,
1974)

(Joshi and Gawad, 1974)

(Chowdhury et al., 1987)

(Adesina et al., 1988)

(Ngadjui et al., 1989a)

(Ngadjui et al., 1989c)

(Wu, Ohta, and Furukawa, 1983)
(Kong et al., 1986b)

{Chakraborty, Barman, and Bose, 1965)
(Bhattacharyya and Chakraborty, 1973)

(Fiebig et al., 1985)

(Chowdhury and Chakraborty, 1969)

(Roy, Bhattacharyya, and Chakraborty,
1982)

27




Mukoline (10)
2-Bydroxy-3-
methylcarbazole(11)
Mukonal (12)
Mukonidine (13)
2-Methoxy-3-
methylcarbazole (14)

Glycozolinol (15)
Glycozoline (16)
Lansine(17)
2-Hydroxy-3-formyl-7-
methoxycarbazole (18)
Glycozolidol (19)

Glycozolidine (20)

Glycozolidal(21)

1-0CH,8
6~CH,OH

2-0H
3-CEy

2-08
3-Co

2-0H
3-C00CH;

2-OCH,
3-CH;

3-CHy
6-OH

3-CH;
6-&83

2-0H
3-CHO
6-0CH3

2-08
3-CHO
7-0CH;

2-0CH;
3-CH;
6-0H

2-0CH;
3-CH,

6-0CH;
2-0CH;

6-OCH,

(Roy, Bhattacharyya, and Chakraborty,
1982)

(Bhattacharyya, Jash, and Chowdhury,
1986)

(Bhattacharyya and Chakraborty,
1984b)

(Chakraborty, Roy, and Guha, 1978)

(Bhattacharyya and Chowdhury, 1985b)

(Bhattacharyya et al., 1984)

(Chakraborty, 1966)
(Rastogi, Kapil, and Popli, 1980)
(Adesina et al., 1938)

(Prakash et al., 1980)

(Chaichantipyuth et al., 1988)

(Bhattacharyya, Chakrabartty, and
Chowdhury, 1985)

(Chakraborty and Das, 1966)
(Anwer, Kapil, and Popli, 1972)
(Rastogi, Kapil, and Popli, 1980)

(Bhattacharyya and Chowchury, 1985a)

28
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Murrayastine (22) 1-0CH; (Furukawa et al., 1986)
3-CHs
7-0CH3
8-0CH3

Murrayaline (23) - 2-0CHy (Furukawa et al., 1986)
3-CH;
7-0CH;
8-CHO

Carbazamycin-B (24) 1-CHy (Kaneda et al., 1981)
2-CHj
3-0CH;
4-OH

N-Methoxy-3- o (Ito, Wu, and Furukawa, 1988)
formylcarbazole
(25) "

|
OCH;

2.2.2 Carbazoles with an additional dimethylallyl substituent

5 4
° ’ /\/k
7 N 2

8 H 8|

Carbazole nucleus (1)

Campound Substituent Reference
- Heptaphylline (26) 1=R (Joshi et al., 1967)
2-0H (Anwer et al., 1977)
3-CHO (Prakash et al., 1980)

(Wu and Furukawa, 1982)

(Wangboonskul, Pummangura, and
Chaichantipyuth, 1984)

(Ngadjui et al., 1989c)




6-Methoxyheptaphylline
(27)

T-Methoxyheptaphylline
(28)

Heptazoline (29)

Clausenapin(30)

Indizoline(31)

Ekeberginine (32)

Clausanitin(33)

Atanisatin(34)

Murrayafoline-B(35)

Isomurrayafoline (36)

1=R
2-0H
3-CHO
6-OCH;

1=R
2-08
3
7-0CH;

1=R
2-0d
3-CHO
8-CH

1-0CH;

3-CH,

1-0CH;

3-CHo

1-0CH,
3-CHO

3-CHO

e 2
=

2-0CH,

1-CH
3-CH,
7-0CH;

2-0H
3-CHy
7-0H,

30

(Joshi, Gawad, and Kamat, 1972)

(Chaichantipyuth et al., 1988)

(Chakraborty, Das, and Islam, 1970)

(Bhattacharyya, 1984)
(Joshi and Gawad, 1974)
wontsi et al., 1985)
(Ngadjui et al., 1989c)
(Okorie, 1975)

(Okorie, 1975)

(Furukawa, Wu, and Ohta, 1983)

(Ito, Wu, and Furukawa, 1987)




2.2.3 Pyranocarbazoles

31

Compound

Girinimbine (37)

mrrayaciﬁe (38)
Koenine (39)

Koenimbin (40)
Koenimbine (40)
Mupamine (41)
Heptazolidine (42)

Koenigine (43)

Koenidine (44)

Koenigicine (44)

Koenimbidine (44)

Substituent

3-CH;

3-CHO

3-CH
6-0H

3-CHy

6-0CH;

3-CH
8-0CH;

Reference

(Das, Chakraborty, and Bose, 1965)
(Joshi, Kamat, and Gawad, 1970)
(Kong et al., 1986b)

(Adesina et al., 1988)

(Joshi, Kamat, and Gawad, 1970)
(Ray and Chakraborty, 1976)

(Narasimhan, Paradkar, and Kelkar,
1970)

(Narasimhan, Paradkar, and Chitguppi,
1968)

(Roy and Bhattacharyya, 1981)

(Mester and Reisch, 1977)

(Ramaruzzman, Roy, and Chakraborty, |
1989)

(Chakraborty et al., 1985)

(Narasimhan, Paradkar, and Kelkar,
1970)
(Bowen and Perera, 1982)

{Narasimhan, Paradkar, and Kelkar,
1970)

(Rureel, Kapil, and Popli, 1969a)

(Joshi, Kamat, and Gawad, 1970)




Mukonicine (45) 3-CH, (Mukherjee et al., 1983)
6-0CH;
8-0CH3
Heptazolicine (46) CHO (Bhattacharyya, Chakraborty,
O O and Chowdhury, 1984)
N 0 '
o B
Dihydroxygirinimbine (Furukawa, Wu, and Kuch, 1985a)
(47n O O CH3
N 0
B
HO
OH
5,6-Pyranoglycozoline (Kong et al., 1988)
(48)
ey
0
R s
N
H
Pyrayafoline (49) (Furukava et al., 1986)

QL
0 N OCH;
] =
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2.2.4 Other alkaloids, in which a complete monoterpene units

5 4
G/l 3
R=7 =
8 H 1

Carbazole nucleus(1)

Campound Substituent Reference
Mzhanimbinol (50) 1-R (Rama Rao, Bhide, and Mujumdar,
2’{!1 190\-)
3-CHy

Mahanimbine (51) 3-CH3 (Das, Chakraborty, and Bose, 1965)
(Bhattacharyya et al., 1978)
Mahanimbin (51) (Narasimhan, Paradkar, and
Chitguppi, 1968)

Murrayacinine (52) 3-CHO (Chakraborty et al., 1974)
¥ahanine (53) 3-CH, (Narasimhan, Paradkar, and Kelkar,
7-0d 197¢)

Mahanimbicine (54) 6—CH3 (Kureel, Kapil, and Popli, 1970b)

33
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Vahamizboline(5) /\\)\ (Gosh and Chakraborty, 1979)
= —

Mahaninbinine(s6) o _ /\k“* (Rureel, Rapil, and Popli, 1970a)

CHy

Exozoline (57 R= < (Ganguly and Sarkar, 1978)

Cyclonahanimbine (58) R= </ (Kureel, Kapil, and Popli, 1969Db)

Murrayazolidine (58) (Chakraborty, Bhattacharya, and
Mitra, 1974)

Murrayazolinine (59) R= éoﬂ (Chalraborty et al., 1973)

Curryangin (60) (Dutta, Quasim, and Wadia, 1969a)

o= b



5 4
QWP
L N

>

o

Bicyclomahanimbine (61) 3-CH;3 (Kureel, Kapil, and Popli, 1969b)
Bicyclamahanimbicine 6—CH3 (Kureel, Kapil, and Popli, 1970b)
(62)

Currayangi.ne(é) 3-CH; (Dutta; Quasim, and Wadia,1969b)

Mahanimbidine (63) (Kureel, Kapil, and Popli, 1969b)

Murrayazoline(63) (Bhattacharyya et al., 1978)

Isomurrayazoline (64) 6-CHj (Bhattacharya, Roy, and Chakraborty,
1982)

2.2.5 A number of bis-carbazole alkaloids

Q! J o
Bismurrayafolinol (65)
(Ito, Wu, and Furukawa, 1987)
4y

5 OCH;

35




36

Gy
O N O Bismurrayafoline-A(66)

(Furukawa, Wu, and Ohta, 1983)

OCH3

Bismurrayafoline-B(67)
(Furukawa, Wu, and Ohta, 1983)

Murrafoline-A(68)
(Mc Phail et al., 1983)




Murrafoline-B(69)
(Furukawa, Wu, and Kuch, 1985b)

Murrafoline—C(70)
(Furukawa, Wu, and Kuoh, 1985b)

Murrafolins-D(71)
(Furukawa, Wu, and Kuch, 1985b)

3



2

Murrafoline-E(72)
(Ito, Wu, and Furukawa, 1988)

Murrafoline-F(73)
(Ito, Wu, and Furukawa, 1988)

Oxydimurrayafoline (74)
(Ito, Wu, and Furukawa, 1987)

38
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2.3 Biosynthesis

Little is known concerning the biosynthesis of the

carbazole alkaloids, an important group that displays

widely varied structural features. Several working
hypothesis have been proposed for the origin of the
carbazole nucleus (1), possible precursors include

anthranilic acid, mevalonic acid, and tryptophan (Husson,

1985).

There have been postulated that the indole ring
could arise from anthranilic acid via dimethylallyl
guinolines and subsequent ring contraction. However

consideration that tryptophan is the substrate to which the
C5—units initially attacks the 3-position of the
heterocyclic system. Subsequently cyclization and 1loss of
serine residue ih presence of pyridoxal coenzyme give
a dihydrocarbazole which on dehydrogenation yields a 3-
methylcarbazole(3). Further steps in the biogenesis would
include aromatization, incorporation of a hydroxyl group at
2-position, introduction of terpene chain at l-position and
cyclization to give the fused pyranocarbazole ring (figure

2) (Narasimhan et al., 1975 ; Chakraborty, 1980).



