
CHAPTER I

INTRODUCTION

C a r b a z o le  A l k a l o i d s

C arbazole a lk a lo id s  were is o la te d  as e a r ly  as 1872 from coal
t a r  by Graebe and G lazer. I t s  occurrence in  p la n ts  was n o t rep o rted  
u n t i l  1964-65 when the  s t ru c tu re  o f m urrayanine, the  f i r s t  member 
of carbazo le  a lk a lo id s , was re p o rte d . The d is t r ib u t io n  of carbazo le  
a lk a lo id s  in  p la n t  i s  a t  p re se n t lim ite d  to  the  fam ily  R utaceae.
The p la n ts  in  th i s  fam ily  which have been in v e s tig a te d  and rep o rted  
to  co n ta in  such a lk a lo id s  a re  UuAAaya kocyiig ti S preng ., UuAAaya 
ex o tica  L. [M. pan icu ta ta  (L .) Ja c k ], Glycot>mù> pcn tapkytta  (R etz .) 
DC., ClauACna h cp tapkylla  w t. and A rn ., ClauAZm lam iam  (Lour) Skeels 
( 1 ) ,  ClauAcna IncLLca Oliv (2 ), and ClauAcna atvuata  W ind (3 ). There 
a re  a lso  carbazo le  d e r iv a tiv e s  h y e llaz o le  and ch lo ro h y e llazo le  in  
b lu e-g reen  a lg ae  (4 ).

Many s t r u c tu r a l ly  d i f f e r e n t  carbazo le  a lk a lo id s  was rep o rted ; 
a l l  a re  based on th e  p a re n t carbazo le  nucleus (^ ) ,  b u t they d i f f e r

C la s s i f ic a t io n  o f Carbazole A lkalo ids

i n  t h e  n u m b er o f  c a r b o n  a to m s  a t t a c h e d  t o  n u c l e u s .  T he g r o u p  o f
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carbazo le  a lk a lo id s  i s  sometimes analyzed in  terms o f the  number of 
isop rene  u n i ts  lin k ed  to  an in d o le  n u c leu s , so th re e  b a s ic  groups of 
carbazo le  a lk a lo id s  have been recognized (1K  The f i r s t  group, 
rep re se n te d  by m urrayanine, has an indo le  u n i t  p lu s  one isoprene 
u n i t ,  th e  second group [e .g . h ep tap h y llin e ] has an in d o le  u n i t  p lus 
two isop rene  u n i t s ,  and th e  th i r d  group [ e .g . mahanimbine] has an 
in d o le  u n i t  p lu s th re e  isoprene  u n i ts .

According to  th e  number of carbons in  sk e le to n , Chakraborty 
c la s s i f i e d  th e se  a lk a lo id s  in to  th re e  main groups (5) ะ

1 . Members w ith  C-13 carbon sk e le to n
This group of carbazo le  a lk a lo id s  co n ta in s า 2 carbon 

atoms of carbazo le  nucleus and one carbon atom a tta c h ed  to  p o s itio n  
3, which appears to  be m ethyl, aldehyde, a c id , o r e s t e r .  There can 
be o th e r  s u b s t i tu t io n  on o th e r  p o s itio n s  of carbazo le  nucleus, fo r  
example, on p o s it io n  1, 2, 6 , o r 8 . A number o f a lk a lo id s  in  th is  
group a re  shown in  ta b le  1 .

Table 1 S tru c tu re s  of P re se n tly  Known C-13 C arbazoles

N'
H
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R1 R2 R3 R4 R5
3-Methyl carbazo le H H ch3 H H
Murrayanine och3 H CHO H H
Mukoeic acid och3 H COOH H H
G lycozoline H H ch3 och3 H
G lycozolid ine H och3 ch3 OCH 3 H
Mukonine . och3 H COOCH3 H H
Mukonidine H OH cooch3 H H
Mukoline H H ch2oh H och3

M ukolidine

2 .

