
J. ladlaa a.m. Soe .• 
VoL 66, DecemiJer 1989, pp. 843-853 

Some Newer Aspects of Plant Alkaloids' 
D. P. CHAKRABORTY 

Oompal&tive Phytochemical Laboratory, Base Institute. Oaloutta~'IOO 009 

THE alkaloid bearing plants as sources of medicine 
l-and toxic materials made important contributions 

to the society from the beginning of community 
life and agricultural mode of production in human 
civilisation. Popavera somnifera, the source of 
opium, provided the anodyne of choice even 6000 
years ago. The toxic plant constituents also found 
use in the state management1 • Since the isolation 
ofthe first alkaloid morphines in 1904 from opium 
there bas been widespread interest in the search for 
alkaloids from toxic and other plants known to be 
useful in indigenous medicine of different countries. 
T~is pragmatic approach paid the world a good 
dtvidend. Nearly 3000 alkaloids classified into 58 
groups have been known till 19608 • Some of them 
are medicines of choice, some are important from 
!orensic considerations and some have very interest
JUg structural complexities. 

Today alkaloids are also known for their alleo
chemic and ecological functions4 • 11 • Human 
endeavours spread over more than a century have 
been necessary to elucidate the structures of some 
complex alkaloids like strychnine, morphine and 
many others. 

In India Shaugnessey" of Calcutta Medical 
College started from pragmatic considerations, the 
isolation of active principles of Indian Medicinal 
Plants a'l early as in 1840. But the first world~wide 
recognition of Indian alkaloidal investigations was 
in the area of pharmacology when quinine was 
accepted as an official remedy of malaria by League 
of Nations due to the investigations of R.N. Chopra 
at the School of Tropical Medicine in the twenties 
of this century". The discovery of the pharma
cologically active alkaloids of Rauwolfia serpentina 
in 1931 by Siddique and Stddique7 could be consi
dered as the beginning or isolation and structure 
elucidation work on alkaloids in India. Siddique's 
work attracted attention from all over the world on 
Indian alkaloidal studies. Indian alkaloidal investi
gations initiated by B. B. Dey at Madras and 'P. K. 
Bose at Calcutta, received world~wide appreciation 
due to extensive and fruitful work of T. R. 
Govindachari at Madras and Bombay and Asima 
Chatterjee at Calcutta. Theil" contributions resulted 
into structure elucidations of various interesting 
and pharmacologically significant compounds. 
Some of them like nareline 11 (1), grandifoline 8 (1) 
and teliacorine{teliacorinine10 (3) are structurally 
novel. Some alkaloidal work was also reported by 

R. N. Chakravarti in the fifties of this century from 
Calcutta School of Tropical Medicine. 

While the majority of the studies on alkaloids in 
India is based on pragmatic approach. we have been 
interested in the biological approach to such investi
gations (micromolecular taxonomic approach) since 
1960. The placement of the family Rutaceae in the 
order Rutales by Hutchin~onu in his Lignosae 
attracted our attention to the investigations on the 
alkaloidal profile of the member11 of Rutaceae 
which abounds in alkaloids derived from anthranilic 
acid19• In such effort, we discovered in 1962. the first 
member of the then unknown 'Carbazole Alkaloids'. 
Different a~pects of this new JP;roup of alkaloids 
form the subject~matter of this presentation. 

. Murravanine, the first member of the group, was 
ISolated by the present author from Murroya 
koeniflii Spreng. before 1962. In 1962, he could 
ascertain that murravanine was a carbazole deriva
tive having a formyl and methoxv group from its 
~H nmr soectrum and other dati\ st hand. Evidently 
tt was the first carbazole of biological oriJ!in 
discovered ninety years after the discovery of the 
parent compound carb~zole (4) from coal tar in 
1872 by Graebe and Glazeru. Its structure was 
established by cfegradationu and synthesi~ 111 bv us 
as 5. In working out the structures of various 
alkaloids, the uv llpectral data of formyJ-111 and 
met~~xycarbazolesn were helpful in locating the 
posttton of the formyl and methoxy ~roups on the 
carbazole skeleton18• Though Basu18 could not 
reconcile the experimental uv data of methoxycarba
zoles with theoretical calculations. the uv data of 
metboxycarbazoles or their congeners have been 
successfully utilised in assigning the structures of 

ClQCJHO 
H OCH3 

(4) { 5) 

carbazole alkaloids18 as well as in their synthesis. 
Like man{ alkaloids of Rutaceae, murrayanine 

(5) bas the nthranilic acid pattern. To provide 
further credence to the anthranilate origin of carba~ 
zole alkaloids. we looked for these alkaloids in taxo
nomically related Glycosmis pentaphylla Retz. 

tAoharya J. O. Ghosh Memorial Lecture (1986) delivered under the auspices of Indian Chemical Boo1ety on 26 December, 
1988 a' Oaloutta. 
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Re 
( 6) Rt .. R2 = Rt. = Rs = R7 = Re = H ~ R3 = CH 3 , R6 ,.. CH30 