2 :

CHz—éH COOH

NHj

~

Hy-CH- -COOH
I CHj

H
lerldoxal coenzyme

(e

3—Methy1carbazole(3*)

!
l =

9

3

)2
)

OH
2-Hydroxy-3—methy1carbazole}11*)
Alkaloids

Figure 2 Biosynthesis of carbazole alkaloids

40
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3-Methylcarbazole (3) isclated from Clausena
heptaphylla (Roy, Bhattacharyya. and Chakraborty, 1974) has
been postulated to be the key intermediate for the
" biogenesis of carbazole alkaloids and that this compound may
then be the object of hydroxylation and prenylation reaction
(figure 3) (Cordell, 1981). The addition of a mevalonate
at the C-1 position interact to the phenol group at C-2
provides a route to C-18 carbazole alkaloids group
(pyranocarbazoles). The incorporation of a monoterpene unit
would give C-23 alkaloids whose cyclization affords,
for example, murrayazolidine (58) (Husson, 1985). The
isolation of 2—hydrcxy—3—methy1carbazole (11) from the root
of Murraya koenigii is of significance biogenetically

(Bhattacharyya, Jash, and Chowdhury, 1986).
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H
3-Methylcarbazole(3)

QL

H
2-Hydroxy—3—methy1carbazole(11*)

C5—unit Cip-unit

@ﬁ RO

" £/ ~0H x o

H

i 7 e
(Not known) Mahanimbinol(sw*)
Girinimbine (37) Mahanimbine (51)
Murrayacine (38)
Koenigicine (44)
Figure 3

Biosynthesis of carbazole alkaloids from 3-methylcarbazole(3)
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2.4 Biological Activity

The antibiotics from higher plants have been subject
of numerous investigation. It is still a matter of
experience that few compounds from these sources have
pbeen found substantially promising as compare with the
antibiotics of microbial origin. Since carbazole alkaloids
formed a new group of plant products, the examination of

antibiotic action have been reported.

Das, Chakraborty, and Bose (1965) reported the
antifungal action of murrayanine(6) ., girinimbine(37), and
mahanimbine (51) on someé human pathogenic fungi. The

compounds were tested against the fungi Microsporum gypseum,
Microsporum audouini, Trichophyton rubrum, Nocardia
asteroids, Epidermophyton floccosum, and Candida albicans.
The experiments were carried out by the usual agar-cup assay
method using Sabouraud's agar medium. The results of
assay are presented in table 20. The minimum inhibitory
concentration (MIC) was determined, using dilute solution

of the materials in the assay procedure. This data is shown

in table 21.



Table

girinimbine (

37) and mahanimbine(51)
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0 The antifungal action of murrayanine(6),

. zone of inhibition (mm)
Test organlisms
Girinimbine |Murrayanine Mahanimbine
Microsporum gypseum 20 14 12
-\Microsporum audouini 18 = -
Trichophyton rubrum 16 10 12
Nocardia asteroids 24 - 20
Epidermophyton floccosum - = =
Candida albicans 9 9 9

Table 21 MIC (pg/ml) of cirinimbine(37),

and mahanimbine (51)

murrayanine(6),

i

L

Test organisms Girinimbine | Murrayanine Mahanimbine
‘Microsporum gypséum 300 3000 3000
Microsporum audouini 300 - i
Trichophyton rubrum 300 3000 3000
Nocardia asteroids 30 3000 300
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The structure of mahanimbine(51), koenimbine (40) .
and N-methylmahanimbine (75) are of close similarity to
acronycine (76) which is known for its antitumour activity.
So three carbazole alkaloids were tested for their
anticancer, preliminary reports indicated that all of them
were inactive. Mahanimbine (51) was also tested for its

antimalarial activity. The result was negative (Narasimhan

et al., 1975).

O  OCHj
oy
=
v 0 N (0]
{
RS CH;
(40) R/=H (51) ‘ (76)
R = CH3 (75)

Chakraborty (1980), again examined the antibiotic
action of carbazole alkaloids. These compounds Wwere
tested by the agar cup assay method using Sabourad's medium
against Microsporum gypseun, Trichophyton rubrum,
Epidermophyton floccosum, Candida albicans, Candida
tropicalis, Staphylococcus aureus, and Escherichia coli.
Glycozoline {16) ; glycozolidine (20), murrayanine (6),
girinimbine(37), mahanimbine(51), and heptazoline(29) were
active.at a concentration of 10 pg/ml. The most significant
activity was observed with 6—hydroxy—3-methy1carbazole(15)
which could inhibit the growth of Trichophyton rubrum at
10 pg/ml. Girinimbine (37) was active against Nocardia

asteroids at a concentration of 30 pg/ml.
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Glycozolidol (19) was screened for antibacterial
activity against both Gram-positive and Gram-negative
bacteria using the standard cup assay method at a
concentration of 200 pg/ml. The bacteria used were
Staphylococcus aureus, Bacillus firmis, Sarcina lutea,
Escherichia coli, Agrobacterium tumefacients, and Proteus
vulgaris. Glycozolidol (19) was active against all the
organisms tested except Escherichia coli. Gram-positive
strains are more susceptible to the compound than Gram-

negative ones (Bhattacharyya., Chakrabartty, and Chowdhury,

1985).

2—Hydroxy-3-formy1-7-methoxycarbazole (18) and 7-
methoxyheptaphylline(28) were tested for biological activity
in several bioassays including the brine shrimp lethality
assay, and cytotoxicity in murine leukemia (9PS), human
nasopharyngeal carcinoma (9KB and KBMRI), human lung
carcinoma (A-549), and human colon adenocarcinoma (HT-29).
Compound 18 was found to be toxic to brine shrimp at an LCgyg
value of 35.1 ppm with a 95 % confidence interval of 21.2-
51.4 ppm. Compound 28 was found to have an Lcsé value > 500
ppm. Both compounds were inactive on 9PS with EDgg value >
10 pg/ml, but slightly active in 9KB, KBMRI, A-549, and HET-
29 cell lines, with compound 28 showing stronger activity

(table 22) (Chaichantipyuth et al., 1988).
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Table 22 Biological activity of 2-hydroxy-3-formyl-7-
methoxycarbazole(lB) and 7-methoxyheptaphylline (28)
Brine shrimp 9KB KBMRI A-549 HT-29
Compound
LCggp (PPM) Ensm(pg/ml)Enso(pg/ml)EDS@(pg/ml)EDso(pg/ml)
18 35(51/21) 5.70 4.48 2.74 4.00
28 >500 3.01 2.8 2.16 1.30
2.5 Synthesis
Murrayanine (6) was obtained from the stem bark of
Murraya koenigii (Chakraborty, Barman, and Bose, 1965). The
UV spectrum of murrayanine (6) was similar to that of

3-formylcarbazole,

was

has

necessary for

condensation of 2-hy

with

condition. The

phenyldiazonium

1-phenylhydrazone

1,2,3,4—tetrahydrocarbazole(80)

acid

agent.

tetrahydrocarbazole (80)

and

The

{79},

was

dehydrogenation of

chloride(78)

been confirmed by synthesis (figure 4) . The

cyclized

using a mixture

concentrated hydrochloric acid as

1-ox0-3

with P4d-C (10 %) in a

under

to

put after potassium borohydride reduction
similar to that of 1—methoxycarbazdle. This structure
hydrazone
the present synthesis was obtained by the

droxymethylene—5-methy1cyclohexanone(77)

Japp-Zlingemann

of
the

-methyl -1

seal

resulting 4 -methylcyclohexane- 1,2- dione-

1-oxo-3-methyl-

acetic

condensing

Y

tube
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under evacuated condition instead of chloranil
furnished 1—hydroxy—3—methy1carbazole(81). This was found to
be identical with the phenol (81) obtained by demethlylation
of the Wolff-Kishner reduction product of murrayanine(6).
1-Acetoxy—3—methy1carbazole (82), obtained by acetylation of
phenol(81) with pyridine and acetic anhydride, was identical
with the phenol acetate derived from murrayanine (6).
Compound 81 on methylation with diazomethane in the presence
of methanol furnished 1- methoxy-3- methylcarbazole (5%)
identical with the Wolff- Kishner reduction product of
murrayanine(6) . This eventually confirms the structure of
the Wolff-Kishner reduction product of murrayanine (6) as
1—methoxy—3-methy1carbazole(5*). Compound 5* was brominated
ﬁith N-bromosuccinimide in the presence of traces of benzoyl
peroxide to 1- methoxy- 3- hydroxymethylcarbazole {83) .
Compound 83 was found to be identical with the borohydride
reduction product of murrayanine(6). The benzylic alcohol
(83) was oxidized with manganese dioxide in carbon
tetrachloride to 1-methoxy-3-formylcarbazole (6) which was
found to be identical with natural murrayanine(6) in all

respects. (Chakraborty and Chowdhury, 1968).
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CH 4
CH; & \
- _—
‘ * X \N-NZ
\N=NCl1  HOHC H J

© (79)
(78) (77) l
CH,
= | -
S v
H o)
(30)

4

CHj Methylation _CH3
4 < = QI
S N Demethylation N~

H

OR
(81)
Acetylation
\1/ CH3
&
. I
g o NS N’
% H
- 0-C~CHg
i 0
w o (82)
- 0 :
i 5
o
=

Figure 4 Synthesis of murrayanine(6)
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Heptaphylline (26) was obtained from the roots of
Clausena heptaphylla (Joshi et al., 1967) and again the UV
spectrum was similar to that of carbazole-3-aldehyde (2*).
The structure was confirmed by the reaction of compound g*
with 3,3-dimethylallyl bromide at 25dc in presence of
potassium hydroxide or treatment of compound 2* with

2-methyl-3-buten-2-o0l in presence of BFj-etherate in dioxane

(Joshi et al., 1972).

The synthesis of murrayacine(38) (figure 5) has been
accomplished by the treatment of 4-hydroxymethyl-3-
hydroxyaniline (84) with formylcyclohexanone(85) under Japp-
Klingemann condition furnished cyclohexane-1,2-dione-4-
hydroxymethyl-3-hydroxyphenylhydrazone(86). Compound 86, on
indolization with a mixture of glacial acetic acid and
hyd:rochloric acid, furnished the indole-2-hydroxy-3-
hydroxymethyl-8-oxo0l-5,6,7,8-tetrahydrocarbazole(87). Wolff-
Kishner reduction of the keto alcohol (87) furnished 2-
hydroxy- 3-hydroxymethyl- 5,6,7,8- tetrahydrocarbazole (&8).
Compound 88 was acetylated with 2,2- dimethylacroylyl
chloride: at 5°C in the presence of pyridine and compound
(89) was obtained. The phenol ester(89) on Fries migration
and subsequent treatment with hydrochloric acid furnished
the chromanone(90). Compound 90 was dehydrogenated with
palladized charcoal when the indolochromanone (91)
was obtained. The chromone derivative was reduced with

sodium borohydride when the alcohol (92) was obtained.