H

Members w ith

H

C-18 carbon

CHO

sk ele to n

H och3

This group of a lk a lo id  co n ta in s 18 carbon atoms
the  m olecule. Due to  th e  s t ru c tu re s  of m olecules , th i s group
be d iv ided  in to  two sub-groups ะ

2.1 2 ,2-Dim ethyl-A^-pyrano carbazo le
The a lk a lo id s  in  th i s  sub-group a re  l i s t e d  in

Table 2.

Table 2 S tru c tu re s  o f P re se n tly  Known 2,2-D im ethyl -A^-Pyrano
C arbazoles



R1 R2 R3 R4
G irinim bine ch3 H H H
M yrrayacine CHO H H H
Koenimbine ch3 och3 H H
Koenine ch3 OH H H
K oenigicine ch3 och3 och3 H
H eptazoline och3 ch3 H H
Koenigine ch3 och3 OH H

2.2 D im ethy lally l carbazo les
The a lk a lo id s  in th is  sub- group a re shown

3. Members w ith  C-23 carbon sk ele to n
The a lk a lo id s  in  th i s  group a re  shown in  F ig . 1

^  mahanimbine

4 cyclomahanimbine

^  isomahanimbine
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^  mahanine ^  mahanimbidine

^  m urrayazolid ine

CH,

^  m urrayazolin ine

1̂ 1 mahanimboline

CH,

'CH,

V2. exozoline
F ig . 1 S tru c tu re s  o f P re se n tly  Known C-23 Carbazole



Table 3 S tru c tu re s  o f D im eth y la lly l C arbazoles

R3

ร ่^ J A
6 R1

R1 R 2 R3

H eptaphylline
/C H

CH CH=C
CH3

OH CHO

H eptazoline
/CH

CH CH=C
๓ 3

OH CHO

6 -M ethoxyheptaphylline
/C H

CH CH=C
2 X - 3

OH CHO

In d iz o lin e och3
/CH

CH CH=c'
CH3

CHO

C la u sa n itin H OH CHO

A n tan isa tin H OCH3 CHO

R4 R5 R6

H H H

H H OH

OCH.

/  ๓ 3CH CH=C
“ 3

.CH.
CH2 CH=C ^

CH.
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B iosynthes i s  of C arbazole A lkaloids

Inform ation  on the  b io sy n th e s is  of the  carbazo le  a lk a lo id s  
i s  extrem ely l im ite d . Erdtman, P o lp i and K apil, and Narashimhan (5) 
conceived th a t  th e  r in g  c  ca rry in g  the  e x tra  methyl group may be a 
c o n tr ib u tio n  from mevalonic a c id . P o lp li and Kapil (5) c a r r ie d  out 
feed ing  experim ents to  provide evidence in  favour o f th e  m evalonate 
o r ig in  o f th e  r in g  c a rry in g  th e  extram ethyl group. Feeding o f 2 -14C 
and 2-^H mevalonic ac id  to  MUAMiya koaviig-LL r e s u lte d  in  th e  i s o la t io n  
of h ig h ly  ra d io a c tiv e  koenimbine, koen ig ic ine  and mahanimbine though 
the  experim ent e s ta b lis h in g  th e  lo c a tio n  of the r a d io a c t iv i ty  i s  
la ck in g .

K apil (1 ) proposed th a t  3-m ethylcarbazole i s  the  key b io sy n th e tic  
in te rm ed ia te  in  th e  form ation o f the  carbazo le  a lk a lo id s  and th a t  
th is  compound may then be the  o b je c t of hydroxy la tion  and p ré n y la tio n  
re a c tio n s  (F ig . 2 ) .  None of the  simple p ren y la ted  b io g en e tic  
p recu rso rs  a re  known, and th e re  i s  no in form ation  as to  the  mechanism 
of form ations o f 3-methyl ca rb azo le . This compound has been ob tained  
re c e n tly  from CZaU6Q.na hz.pia.pkytta. Wight and Arn.