( 7 ) R1 = R, = Rs = R7 = Re = H , R2 = R6 = ocH3 , R3 = c H3 

( 16) Rt = R2 = Rt. = Rs = Rs = R7 = Re = H , R3 = CHJ 

{17) Rt = R7 = Re = OCHJ • R2 = R 1. = Rs = R6 = H • R3 = CH3 

118) Rt = Rt. = Rs = Rs = H, R2 = R7 = OCHJ, R3 ::: CH 3 , Re = CHO 

( 19) 

( 11 ) 

Rt 

Rt 

= R4 = Rs = R7 = Ra =H. R2 = OH • R3 = CHO , R6 = OCHJ 

= Pn .. R1 = CHJ, R3 = OCH3 • Rt. = Rs = Rs = R7 = Re = H 

(22) 

( 23) 

Rt 

R, 

= Ph , R2 = C HJ, R3 = OC H] • R4 = Rs = R7 = R8 ::: H ' Rs = Cl 

= R1 = CHJ, R3 = R4 = OCHJ • Rs = R6 = R7 = R8 = H 

( 24) Ry = R2 :: c HJ , R3 = OCH] , R 4 = OH , Rs = R 6 = R 7 = R8 = H 

<15) 

(16) 

Rt 

Rt 

= C HO, R 2 = CH3 ,R3 = OC_tt 3 , R4 • OH > Rs = R6 = R7 "-' Ra = H 

= CHO, R1 • CHJ ,R 3 ,. R6 :t OCH] • R4 = 0~ , Rs • R7 s R a= H 

D.C.18•110• (Faro.: Rutaceae l Sub-fam.: Auran
toidae) which is known to elaborate alkaloids deriv
able from anthranilic acid. i.e. furoquinolines, 
acridones and quinazolones. Glycozoline (6) and 
glycozolidine (7) were isolated from the root bark 
of G. pentaphylla by us. 

The structure of glycozoline was confirmed by 
synthesis using Borsche method of synthesis of 
carbazoles as well as by taking recourse to the 
synthesis of hydrazone for It he tetrahydrocarbazole 
synthesis by Japp-Klingemann reaction18• Recently 
we have used Lewis acid catalysed aliphatic diazo
coupling81 of 3-methylcyclohexanone (8) with p· 
methoxybenzene diazonium chloride (9) to syn
thesise the hydrazone (10) required for tetrahydro
carbazole (11) formation to effect the synthesis of 
glycozoline. 

161 

f PGIC 

~OCH) 

H 

till 

ft J Cychs31.ttart 

{u) w, K. reduct1on 

+ ~OCH3 
CINSEN~ 

till 

!AICI) 

CH3Jl ~H 
~NH~ 

0 
(10) 

The report of aromatisation and 8ehydrogena· 
tion of acyclic hydrocarbons with elemental iodme 
at an elevated temperature by Raley et al.u 
promoted us to synthesise carbazole by dehydro
cyclisation of diphenylamine in presence of iodine 
in a sealed tube at 350". Carbazole (4), 3-methyl-

carbazole (16), glycozolidine (7)u and glycozoline 
(6) 18 have been synthesised using diphenylamme 
(12}, 3'-methyldiphenylamine (13), 3,4'-dimethoxy· 
diphenylamine (14} and 4-metbyl-4'-methoxydi· 
phenylamine (15) respectively. 

In the dehydrocyclisation method of carbazole 
synthesis Graebe and Glazer18 used red-heat tem· 
perature only, while Zelinsky,... used palladium 
acetate as catalyst. Jackson and Sasse111 used 
degassed Raney nrckel to effect the cyclisation with 
lesser yield than that reported by Zelinsky. We also 
used degassed Raney nickel for synthesis of the 
alkaloids 1111 • After our work 118 further modification 
of experimental conditions of cyclisation have been 
made by several workers. At present the method 
has been much more popularn. The concept of 
radical cyclisation of diphenylamine to carbazole 
at high temperature advocated by Chakraborty18 

has gained further ground by the report of 
Bhattacharyya and Jash • 8 when they used benzoyl 
peroxide in CCI, as the reagent. The photolytic 
and anodic methods have also been used to effect 
cyclodehydrogenation of diphenylamine to 
carbazole18• 

Murrayastine• 11 (17), murrayahne• 0 (18),lansine80 

(19) are some of the newer additions to the tncycbc 
alkaloids after 198081 • Some newer plant Isolates, 
like mukonal, 2-methoxy-3-metbylcarbazole, 2-hydr· 
oxy-3-methylcarbazole, glycozohnine, koeniltne, 
murrayafoline A, glycozolidal however have been 
1dentified811 with alr"ady known structures of carba· 
zoles. Furukawa et a/. 88 used NOB by uradiatwn 
of methyl and methoxy groups to locate the appro· 
pnate protons on a tricyclic system. Oxidative 
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variants of ring-C of carbazole alkaloids like 
murrayaquinone A 8 8 (20) have also been reported. 

