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Chemistry of f i v e  p l an t s  of the Rutaceae 

family, namely Clausena heutaphylla W t .  & Arn., 

Clausena indica  Oliv., Murraya exotica LFnn., 

Murraya koenig i i  Spreng., and Veuris b i l o c u l a r i s  

Engler, has  been reviewed. The s t ruc tu res  of 

some new carbezole a lka lo ids ,  terpenes, 

flavonoids and coumarins have been discussed. 

The Rutaceae family comprises of one hundred f i f t y  genera and 

1 more than about n ine  hundred species  . Many of the chemical 

cons t i tuents  and e spec ia l ly  the  a lka lo ids  a re  known t o  possess 

useful  pharmacological properties.  A wide var ie ty  of s t r u c t u r a l l y  

d i f f e ren t  a lka lo ids  a re  lulown t o  be present in the  Rutaceae family 

e.g. a lka lo ids  belonging t o  the quinol ine,  furoquinoline, 

pyr ro l id ine ,  quinaeoline, protoberberine, imidazole, oxazole and 

aporphine types have been A number of a lka lo ids  which 

a r e  carbazole de r iva t ives  have been i so l a t ed  in recent  years and 
4 appear t o  be l imited t o  the Rutaceae family . The present  review 

describes some of the work car r ied  o u t  on the Rutaceae family Fn 

our laboratories.  

* 
Contribution No.409 from CLBA-GEIGY Research Centre. This review 
i s  based on the Professor K. Venkataraman endowment l ec tu re  given 
on behalf of the Universitg of Bombay on 20th December, 1974. 



Carbazole a lka lo ids  

The o i l  obtained by hexane ext rac t ion  of t h e  r o o t s  of ClauSena 

heDtaphylla W t .  & A m .  on chrom$tog~aphic separat ion gave a weakly 

bas i c  alkaloid i n  about 0.004% y ie ld  designated a s  heptaphylline 5 ~ 6 -  

Heptaphylline, C18H17N02 showed in the W A, 234, 278, 298 and 

346 nm (log a ,  4.42, 4.53, 4.58 and 4.09) and I R  VmaX 3300 (OH o r  

NH), 2740, 1640 (chelated CHO or>=0) end 1618, 1590 (aromatic) om-'. 

A deep blue f e r r i c  colour indicated the presence of a hydroxyl 

group. The presence of a formyl group was indicated from the  

formation of a red c r y s t a l l i n e  d in i t rophenylhydrame and the  

s i n g l e t  a t  9.9 ppm. i n  i t s  NMR spectrum. Heptaphylline gave a 

green colour reac t ion  with conc. H2S04 and HN03 c h a r a c t e r i s t i c  of 
6 

carbazoles. I t s  NMR spectrum showed two methyl s ing le t s  a t  1.66 

and 1.83, a benzylic methylene doublet a t  3.6 (J = 6 Hz;), a broad 

t r i p l e t  due t o  a vinyl  proton a t  5.35 (J = 6 Hz), a l l  i nd ica t ive  of 

an isopentenyl  chain, a chelated hydroxyl a t  11.7 (exchanged by 

addit ion of D ~ o ) ,  and imine (10.3) functions. The aromatic p a r t  

of the  spectrum between 8 7.1 - 8.3 indicated a t o t a l  of f i v e  

protons. The sharp s i n g l e t  at  8.25 suggested no o e  o r  m a  

coupling with one o f  the aromatic protons. A p a r t i a l  StXWcture(_?) 

could therefore be wr i t ten  f o r  heptaphylline. On treatment with 

polyphosphoric acid heptaphylline afforded an isomeric product 

cycloheptaphylline, the NMR spectrum of which showed a sharp 

s i n g l e t  a t  1.42 due t o  gem dimethyl groups and two s e t s  of t r i p l e t s  

at  2.0 and 2.95 ( J = 7 Hz) due t o  Ar-CH2-CH2- grouping. While 

there was no change in the  UV spectrum, the I R  spectrum ehowed 
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max 3280 (NH), 1670 (unchelated -CHO) cm-I. This c l ea r ly  showed t h a t  

t h e  hydroxyl should be placed adjacent  t o  the dimethyl a l l y 1  group. 