51

Dehydrotosylation of the tosyl derivative(92) in the
presence of collidine furnished chromenoindole (93), which
had the characteristic UV spectrum of a pyranocarbazole like
girinimbine(37). Oxidation of chromenoindole (93) with active

MnOy furnished murrayacine (38) (Chakraborty, Islam, and

Bhattacharyya., 1973).



52

N
H
0 (84) o
(86)
(85) l
CH,OH CH,OH
CL, «— (10
H o) H
(88) (87)
CH,OH

CH,OH CHO
O —— Q)
N 0 N 0
H - »

(93) (38)

Figure 5 Synthesis of murfayacine(38)
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The most complex alkaloids are those derived from
indole and three isoprene units or carbazole nucleus(l) plus
monoterpene. Mahanimbine (51) from the stem bark of Murraya
koenigii (Das, Chakraborty, and Bose, 1965) was the first
alkaloid of this type to be isolated. Its UV spectrum was
similar to that of girinimbine (37). As in the synthesis of
heptaphylline(26), 2—hydroxy—3—methylcarbazole(11*) is a key
intermediate in synthesis of mahanimbine(51) too (figure 6).
By Ullmann condensation of 2-nitrobromobenzene (94) with 4-
bromo-2-methylanisole(95) gave the biphenyl(96), which could
be cyclized to the carbazoles 14" and 97 with triethyl’
phosphite. Demethylation of the major component afforded
compound 11*. Condensation with citral can be carried out in
the presence of anhydrous ferric chloride or pyridine with 2

% benzoic acid to afford mahanimbine(51) (Cordell, 1981).
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BE Br CH3
2 . T
NO2 OCH,
(94) l (95)
CH3
‘g :Noz ‘E :oc33

(96)

CH
D, t - QL.
~
N oCH2 N £~ ocH,
H . CH,

*
(97) l (147)
CH
o oA
NS N = OH
H
(112*)
Citral

Figure 6 Synthesis of mahanimbine(51)

Note The compounds with asterisks (*) are also found as

natural products.
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Conpound Botanical origin Plant part Reference
Ltazisatin(34) Clansens arisiti Stess (okorie, 1975
bicyclonabaninbicine(62) | dorrapd oenigil Leaves (faresl, Tepil, and Popli, 1970D)
Bicyclonshaninbine(€l) Yurrifa hoenigii Leaves (Pureel, Tepil, aal Popli, 1263h)
Bisacrrajafoline-k(66) Yorraga eachrestifolia + (Furukana, ¥o, and Chta, 1983)
Bisaurrzyafolize-B{67) Kirrigi euckrestifolia t (Purtiesa, W, awd Chte, 1983)
B:saurrayefolinol (65) Ferrapa evchrestifolia | Stew bark {ito, Wu, 25d Purchewa, 197
Carbazole(l) §lycosais pentapbflla | Root bark (Chovdbury et al., 1387)
Clansanitin{3d) (laiseza anisiti Roots {Okorie, 1975)

Clausezapin(df) (lagsera beptaphylla Leaves {Bhattacharyya, 1984)
Curragazgine(63) Xurrayé koenigil + (Dutta, Quesim, and Vadia, 1969b)
Curryazgin(6d) Yerrige boenigil + {Duttz, Quasin, aud Vadiz, 196%a)
Cyclonzbaninbine(58) Yarrapa koenigil Leaves (Rureel, Iapil, anf Popli, 1963}
Yorrépe beenigii tster bark ¥arasizber and Dellar, 1976
Ditydrozygirininbine(dl) | Marripi eichrestifolia | Root bark (Purubena, ¥u, end Ioob, 198%a)

Ekeberginine(32)
Ezozoline(57)
3-Forajlearbazolell)

3-Forayli-1-
bydrozycarbazelels)

Girinizbine(37)

(lacsezé anisata
Yorrape exotici
Kirrifi euckrestifclia

Clivseza anisita

Yorrige oenigli
Yurréga toenigii
Yerrigi boenigli
(lanseza beptaplylla
{laasera beptaphylli
crrafa crerclite
Yorrigi enchrestifelia
Yorraje boesigli
Yorrage aicrophylla
Yerrape siapensis
{lapsené anisita
(leusere énlséte

Stes bark and roots
Leaves
Roct berk

Stex bark and roots

Stes bark
Stes bark
Leaves and roots
Roots
Rocts
‘XQats
| Roots
 Roots
 Roots
{ Roots
4
Stex bark and rosts

{Bgediui et al., 19%%c)
(6engaly and Sariar, 1978)
(1te, Vs, ez Purchema, 1988)

IBasdigs b & A
‘\Eicﬂju £ u’.. 1%9»)

(3as, Chekraborty, aud Bose, 1965)
{butta and Quasik, 1959)

(Joski, Pamat, axd Gewad, 1978}
(Joski et &l., 1372)

(Ray ard Clekraberty, 1976}
(Yong et &l., 19863

{Tozg &b al., 198E3)

{Torg el ¢l., 186D

(Tozg et al., 198ED)

(Roxg et &l., 1986}

(Mesina et al., 1988)

(Bpedini et al., 198%¢)
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Beptazelicine(d)

Beptazolidine(42)
Beptazolize(29)

2-Bydrozy-3-foreyl-1-
xethozjcarbazoleis)

2-Bydrozy-3-
pethjleerbazole(ll)

Indizolize(31)

Issrabazigbine{54)

Isorurreyafoline{3f)
Isokurreyezoline{fd)

Yoeridize(44)

{lagsena bariandiand

{lavsena repliphylla

(lézsene heptaphylla
(lausesa beptaphylla

(liusenq barsandiane

Xorraye boerigil

Clzusena izdice

srréfa oenlgli
Xorreyi boenigii

srréje erckrestifolia
Kerrefe boeaigii

Yorrage beerizil

Xorrapa foenipil

Root bark
ter bark awd roots

Reots

+

Ster bark

Roat bark

Bosts

Roots

Lezves and roofs
+

Stex berk

Stew bark

Leaves

Conpound Botarical origiz Plant part Reference
Glycozolidal(21) Glycoskis pentipbylla | Roots {Bhattackaryya axé Chowlbury, 198%a)
Glycozolidine(2) ¢lyeosais pertaphylla t (Chakraborty and Des, 1966)

¢lycoskis pertapiplla | Root bark (Ruver, Fapil, aud Popli, 1972)

Gljcosais pentiphylla + (Chakraborty, Dis, and Basak, 1974)

Slycoskls saaritiana Roots (Rastogi, apil, azd Popli, 1984)
§1ycozelidol (19) ¢lycosais pestaplylla | Roots (Bhattacharyya, Chetrabertty, and

{hordkury, 1985)

Glycozeline(16) Clycoseis pertipiylla 4 {Chakreborty, 1966)

¢lpcosais pentaphylla - | Root bark (Chakraborty, 1963}

Clycoskis aarritiasa Roots {Rastogi, Kapil, azd Popli, 1984)

Yorraga boenigil t (Mesina &t al., 1988)
glycozelinol{15) Clycosais pertaplylla | Roots {Bhattacharyye ef o)., 1984)
Beptaphyilize(26) {laasena beptephylla Roots {Joshi &t al., 1%7)

Clausena pentaphylic Roots {dwwer ef al., 3770)

{lausena linsiak Lezves (Prakask ef ¢l., 1988)

{lagsene exciviti Root bark {¥u and Puruiewe, 1982)

{Vengboonskul, Puarengura, and
Chaickantipyrst, 1934)
{Bgadjui et al., 132%)

{Bhattacharyye, Cialraborty, and
Chowllury, 1%84)

{Chakraborty et &l., 1985)
(Chakraborty, Des, and Islam, 19740)

(Chaickaztipyeth f 4., 1988)

(Bbettecharpya, Jesh, and Chowlbury, 1986}

(Joshi and Gawed, 1974}

{Joshi, Yamat, axf Geveld, 197%)
(Yarasikban ef ¢l., 1975)

to, Tu, and Femtheme, 1987)

{Bhattackarya, Loy, and Chalraborty,

(Rarasiabaz, Peraltar, ard Telter, 1979)

(Rarasinben ef 2l., 1075)

diCd
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Coxpound Botanical origin Plant part Leference
Toerigicine(dd) Xorree doenigil Leaves (Rureel, Zapil, and Popli, 196%)
Yoenigize(43) Xorraya boerigil Leaves (Barasinben, Paradkar, and ellar, 1970)
Norrege boerigil t (Barasiakan ef al., 1978)
Kicroselan zeflanicur | Leaves (Bowen and Perera, 1982)
Toeniabidine(4d) Xorrafi toerigil Leaves and roots {Joski, Pamat, and Gaved, 1379)
Toeninbine{44) Xorraya boerigil ruits (Earasiaban, Paredker, and Chitgappi, 1368)
Xirrage boerigil Leaves {Pureel, Zapil, aud Popli, 1969}
Fzrraga boerigll + Berasinban ef 4l., 1975)
Kerrega erctica Stex bark {Poy an? Bhattacharye, 1981}
Toenine {39 Xorrege koerigil Leaves (Berasinben, Paradkar, and Zelker, 1976)
Xirraga boerigis 1 {Narasiaken ef al., 1975)
foenoline!l) Kirraje boezigil Root Dbark (Piebig et al., 1985)
Lansize{1?) Clatsera lasink Leaves {Prakask et al., 1984)
Bahaninbicine(84) Xerraya boerigil Leaves (Eureel, Iapil, and Popli, 1974b)
¥abaninbidine!63) Xorrage boesigil Leaves (Kureel, Lapil, acd Popli, 1969)
Y:hazizhin(8l) Yorrzya boerizil tea bark  (Berasinban, Parzdber, and Chitguppi, 1988
Kehaninbine(5!) Yurrage boerigll Ster bark (Das, Cheiraborty, and Bose, 1965)
Xerraga koenigii Stem bark {Dutta and Quasia, 1969)
Yarrega boerigii Leaves {Tereel, Xapil, and Popli, 136%b)
Kerraja boerigil Leaves and roots (Joshi, Ramat, and Gavel, 1976)
Xrrraye boenigil Ster bark {2oy axd Chebraberty, 19740
Xorreje koerigil t (Rerasiaken ef 2., {1975)
Xirraja exctici issues (Shattacharyya &f al., 1978)
Yehaninbinine(56) Yirrigi boenigil Leaves {Lureel, Iepil, and Popli, 197%0e