Closely related to the structures of these tricyclic 
alkaloids are some alkaloids from the members of 
lower plants. Hyellazoteu (21) and its chloro 
derivative (22) were isolated from marine alga 
Hyella caespitosa by Cardellino II et al. The 
antibiotics of carbazomycin group (23-28) and 
6-methoxy analogues of 23 and 24 were reported 
from Streptoverticillum ehminse by Nakamura 
et al. 8 • as well as by Kondo et al. 811 In the structure 

R~OCH3 - 1 1 I 
:-... N 

H 
HO CH3 

(27) R •H, (28) R•OCH3 

determination of carbazomycinal {25) Muramo 
et al. 88 used LSPD method for assignment of ring-A 
carbons of carbazomycinal. Carbazomycin-G (27) 
and H (28) are interesting variants of ring-C of 
carbazomycin B (24). 

Girinimbinen,u (29), the first member of C-18 
alkaloids with till then unknown pyranocarbazole 
skeleton. was reported n by us in 1964 from Murraya 
koenigii Spreng. The mass spectrum of girinimbine 
showed the high intensity carbazolopyrilim ion at 
m/z 248 (M-15) (30). This characteristic ionic 
species (30) or it congeners have extensively been 
utilised in structure elucidation of various alkaloids 
of C-18 or C-23 skeletons with a pyranocarbazole 
fragment like girinimbine. Compounds with saturated 
pyran ring hke that in dihydrogirinimbine (31) 
gives a mass spectral peak at m/z 210 represented 
by the ionic species (32)· 

(29) 130) m/z 249 

( 31) 

From the degradation and spectral studies the 
structure 29 was assigned to girinimbine18 which 
was confirmed by three syntheses18• In our 
synthesis1 8 we condensed /J,P-dimethylacrylyl 

chloride (33) with 2-hydroxy-3-methylcarbazole (34) 
at so to form the acylcarbazole (35) which on Fries 
rearrangement and cyclisation gave the chromamone 
(36). This on borobydride reduction and dehydro
tosylation furnished (29). Kurreel et al., on the 
other hand obtained 29 by refluxing 3-hydroxy
isovaleraldehyde dimethyl acetal (37) with 34 in 10% 
yield. Narashimhan on the other hand condensed 
sodium salt of l·formyl-2-hydroxy-3-methylcarba
zole with oe.-methyl allyl triphenyl phosphonium 
chloride to obtain 29 with much poorer yield. 

I(H) 2C&lHCQC'I 
CHJ IH1 

--- ---.. 014 .. 
ou 

l F "•• <Ur>•ngor-onl 

lUI 

Murrayacine {38) an oxidative variant of girinimr 
bine was also isolated from M. koenigii Spreng. by 
us whose structure was e5.tablished from its physical 
data and total synthesis as well as by DDQ oxida
tion of 2918• 

0 

(39) 

O:tonisation of coumarins and alkaloids con
taining 2,2-dimethyl-68 -pyran ring was considered 
to be abnormal by Polonosky88• It was considered 
that first there was migration of the pyran double 
bond and subsequent attack of ozone leading to 
the degradation products like acetaldehyde and 
acetone from callophylloide (39). From our 
experiments with heptazolidine (40), it has been 
shown that ozonisat10n of 2,2-dimethyl- ,6. 8 -pyran 
fused to an aromatic system follows normal pathway. 
Heptazolidine18 furnished a dialdehyde (41), an 
<-hydroxy aldehyde (42) and acetone (43). This 
idea has also been supported by ozonisation experi
ments on mahanimbine reported by Joshi et a/.18• 

Recent interesting addition to the pyranocatba
zole alkaloids are the pyranoquinone A {44) and 
pyranoquinone B (45) 89• The structures of which 
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(oa] 

140) 

CH)~. ·-..;· OCHJ 

~koH 
H CHO (I.)) 

(42) 

have been confirmed by synthesis through the 
diphenylamine route as shown below. 

(4'1 

t .. ~. ¢:~~ 
;A_,O~tt/ 

H • 

t 0 

8~CHJ 
· I I 

H 
,.,..; 

149) csn . 

!48) 

lUll 

147) 

A --a-, HO~HCOCH3 ~. foiH2 

14$) /. 

ISO) 

7-Amino-2,2oodimethylchromene (47) prepared from 
m-hydroxyacetamide (46) on condensation with 
2-methyl-1,4-benzoquinone (48) gave the diphenyJ .. 
amine (49), which on cyclisation afforded (44). 
Similarly, 5-amino-2,2-dimetbylchromene (50) on 
condensation with 48 afforded 51, which on subse
quent cyclisation gave 45. The above results 
prompted us to reporL" 0 the thermal synthesis of 
norgirinimbine and its linear isomer accomplished 
earlier in our laboratoryu. 

k 
ISZ) 

0014 
+ 

K 

f•l A••"· Nail~>~. 
(hl :rosyi- ft:ttJ(tragenat..,-n 

2-Hydroxycarbazole carboxylic acid {52} on treat· 
ment with P,tr-dimethyJacrylic acid (53) at 145• in 
presence of SbCI8 furnished the chromanones (S4 
and 54a). Both the chromanones on reduction and 
tosyJ dehydrogenation furnished respectively the 
linear 2,2-dimethyl-~ 1-pyranocarbazole (55) and 
its regia-isomer norgirinimbinine (55a}. Compound 
55 is the first linear pyranocarbazole to be reported. 

