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S t r u c t u r e  o f  C l a u s i n d i n e ,  a N e w  C o u m a r i n  f r o m  

I so la t ion  of t he  a lka lo id  6 - m e t h o x y h e p t a p h y l l i n e  1 a n d  
some f u r a n o c o u m a r i n s  2 f rom t he  roots  of Clausena indica 
Oliv. has  been  recorded  earl ier .  W e  wish  to  r e p o r t  t he  
s t r u c t u r e  d e t e r m i n a t i o n  of a c o u m a r i n  des igna t ed  
c laus ind ine  (I), C16H14Oa; M+ 254, m p  128 ~ i so la ted  f rom 

the  roots  of t h e  same  p lan t .  I t  showed  U V  ~EtOH 248, 303 

a n d  332 n m  (log e 4.3, 4.1 and  4.0) a n d  I R  najol 1720, ~Jm6X 

1620 a n d  1580 cm -1 b a n d s  cha rac t e r i s t i c  of l inear  
f u r anocoumar in s .  I t s  N M R - s p e c t r u m  (100 MHz) showed  
t h e  fu ran  p r o t o n s  a t  ~ 7.6 a n d  6.8 ~d, 2 H z  each ;  C(2)- 
a n d  C(3)-H] a n d  t h e  a r o m a t i c  p r o t ons  a t  d 7.58 [C(4)-H] 
a n d  7.4 IC(9)-H~. T he  C(3) -pro ton  showed o r tho  coupl ing  
and  also long  range  coupl ing  a w i t h  C(9)-H as shown  b y  
doub le  r e sonance  expe r imen t s .  B y  i r r a d i a t i o n  of t h e  
p r o t o n  a t  C(3), b o t h  t he  C(2)-H a n d  C(9)-H were af fec ted  
and  i r r a d i a t i o n  of t h e  C(9)-H a t  ~ 7.4 af fected on ly  C(3)-H 
a t  d 6.8. The  a t t a c h m e n t  of a 5 c a r b o n  u n i t  a t  C(6) of t h e  
f u r a n o c o u m a r i n  nuc leus  was deduced  f rom t he  s ing le t  
C(5) -pro ton  a p p e a r i n g  a t  $ 7.354. T h a t  t he  side cha in  
consis ts  of a g e m - d i m e t h y l c y c l o p r o p a n e  g roup ing  was 
e v i d e n t  f rom the  N M R - s p e c t r u m  and  also t h e  base  p e a k  
a t  m/e 199 b y  t h e  loss of a C4H 7 u n i t  f rom t h e  molecu la r  
ion. The  m e t h y l  groups  a p p e a r e d  as s ingle ts  a t  ~ 0.9 a n d  
1.3 a n d  t he  C(10)-pro ton  as a s l igh t ly  spl i t  ( <  1 Hz) 
t r i p l e t  a t  d 1.9 (6.5 Hz) a n d  t he  C ( l l ) - m e t h y l e n e  p r o t o n s  
of t h e  cyc lop ropane  a t  d 0.8 (2 H ;  m). I r r a d i a t i o n  a t  
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Clausena indica O l i v .  

6 1.9 affected the m e t h y l e n e  p ro tons  as well  as t he  C(5)- 
p ro ton .  I r r a d i a t i o n  a t  ~ 7.35 resu l ted  in a s h a r p  t r i p l e t  a t  
d 1.9. Since t he  a m o u n t  of c laus ind ine  was too  smal l  for 
d e g r a d a t i o n  s tudies ,  c o n f i r m a t i o n  of t h e  s t r u c t u r e  was 
o b t a i n e d  b y  synthes is .  