Kebenizbinol (56)
Yahaninboline(85)

¥abazize(53)

F-Xethory-3-
forylearbazole(25)

6-Xethorpheptaphylliine!2]

Kerrije koenigii
Korriga boerigil
Yorrage boerigil
Korrags boenigil

srréje koenlgil

Nirzage enckrestifolia

{lazsers Jadice

beaves
i
Leaves

Root bark

Roots

{ika a0, Bhide, and Kujueler, 1989)
{Gosh and Chekrzborty, 1979)
{Reresizken, Paradler, apd Zellar, 1974)

IRayagsplon 4 o1 19161
(Berasizben el al., 197%)

(tte, Zaidl, af Pirdous, 1988)

{Ito, W, and Furvheva, 1988}

{Joski, Gawal, anl Paiet, 1972)
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Conpound Botanical origin Plant part Reference
1-Xetborpheptaphylline(28) |Clazsera baraindiana Root bark (Chaichaztipyuth ef al., 1988)
2-Kethory-3- Yorraja boerigil Seeds {Bhattackaryya and Chowdbary, 1985h;
sethylearbazole(14)
3-Retbylcarbazole(d) Clansera indica Roots (Joski and Gawad, 1974)

(Clausera Leptaplylla Roots {Roy, Bhattacharyya, and Chakraborty, 1974)
Root bark (Chowlhury et al., 1987)

Fekoeic acidl(8)

ukolidize(9)
Rukoline(14)
Yukonzl (12)
iukonicine(lS)
Yukonidize(13)

Yupezize(dl)

Yurrafoline-1{68)
Rurrafoline-B{69)
Yurrafoline-C(70)
Furrafoline-D{71)
Kurrafolize-E(72)
Yurrefoline-F(13)

urrayacine(38)

Yerrayacizine(52)

Kurrayafolire-R(5)

Yurreyefoline-B13%)

Clawsera pentapkylla
Murreya koenigli
Clauserq anisata

Nirrepe koenigll
Kerraga oerigll

Nurraga boerigii
Xorraya boerigil
Nurraga boenigil
Yorraya koenigil
Xerrafa koerigil

(lavsena anisata
€lycoskis pentephyila

Xorraya euchrestifolia
Xorraye evchrestifolia
Yirraga euchrestifolia
Xirrijs evchrestifolia
Yurraja exchrestifolia
Yirreya evchrestifolia

Xorrage boerigii
Clawsena beptiphylla

Norrape loenigil

Yerrégi eachrestifolia
Kirrega crezilita

Nirrege erchrestifolii

4
Sten bark and roots

Stew bark
Barks

t

+

Stexs

Leaves

t

oot bark
LBaves

Boot bark
+
1

t

Root dark

Root bark

Leaves and roots
Roots

Barks

Root derl
Roots

Root bark

i(Bgadjni et al., 198%¢)

{Choadtury and Chekraborty, 197i)

i¥ester and Relsck, 1977}

(klesina et al., 1988)
{Chovdbtury and Chekreborty, 1969)

(Roy, Bhattacharyya, and Chakrabarty, 1982)
(Roy, Bhattacharyya, and Chakraborty, 1982) :
(Btatteckaryye and Chakraborty, 1984b)
(Kxkberjee ef al., 1983)

(Chakraborty, 2oy, ard Guba, 1973)

(Lakirezzasr, Roj, aad Chakraborty, 1389)
(Kc PRail et al., 1982}

{Perckena, ¥u, aod Tuok, 1985H)
(Furviava, Wu, and Iuok, 1985b)
{Purakeve, Wu, azd Tuck, 1985h)

{Ito, W, and Purikeva, 1928

{Ito, Tu, and Furukewa, 1988)

(Joski, Famet, and Gavad, 1976)
{Ray axd Chakreborty, 1376)

(Chekraborty &t al., 1914)

{fo, Chte, and Purubame, 1983)
{Iezg el al., 198%)

{Perekeve, Wo, ez Chta, 1983)
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Conpound Botanical origin Plant part Reference
Yurrayaline(23) Yurraya eachrestifolia | Stea bark (Purukava et al., 1986)
Murragazine(§) Kurriye boenigii Stex bark (Chakraborty, Barman, and Bose, 1965)

Yorraga oenigil Sten bark {Das, Chakraborty, aud Bose, 1968)
Yorraya hoenigii Leaves (Gupta and Higam, 1971)
(lausene beptaphylla Roots (Bhattackaryya aud Chakraborty, 1973)
Morraga siakensis Roots (Fiebig et al., 1983)
Yurrayestine(22) Yorreja enchrestifolia | Stew bark (Purckava ef al., 1986)
Yrragezolidine(58) Norraga boerigil Sten ket (Chatraborty, Blattacharyya, and Mitra,
1974
Yurragazolize(63) Firraya exotica Tisstes (Bhattackaryya ef al., 1978)
Rurrayazolinine($9) Yorraga boenigil Stgn bark (Chakraborty et al., 1973)
grpdinurreyafoline(74) Yirraga enclrestifolia | Stex bark {Ito, Wu, and Purekava, 1987)
§,§-Pyratoglycozoline(d8) | Xicroaelua falcatun Roots (Rong et al., 1988)
Pyragefoline(49) Nurrigi euchrestifolia | Stes bark (Purckava ef al., 1936)
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3. Coumarins

3.1 Introduction

Coumarins were discovered originally in plants; the
name of the groups derived from ‘coumarona' the common name
of Coumarouna odorata (syn. Dipteryx odorata), from which
coumarin itself was isolated first by Vogel in 1820 (Soine,
1964 ; Seshadri and Vishwapaul, 1973). The term of coumarin
is applied, collectively, to a la;ge group of naturally
occurring compounds possessing benzopyran-2-one (coumarin
nucleus) (98) (Gray and Waterman, 1978). Coumarins are a
class of secondary plant and microbial products whose
members exhibit a considerable range of physiclogical
effects in animals. The least complex member of the «class
structurally is toxic to mammals, and at the other end of
the scale the highly substituted coumarin, novobiocin (99)
is a commercial antibiotic. Another group of coumarin-type
is the aflatoxins (100, 101) which microbial metabolites
are potent hepatotoxins and are among the most potent
carcinogens yet discovered . Several coumarins hydroxylated
at C-4, including the well known dicoumarcl{102) function as
anticoagulants (Brown, 1979). Now the naturally occurring
coumarins are doubtful that their full rsnge of
physiological actions, so there has been a continuing
effort and a build up of literature in this aresa with
certain coumarins that have «caught the wider interest
of scientists especially to the pharmacologists and

phytochemists.




Aflatoxin B4 (100)

"

. o X0

Coumarin nucleus(98)

Novobiocin(99)

H3CO 0
=
\)\ 0
oD
o
N

Aflatoxin G4 (101)

OH OH

b =
o 0 07 o

Dicoumarol (102)
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3.2 Natural occurrence and biosynthesis

Coumarins are a widely distributed and important
class of natural compounds. Most of them have been isolated
from Graminae, Orchidaceae, Leguminosae, Umbelliferae,
Guttiferae, Rutaceae, Labiatae, Compositae and other families
of lesser importance such as Caryophyllaceae, Euphorbiaceae,
Hippocastanaceae, Oleaceae and Thymelaeaceae (Soine, 1964 ;
Murry, Méndez, and Brown, 1982). More recently a few complex
coumarins have been found as metabolic products of bacteria
and fungi, the most recent being the aflatoxins (100, 101)
which are the result of Aspergillus flavus infection of oil-
seed cake derived from peanuts. Only a few coumarins have

been obtained from animal sources.

At present the total number of coumarins reported
from natural sources is well known to be in excess of eight
hundred (Murray. Méndez, and Brown, 1982) and is still
rising steadily. Most coumarins probably derive their
benzopyran nucleus from the cyclization of a C-2-oxygenated
cis-cinnamic acid, simple structures such as umbelliferone
(119),  angelicin (120) are known to occur in many
plant families. On the other hand, coumarins that have
undergone elaboration of the basic structure Dby the
addition of Cg-units originating from mevalonic acid have
been noted in relatively few families. The resulting simple
prenyl coumarins and derived furano- and pyranocoumarins
have been reported. It is now apparent that simple coumarins

are of common occurrence in the Umbelliferae and Rutaceae
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(Gray and Waterman, 1978).

A complete consideration of the biosynthesis is
still in its infancy and much can be expected in the future.
Being phenylpropanoid compounds, it has been of considerable
interest to researchers to determine which of the two
known major pathways is involved in coumarin biosynthesis.
These are the Birch-Donovan acetate pathway and the shikimic
acid pathway. The acetate route involves head-to-tail
condensation of acetate wunits to build up hydroxylated
aromatic rings and has been shown not to be the major
pathway to coumarins. On the other hand, the shikimic acid
pathway (figure 6) has been demonstrated as definited
involved. The initial step is a condensation of phospho
enolpyruvic acid (103) with D-erythrose phosphate (1€4) to
form 2-keto-3-deoxy-D-arabo-heptonic acid 7-phosphate (105)
which cyclizes to 5-dehydroquinic acid (106). This, in turn,
proceeds to 5-dehydroshikimic acid(107) and then to shikimic
acid (108) which, by way of its 5-phosphate (109), condenses
with another mole of phosphoenolpyruvic acid (103) to
form prephenic acid(110). The latter aromatizes to yield
phenylpyruvic acid(111) (or its p-hydroxy derivative(112)),
then proceeds to phenylalanine(113) (or tyrosine(114)).
Enzymatic deamination of phenylalanine , for example ,
provides cinnamic acid(115) which has been shown to undergo
o-hydroxylation(116) followed by glucoside formation(117).
The glucoside, in some manner, is finally converted to

coumarin(98) (Soine, 1964).
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op ?H (‘)H .0. OH ?H H
HOOC'—C|=CH2 + OHC-CH*CH-CHzOP—-9 HOOC‘C—Cﬂz-éH-CH-CH—CHZOP

(103) (104) (105)

COOH 0 COOH o)

OH
HO
j e fj:::]fcoou
Y
HO + 2H HO - H0  HO

H 1 :
H ‘

OH OH OH
(108)

B

COOH
COOH -0
_Hp0
COOH
ob COOH c02 R
HOOC-C '=cn2
(110) R = H (111)
(1@9) (1@3) R = OH (112)
Ox1dat10n’J:::I/”\1 ~-NH,
OH_,001-1 COOH COOH
= 116)
H ( R = H (115) R = H (113)
l R = OH (114)
,[:::]:j\\lOOH [:::IjA:]‘ P = Phosphate
Glucosyl
(98
(117) )

Figure 7 Shikimic acid pathway to coumarins
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3.3 Classification

There are several structural categories into which
coumarins could be divided based on the desires and needs of
the classifier. No completely satisfactory classification is
possible at present. From representation NMR data for
natural coumarins of over 100 spectra, Steck and Mazurek
(1972) have divided coumarins into ‘normal' and ‘abnormal'’
types. The normal type have an oxygen function at C-7 and
this type of coumarins cdmprises the great majority of
natural derivatives. The compounds which either lack the C-7
oxygen oOr poOssess pyrone ring substituents, are thus
abnormal type in this respect. Seshadri and Vishwapaul.