Our publications from 1964- 1966 on grinimbine, 
murrayanine, glycozoline, glycozolidine and 
mahanimbine attracted immediate atteJUion of the 
Indian Chemists, as such the first carbazole alkaloid 
with 2',y-dimethylallyl chain and probable pecursor 
of girinimbine, heptaphylline (56) was reported from 
Clausena heptophyllau which we were examining 
for carbazoles from taxonomic considerations. We 
also reportedu heptazoline (57) from the plant. 

COtN::o 
R H CH CHzC_,.CHJ 

2 'CR) 
1561 R•H,IS71 R•OH 

The novelty of the structures and biological pro· 
perties of carbazole alkaloids attracted the attention 
of chemists all over the world for their synthesis. 

Crum and Spragueu synthesised murrayanine. 
They obtained 3-bromo-1-methoxy-5,6,7,~-tetra· 
hydrocarbazole (58) from 2·methoxy-4·bromo
phenylhydrazone of cyclohexanone (59). 58 on 
dehydrogenation and subsequent reaction with 
formanilide yielded 5. 

QN-NHJ(;J~'-- Q~Tt'j&r 
Hb) 

fUJ 

I Ill Oe.~ydrogen;tfon 
Iii) Formrlahon 

Hl 

Carruthers• • synthesised glycozoline by photolytic 
cyclodehydrogenation of (15). 

Oikawa and Youmitschi68 used their ketosulph· 
oxide method to synthesise 2-hydroxycarbazole (60), 
girinimbine (29}, murrayacine (38) and cyclohepta· 
phylline (63). The ester (61) was treated with 
sodium methylsulphinylmethide to give quantita• 
tively a ketosulphoxide (62)· 

t0.r·~ 
~N~OH 

H 
(60) 

CcM 
H SCH3 

!60a) 

~~ __ _,.,..,. ~OCH~ 
~ttY COOCHJ 

H 

16;11 ,. 

s-o 
I 
CH3 
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Alkylation of 62 with prenyl bromide in presence 
of potassium hydride gave 64. When 64 was heated 
With p-toulene sulphonyl chloride in accetonitrile 
dihydrogtrinimbine ( 65) was obtained. 65 on 
dehydrogenation gave girinimbine (29) which on 
oxidation with DDQ afforded murrayacine (38). 
On DDQ oxidation 65 gave 63. 

1~21- ,(~HJ /' 

} 0 - "' N ""'-H t •0 

1&41 CHl 7 185) 

l Do~yd•ogonat on 

129) 

'008, 

IUl IJ81 

Bergman and Carlson"'• reported the synthesis 
of 2-hydroxy-3-methylcarbazole (34) using 2-methyl
IDdole (66) and 2,3-unsaturated carbonyl compound 
by alkylation at 3-position of indole (67). 

ctto 

p;~Jl >« 3 c-tt~-cooc2 Hs 

~N~ CH] 
H 

166) 

CH] 

~~ooc H --1341 ~N;J ~ I S 
H 

1&7) 

Better yields of the carbazoles hke 69 have been 
reported by Bergman and Pelcman .. n using 2,3-
unsaturated-ketones (68) and 2-alkyl·substituted
mdole in presence of Pd/C. The use of molecular 
sieve in the reaction mixtures have been found to 
increase the yteld. 

(66) + 

(68) Rt •CH3 
Az,.R3=H 

~ 
~N~CH] 

H 

(6!1) 

The occurrence of 3-vinylindole system in carbo
zomycin, girinimbine and pyridocarbazoles, pro
vided some incentive to Akgun and Pinduru to 
investigate the synthesis of carbazoles using 3-vinyl
mdole as a buddmg block. Selectively functionalised 
2- and 3-vinylindoles (70 and 71) represent 471· 
components and synthetically attractive building 
blocks for the synthesis of carbazole alkalo1ds. 
2,3-Vinylindoles ~ave 1-aminobutadiene structur~l 
features imbeded m a hetrocychc system. The addt
tion of dienophtle to vmylindoles have extensively 
been utilised for buildmg tricyclic and polycyclic 
carbazole systems.u,ao. 