Dihydropsora lene~3-carboxyl ic  acid (II), m p  246 ~ 
o b t a i n e d  b y  t he  c o n d e n s a t i o n  of 6 -hydroxy-5- fo rmyl -  
c o u m a r a n  5 w i t h  ma lon ic  acid was c o n v e r t e d  to t he  acid 
chlor ide  a n d  reduced  to t he  co r re spond ing  a ldehyde  (II I ) ,  
m p  200 ~ W i t t i g  r eac t i on  w i t h  c a r b o m e t h o x y m e t h y l e n e  
t r i p h e n y l p h o s p h o r a n e  s p r o v i d e d  t h e  olefinic es te r  (IV) 
wh ich  on cyc loadd i t ion  w i t h  d i azop ropane  gave  t he  
pyrazo l ine  (V), m p  242 ~ (NH, 3340 cm -1) ~. The  es ter  (V) 
was hyd ro lyzed  to give t he  ca rboxyl ic  acid (VI) m p  185 ~ 
which  was pyro lyzed  b y  h e a t i n g  w i t h  copper  b ronze  and  
quinol ine.  S e p a r a t i o n  of t he  r eac t ion  m i x t u r e  on t h i c k  
layer  sil ica gel gave  (VII) ,  nap 200 ~ iden t ica l  w i t h  d ihyd ro -  
c laus ind ine  o b t a i n e d  b y  mi ld  r e d u c t i o n  of (I) w i t h  10% 
Pd/C.  Claus ind ine  is p r o b a b l y  t he  f i rs t  examp le  where in  
t he  u b i q u i t o u s  i soprenoid  u n i t  is a t t a c h e d  to  t he  a r o m a t i c  
nuc leus  as a g e m - d i m e t h y l c y c l o p r o p a n e  grouping .  

Zusammen[assung. Es wurde  m i t  C laus ind in  ein neu-  
ar t iges,  G e m d i m e t h y l c y c l o p r o p a n - R i n g  e n t h a l t e n d e s  Cu- 
m a t i n  aus  den  W u r z e t n  yon  Clause~a indica Oliv. 
isoliert .  Die S t r u k t u r  (I) i s t  auf  G r u n d  spek t rMer  D a t e n  
u n d  der  S y n t h e s e  yon  Dihydroc l aus indJn  aufgek l~r t  
worden.  

]3. S. JOSHI, V. N. KAMAT a n d  D. H. GAWAD s 

C I B A  Research Centre, Goregaon East, 
Bombay 400063 (India), 
25 July  7973. 

5/- V: R=Me 
V I : R - H  

r176176 
W 

1 B. S. Josm, D. H. GAWAD and V. N. KAMAX, Ind. J. Chem. 10, 
1123 (1972). 
B. S. JOSH: and D. H. GAWAD, Phytoehemistry 10, 480 (1971). 

a E. A. ABu-MoSTAFA and M.B.E. FAYEZ, Can. J. Chem. 45, 325 
(1967). 

4 W. STECK and B. K. BAILEY, Can. J. Chem. d7, 3578 (1969). 
a j .  S. H. DAVIES, P. A. MCCREA, W. L. NORRIS and G.R. RAMAGE, 

J. chem. Soe., p. 3206 (1950). 
6 0 .  ISLER, H. C-UTMANN, M. MONTAVON, R. R~EGG, G. RYSEF- and 

P. ZELLER, Helv. chim. Aeta 40, 1242 (1957). 
T T. L. JACOBS, in: Heterocyclic Compounds, vol. 5 (Ed. R. C. EL1)ER- 

FIELD; John Wiley and Sons, Inc., New York, N.Y. 1957), p. 45. 
s Acknowledgment. We are grateful to Professor T. R. GOVlN- 

DACHARI for his interest in the work and Dr. S. SELVAVINAYAKAM 
for the analytical and spectral data. We also thank Dr. H. FU~RE~ 
for the NMR-spectra. 

I s o l a t i o n  of  N - I s o b u t y l  Deca-trans-2-trans-4-Dienamide f r o m  Piper sylvaticum R o x b .  