(1973); Tandon and Rastogi (1979) have classified coumarins

into five groups as below.

3.3.1 sSimple coumarins. From coumarin nucleus
(98) there are side chains substituted at the various
position and 7-oxygenated coumarins are the most common in
this type. For example umbelliferone(119) and angelical(120)
which were isolated from the leaves of Micromelum ceylanicum
and the root bark of Glycosmis cyanocarpa Spreng,
respectively (De Silva et al., 1983; Talapatra, Chaudhury,

and Talapatra, 1975).

5 4
Y, OO XL
Y9 o HOOXA N0 N0 HjCo oo

Coumarin nucleus Unbelliferone Angelical

(98) (119) (120)
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3.3.2 Furanocoumarins. Structurally, this
group of coumarins concists a furan ring which is fused onto
the coumarin nucleus (98) at the various positions to form

linear or angular furanocoumarins and can be classified into

six subtypes.

3.3.2.1 Psoralene type (linear) (121).
The furan ring with C-2', C-3' double bond is fused with
benzene ring at C-6 and C-7 to form linear structure. For
example xanthotoxal (122) which was isolated from Clausena

indica 0liv. (Rakash et al., 1978).

5 4
2’& X0
o
°" %

Psoralene type (linear) (121) Xanthotoxol (122)

3.3.2.2 Angelicin type (angular) (123).
The furan ring with C-2', C-3' double bond is fused with
the benzene ring at C-7 and C-8. The example of this type
archangelin(124) which was found in the root of Zngelica
archangelica L. (Chatterjee and Gupta, 1964) has substituent

at C-5 as below:-

Archangelin (124)

Angelicin type (angular) o

(123)




67

3.3.2.3 Dihydrofuranocoumarin[4,3](125)
The furan ring is fused at C-4 and C-3 of the coumarin
nucleus (98), while C-2' and C-3' is saturated. The sample
of compound glaupalol (126) isolated from the rhizome of

Glaucidium palmatum (Irie et al., 1967).

29

0
3 .
1 HO: S
0 o
0

Dihydrofuranocoumarin [4,3]

Glaupalol (126)
(125)

3.3.2.4 Dihydrofuranocoumarin [5,6] (127)

The furan ring is fused at c-5 and C-6, while C-2', C-3' is
saturated. For example of this type xanthoarnol (128)
isolated from Xanthoxylum arnottianum Maxim (Ishii et

al., 19137,

Dihydrofuranocoumarin {5.8)
(127) Xanthoarnol (128)

3.3.2.5 Dihydrofuranocoumarin(7,6](129)
Similar to psoralene type (121) but c-2', €C-3' is saturated.
For example chalepin(130) or heliettin has been reported to
be found in the root of Clausena indica Oliv. (Joshi and

Gawad, 1971) and Clausena anisata (Willd.) (Okorie, 1975).
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5 4
3 s | et T
8
Dihydrofuranocoumarin [7,6] Chalepin or Heliettin
(129) (130)

3.3.2.6 Dihydrofuranocoumarin([7,8](131)
Similar to angelicin type (123) but C-2', C-3' is saturated.
For example angenomalin(132) or masquin, a coumarin

from Pimpinella rupicola roots (Martinez et al., 1967).

5 4
6 3
o}
0 (0]
o 3"
Dihydrofuranocoumarin [7,8] Angenomalin or Masquin
(131) (132)

3.3.3 Pyranocoumarins. The pyran ring is fused
with the coumarin nucleus(98) at various positions to form
linear or angular pyranocoumarins. This group of coumarins

can be classified into four subtypes.

3.3.3.1 Xanthyletin type (linear) (133).
The pyran ring is fused at C-6 and C-7 . the hydrogen at
C-2' 1is substituted with gem dimethyl group ., while
between £=3" and c-4' have one double bond.
Xanthoxyletin(134) is the sample of this type which was
isolated from the root bark of Clausena anisata ('illd.)

Oliv. (Mester, Szendrei, and Reisch, 1977).
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4 5 4
3 3 OCH4
8
~0
Xanthyletin type (linear) o} (o]

(133) Xanthoxyletin (134)

3.}.3.2 Seselin type (angular) (135).
The pyran ring with C-3', C-4' double bond is fused at C-7,
c-8 and substituted with gem dimethyl group at C-~2°'.
The sample of this compound is tomentolide-B(136) 'which

isolated from Calophyllum tomentosum (Nigam et al., 1967).

Seselin type (angular)

{135) Tomentolide-B (136)

3.3.3.3 Dihydroxanthyletin type(linear)
(137). The structure of this type is as same as xanthyletin
type (linear)(133) but at C-3' and C-4' is saturated.
Clausenin(138) is the sample of this type which isolated
from the root of Clausena heptaphylla Wight & Arn. (Joshi,

Ramat, and Saksena, 1967).

&' 5 4
3 X3
0”7 >0
S

Dihydroxanthyletin type (linear)

Clausenin (138)

(137)
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3.3.3.4 Dihydroseselin type (angular)
(139). Just the same as seselin type (angular) (135) but
at C-3' and C-4' is saturated. For example selinidin (140)

which was extracted from Selinum vaginatum (Seshadri et al.,

1967) .

Dihydroseselin type (angular) . .
Selinidin (140)

(139)

3.3.4 Phenylcoumarins . There is phenyl
substituted at C-3 or C-4 of coumarin nucleus(97). They can

be divided into six subtypes.

3.3.4.1 3-Phenylcoumarins(141)

3.3.4.2 4-Phenylcoumarins(143)

3.3.4.3 4—Pheny1dihfdroange1icin(145)
3.3.4.4 3-Phenylxanthyletin(147)
3.3.4.5 3-Phenylseselin(149)

3.3.4.6 4-Phenylseselin (angular) (151)

The structures and some examples of compounds in

each subtype are listed below:-




5 4

o

6~ ‘ ~
T ~o” 0

3.3.4.1

3.3.8.2

8

3-Phenylcoumarin(141)

H,CO

71

SO
NS o)

o\o

Flemichapparin(142)

From Flemingia chapper Ham. (roots)

(Adityachaudhury and Gupta, 1970)

4-Phenylcoumarin(143)

0CH3
HO /,‘
b
HO \tj\
H4CO 0”0
Melannein(144)

From Dalbergia baroni Baker (heartwood)

(Donnelly,

Donnelly, and O'Sullivan, 1968)
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3.3.4.3 4-Phenyldihydroangelicin(145)

MAB-3(146)
From Mammea africana G. Don (barks)

(Carpenter, Mc Garry, and Scheinmann, 1970)

3.3.4.4 3-Phenylxanthyletin(147)

Robustic acid(148)

From Derris robusta (Roxb.) Benth. (roots)

(Johnson and Pelter, 1964)
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3.3.4.5 3-Phenylseselin(149)

Scandenin(150)

From Derris scandens (Roxb.) Benth. (roots)

(Pelter and Johnson, 1964)

3.3.4.6 4-Phenylseselin(angular) (151)

MAB-5(152)

From Mammea africana G. Don {barks)

(Carpenter, Mc Garry, and Scheinmann, 1970)
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3.3.5 Bicoumarins. Coumarins in this group
possess two coumarin-nuclei in their structures. Some
examples of this type are kotamine (153) and edgeworthin
(154) which have been isolated as a metabolite of
Aspergillus glaucus cultures and from stem bark of
Edgeworthia gardneri, respectively (Buchi et al., 1971:

Majumder et al., 1974).

HO o O/Lo

Edgeworthin (154)

Rotamine (153)

Up to date, the previously reported coumarins in
Clauseneae were classified into three groups ; simple,
furanocoumarins, and pyranocoumarins. The compounds

isolated are listed below.