(](J 
H 

171) 

In some cases newer heteroatoms have been 
introduced in the heterocyclic system. The subject 
has been reviewed by Pindur• 9 •110 • Reactions 
involved (4+2) cycloaddition under various experi
mental cond1t1ons wJth varying ytelds. The syntheses 
so far reported embrace few of the naturally 
occurring catbazole alkaloids probably due to thetr 
spectfic substitution pattern. The syntheses of 4-
demethoxycarbazomycinu and its regio-isomers611 

are interestmg illustrations of application of 3-
vinyhndoles. 

~ CH300C CEC COOCH) 

~) vC H) ---::1:--ou..;..;::..:.:.~) 6:-----

t?ll 
H (1)'+2,(n) -H2 

~OCHJ ~ 
~!'J~COOCHJ 

H 
!74) COOCHJ 

I 1•1 KOH/MoOH 
In! SoHCIJICH]CN 

In -Prop)]N 

Tbe (4+2) cycloaddition of 72 with dimethyl 
acetylene dicarboxylate (73) and dehydrogenation 
of the cyclo-adduct gave 74. Hydrolysis of 74 and 
subsequent reduction furnished 75. 

The regio-isomer 3-demethoxycarbazomycine110 

was prepared starting from indolyl(methoxy)methyl
carbenium tetratluoroborate (76) which was deproto
nated In situ to reactive (N-unprotected) 3-vinyl
indole (77) which on (4+2)cycloadditton reaction 
With acetylene dicarboxylic acid and subsequent 
dehydrogenation gave the 3-demethoxycarbazo
mycin (78). 

1161 1771 178) 

The synthetic potentJ.tl of 2-vmylindoles have been 
explored"' to a great extent in spite of the fact 
that they are much less reactive than 3-vinylindoles. 
The syntheses of hyellazole and chlorohyllazole118·u 
constitute elegant Illustrations of synthests involving 
2-vinyhndoles. 

Condensation of N-phenylsulphonyl indole (79) 
or its chloro derivative (79a) with benzoic anhydride 
afforded 80 or 81, which on Wittig reaction gave 
2-(1'-phenyl-1'-propenyl)indole (82). On Vtlsmier 
reactiOn 82. furnished the formyl derivative (84) 
while the required formyl derivative (85) in case 
of 83 was obtained by treatment of 83 wtth oxalyl 
chloride and subsequent esterfication, hydrolysis 
and dicarboxylation. Both 84 and 85 on Wittig 
reaction furnished the methoxyvinyl compounds 
(86 and 87). The divinylindole derivatives (86 and 

847 
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87) on thermolysis furnished byellazole and cbloro· 
byellazole. 

\ Ol I 
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(21) 
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k~-~".;;::: OCHJ 

~ ~N 
H 
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186) R zH ::-..... 
l871 R =CI 

Bergman et al.""' synthesised 3-demethox.yhyella
zole using 2-vinylindole as the substrate. However 
they took altogether different route to such synthesis. 

( Q ~I __ P~O:-:-;C;:-'IJ:...__-
./'-,~~ OMF 

H Ph 
1881 

Mahanimbine, CuHuNO, m.p. 94-95" (M+ 
331), ("'J8HCI, +45.1, the first member of carbazole 
alkaloids with C-23 carbon skeleton, was reportedu 
by us from M. koenigii Spreng. We reported the part 
structure built on a pyranocarbazole of C-18 group
like with C1 H 8 residue containing a double bond. 
While our work was in progress, Narashimhan60 

reported its structure as 94 which was readily 
confirmed by us and other workers18·n using the 
method118 of terpenic cyclisation with 2-hydroxy· 
3-methylcarbazole (34) with citral (95). 

1 J4 1 + C•tral 
I !I~ I 

Cycllsat•on ---va.nous 
catalysts 

<981 Rt aCH],Rz=H 

110~1 RJ•H;R2cCH3 

f 

1971 R1 "'CHJ,R2 = RJ = H 

(1031 R1 = R3 = t1, R2 = CH3 
11041 Rt •CH3 ,Rz"'H,R3 =0H 

1941R •CHJ 
( 961R • CHO 

The formyl analogue of mahanimbine, murraya
cinine was shown to have the structure 96 by 
degradation and synthesi~18 • Murrayazoline (97), 
murrayazolinine (98) and murrayazolidine (99) are 
interesting cyclomers isolated by us. The dl· 
murrayazoline, named mahanimbtdine (100) and 
curryangine18 were isolated respectively by Kureel 
et al. as well as by Wadia et al. The isolation of 
the optical antipode of murrayazoline was reported 
by Furukawa et a/. 88 • The structure ofmurraya· 
zoline was confirmed by X-ray crystallographic 
studies while the structure of mahanimbidine 
determined by physical data. Due to strained riDg 
system in murrayazoline it undergoes facile ac1d 
catalysed N- C bond cleavage leading to the forma· 
tion of murrayazolinine. Sluggish N -C bond 
cleavage had also been reported by Patel"9 with 
mahanimbidine isomers. This N -C bond cleavage 
reaction has given access to the understanding of 
the interrelationship1.8 between murrayazoline, 
murrayazolinine and murrayazolidine as murraya· 
zolinine after P 110" dehydration afforded murraya• 
zolidine. Bandernayake at a/.00 synthesised it 
from mahanimbine by passing mahanimbme over 
Dowex SOx 8 (H+) resm. 