The  seeds of Piper sylvaticum Roxb.  are of ten  used as 
an  ef fec t ive  d rug  in t he  t r e a t m e n t  of a s t h m a  a n d  chronic  
b r o n c h i t i s  in t he  I n d i a n  A y u r v e d i c  s y s t e m  of med ic ine  1 
I n v e s t i g a t i o n  of t h e  pe t ro l  (bp 60-80 ~ e x t r a c t  of i ts  
seeds ha s  resu l ted  in  t h e  i so la t ion  of a n u m b e r  of com- 
pounds .  The  c h a r a c t e r i s a t i o n  of two  of these,  viz. 4' ,7- 
d i m e t h o x y - 5 - h y d r o x y  I l avone  a n d  sy lva t ine ,  a new alk- 
amide ,  has  been  p rev ious ly  descr ibed  b y  us 2. The  p r e sen t  
p a p e r  deals w i t h  t he  c h a r a c t e r i s a t i o n  of a t h i r d  c o m p o u n d  
(I) i so la ted  f rom t h e  pe t ro l  e x t r a c t  b y  c h r o m a t o g r a p h y  
ove r  sil ica gel us ing  p e t r o l : b e n z e n e  (1:1) as e luent .  Th i s  
c o m p o u n d ,  nap 75 ~ [~]D O ~ was d i f f icu l t ly  c rys ta l l i sab le  

as i t  was h igh ly  soluble  in  all organic  solvents .  I t  was 
e x t r e m e l y  u n s t a b l e  in  t he  solid s ta te ,  decompos ing  w i t h i n  
a few hour s  to  a r edd i sh  g u m  on exposure  to  air,  a n d  
hence  h a d  to  be  s to red  in sealed e v a c u a t e d  tubes .  I t s  
molecu la r  f o rmu la  was conf i rmed  b y  ana lys i s  a n d  mass  
s p e c t r o m e t r y  (M+ 223) as Cl~H25ON. The  U V - s p e c t r u m  
of t h e  c o m p o u n d  (tEtOt-I. 257 n m :  log e: 4.53) i nd i ca t ed  a 

1 K. R. KIRTIKAR and B. D. BAsu, Indian Medical Plants, voL I l i  
(S.N. BASU & Co., Allahabad, India 1933), p. 2128. 

2 A. t3ANERJI and P. C. GHOSH, Tetrahedron 29, 977 (1973). 
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sorbic chromophore3,  a. The IR-spec t ru ln  showed the 
presence of a secondary amide,  wi th  an e, / / -unsaturated 

r Nujol. conjugated diene system LVr~ax . 3300 cm -1 ( -NH-) ,  
1630 cm -1 (conjugated carbonyl),  1665 cm -1 (conjugated 
double bond)]. The presence of absorpt ion bands a t  849 
and 878 cm -1 and a ve ry  s trong one at  998 cm -~, indicated 
tha t  the  e, / / -unsaturated conjuga ted  diene sys tem had 
a trans-trans-configuration 4. 

At  this stage, the  physical  and spectral  propert ies  of 
our compound  appeared to be s imilar  to those of N-iso- 

Hydrolys is  of (II) wi th  concent ra ted  hydrochlor ic  acid 
in a sealed tube  furnished decanoic acid and isobutyl-  
amine hydrochloride,  mp  165 ~ N- i sobu ty ldecanamide  
was synthesized f rom decanoyl  chloride and i sobuty lamine  
ill presence of. 10% aqueous sodium hydroxide  and found 
to be identical  on comparison (mp, mmp,  co-TLC, 
superimposable IR-spectra)  wi th  the t e t rahydroder iva-  
t ive  (II). 

+H-(Mclafferty) 
bntyldeca-trans-2-trans-4-dienamide (I), a cons t i tuent  of rm/e 115 l a 0.93~ (9H m) 

m/e 155 pell i tor ine 8, which had been previous ly  isolated from { -7 , /C-H5 b 1.30 6 (14H, brs) 
some other  Piper species by  ATAL 5. Since an au thent ic  C-Hs-(C-H2~ s r,_L ~_ _L / 8 
sample of this compound was not available, we had to ': ~ CH-2- -~NU~CU~TCH-\  ~ 1.50 2.40~ (3H, m/ 

a b I c 6 e |  d |  c "CH~d3.11b(PH, t ' 

,-m/e 166 m/e 170 -.[ / a d r = 6.5 Hz) 
/ m/el84-1 e 5.55-5.90d (1H, 

CH3- (CH2)3~-CH 2 H b~oad s, disappear- 
b c \ C / g  (11) M+227 Base peak m/e 115 ingondeuteration) 

M+223 
(D 

II 

H / C \ c / H  
g II a 0.906 (9H, m) 