chak raborty  c a r r ie d  ou t the  biomimet i c  hyd roxy la tion  s tu d ie s  
w ith  3-methyl carbazo le  as th e  su b s tra te  (5 ) . Nuclear o x id a tio n  of 
3-methyl carbazo le  was c a r r ie d  o u t w ith  F en to n 'ร rea g e n t as w ell as 
w ith  th e  U denfriend system (asco rb ic  a c id , fe rro u s  s u l f a te ,  แ2<ว2 > 
EDTA and m olecular oxygen), producing (a) a c o lo u rle s s  compound, a 
dim eric  c a rb azo le , (b) 2 -hydroxy-3-m ethyl ca rb azo le , (c) a compound 
which had co lou r re a c tio n s  c h a r a c te r is t ic  fo r  aldehydes and had the 
uv spectrum  c h a r a c te r i s t ic  fo r  3-forrty l carbazo le  system , and (d)



€ 5 u n i t

m urray icine
g irin im b in e
koen ig ic in e

F ig . 2 B iogenesis o f C arbazole A lk a lo id s

00
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1-hydroxy-3-m ethyl ca rb a zo le . The i r  spectrum o f th e  d im eric  carbazo le  
showed the  absence of -NH- o r hydroxyl fu n c tio n , b u t the  uv spectrum 
showed i t  to  be a 2-oxygenated carbazo le  d e r iv a t iv e .  From a l l  th ese  
d a ta  the  dim eric  compound could be rep re sen ted  by th e  fo llow ing  
s tru c tu re  (13).

CH_

ไ,3

The r e s u l t  o f biom im etic o x id a tio n  a lso  shows th a t  hydroxy­
la t io n  of 3-methyl carbazo le  g ives 2-hydroxy-3-m ethyl carbazo le  as 
th e  major hydroxylated  p ro d u ct. I t  appears from the  form ation of 
an aldehydic  substance th a t  during  hyd roxy la tion  th e  arom atic methyl 
group may be ox id ised  to  formyl group. The lower y ie ld  o f 1-hydroxy 
carbazo le  could probably be due to  the  f a c t  th a t  i t  occupies a 
p o s itio n  meta to  the  methyl group. These experim ents provide a 
r a t io n a l  b a s is  fo r  th e  production  of la rg e r  amount of 2 -oxygenated 
carbazo le  and support the  id ea  th a t  3-methyl carbazo le  i s  the  
p ro g e n ito r  of o th e r  carbazo le  a lk a lo id s .

S yn thesis o f C arbazole A lkalo ids

S tud ies of carbazo le  a lk a lo id s  in  p la n t  have been rep o rted  
in  terms of i s o la t io n ,  s t ru c tu re  e lu c id a tio n , and s y n th e s is . Some 
p la n ts ,  e s p e c ia l ly  in  fam ily  R utaceae, have been in v e s tig a te d ; and
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the  is o la te d  a lk a lo id s  were e lu c id a te d  and sy n th esized . For the 
purpose o f our s tu d ie s  we can d iv ide  th ese  a lk a lo id s  in to  th re e  
groups, according to  th e i r  s t ru c tu re s .

1 . C-13 carbon sk e le to n  a lk a lo id s
M urrayanine (ใ^) was obtained from th e  stem bark of 

MUA/iaya. ko<LVÜ.QÂJ,. The uv spectrum of the  compound was s ig n if ic a n t ly  
c h a r a c te r is t ic  fo r  3-formyl carbazo le . On potassium  borohydride 
red u c tio n  i t  a ffo rded  an alcoho l having uv spectrum c h a r a c te r i s t ic  
fo r  1-methoxy ca rb azo le . On zinc d u s t d i s t i l l a t i o n  m urrayanine 
fu rn ish ed  carbazo le  (^) w hile i t s  W olff-K ishner red u c tio n  p roduct 
fu rn ish ed  3-m ethyl carbazo le  confirm ing the  p o s itio n  o f th e  formyl 
group a t  3 -p o s itio n . On decarbony la tion  th is  a lk a lo id  fu rn ished
1-  methoxy carbazo le  (F ig . 3) (5 ).