Bicyclomahanimbine, an interesting cyclomer of 
mahanimbine, was isolated by Kapil et al. and 
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proposed its structure as 10118 while Crombie from 
the analogy of the X-ray crystal structure of canna
bicyclol proposed the structure as 101au. The 
structure of lOla was supported by our synthetic 

~-~-· ...._ CH3 
~,'....-: 

~ 0 

I IQI) t lOla l 

experiments when 2-hydroxy-3-methylcarbazole (34) 
on condensation with photocitral A (102) furnished 
bicyclomahanimbine (101). 

Citral ~~~:~t: ar fYCHO + 041 -1101a) 

(951 L.. ·-·~ 
11021 ·. 

New additions to cyclomers of C-23 alkaloids. 
like mabanimbine, are naturally occurring iso
murrayazoline61 (103). murrayazolinol811 (104) and 
acid·catalysed hydration product isomurrayazo
linine (105). Carbazoloquinones88 of C-18 and 
C-23 skeleton murrayaquinone-B (106), -C (107) 
and - D (108) are novel additions to these 
alkaloids. 

.:~'"' 
Rz H 0 

1106 l R1 "'OCHJ, R2 "'OMA 

f1Q71 Rf • OCH3. R1 = Geranyl chain 

t 1081 R, "OH, R2 := Geranyl· chain 

Mahanimbine racemises in a sealed tube at 200" 
as well as at 90" in an isooctane solution in dark. 
The racemisation bas been rationalised by enone
chromene (109) transformation and subsequent ring 
closure. The incorporation of deuterium at C-10 
and C-4 in the enone isomer (109a) of normaha
nimbine (94a) bas been cited as a supportive 
evidence by Bandernayake et a/.60 • Chakrabortyss 
have shown that mahanimbine on standing in etha-

1S4lf1Shl-

l10Sl R • ~HJ 
I 109al R ,. H 

nolic solution in !darkness undergoes optical inver
sion for +45" to - 24.8". Attempt to isolate the 
1-form by evaporating the solvent resulted only in 
the i$olation of dl-form, The re~overy of parent 

chromeneu after removal of the solvent in photo
lysis product of chromene (110) could be cited as a 
relevant interesting finding. Padwa and Leeu 
showed that during the photolysis of cbromene in 
methanol, methanol addition (111) took place which 
readily reverted to the parent cbromene on removal 
of the solvent. 

In consideration of interesting rearrangement 
involving quinolide intermediates of the pyrano
carbazoles. we examined the photolytic transforma
tion&~~ of some pyranocarbazoles (29, 94, 112-116). 
Benzene solutions of the compounds were irradiated 
at room temperature by low or medium pressure 
mercury vapour lamp (16 W-254 nm or 400W -360 
nm) under nitrogen atmosphere and subsequent· 
work-up yielded the- products (11'7 -12.2)· The N-· 
sulphonyl derivative (116) however did not provide ! 
any photo-product, 

RJ 

ll9l R1 ~ Rl : H , RJ = CH3 

191.1 Ro ~ 112 z H • RJ : CHzCH2 CH=C ...-CHJ 

11121 R1 • OCH],Rz ~ H ,113 • CH] '-CH] 

11111 Rt u H, R2 ~ CH~CH=CH2. R3 ~ CHJ 

1114) R1 ~ H, AI: R3 • CH3 

!11SI R1 • H, Rz" CzHs,RJ • CH] 

11161 AI • H, 112 • S03CH3, AJ • CHJ 

1lllr; A1 •H,Rz·.: CH 3 
<<HI 11, & H, 112 • A 
11161 Ro =H. R1 • _C 2H5 

( ~9a,94a ,112a-11Sol 

' j 

1117-122) 

R1 • A2 .R3 same 1 a 

129,94 and 112·115) 

The genesis of the photo-products (118-123) 
could be rationalised by the formation of o-quinoe
allide type intermediates (29a. 94a, 112a -liSa) as 
envisaged by Padwa and Lee. Subsequently it under
goes and recyclises to 2,5-dihydro-oxepinocarbazole 
from pyranocarbazole substrate involving a 1.4-shift. 
The probable participation of the nitrogen lone-pair 
in the overall process has been envisaged as the N
sulphonyl derivative did not produce any rearranged 
product. Both the sensitised and unsensitised 
photolysis of some N-substituted-oxipinocarbazoles 
yielded the same N-substituted-bicyclooxipenocarba
zoles (124-126). The production of the bicyclo
carbazole could be explained due to the participa
tion of the triplet excited stage which through the 
probable intermediates arising due to rearrange
ment similar to Zimmerman's di-JT-methane 
rearrangements" or oth.!rwise. 