Depending on the placement of the formyl group a t  the  1,2,3 o r  4 

pos i t i ons  of the carbasole r ing ,  four  s t ruc tu res  could be wri t ten 

2 

fo r  heptaphylline. A unique s tructure(2)was chosen on the b a s i s  of 

i ts W spectrum which closely resembles the spectrum of 3-formyl 

carbasole. Cycloheptaphylline should then b e ( 3  For the synthes is  

of 2, we wished t o  use the c o m e r c i a l l y  ava i lab le  2-hydroxy- 

carbazole-3-carboxylic acid from which Raphtol AS-LB i s  manufactured 

and i t s  s t r u c t u r e  is  assumed t o  The Kolbe react ion of 2- 

hydroxy carbazole has been assumed to  give aboout 80$ of 2-hydroxy 

carbezole-3-carboxylic acid and 10-20$ of 2-hydroxy carbazole-l- 



carboxylic acid. However, there is no evidence f o r  the  or ien ta t ion  

of the carboxy group i n  these  compounds. The hydrolysed ac id  Of 

a commercial sample of Naphtol AS-LB showed i n  the aromatic region 

of i ts  NMR spectrum two doublets at  8.05 (J = 9 Hz) and 6.75 

(J = 9 HZ) in tegra t ing  f o r  one proton each. Decoupling experiments 

showed them t o  be mutually coupled and should therefore be 

a t t r i b u t e d  t o  two protons. The carboxylic acid should then 

be cons t i tu ted  a s  2-hydroxycarbazole-I-carboxylic acid and the  

s t ruc tu re  of Naphtol AS-LB should be revised t o  5 ' ~ ~ .  Vilsmeier- 

Haak r eac t ion  of 2-hydroxycarbazole with N-methyl formanilide and 

phosphorous oxychloride l ed  to  a mixture of 2-hydroltycarbazole-l- 

carbaldehyde(&), 2-hydroxycarbazole-3-carbaldehyde(1)and the compound 

(81. Heptaphylline(z\was sgnthesized i n  poor y ie ld  by We reac t ion  of 
10 2 with 3,7-dimethyl a l l y 1  bromide . Treatment of(1)with 2-methyl- 

3-buten-2-01 i n  presence of BF -etherate l ed  t o  a mixture of (z i  
3 

(2)and (2). The s t ruc tu re  proofs were based on ana ly t i ca l  and 
6 s p e c t r a l  da ta  . Heptazoline(lJ)and h e p t a z o l i d i n e ( 2 ) a r e  reported 

to  be i s o l a t e d  from the  bark of Clausena heutauhylla W t .  & Arn. 11,12 
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1 : R1$ R 2 = H  