From th ese  chemical re a c tio n s  and nmr spectrum which 
showed tw odeshielded  arom atic protons a t  8.09 and fo u r a t  7.39 ppm 
(1 ) ,  the  fo rm ulation  of murrayanine as 1 -methoxy-3-form yl carbazo le  
was advanced which was su b s ta n tia te d  by sy n th es is  (F ig . 4) (6 ).
2- Hydroxymethylene-5-methyl cyclohexanone (^5) on condensation w ith 
phenyl diazonium c h lo rid e  (1̂ 6) under Japp-Klingeman co n d itio n  gave 
4-methyl cyclohexane-1 , 2-dione-1-phenyl hydrazone (1^7), which on 
c y c l iz a t io n  w ith  a m ixture of a c e tic  ac id  and hyd ro ch lo ric  ac id  
fu rn ish ed  1 -oxo-3-m ethyl-1 ,2 , 3,4 te trah y d ro  carbazo le  (1\8). On 
dehydrogenation (JJ3) fu rn ished  1 -hydroxy-3-m ethyl carbazo le  (1,9). 
The phenol (1^) on m éthylation  w ith diazomethane in  the  presence 
of methanol fu rn ish ed  1-methoxy-3-methyl carbazo le  (^0) which 
brom inated w ith  N-bromosuccinimide in  the presence of tra c e s  of
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CHO

Pd/C

F ig . 3

๖๐rohydride
red uction

CH2OH

W .K.reduction 
Zn-dust 

d i s t i l l a t i o n

1

Chemical R eactions fo r  s t r u c tu r a l  E lu c id a tio n  of 
Murrayanine (1 4 ) .

benzoyl peroxide and th e  re s u l t in g  1 -methoxy-3-bromomethyl carbazo le  
was hydrolyzed -In w ith  c a u s tic  po tash  to  1 -methoxy-3-hydroxy­
methyl carbazo le  (3 1 ) .  O xidation of 21 w ith a c tiv e  Mn02 fu rn ished  
murrayanine ( \ 4 ) .

G ly co zo lid in e , a member of the C-13 sk e le to n  group, was 
is o la te d  from ro o t  bark of G ZycOàtnÙ) pQ -H tu ph y^ ta . I t s  s t ru c tu re  has 
been deduced from p h y sica l d a ta , deg rad ative  re a c t io n s , and sy n th e s is . 
In sy n th e s is  of g ly co zo lid in e , Chakarborty (5) developed method fo r  the 
sy n th e s is  of carbazo les from diphenyl amine (F ig . 5 ) . I t  has been 
found th a t  the  diphenyl amines ^2-^5 in  the  presence o f e lem enta l iod ine
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F ig . 4 S ynthesis of M urrayanine.



R1

%  H

1? H

24 H

$5 0CH3

R2 R3

H H

c h 3 h

c h 3 o c h 3

c h 3 o c h 3

carb azo le

3-m ethyl carbazo le

g ly co zo lin e

g ly c o z o lid in e

R1
H

H

H

o c h 3

R2 R3

H H

c h 3 h

c h 3 o c h 3

c h 3 o c h 3

F ig . 5 Widely A pp licab le  S y n th es is  of C arbazoles from Diphenylamines

CO
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and oxygen c y c l is e  to  carbazo les a t  350° in  a sea led  tube r

2 . C-18 carbon sk e le to n  a lk a lo id s
G irinim bine ( ̂ >6 ) ,  the  f i r s t  member of th i s  group, was

is o la te d  from the  stem bark o f MuM.CUJCL k.0ZYÜ,QÂÂ.. The uv and i r  
d a ta  showed the  compound to  belong to  the  carbazo le  group. A s ix  
pro ton  s in g le t  a t  1.42 ppm in  nmr spectrum of g irin im b in e  to g e th e r  
w ith the  sym m etrical doub le t a t  5.45 ppm and 6.25 ppm suggested the

mass spectrum of g irin im bine  showed a high in te n s i ty  peak a t  m/e 248 
which could be rep re sen ted  by the  ca rb azo lo p y rilliu m  ion  (27).

The s tep s  in  the  sy n th es is  of g irin im bine  a re  shown in  F ig . 6 .
The te trah y d ro carb azo le  ( ^ ) , ob tained  by th e  condensation  of 3-methoxy 
-4 -m e th y lan ilin e  and 2-hydroxycyclohexanone,was dehydrogenated over 
5% Pd/C to  g ive 2̂ , which was dem ethylated w ith  HBr/AcOH to  g ive 3$.
The pheno lic  compound (3$), on re a c tio n  w ith  N -m ethyl-form anilide 
and POCl^, fu rn ish ed  the  1-form yl d e r iv a tiv e  (3 J ) . The dry sodium 
s a l t  of 3̂ 1 was heated  w ith  m ethally l-triphenylphosphonium  c h lo r id e ’ 
in  DMF so lu tio n  to  fu rn ish  g irin im bine  (26) (7 ).