19

3.3.1 Simple coumarins

5 4

6/l X 3
8

Coumarin nucleus (98)

Compound Substituent Reference
Umbelliferone(119) 7-0H (De Silva et al., 1983)

Herniarin(155) 7-0CH3 (Rumar, 1985)

OH

Anisocoumarin-H(156) 7-0/\M\ (Ngadjui et al., 1989b)
Capnolactone(157) 7-0/\%_.(jio (Ngadjui et al., 1989b)

Anisocoumarin-B(158) 5-08 (Ngadjui et al., 1989a)
7-0/\)\

Limettin(159) 5-0CH; (Talapatra, Chaudhuri, and
7-0CH; Talapatra, 1975)

Scopoletin (160) 7-04 (Wu et al., 1975)
6-0CH;

Angelical (120) 7-0CH; (Talapatra, Chaudhuri, and
6-CHO Talapatra, 1975)

Suberosin(161) 7-0CH, (Rakash et al., 1978)




6-(2,3-Dihydroxy-3-  7-0CH;
methylbutyl)-7-

methoxycoumarin (162)
OH
Dihydromicromelin 7-0CH,
(163)
O
6 fO~ NOH
Micromelin(164) 7-0CH3
6~ N0"Y0
Micromelumin (164)

Acetyldihydromicromelin 7-OCH;
(165)

Jon
§7\07 00C CH;

Enisocoumarin-A (166) 7-0CH;

<o

6 CHO
Scopolin (167) T-0-glucosyl
6-OCH;
Paniculal (168) 7-0CH;
8-CHO

Murrayacarpin-A(169) 7-0CH;
8-CH,0H

T-Yethoxy-8-(2'-formyl 7-OCH;

-2'-methylpropyl)
" Kaw

coumarin (170)

(Joshi et al., 1975)

(Das et al., 1984)

(Lamberton, Price, and Redcliffe,
1967)

(Chatterjee, Dutta, and
Bhattacharyya, 1967)

(Das et al., 1984)

(Ngadjui et al., 198%a)

(Gupta and Nigam, 1971)
(Imai, Kinoshita, and Sarkawa,
1987)

(Wu, Liou, and Kuoh, 1989)

(Yang and Du, 1984b)
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Paniculin(171)

Osthol (172)

Dehydroosthol (173)

Micropubescin (174)

Isomeranzin(175)

Murrayone (176)

Osthenon (177)

Ruraptenol (178)

Peroxyauraptenol (179)

7-0CH,

¢

8 =

7-0CH;

o
/

7-0CH;

:

7-0CH3

<

7-0CH;

'3

%;:

7-0CH;

&

7-0CH;

3
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(Imai, Kinoshita, and
Sarkéwa, 1987)

(Steck, 1972)
(Bishay et al., 1988)

(Ito and Furukawa, 1987a)
(Ito and Furukawa,1987b)

(Chatterjee, Dutta, and
Bhattacharyya, 1967)

(Yang and Du, 1984b)

(Lakshui, Ratnam, and Subba Rao,
1972)

(Ito and Furukawa, 1987a)
(Ito and Furukawa, 1987¢c)

(Barik et al., 1983)
(Bishay et al., 1988)

(Tto and Furukawa, 1987a)
(Ito and Furukawa, 1987b)




Meranzin (180) 7-0CH; (Wickramaratne, Kumar, and

Balasubramaniam, 1984)
Tr

Murraol (181) 7-0CH3 (Ito and Furukawa, 1987a)

(Ito and Furukawa, 1987b)
8/\—%03

Peroxymurraol (182) 7-0CH; (Ito and Furukawa, 1989)
s/\—é—wx
Meranzin hydrate(183)  7-OCH3 (Raj et al., 1976)
A~
8
CH
Chioticol (184) 7-0CH3 {Ito and Furukawa, 1987a)
a
8
CH
7-Yethoxy-8- (2'-methoxy 7-0CH3 {¥anandhar, 1980)
-3'-hydroxy-3'-methyl o
butyl) counarin(185) 8
OCH3 '
Casegravol (186) 7-0CH; (Ito and Furukawa, 1987a)
OH
8/§><|
OH
Paniculonol isovalerate 7-OCHj3 (Ito and Furukawa, 1989)
(187)

oA

Coumurrin (188) 7-0CE (Imai, Kinoshita, and Sankawa,
1987)

3
o



Murrayatin(189)

Murralongin (190)

Isomurralonginol
acetate(191)

Isomurralonginol
nicotinate(192)

Isomurranganon
senecioate(193)

Phebalosin(194)

Murpaniculol (195)

Murranganon (195)

19

(Barik, Dey, and Chatterjee, 1983)

7-0cHy
0
3/:‘/\ \g/\]/ |
o

7-0CH3 (Talapatra, Dutta, and Talapatra,
1973a)
8&/ CHo
7-0CH; (Ito and Furukawa, 1987a)
=
N
7-0CH, (Tto and Furukawa, 1987c)
0
P
S W
7-0CH; (Ito and Furukawa, 1987a)
0]
8 W
0
7-0CH, (Khosa, 1972)
0
8
P
7-0CH; (Imai, Kinoshita, and Sankawa,
1987) '
OH
B/K“/‘\
o}

(Ito and Furukawa, 1987a)




Murrangatin (196)

Mupanidin (196)
Murpanidin (196)

Minumicrolin (196)

Murrangatin acetate
(197)

Panial (198)

Murracarpin (199)

Hainanmurpanin (200)

Murpanicin(201)

Murraxocin (201)

Paniculatin(202)

&
8
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(Talapatra, Dutta, and Talapatra,
1973b)

(Wu, Liou, and Kuoch, 1989)
(Yang and Su, 1983)

(Ito and Furukawa, 1987a)

(Ito and Furukawa, 1987a)

(Ito and Furukawa, 1987c)

(Mananchar, 1930)
(Wu, Liou, and Kuoch, 1989)

(Yang and Du, 1984b)

(Yang and Su, 1983)

(Barik and Bundu, 1987)

(Steck, 1972)

80




Microminutin (203)

Anisocoumarin-E (204)

Anisocoumarin-F (205)

Anisocoumarin-G(206)

Sibiricol (207)

Murrayacarpin-B(208)

Seselinal (209)

Murraculatin(210)

5 ’ 7- (mﬁ3) 2
8~CH,OH

5;7‘(@3)2

5,7‘(Cﬂ!3)2

8 R ooy
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(Tantivatatana et al., 1983)

(Ngadjui et al., 1989b)

(Ngadjui et al., 1989b)

(Ngadjui et al., 1989b)

(Ito and Furukawa, 1987a)

(Wu, Liou, and Kuch, 1989)

(Wu, 1988)

(Wu, 1988)




Gleinene (211) 5,7-(0CH3) » (Rumar et al., 1987)

§

Gleinadiene (212) 5,7-(0CH3) (Kumar et al., 1987)

¢
/

Counarrayin(213) 5,7~ (0CH3) (Abe and Taylor, 1971)

¢

Coumurrayin(213) (Steck, 1972)

Ouphamurin (214) 5,7~ (0CH3) 5 (Wu, 1981)

7

5,7-Dimethoxy-8-(3'-  5,7-(0CH;3), (Wu et al., 1980)
methyl-2'oxobutyl)
coumarin(215)

3

Sibiricin(216) 5,7-(0CH3) 5 (Wickramaratne, Kumar, and
Balasubramaniam, 1984)

-3
‘i
N,

Toddalencne (217) 5,7-(0CH3) 5 (Kumar et al., 1987)
0
8M
Mexoticin(218) 5,7-(0CH3) 5 (Chakraborty, Chowdhury, and Das,
1967)

K

Isomexoticin (218) ' (Yang and Du, 1983a)




Quphalocarpin (219)

Murrayanone (220)

Murragleinin(221)

83

5,7~ (0CH3) (Wu, Liou, and Kuch, 1989)

8/\,>(?

o4

Y

5:617“(@3)3

o

CH

(Wickramaratne, Kumar, and
Balasubramaniam, 1984)

3.3.2 Furanocoumarins

BN 8
3'| X3
2" X0

g

Psoralene type(121)

Compound

Chalepensin(222) 3>ﬁ
37 :

Substituent

Clausindine (223)

(Joshi and Gawad, 1971)

(Joshi, Kamat, and Gawad, 1974)
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Anisolactone (224) === (Lakshmi et al., 1984)
7 070

2'3'-Epoxyanisolactone (Lakshmi et al., 1984)
. o 0

Xanthotaxol (122) 8-CH (Rakash et al., 1978)
Imperatorin(226) 8-0/\)\ (Govindachari et al., 1968)
Wampetin (227) RS (Khan, Naqvi, and Ishratullah,
8 > Y 1983)
Dehydroindicolactone (Kong et al., 1983)
(227)
Indicolactone (227) (Lakshmi et al., 1984)
Indicolactonediol B — (Rakash et al., 1978)
- 8-0 070
oH
8-Bydroxy-5- 5-0CH; (Rakash et al., 1978)
methoxypsoralen(229) 8-CH
Phellopterin(230) 5-0CH; (Joshi and Gawad, 1971)
8-0/\4k
Byakangelicin(231) 5-0CH3 (Rakash et al., 1978)




5 4
2!
) 00
8 )
Chalepin(130) L (Joshi and Gawad, 1971)
2'——<—-oa
Beliettin(130) (Adesina and Ette, 1982)
Anisocoumarin—C 3><<] (Ngadjui et al., 1989a)
(232) o
—a
Anisocoumarin-D (Ngachul et al., 1989a)
(233) <~

3.3.3 Pyranocoumanns

4 5 4
3 w3y 3
0 N0
8
Compound Substituent Reference
Xanthyletin(133) - (Talapatra, Chauchuri, and
Talapatra, 1975)

3-(1,1-Dimethylallyl) 3></ " (Mester, Szendrei, and Reisch,

xanthyletin(234) 1977)

85
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Xanthoxyletin(134) 5-0CH, (Mester, Szendrei, and Reisch,
1977)
Nordentatin (235) 508 (Govindachari et al., 1968)
g o<
Dentatin(236) 5-0CH3 (Govindachari et al., 1968)
<
Clausarin(237) (Anwer et al., 1977
> ’
5-08
g o<
@ 5 &
K < 3
o0
8
Clausenin(138) 5-CH (Joshi and Kamat, 1966)
Clausenidin(238) 5-0H (Joshi and Kamat, 1966)
3><//
HO

Clausmarin(239) (Shoeb et al., 1978)
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Lnisocousarin-R(166)

Leisocourariz-B(158)

huisocounarin-C{232)
Lnisocounarin-D{233)
Luisocounerin-E{204}
Lnisocounarin-F(205)
Lnisoconnarin-G{206)

Lnisocounariz-E(156)

inisolactone(224)

luraptencl(178)

Prakangelicin(231)
Capnolactone(1S?)
Caseqravol (186)
Chalepensin{2il)

Chalepin(1df)

thloticol {184)

I¢lausarin{237)

(lausena azisiti
Clazsena anlsite
(latsena anisiti
{lazsena anisiti
{lagsena apisiti
(lzuseni anisiti
(lagsena anisiti

Clausena anisita

(lausena anisati
(larsene éniséti

Yorraya exotici
Yerraga paniculata

Yorraga exotice
(lausess 1ndica
Clatsena apisita
Yerrepa exotici
{lausesa indici
{lausena Jndica

lauseaa anisiti
Clausend énlsita

Yorrigi exotica

(lzisene penteplyila
{lapsend excivita
(lezsend baraandiana

Conpound Jotanical origin Plant part leference
Leetyldibydronicronelin-k Yicronelui ainctuk Steas (Das et al., 1984) '
(165)
hngelical (124) §lycosais cyanocirpi Root bark (falapatra, Chaadburd, and Talapatra, 1975)
Yicroaelun zeplésicih texs {Bover and-Perera, 1982)

stes bark axd roots |(Bgadjui et al.. 198%a)
stew bark and roots |(Egadjui ef al., 198%z)
sten berk and roots |(¥gedjui et al., 19892}

ster bark and roots |(Hgadjui ét il., 198%)