R3 = CHO 

8 : R2, R3 = H  - 
R1 = CHO 

Chromatographic separat ion of the hexane ext rac t  of t h e  roots  of 

another re la ted  spec ies ,  Clausena indioa o l ive  afforded a br ight  

yellow substance m.p. 173O, c ~ ~ H ~ ~ N ~ ~ ~ ~ .  It gave a blue-green 

f e r r i c  colouration and i t s  W spectrum resembled t h a t  of hepta- 

phyll ine indica t ing  a 3-formyl carbazole. Its NMR spectrum showed 

the following s ignals :  11.7 ( s ,  OH, exchanges with D20), 9.9 ( s ,  

CHO), 8.15 (br ,  NH), 7.92 ( s ,  lH), 6.9-7.5 a ,  3 5.3 (t, J = 8 Hz, 

IH), 3.9 ( s ,  3H, OMe), 3.6 (d ,  J = 8 Hz), 1.88 (br s, -Me on a 

double bond), 1.75 (b r  s, 3 H, -Me on a double bond). The compound 

on heat ing with formic acid gave an isomeric cyclised product 

which showed a s imi lar  UV spectrum. The new alkaloid should 

therefore be a der iva t ive  of  heptaphylline , having a methoxyl 

subs t i t uen t  in one of the four  posi t ions of the unsubst i tuted 

benzene ring. The chemical s h i f t s  of the four aromatic protons 



a p p e a r i n g a t  7.92 ( s ,  0-4), 7.45 (6, J = 2  He, C-3)s 7.3 (de 

J = 7.5 HZ, C-8) and 7.0 (d,d; J = 7.5, 2 Hz, C-7) swgested t h a t  

the  new a lka lo id  could be cons t i tu ted  a s  6-methoxy-heptaphylline(1Z). 

The cyclised product should then be 3. This was confirmed by the  

conversion of (u) by Huang-Minlon reduction t o  dihydrokoenimbine (.%I, 

which was obtained by hydrogenation of koenimbine, isolated from 

Murraya kceniaii14. Another minor a lka lo id  (0.001%) C, gHl gN02 

designated as indizol ine has been i s o l a t e d  from the r o o t s  of 

Clausena indica  0 1 i v . I ~  Its I R  spectrum showed the presence of 

an unchelated aldehyde group (1660 cm-') and the  NMR spectrum 

indicated a Y,Y-dimethylallyl group. The presence of a methoxyl 

group (3.29) and an aldehydic group (10.3) was a lso  evident. 

The NH proton appeared a s  a broad s igna l  a t  8.8 and the C-4 proton 

ortho t o  the  aldehydic group was a s i n g l e t  deshielded at 8.4. - 
The q u a r t e t  a t  8.02 (IH, J = 2 and 7 HZ) could be a t t r i b u t e d  to 

the  C-5 proton. Indieol ine was d i f f e ren t  when compared with 

heptaphylline-2-methyl e the r  (& Its W spectrum showed a 
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hyperchromic s h i f t  of the  maximum a t  275 nm and the Huang-Minlon 

reduction product of indizol ine closely resembled the spectrum of 

I-methcxycarbazcle and 1-methoxy-3-hydroxy-methylcarbazole. On the 

bes is  of t h i s  data  indizol ine was formulated a s ( g ) a n d  the Huang- 

Minlon reduct ion product a s ( s  The s t ruc tu re  was confirmed by 

an unambiguous synthesis  of 18. I-Hydroxy-3-methylcarba~ole was 

N-formylated and C-alkylated w i t h  2-methyl-3-buten-2-01 i n  the  

presence of BF -ether  t o  give a mixture of@)and(20). S t r u c t u r s ( 2 )  
3 

was assigned on the  basis  of i t s  cycl i sa t icn  t o  give the dimethyl- 

chromene(s\. The compound ( 2 ) o n  methylation and acid hydrolysis  gave 

Q ) i d e n t i c a l  with the product obtained from indizol ine.  

CHO 



From the leaves of Murraya koeniaii Spreng. Chskraborty U a l .  had 

reported the isolation of the carbazole alkaloids girinimbine, 

mahanimbine ard murrayacine. Girinimbine and murrayacine were 

formulated by them as (2) and (2) respectively l6 s17118. Narasimhan 

et al. formulated mahanimbine as (a>13, and Dutta and Quassim proposed - 
the structure(3) for girinimbine'9. We have established the 