27%
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F ig . 5 S y n th esis  o f G irin im bine.

H eptaphylline ( ^ )  , one member o f C-18 carbon sk e le to n  
a lk a lo id s , was obta ined  from th e ro o ts  o f C Z c i U A Z n a .  h . Z p t a . p h y Z t a , and 
again  th e uv spectrum was s im ila r  to  th a t o f carb azo le-3 -a ld eh yd e  
and t h is  was confirm ed by the i r  spectrum ( 8 ) .  The nmr spectrum  
showed th e presence o f two o l e f i n ic  methyl groups a t  1 .66 and 1.83  
ppm, an o l e f i n i c  proton ( t ,  J = 6 Hz) a t  5 .35  ppm, and a m ethylene 
d ou b let a t  3 .60  ppm, su g g estin g  a 3 ,3 1-d im e th y la lly l  u n it  a ttached  
to  th e carb azo le  n u c leu s . A p h en o lic  group was p laced  between the  
formyl group and the d im e th y la lly l u n it  s in c e  r e a c tio n  w ith  polypho- 
sp h oric  a cid  gave th e isom eric  chroman (3 3 ) . The s tru c tu re  was

0 0 9 5 3 1
I 1 l0b9พ 2
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confirm ed by sy n th e s is  (F ig . 7) (9 ) .

I2
Phosphoric
a cid

AT
F ig . 7 The S y n th esis  and Chemical R eaction  o f  

H eptaphylline

3. C-23 carbon sk e le to n  a lk a lo id s
Mahanimbine (1̂ ) ,  th e f i r s t  member o f  C-23 carb azo le  

a lk a lo id s , was i s o la te d  form th e stem bark o f W j J i f i a y C L  \ z o 2 . Y Ü . Q 4 Â . .  I t s  
uv spectrum was s im ila r  to  th a t o f g ir in im b in e su g g estin g  the  
p resence o f a pyrano carb azo le  sk e le to n  l ik e  g ir in im b in e . This was 
confirmed by th e  mass sp e c tr a l data  o f mahanimbine when th e h igh  
in te n s i ty  peak a t  m/e 248 c h a r a c te r is t ic  fo r  th e ca rb a zo le -p y r iliu m  
ion  (27) was observed . The com plete s tru c tu re  o f  mahanimbine was 
proposed by Narasimhan (10) from th e nmr, uv d ata  and chem ical r e a c t io n s .  
The stru c tu re  was confirm ed by sy n th e s is  (F ig . 8 ) .  Mahanimbine
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d iss o lv e d  in  benzene and shaken w ith s i l i c a  g e l  (48 h r s .)  or Dowex 
50W-X8 ion  exchange r e s in  (H+ ) y ie ld e d  bicyclomahanimbine (34 )
(F ig . 9) (1 1 ) . The s id e -c h a in  o f mahanimbine undergoes c y c l is a t io n  even  
under m ild a c id ic  c o n d itio n s; i t  i s  p o s s ib le  th a t  bicyclomahanimbine 
i s  in  fa c t  an a r t i f a c t  (1 1 ).

F ig . 8 S y n th esis  o f Mahanimbine

l  ¥
F ig . 9 Conversion o f Mahanimbine (2) in to  Bicyclomaha­

nimbine ( 3$)

Pharm acological A c t iv i t i e s  o f Carbazole A lk a lo id s

The a n t ib io t ic  p ro p er tie s  o f the carb azo le  a lk a lo id s  and 
some r e la te d  products have been te s te d  by the agar cup assay  method 
u sin g  Sabourad's medium a g a in st  H L c A 0 6 p 0 A u m  gypAC-Urn, T ^ v i c h o p h y t o ท.
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S i u b t i u m ,  E p i d o A m o p h y t o n  ^ i o c c u i u m ,  C a n d i d a  a l b i c a m ,  C a n d i d a  t A o p l c a J b U ,  