On the other hand, the phtochemical studies of 
sulphonyl carbazoles (127) resulted into the produc
tion of l- and 3-sulphonylcarbazoles88 (128 and 
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lZ9). The photochemically excited 127 underwent 
a fast homolytic cleavage of nitrogen- sulphur co
valent bond. thereby generating the solvent-caged 
intermediate 130. The formation of photo-products 
(128 and 129) could be rationalised by intramole
cular 1,3- and '1,5-migrations of sulphonyl radical. 
Thus a true photo-Fries rearrangement hitherto not 
reported in the carbazole series has been demons
trated. N-Benzoylcarbazole did not undergo similar 
changes. This method provides an easy access to 
the synthesis of 1- and 3-sulphonylcarbazoles which 

r(]o0~ ... J " I .-: .. 
'iOR 

I <l 

have •been difficult to svnthesise bv the other 
methods. These compounds may be of biological 
importance. 

Previously proposed ideas88 about the anthra
nilate and 3-methylcarbazole origin of carhazoles 
alkaloids of higher plants and the larger participa
tion of 2-hydroxv-3-methylcarbazole in the forma
tion of pyranocarbazoles have been further substan
tiated by the isolation of several derivatives of 3-
methylcarbazole811. The occurrence of Jinear 
pyranocarhazotequinone8 0 and the synthesis of 
linear pvranocarbazote•o shows that linear pyrano
carbazoles could arise when 3-position of the carba
zole nucleus is unoccupied or occupied by a readily 
removable group. The isolation of murrayaline 
(18) with an additional one carbon supports the 
previously proposed ide:.t that incorporation of one 
carbon into a preformed carbazole sketeton80 may 
take place. Furkawa supported Chakraborty's idea 
about the anthranilate origin of c'lrbazoles from the 
occurrence of murrayaline. Carbazoloquinones 
could be considered as an oxidative variant of alka
loids with hydroxyl at C-1 of ring-C. Mahanim
binol'0 (HI) could be considered the preeurc;or of 
mahanimbine group nf alkaloido;. From biomimetic 
oxidation studies of 3-methylcubazole. Chakraborty 
et a/.81•71 predicted the occurrence of dimeric 
carbazole alkaloids in plants. The idea has been 
proved to be a reality by the discovery of murrafo
Hne' 11 (132) and several dimeric Cllrbazole alkaloids 
like 131-137 from M. euchrestifolia by Furukawa 
et az.n. 

( 131l 

850 

CHa 
(132) 

(135) 

~0~ 
~~ ~N~ 

H OCH3 OCH3 H 

1136) 

Murrafoline (132), the first biscarbazole with 
C--41 skeleton, has a murrayazolidine unit and a 
dihydrogtrinimbine unit attached to position-S of 
the carbazole unit. Such compounds w1tb d1hydro· 
girinimbine unit attached to postttons-6 and -8 are 
known. Position-6 and -8 happen to be the rela
tively more active nucleophihc centres than post• 
tion-5 and -7. It is hkely that an electrophilic 
species with electrophilic centre at the benzylic 
position of the dihydrogirinimbine unit may attach 
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to position-6 or -8. Our experiments with girinim
bine {19) and its N-methyl (114) and N-ethyl (US) 
derivatives under BF 8 - Et8 0 catalysed reaction 
resulted in isolation of the biscarbazoles (138 -140) 
the formation of which could be explained through 
the intermediatQ of the type 1.41-143. 

(114 I R- CH3 

Ill~ I F1 = C2H~ 

q!li lhH 

!136li!=H 

IH9l 1'1 = CH] 

1141)1 1'1 =C2"1; 

(tt.t ~ R = H 
(1£21 R = CH) 

1!4)\ R ~ C1Hs 

Our experiments provide a rationale for the 
attachment of the dihydrogirinimbine unit at 6/8-
position in biscarbazoles of natural and synthetic 
origin as also the absence of attachment of such 
unit at 5- or 7-position. On this background, the 
attachment of 2,2-dimethylpyranoaromatic com
pounds to another aromatic substrate at the most 
active nucleophilic centre as in pyranoacridone, 
acronycine" 5 may also be rationalised. 

2-Methylcarbazole is a common skeletal unit of 
the alkaloids of lower plants. This could be con
ceived to arise from an indole unit and a mevalo
nate unit in a Scheme shown below. 

Such an idea though appears to be rational in 
consideration of the biogenetic ideas about the 
alkaloids of higher plants, it does not find support 
from the experimental results reported by Nakamura 
et al. on the biosynthesis of carbazomycin B as 
detailed in the Scheme 18 8 •89 • 

Interestingly it may be mentioned that 2-methyl
carbazole skeleton is the common structural features 
of several carbazoles isolated from the petroleum 

1ICs-2 

• AcH1 

Boheme 1. Bi011ynthesis of carbazomyoin B. 

CH~ 

oil (144-146) obtained from the continental shelf 
ofKwaitu. 