structures of girinimbine, mahanimbine and two new alkaloids 

designed as isomahanimbine and koenimbidine. 
20 

22 : R1 = H; R2 = Me - a : R1 =Me; R2 = H 

23 : R1 = H; R2 = CHO 30 : R~ = H; R2 = Me - - 
25 : R1 =Me; R2 = H - 

Mahanimbine on ozonolysis gave a phenolic aldehyde having a UV 

spectrum typical of I-formylcarbazole. !he aldehyde on 

decarbonylation was identified from its m.m.p., TLC and IR spectrum 

as 2-hydroxy-3-methylcarbazole which was synthesized by Huang-Minlon 

reduction of 2-hydroxycarbazole-3-carbaldehyde(l). A neutral oompound 



HETEROCYCLES, Vol. 3, No. 10, 1975 

obtained i n  the ozonolysis of mahanimbine has been assigned the  

struoture(26) on the bas is  o f  spec t ra l  data.  This confirms the  

s t ruc tu re  of  mahanimbine a s  (a), and the phenolic aldehyde a s  ( a h  

Since the ozonolysis of girinimbine gave a phenolic aldehyde 

iden t i ca l  with @J), the a lka lo id  should have the s t ruc ture  @)and 

not  (g). The s t ruc ture  (3) f o r  murrayacine 18*" was based on the  

LAH reduction of its dihydroderivative t o  give a compound iden t i ca l  

with dihydrogirinimbine. The s t ruc ture  of murrayacine therefore 

appeared to  be (28). However the  m.p. 176' reported for  

CHO 
OHC 

CEO 

33 - 
dihydromurrayacine d i f f e r s  from t h a t  of cyc loheptaphyl l ine(~)  

m.p. 250'. With a view to a sce r t a in  the correctness  of the 



structure(2)assigned t o  cycloheptaphylline, i t  was decarbonylated 

t o  give(3)m.p.  178". This was i d e n t i c a l  with the synthe t ic  

compound obtained by r eac t ion  of 2-hydroxycarbazole with 2-methyl- 

3-buten-2-01 and cyc l i sa t ion  with formic acid. The s t r u c t u r e  of 

murrayacine and i t s  dihydro der iva t ive  therefore  needs t o  be 

reinvest igated.  

Isomahanimbine C23H25N0 resembled c lose ly  mahanimbine in its 

iTV spectrum and on reduction with Pd-C i t  gave a tetrahydro 

de r iva t ive ,  the  W spectrum of which was s i m i l a r  t o  2-methoxy- 

carbazole. The NMR spectrum of isomahanimbine revealed the 

attac'hment of a geranyl s ide  chain oxida t ive ly  cyolieed a s  i n  

mahanimbine. A downfield s h i f t  of the C-10 proton by about 0.6 ppm 
3 in the  N-methyl de r iva t ives  of a number of  compounds where the A - 

pyran is angular ly  fused t o  the  carbazole nucleus appeased t o  be 

of diagnostic value in determining the attachment of the pyran 

ring. N-Methylisomahanimbine showed a s i m i l a r  s h i f t  of the C-10 

proton. The C-3 and C-4 protons formed an AB qua r t e t  a t  6.7 and 

7.7 ( J  = 8.5 Hz) and the C-5 proton appeared a s  a s l i g h t l y  broad 

s i n g l e t  a t  7.68. The C-7 and C-8 protons formed an AB spectrum 

having signals a t  7.05 (J = 8 Hz and 1 HZ) and 7.15 ( J  = 8 Hz). 

These da ta  indicated s t r u c t u r e 1 ~ ) f o r  isomahanimbine. The czono- 

l y s i s  of@)gave phenolic and neu t r a l  aldehydes which could b e  

const i tuted a s  (2) and (2) respect ively.  

Koenimbidine (koenigicine22, koenidine14) C20H21N03 on 

catw.lytic reduct ion formed a dihydro-derivative by reduction of 
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tlne 2,2-dimethylchromene double bond. NMR spectrum revealed the  

presence of an aromatic methyl and two methoxyl groups. Three 

aromatic s i n g l e t  protons a t  7.53, 7.4 and 6.9 could be ascribed 

to  the C-4, C-5 and C-8 protons. Koenimbidine has been cons t i tu ted  

a s  (a 

A new sesquiterpene named clausantalene has been i so la ted  

from the r o o t s  of Clausena indica  ~ l i v . ~ ~ .  It analysed f o r  

C15H26029 map. 114O9 [ a  ID + 27.7' and i n  the  IR spectrum indicated 

the  presence of hydroxyl groups (3380 cm-'1. Its mass spectrum 

showed a negl ig ib le  molecular ion peak a t  m/e 238 and a base peak 

a t  m/e 220 (M+ -H20). The other  fragment ions a t  m/e 177 (220 - 
c3H7) and m/e 151 (220 - C5H9) suggested the presence of an 

isopentenyl s i d e  chain. This was confirmed by i ts  NMR spectrum. 