S t a p h y & t o c O C C U A  a u A C U A ,  and E s c h e r i c h i a  a o t i .  G ly co zo lin e , g ly co zo -  
l id in e ,  murrayanine, g ir in im b in e , mahanimbine, and h ep ta zo lin e  were 
a c t iv e  a t  a con cen tra tion  o f 10 pg/m l. The most s ig n i f ic a n t  a c tio n  
was observed w ith  6-hydroxy-3-m ethyl carb azole which could  in h ib i t  
the growth o f  T r i c h o p h y t o n  t i u b t W M  a t  10 pg/m l. G irinim bine was 
a c t iv e  a g a in st H o c a r d c a  a s t Z A O - i d s  a t  a con cen tra tion  o f  30 pg/m l (5 ) .  
Mahanimbine, koenimbine and N-methylmahanimbine were te s te d  fo r  th e ir  
an tican cer  a c t iv i t y ;  rep orts in d ica ted  th a t a l l  o f  them are in a c t iv e .  
Mahanimbine was a lso  te s te d  fo r  i t s  a n tim a la r ia l a c t iv i t y ,  and the  
r e s u l t  was n eg a tiv e  (1 2 ) .

Occurrence o f  Carbazole A lk a lo id s in  P lan ts

in  the p la n ts  o f fam ily  R utaceae. Table 4 shows the occurrence o f  
the d if f e r e n t  typ es o f  carb azo le  a lk a lo id s  in  d if f e r e n t  g en era (5 ) .

I t  i s  ev id en t th a t carb azole a lk a lo id s  have been found only

Table 4 D is tr ib u tio n  o f Carbazole A lk a lo id s

Genus A lk alo id s

G l y c o 6 i n i 6

CJ.auA Q_na ร  3 a"d C18

MuAA/ufa. C13' C18 and c 23
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P resen tly  konwn carb azo le  a lk a lo id s  which were i s o la te d  
from Rutaceous p la n ts  are shown in  ta b le  5 .

Table 5 Known Occurrence o f Carbazole A lk a lo id s in  p la n ts

A lk a lo id s Sources R eferences

A n tan isa tin C l a u A e n a  a n i A a t a  (W ind) 3
C la u sa n itin C l a . u A e . n a  a n n o t a  (W ind) 3
Cyclomahanimbine M o n n a y a  k o e n i g i i  Spreng. 11
E xozoline M o n n a y a  e x o t i c a  L inn. 13
G irinim bine M u A A a y a  k o e n i g i i  Spreng. 14
G lycozo lin e G l y c o A m i A  p e n t a p k y l l a  (R e tz .)  D .c . 14
G ly co zo lid in e G l y c o A m i A  p e n t a p k y l l a  (R e tz .)  D .c . 14
H eptaphylline C l a u A e n a  k e p t a p k y l l a  w t. and Arn. 8

C l a u A e n a  k a n m a n d i a n a  P ie r r e . 15
C l a u A e n a  l a n A i u m  (Lour.) S k eels 16

H eptazoline C l a u A e n a  k e p t a p k y l l a  w t. and Arn. 17
In d iz o lin e C l a u A z n a  i n d i c a  O liv . 2
Isomahanimbine MoH A a y a  k o e n i g i i  Spreng. 12
Koenidine M o n n a y a  k o e n i g i i  Spreng. 1 2
K oenigine M o n n a y a  k o e n i g i i  Spreng. 12

C l a u A e n a  k e p t a p k y l t a  w t. and Arn. 17
M i c n o m e i u m  z e y l a n i c u m 18

Koenimbine M o n n a y a  k o e n i g i i  Spreng. 12
Koenine M o n n a y a  k o e n i g i i  Spreng. 12

C l a u A e n a  k e p t a p k y l l a  w t. and Arn. 17
Lansine C l a u A e n a  l a n A i u m  ( lo u r .)  S k eels 16
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Table 5 (contin ue)