~ 
~!l~ 

H 

1145 l 

Taxonomic considerations : 
The majority of the carbazole alkaloids have 

been reported from taxonimically related genera 
Murraya, Glycosmis and Clausena (Pam.: Rutaceae ; 
Sub-Fam. : Aurantoidae). Swingle segregrated these 
genera into subtribe Clausenae. The occurrence of 
the carbazole alkaloids in these genera is interesting 
from the standpoint of Swingle's segregatation. 
The genus Murraya appears to be varsatile in giving 
expression to the largest varieties of these alkaloids. 
The report of ekebergenine (147)"~'~' from the genus 

Ekebergia (Fam. : Meliaceae) calls for further 
investigations of carbazole alkaloids in Meliaceae 
as the closeness of the families Meliaceae and 
Rutaceae have been reflected in a members of 
nortriterpenes oflimonin group111 b• 78 • 

The occurrence of alkaloids in marine alga 
(Cynophyta) Hyella caespitosa and bacteria Strept
overticillum ehimese (Schizomicophyta) show that 
alkaloids could also be obtained from plants at 
advanced as well as in primitive phyletic status 
probably through separate biosynthetic pathway. 
Though the data at hand restrict broad discussion 
on the taxonomic implication of the alkaloids, 
Chakraborty1 8 as well as Furukawa successfully 
utilised taxonomic considerations to isolate a large 
number of carbazole alkaloids. 

Biological properties : 
The importance of alkaloids of the group 

have been reflected in the various biological 
properties1B1S1,u,es. wen reported the antibiotic 
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properties of alkaloids as early as in 1965. The 
most active constituent was demethylated glycozo· 
line (148) which was found active against Trycho
phyton rubrum. Subsequently Nakamura et al. 
discovered antibiotic alkaloid from Streptoverticilum 
ehminse which gave the alkaloids the true status of 
antibiotics. The most achve alkaloid is carbazo
mycioe B which is active against Trycophyton 
species. There has been widespread interest in the 
area of the biological properties of carbazole 
alkaloids and congeners after our report"~ o 
(Table 1}. 

TABLH1-P.ROGRH<;S IN lNVH'l'tiGA'l'IONS OP BIOLOGICAL 
AC'tlVI'tllCS OP 0ARBAZOI.HS DURING 1965-1988 

1965 Antibiotic activlfilea 1 

197'1 Antibiotic activity, feeble activity against KB cell 
culture, some anticancer activity"' 

1988 Antibiotic, anticancer, ONS, antiinflammatory, anti
fertility and hypercholestermic, trypnocidal, insectl
cidalu,u activities 

1988 Antibiotic, antiviral, anticancer, ONS, antianxiety, 
antiemetic and antlvcmitlc activities, control of gastric 
evacuation, 6HT antagonastlc, psychotic disorder, 
neuroleptic agent, enzyme jnhibitory, anabolic activity, 
diazopam-like activity"'• .. , tyrosinase inhibitory 
activity 

The most significant development is the discovery 
of compounds of drug valueu. Cycloindole (149) 
and flucindole (150) are two neuroleptic agents 
while oxaarbazole (151) is antiallergic. The analgesic 
and antiinflammatory properties of carpofen (152) 
have received widespread attention. Its activities 
are comparable to those of indomethacin with a 
greater safety margin. 

Rt~N:: 
~~~ 

a, H 

U49) At• H 
(ISO I Rt •F 

(I ~2) 

The stagewise progress of this new group of 
alkaloids are briefly presented in Table 2. 

852 

TABI,lC 2-PROGRJI:SS IN 0ARBAZOL:B: At,XAI,OIDS 

Year No of Carbon skeleton Oyclio system 
alkaloids 
known 

1962 2" 0-18, 0-18 Tri-, tetrao:ycllo 
bases 

1971 19b 0-13, 0-18, 0-28 Tri-, tetra-. penta-
huaoyollo bases 

1977 as• 0·13, 0-18, C-28 Tri-, tetra-, penta., 
hexaoyclic bases 

1980 8'14 Q-18, Q-18, 0-28 Trl-, tetra-, pent&·, 
henoyclio bases 

1984 ue 0-18, Q-18, 0-28; Tri·, tetra-, pent&·, 
0~14, 0 19 hexaoyolio b~s911 
(from lower plants) 

198'1 66' 0-18, 0-18, C-23 ; Tri·, tetra-, pentr.-, 
0-14, 0-19 (from hexaoyclio bases , 
lower plants) , dimerio 0..13+ 
dlmeric 0-26, 0+ 18, 0-18-f C-18, 
0-36,0-41 C-18+0-28 

1988 801 0-13, C-18, 0-28 , Tri-, tetra-, penta· 
0-14, 0·19 (from cyclic bases , 
lower plants); dimeric o,. +0-18 
dimeric 0-'11 

"Ref. : Author, unpublished In 1962. bRef, 79. •Ref. 18. 
c!Ref. 81. eRef. 68. 'Ref. 32. 'Ref. 81. 
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