Hydrogenation of clausantalene gave a dihydroderivative by 

reduction of the isopentenyl double bond. On the bas t s  of t h e  

NTIR spectrum and double i r r a d i a t i o n  experiments, a p a r t i a l  

structure(%) was suggested f o r  the  sesquiterpene. Clausantalene 

should therefore  belong t o  t h e  sesquicarane, bergamotane o r  B- 

santalane types. An X-ray crystal lograyhic ana lys i s  of the 

sesquiterpene car r ied  out  by Dr. D.J. Williams a t  the Imperial 

College, London, showed it to  be a new p-santalane der iva t ive  (a 



From the  roots  of Vepris b i locu la r i s  Engler, a new b i t t e r  

p r inc ip l e  C 27%408 named veprisone was i so l a t ed  24 . m e  presence 

of  a furan r i n g  was suggested from i t s  W a& I R  spectra.  

An e s t e r  and/or lectone band a t  1740 cm-I and six membered ketone 

band a t  1710 em-' were a l s o  present. Veprisone was character ised 

by t h e  formation of an  oxime and semicarbazone. On the bas is  

of the  spec t r a l  d a t a  and degradation s tudies ,  veprisone has been 

36 : R =Me - 2l 
g : R ' H  

cons t i tu ted  a s  methyl ep i - i soobacunoate(~) .  Reduction of veprisone 

w i t h  HI-acetic ac id  gave a deoxy-acid which on treatment w i t h  
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diazomethane gave deoxyveprisone(x), ind ica t ing  an epoxy r ing  i n  

an environment probably i d e n t i c a l  a s  i n  limonin. Hydrolysis of 

veprisone with methanolic KOH gave a carboxylic acid i d e n t i c a l  

with isoobacunoic acid@). Mild a lka l ine  hydrolysis of obacunoio 

acid (2) affords epi-isoobacunoic a c i d ( g )  which is transformed under 

vigorous conditions to  give (21. Similarly, veprisone (2) on b r i e f  

treatment with Ba(OH)2 gave(G.  Meerwein-Pondorf reduction of(%) 

gave isopropyl epi-isoobacunolate(&l)identical w i t h  an au thent ic  

sample 25,26. 

Plavonoids 

From the leaves of a re la ted  species  Murraga exotica LFnn. 

which i s  sn ornamental plant ,  two new flavones have been isolated.  



One of these has been characterised a s  hibiscetinheptamethyl ether  

(GI and the o ther  designated exoticin has been shown to have the 
'l7,18. s t r u c t u r e  43 . 

OMe OMe 

Many comar ins  a re  fovnd t o  occur in the Rutaceae family. 

From the hexane ex t rac t  of the roo t s  of Clausena heptaphylla W t .  & 

Am. two new coumarins C14H1205 and C19H2005 designated a s  c l a ~ s e n i n  

and clausenidin respect ive ly  were i so la t ed  29s30. Both the  compounds 

contain one chelated phenolic hydroxyl group. These formed the 

monomethyl e ther  and ptoluenesulphonate derivatives. The UV spectra 

of these der iva t ives  resembled the spectrum xanthoxyletin. Alkaline 

hydrolysis of clausenin and clausenidin gave the corresponding 

ooumaric ac ids  from which it i s  c l e a r  t h a t  both the compounds 

contain the coumarin nucleus. Clausenin on KOH fusion gave phlom- 

glucinol.  Its NMR spectrum showed two s e t s  of doublets a t  6.1 and 

8.0 (J = 10 He) a t t r ibu ted  t o  the C-3, C-4 protons of the  CoUmarin. 