A lk alo id s Sources R eferences

Mahanimbidine U u M a y a  k o c n i g t i  Spreng. 11
(Murrayazo1i n e ) U u M a y a  e x o t i c a .  Linn. 19
Mahanimbine M u m .  a y  a  k o c n i g t i  Spreng. 12

U u M a y a  e x o t i c a  Linn. 19
Mahanimbinol Mu M a y a  k o c n i g t i  Spreng. 20
Mahanimboline น u M a y a  k o c n i g t i  Spreng. 20
Mahanine U u M a y a  k o c n i g t i  Spreng. 12

C l e m  c n a  h c p t a p k y l l a  w t. and Arn. 17
6-Methoxyheptaphy11in e C l a m  c m  i n d t e a  O liv . 21
3-M ethylcarbazole C l a m  c m  h c p t a p k y l l a  w t. and Arn. 22

C l a m  c m  t n d t e a  O liv . 23
Mukonidine U u M a y a  k o c n i g t i  Spreng. 4
Murrayacine C l a m  c n a  h c p t a p k y l l a  w t. and Arn. 24

U u M a y a  k o c n i g t i  Spreng. 25
Murrayanine C l a m  c m  h c p t a p k y l l a  w t. and Arn. 26
M urrayazolinine U u M a y a  k o c n i g t i  Spreng. 27

Coumarins

Coumarins were o r ig in a l ly  is o la te d  from p la n t s . They were 
found w id ely  spread in  variou s p la n t fa m il ie s ,  such as Leguminosae, 
U m b ellifera e , L ab iatae , and R utaceae. They have a ls o  been is o la te d  
from microorganisms and anim als (2 8 ) .
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Iso la te d  coumarins can be c la s s i f i e d  in to  5 groups due to  
th e ir  s tru c tu res  (29) ะ

1 . Simple coumarins
This group o f coumarins i s  p o ssessed  a 2-H -1-benzopyran- 

2-on e , a coumarin nucleus (^ 5 ). The s u b s t itu t io n  may occur on th e  
benzene r in g  a t p o s it io n  5 , 6 , 7 or 8 . O sthol (^5) i s  an example 
o f coumarins in  th is  group (3 0 ).

\ 6

2 . F uranocoumarins
This group o f coumarins c o n s is t s  o f the furan r in g  fused  

to  the coumarin nucleus a t  the variou s p o s it io n s  to  form lin e a r  
furanocoumarins or angular furanocoum arins. The examples o f  
coumarins in  th is  group are p sora len e type (37) and d ihydrofurano- 
coumarin (3 8 ), l in e a r  furanocoum arins, and dihydrofuranocoumarin  
(39, 40, 41 ) ,  angular coum arins.
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41%

3 . Pyranocoumarins
Coumarins in  t h is  group have a pyran r in g  fused  to  the  

coumarin nucleus a t  v ar iou s p o s it io n  to  form lin e a r  pyranocoumarins 
ะ x a n th y le tin  type ( l in e a r )  (42) ,  d ih yd roxan th yletin  type (4^3)j ๐r 
angular pyranocoumarins ะ s e s e l in  type (4^ ) J d ih y d ro sese lin  type (4 § ).

\
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4 . Bhenylcoumarins
There i s  phenyl su b st itu te d  a t  p o s it io n  3 or 4 in  the  

coumarin n u c leu s . They can be d iv id ed  in to  6 typ es ะ 3 -p h en y l-  
coumarin (4 £ ) , 4-phenylcoum arin (4 7 ) ,  4 -p h en y ld ih y d ro an gelic in  (4 8 ) ,  
3 -p h en y lx a n th y le tin  (4 9 ) , 3 -p h e n y lse se lin  (5 0 ) , and 4 -p h e n y ls e s e lin
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5 . Bicoumarins
Coumarins in  t h is  group c o n s is t  o f two coumarin n u c le i  

in  th e ir  s tr u c tu r e s . Bicoumol (^2) i s  an example o f  coumarins in  
t h is  group.

More inform ation  about stru c tu re  d eterm in ation , b io sy n ­
t h e s i s ,  s y n th e s is ,  and p h y s io lo g ic a l a c t i v i t i e s  o f  coumarins can be 
obta ined  from re feren ce  31.
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