Leaves (Bgadjui et al., 198D)
Leaves (Bgadjui et al., 1989%)
Leaves (Bgadjui et al., 1983D)
Leares {Bgadjui et al., 138%0)
Stea (Lakshei et al.. 1984)
+ fuatshal ef &b, 1987)
Leaves (Barik et al., 1983)
Leaves {Ixai, Iinoshita, and Sankava,1989)
Leaves (Bishay et al., 1988)

kerial part (Ratash ef al., 1978)

Leaves (Ngadjui et al., 138%b)

Leaves 1146 axd Purskanz, 198%a)

Rocts (Joski and Gavad, 1971

oots (Joski axd Gavad, 1274

Roots (Ckorie, 137%)

Rost bark (ester, Szendrel, axt Reisch, 1370)
Lezves (Ito apd Purukave, 1987a)

Roots ever et al., 1901

Root bark {¥a ad Purulava, 1982)

Root bark (Vangboouskul, Pessengura, and

Chaichantipyuth, 1984)
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fable 24 (Continue)
Clauseridin(238) Clagsena beptaptylli Roots {Joski and Kamet, 1365
Clausena beptaphylia Roots (Joski, Kamet, and Saksena, 1967
(lavsenq beptaplylli Roats (doski ef al., 1972}
(lzasera pentaplylli Roots (knwer et 4l., 1977
{lapsera excavati Root hark {¥v azd Furckawe, 1942)
{lausenin{idf) (lausena beptaphylla Roots (Joshi and Famat, 1966)
Clausezé beptaplylla Roots {Joski, Pamet, ard Salsena, 1967)
(Clavsena beptephylla Roots (Joski et al., 1972)
{lausindin(223) {lausera Indica Roots (Joski, amat, axd Garzd, 1974)
{lausnarin(239) Clausen: peataplylia t (Shoeb et al., 1978)
Counarrayin{213) Yirraye pasicilats Folizges {Dreger, 1363)
(lausena anisata Roots (kbe and Tayler, 1971}
Clatsere arisiti Roots (Okorie, 1975)
Xirraga gleinel koot bark (Runar, 1985)
Countrrayin{2il) Xorrajs pariculati Folizges {Steck, 1972)
XYorraja okphalocirpa Eruits {Tu et al., 198§}
Xirraya gleinel Root {Fugar ef al., 1987)
Cousurrin(188) Nirrepe pazicalate Leaves (Imai, Timoshita, azd Sazlawa, 1997
Yorrepa pazicilita Leeves (Taai, Fimosbita, zzl Sanbewe, 1989
Debydroindicolactone(2l) | Cligseza lansina t {Tong et al., 1983)
Debydroosthol (173) Yorraya exotica Leaves {Ito azd Purchesa, 19872)
: Norraye panicalata beaves (Ito and Purakese, 1987D)
Dextatin(236) {laisens dentita Root bark Govindackari et al., 1968
(lausena beptaphyll Rocts (Reddy, Ryesger, axf Rapgaswami, 1973)
(lagserz pertipiylla Roots {hier ef ¢l., 1977)
(lazsena barzandiani Root bark (Vengboousivi, Puaeangura, and
Chaickantipruth, 1984)
Dibydrosicrozelin{1€3) Xicroselak sinotu Stess {bas ef al., 1984)

§-(2,3-Dikydrozy-3-
getbylbutyl)-1-
‘aethoxyeourzrin(162)

t

z 1-Finetbory-3-

!(3’-iethy1-2'-axobntrl)
counarin(215)

Yicrozelun pabescens

Xorrage oaphilocarpi

Nirrage paricilita

Xerraga pericilati
Val. okplélocirpe

Stens and leaves

Fruits
Leaves
Flowers

{Joski et al., 1975}

(Tu et al., 1988
Yang and Su, 1983)
(Ru, Liou, and Tuch, 1989)
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table 24 (Contizue)

Conpound potanical origin Plant part Reference
3-(1,1-Dinethylallyl) Clazsena arisata Root bark {Rester, Szendrei, and Reisch, 1977)
ranthyletin(234) Clapsesa willdenonii Barks (Subba Rao, Raj, and Rumar, 1981)

Yorrafa toerigil Stew bark (Bhattactaryje and Chakraborty, 1984}
Yurraga exotica Stea bark (itmad and Begua, 1986)
2',3'-Tporyanisolactone Clausena anisiti Stess (Lekshai et al., 1984)
{225)
¢leinadiene(ild) Yorrage gleinel Roots (Tunar ef &l., 1987)
Gleinene(211) Yorraja gleinel 1oots {Tupar et al., 1980}
Bairennurpasin (208} Yorriji panicalata Leaves and branches |(Vang and Du, 1984b)
Yorrage exotica Leaves {Ito and Parakave, 138
Yarraga pariculata Leaves {Inai, Tizoskita, and Saakava, 1989)
Beliettin(134) Clagsena anisati Roots {Mesina and Bite, 1982)
Beraiarin(158) Xurriya gleinel Stea bark {Tumar, 1985)
$-Bydrozy-3- {lapsena indica Rerial part (Rakash et al., 1978)
aethoxypsoralenelidd)
Inperatorin(226) (lagsena dentata Root bark (Govindachari et al., 1968)
{lazsere anisile Roots (tbe and Teylor, 1971)
Clauseza iadici Roots {Joski and Gawad, 1971)
(lagsena anisiti Rosts {Ckorie, 1975)
Yarraya paniculata Leaves (Ganguly, Gbosh, and Basak, 1977)
(lansera anisiti Roots {Mesina and Dtte, 1982)
(lagsena anisiti t (6ebreyesus and Chepya, 1983)
{lansera anisiti Stews (Lekshai et al., 1984)
(lausens apisita Leaves (Bgadjui et al., 1989D)
Tndicolactone{22T) (lagsera anisiti Stes {Lakshei et al., 1984)
(lazsena anisiti 4 iLekskei e ai, 1987)

Indicolactonediol {228)

Isoseranzin{17%)

Isopezoticin(2i8)

Isorurralonginel
acetate(191)

Isosurralongizol
ricotizetelldl

(lausera indic
Yorrafa pariculata
Yirrage erotici
Yorrapa paniceliti

Yorreys pariceliti

Yurrige exotica

Yerraye panicelata

Rerial part

Lezves and branches
beaves

Leaves

Leaves

Leaves

Leaves

pakask et al., 1378

(Teng and Du, 1984b)

{140 szl Purcheva, 1987a)

(Thei, Tizoshita, and Semkeva, 1389)

Terg and o, 1983a)

(Ito and Purskewe, 138%a)

{Ito aré Ferzkeme, 1987c)
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Conpoud Botanical origin Plant part Leference
Isonurranganon Xorraya exotica Leaves ito axd Purskave, 1987a)
senecioate(193)
Linettin(159) ¢lycosais cranocarpi Root bark (Talapatra, Chaundburd, and Talapatra, 1975)
Reranzin(189) Nirraya gleinel Leaves (Rickrasaratze, Tumar, and Balasubramaniam,
1984)
Nirraga gleinel Leaves {Tukar, 1985)
Xorraya exotica Leaves (Ito and Furukava, 1987a)
Yeranzin bydrate(183) Korreye pazicelata Leaves (Raj et ¢l., 1976)
Nirraga exotica Leaves {¥anandher, 1984)
Yirraga exotica Leaves (Baril et al., 1983)
Yirraya gleinel Leaves (Vickramaratne, Kunar, and Balasubrzaaniaa,
1984)
Xorrapa pasiculita Leaves {Targ and Du, 1984a)
Norrags gleined Leaves {Kunar, 1985)
Morrapa exotica Leaves {Ito and Purakava, 1987a)
Norraya paniculate Leaves (Inai, Kinoshita, and Sznkava, 1989)
1-Rethoxy-8-(2'-foragl- Yurraya paricaliti Leaves and branckes |{fang and Du, 1984b)
2"-aetbylpropyl) Narraya paviculata Leaves (Inai, Iinoshita, and Sankawa, 1989)
coukariz{i4)
1-Bethozy-8-(2"-nethezy- | Morrapa ezotica Leaves (Kenendbar, 1988
3'-bydrozy-3'-netbyibutyl)
courarin(185)
Yezoticin(218) Norraye exotica Stem bark {Chekraborty, Chowlbury, and Das, 1967
Yerrage oiphalocarpi Pruits {Te et al., 198%)
Yurraga gleinel Leaves (Tickramaratoe, Tukar, and Balasubrazaziaa,
1984}
Yirraye gleinel Leaves {Tagar, 1985)
Norrapa gleinel Root bark {Tuaar, 1985)
Yorrége gleinel Stew bari {Fukar, 1959)
Yorraga gleizel Roots (Eumer et al., 1987)
Xerraye paricilata Root bark {Inei ef al., 1989)
icromelin{164) Yicrorelna sinutua Lieaves (Leaberton, Price, and Redcliffe, 1967)
Kicrokelee iptegerrimny | + {Cassady et al., 1979)
Yicronelun zeplazican  |Leaves (Bower and Perera, 1982)
icrogelue #isatia Stea {Das et al., 1984)
Yicroielua Binstua Stex bark (Tertishaiyakel ef al., 1986)
Yicroneloe integerrizor |Roots {Fong et al., 1988)
Yicrorelunin(164) Ycronelur pebescens — |Ster burk (Chatterjee, Dutta, and Bhattachargya, 1967)
Yicrorinutin (293} Kicronelir pizztu Leaves {Tartivatera et al., 1983)
Xerraa paricilita Lezves {Imei, Iinoskite, and Senkewa, 1989)
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Conpound Yotapical origia Plant pert Leferezce
Kicropubescin{174) Hicrozelun prbescens Stes bark {Chatterjee, Dutta, and Bdattackaryya, 1967)
Yizmaicrolin{196) Yirraga exotica Leaves (Ito axd Purulava, 1987a)
Kupanidiz(19€) Nirraya panicilata Flovers (T, Liou, and Iuob, 1989)