A six proton s ing le t  a t  1.5 indicated a gem-dimethyl group, a two 

proton s i n g l e t  a t  2.8 could be assigned t o  a methylene group adjacent 

t o  a carbonyl and the sharp peak a t  6.3 should be due t o  an aromatic 
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proton. These data suggested two a l t e rna t ive  s t ruc tures  (44) or( f i j  

f o r  clausenin. Unambiguous synthesis of these two coumarins proved 

t h a t  clausenin should have the l i n e a r  structure&'.  5,7- 

Dihydroxy-2,2-dimethyl chroman-+one on condensation with s t b y l  

propiolate  gave a mixture of two isomeric compounds CI5Hl2O5, (A)  

map. 156' and (B) m.p. 220'. The compound (A) on methylation, 

subsequent reduction of the methyl e ther  with NaBH4 and dehydration 

gave xanthoxyletin which is proven t o  have the structure@. 

The compound (B) which has the structure&), by a s imi lar  s e r i e s  

of react ions gave the angular coumarin alloxanthoxyletin. 

NMR spectrum of clausenidin showed tha t  i t  contains an a,a- 

dimethylallyl group. There a r e  numerous coumarins which contain 

the Y,Y-dimethylallyl chain but perhaps t h i s  is the  first example 

of a coumarin bearing an a,a-dimethylallyl grouping. On the 

bas is  of the s p e c t r a l  data clausenidin could be const i tuted a s  

(g) o r  ( a h  



A choice between the two s t r u c t u r e s  was ar r ived  a t  on the bas i s  

of nucleur  overhauser e f f e c t  (NOE) studies32. An increase in the 

in tegra ted  in t ens i ty  and height of the o lef in ic  proton H-4 on double 

i r r a d i a t i o n  of the methoxyl group i n  clausenidin monomethyl e ther  

could be r a t iona l i sed  on the bas i s  of s t r u c t u r e ( G  Clausenidin(@) 

on treatment with sulphuric ac id  gave(4q)and on heating with A1C15, 

the compound&), by opening of  the  pyrone r i n g  and recycl i sa t ion  

involving a rearrangement. Clausenin and clausenidin-monomethyl 

33 e the r s  have been synthesised . 
From the  r o o t s  of Clausena indica Oliv. the  known coumarins 

imperatorin, phe l lopter in ,  chalepensin (2) and c h a i q i n  (z) were 

isolatedT4. On heating@) with H C l  o r  A1C13 i n  benzene s rearrange- 

ment product was obtained which bas been formulated a s  2 35,36. 
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A new coumarin, C16H1407 designated a s  clausindine3'l has  a l s o  

been i s o l a t e d  from Clausena indica Oliv. Its W spectrum indicated 

it to be a linear-furanocoumarin which was supported by its NMR 

spectrum showing the a and p furan protons a t  7.6 and 6.8 rsspec- 

t ively.  The aromatic protons a t  7.58 and 7.4 could be assigned t o  

the 0-5 and C-9 protons. The attachment of a 5-carbon uni t  (C5Hg) 

i n  t h e  form of gem-dimethylcyclopropane grouping a t  (7-3 of the  

furanocoumarin could a l s o  be deduced from i t s  NMR spectrum. 

A s i n g l e t  a t  7.35 showed the 0-4 proton. The methyl s ing le t s  a t  

0.9 and 1.7 together  with the methylene mul t ip le t  at 0.8 and the 

t r i p l e t  a t  1.9 (7.5 Hz) indicated the  dimethylcyclopropane ring. 

These assignments were confirmed by double resonance experiments 

and on t h e  basis  of this evidence clausindine could be formulated 

a s ( z L  Clausindine on hydrogenation afforded the dihydroderivative 

( 2 ) a n d  i t s  s t ruc tu re  was confirmed by a n  unambiguous synthesis  of 

(2). This is probably the  first example of a coumarin having the  

isoprenoid u n i t  a t tached to  the aromatic nucleus in the form of 
38 a gem-dimethylcyclopropane grouping . 
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