var. oaplalocarps
Yurpanicin(281) Yirraga panicalata Leaves (Yazg exd Su, 1983)
Nirrepa panicilata Leaves and branches |(Yarg and Du, 1984b)
¥urpaniculol (195) Yorrapa panicelita Leaves (Imei, Mircsbite, axd Samkava, 1927)
Nirraye panicrlita Leaves {Isei, Iinesbite, exd Samleva, 1989)
Rurpanidin(196) Xirraga panicalati Leaves {Yang azd St, 1983)
Xerrays panicilata Leaves (Tang and Du, 1984)
Xirraga gleipel Root bark {Eunar, 1985)
Yurracarpin{199) Yirriyi exotici Leaves (¥anandbar, 1984)
Yirrege pariciliti Flovers {¥u, Lion, and Ruat, 1989)
var. oiplilocarpi
Kurraculatin(210) Yorraga paricalata Leaves {fu, 1988)
var. oaphilocarpa
vrregatiniiof) orreys panicilzta Leives (Jazg and fg, 108
Xirripa pezicilata Leaves {Vang axd Du, 1984}
Kurragleinine(221) Xorrapa gleizel Leaves (Rickremarate, fuaer, and Balasubramaziam,
1984)
Nirraga gleinel Leaves {Tagar, 1985)
Yurralongin{196) Yirriga elosgata Leaves {falepatra, Duits, and Talapatra, 1973a)
Yarrays panicelata Leaves (2ej et al., 1976)
Yirraye pavicilita Leaves (Terg azd Su, 1983)
Yicrowelur &irciua Stens {Das el al., 1984}
Yirriga gleinei Leaves (Rickramaratze, Puezr, and Balastbramaniam,
1984
Korrage gleizel Leaves {Teeer, 1989)
Norraga gleinel Root bark (Fugar, 1985}
Yorrega gleizei Stea barl ‘Foxar, 1%89)
Xirraga exotica Leaves {Ito axd Purakeva, 1987a)
Korraya gleizei Roots {Furar ef 2]., 1987)
Yirraga panicilata Root barl (Inei et al., 1989)
Yirrege pericelete Leaves {Ixai, Mizestita, axd Sazbavs, 1989)
Nirraga pazicilata Root bark (Fizostita et 4l., 1989)
¥urrangeron{195) Yirragi exotica Leaves (Ito and Purcheve, 1987a)
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Yirrige gleirel

Coapound Betamical origin Plant part Reference
Kurrangatin(196) Xorriga elongita Leaves (Talapatra, Dutta, and %alapatra, 1973)
Xorraga panicolata Leaves (Raj et al., 1976)
Nurréga exotica Leaves {Barik et al., 1983
Xicronelun ainutua Steas (Das et al., 1984)
Morraga gleinel Leives (Vickramaratze, funar, ané Balasubremaniam,
1984)
Kerraye gleinel Leaves {Lurar, 1985)
Mirraga gleinel Root bark (Runar, 1985)
Nurraye gleinel Ster bark {Funar, 1935)
Nurraga exotica Leaves (Tto and Purukawa, 1987a)
Nerregi gleinel Roots (Tugar ef al., 1987)
Nirraga peniculata Root bark (Inai et al., 1989)
Yerrepa pazicilati Leaves {Inai, liroskita, axd Sankava, 1989)
Yurrangatin acetate Nirriya exotica Leaves (Ito and Purokaws, 1987a)
{197) Nirraga paniculeta Leaves {Isai, Iinoshita, and Sazkawa, 1989)
Nurraol(181) Kirrage exotice Leaves (Ito and Purukewa, 19273)
Nurrage pariculata Leaves {Ito and Furukera, 19873
Yurrazocin{281) Yirriga exotica Leaves {Barit and Bundu, 1987
Murrayacarpia-2(169) Yarrage paziculata Flovers {fu, Liou, and Fuob, 1989}
var. ozphalocarpa
Kurragacarpiz-B(288) Yorrags pericileta Flovers {%%, Lics, azd Iusk, 1939)
var. oaplélocarpa
Burrayanone(226) Nurriga pazicilata Leaves {Vu, 1988)
var. oaplalocarpe
Rurrayatin(189) Yorraya exotica Leaves {({Barik, Dey, and Chatterjee, 1983)
Yurraga exotica Leaves {Ito and Furkewe, 1987:)
Yirrage paniculata Leaves {Izai, Hizostita, and Senkawe, 1982)
urrayone(lls) Kirreyz exotica Leaves {Likshai, Ratsak, azd Sudds Rao, 1972)
Murraps gleinel Root bark {Eugar, 1985)
Hurraga gleinel Roots {Eugar ef al ., 1987)
Nordentatin(235) (lavsena destata Root bark (Govindackari ef al., 1968)
(lzzsera ezcevate Root bark {fu and Furabewz, 1982)
{leasene barsendieza oot bark (Vangboonsiel, Pussergura, and
Chaickentipyutt, 1984)
Oephalocarpin(2l9) Yirrége pericilita Tlowers (¥a, Liot, ard Fuok, 1989)
var. osplilocirpe
Ospagurin{2ld Xirrajs orphilocirpe Leaves {T, 198

Rost berk

11
)
(Tuear, 1085)
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Yorraga gleizel Roots (umar et al., 1387)
Osthenon{177) Nurraga exotica Leaves {Ito and Purukeva, 1987a)

Rurraya paniculita Leaves (Ito and Furukeva, 1987c)
Osthol(172) Yorraya panicilita Poliages {Steck, 1972)

(lagsena anisati Roots (Okorie, 1975)

{lagsens anisati oot bark (Mester, Szendrei, and Reisch, 1977)

Xicrokelur aiztun Stexs {Das et al., 1984)

Clansena baraandiana Root bark (Vanghooasiul, Pummengura, and

Chaichentipyuth, 1984)

Mirraga gleinei Root bark {Tumar, 1985

Yurrage exotica Leaves {Ito and Puruizwa, 198%3)

Neorraga gleinel Roots {Rumer et al., 1987)

Narraga panicelata Root bark (Finoshita et al., 1989)

Xorrage exotit Leaves (Bishay et al., 1988)
Panial(198) Xurrae paniculata Leaves (Ito and Purukave, 1387¢)
Paniculal {168} Norraya paziculite Leaves {Inai, Fizoshita, ard Sankava, 1987)
Paniculatin(202) Yorraye paniculata Foliages (Steck, 1972)

Xorraja pazicrlata Leaves {Vu, 1988)

var. ozplalocarpa

Panicalin(il) Xerraya paniculata Leaves {Inai, Iinoskits, and Sankewa, 1987)

Nurrage paniculata Leaves (Isai, Kinoshita, and Samkawa, 1989)
Paiculol isovalerate Yorrage pasiculiti Leaves {Ito aad Purukava, 1989)

(187)

Peroxyauraptenol (179) Yurreya exotica Leaves {Ito and Purctava, 19872)

Yirrape paniculata beaves {Ito and Purukave, 1387D)
Perozyaurracl (182) Yorraja exotica Leaves (Ito and Purukeva, 1989)
Phebalosin{194) Yirriga pizictleta Leaves (Ekosa, 1372

Xorragi gleinel Leaves (Vickrezaratze, Tumar, and Belasubrazaniam,

1984)

Yurraga gleirel Leaves {Tezar, 1935

Yorrage gleinel Root bark {Fugar, 1985)

Yerrapi gleizel Stes bark {Lugar, 1985)

Yicrozelue aizitua Stem bark (Yantisbaiyakel et ¢l., 1986}

Kerrige exctica Leaves (Ito axd Parubeve, 1987a)

Yorrige glelnel Roots (Rumar et al., 1987)

Yicrceelur Integerrizea |Roots {Tong et el., 1388)
Phellopterin(23) Clauseze indice Roots

(Joshi and Geval, 1971}




table 24 (Continue)

%4

Farpetiniill)

Tarthotozel{ill)

Tazthoryletin{idd)

Tenthyletiniildy)

Javseta KaEpl

(laasera indica
{lansena aiseti
(lausens anisita

flezseze anisity
(lzzsena excavite
Jisend anisate
{leusend barnéndiané

¢lpcoskis canocarpe

Conpound Botzzical origin Maat part Reference
Scopoletin(lfhi Yorraga paticelata Plovers ad fruits |iBu et al, 1973)
Yicroselun integerriama | % (Cassady &t al., 197%)
Yorraya gleinel Leaves 'Rickraazrztie, fumar, and Balasabramanias,
1934)
Yorrage gleizel Leaves {Tusar, 98¢}
Yorriyi exotica Leaves (Tto aad Purulava, 1987:)
Yorrafi pizicilita oot bark {izai et al., 1389)
Norraya panicnlti Plovers (fu, Liou, &nd Tuod, 1988}
var. caphalocarpa
Scopolin(167) Krrrape boerigil ‘Leaves (Gupta and llg:x. 1974
Yorreje paricclata lovers &t fruits |(Vu et al., 1975)
Yorriga pariculata Tlovers (¥u, Liou, and Tuch, 1989)
var. oaplalocarpa
Seselinal (209) Xorraga paniculati Leaves (Fu, 1988)
ver. omplelocarpi
$ibiricin(216) Kirraya gleizel Leaves (Fickranaratne, Tusar, and Belasubramanian,
1984)
Yurriga gleizel Lezves {Tugzr, 198%)
Yurrage gleinel Root bark - |(Fugar, 1985)
Xorrape gleinel Stew btk {Tugar, 1988
Yorreyi gleinel - {loats ’!tnzr et al., 1987
Yorsape paniculeli "heat Batk reai of )., 1980
$ibiricol (207) Xirraya exotici Leaves {Ito and Furukese, 1%8%a)
Suberesin(16l) (lassez: iadica berial part (Rakast et al., 1978)
Toddalenone (21T} Yorreyi gleinel Bocts (Tunar et al., i?!?l
Tabelliferone(119) Yeroxeluk ceplenicae | Leaves {De Silva et al., 1983)
Yerrapa exctica Leaves (Ito and Purukema, 198%3)

Rerial part
Stex
4

Root berk
Root berk
4

oot bark

oot bk

‘Pz, Neqri, and Zshratallad, 1983)

<

(Ratash et al., 1978)
(vakshei ef al., 1984)
(Lakshai ef al., 1987)

(Kester, Szezdred, aud Reisch, (977)
{fu and Purukava, 1982)

{Gebreyesus ard Chapya, 1983)
(Yzngdoonstul, Puazengura, ad
{heickaztipyuth, 1984)

Chezdbard,

Telepatr, an? Telapetr, 1008
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