H / / ~ C / / 0 c '  b 1.15-1.60d (6H, diffuse m) 

9 ~ . m/e 151 c 1.60-2.33 d (3H, m) 

NH d 3.176 (2H, t, J = 6.5 Hz, 
t g collapses to a doublet on 

m/e 180 ldC~2 deuteration) 
t ~ @  e 6.57-6.98d (1H, very 

CH broad s, disappears on 
/ /  ~x ,mj  deuteration) 

CH3 ~ 17.02-7.47d (1~, m/ 

g 5.80-6.25d (31-I, m) 

On the  basis of the above spectral  and chemical  
observations,  the  original compound  could be assigned 
a s t ructure  (I). The s t ruc tura l  ass ignment  was in con- 
fo rmi ty  wi th  its mass spectral  f ragmenta t ion  pat tern ,  
t i le diagnost ic  peaks appear ing at  m/e 223 (M+), 180 
(M-Call7) , 166 (M-CdHp) , 152, 151 (M-C~HpNH) (base 
peak), 96, 95 and 81. The  N M R  and mass spectra of (I) 
and its t e t r ahydrode r iva t ive  (II), as well  as the synthesis  
of the  latter,  have  not  been repor ted  previously,  and 
provide  addi t ional  informat ion  about  these compounds% 

Zusammen/assung. Spektroskopische Strukturaufkl~-  
rung eines Inhal tss toffes  (Alkaloid) aus Piper sylvaticum 
Roxb.  mi t  tells synthet ischer  Beweisfiihrung. 

under take  detai led spectral  and chemical  studies in 
order to confirm its s tructure.  Our invest igat ions,  which 
provide  addi t ional  informat ion  about  this  compound,  are 
repor ted  in the  present  communica t ion .  

The 60 MHz NMR-spec t rum (CDC13) of the  amide, 
was consis tent  wi th  s t ructure  (I). 

On hydrogena t ion  over  ADAM'S catalyst ,  (I) afforded a 
t e t r ahydroder iva t ive  (II), mp  40 ~ ClaH~9ON (M+ 227). 
(II) lacked the  bands due to olefinic unsa tu ra t ion  at 
1665, 998 and 878 cm -1 in its I R - s p e c t r u m  (Nujol), the  
amide carbonyl  band now appearing at  1655 cm -1. The 
60 MHz NMR-spec t rum (CDCla) and the  mass spectral  
f ragmenta t ion  pa t t e rn  of the  t e t rahydro-compound  were 
consistent  wi th  its formula t ion  as N- i sobu ty ldecanamide  
(II). 
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T h e  T e r p e n o i d  P a r t s  o f  K a m o l o n e  a n d  K a m o l o l  o f  

The impor tance  of biogenetic  theory  in terpene struc- 
ture elucidat ion has been amply  demons t ra ted  1. We have  
recent ly  applied the  principles embodied  in this  theory  
to arr ive at  and estabIish the  s t ructure  of repor ted ly  
unident if ied sesquiterpene from Citrus sinensis, as 5/5, 
7//, 10e-selina-3,11-diene 2. This note  reports  on the  
revised s t ructures  of kamolone and kamolol,  the  ses- 
qui terpenoid  coumarins  of Ferula penniservis Rgl. et 
Schmalh.,  which on the  basis of extens ive  spectral  and 
chemical  degradat ion  studies have  been formula ted  a as 
(Ia) and (Ib) respect ively.  Subsequent ly ,  mass spectral  
f ragmenta t ion  studies have  been repor ted  ~ in suppor t  of 
these structures.  

Ferula penninervis 

Although  the  terpenoid  par ts  of s t ructures  (Is) and 
(Ib) are dissectable into isoprene units, nevertheless  it  is 
difficult  to envisage thei r  der ivat ion  f rom farnesyl pyro- 
phosphate ,  the  bonafide precursor  of sesquiterpenes,  
by  means  of accepted mechanis t ic  operat ions enuncia ted 
in the  biogenet ic  isoprene rule s,*. A biogenet ical ly  more 
correct  formula t ion  of te rpenoid  moiet ies  of kamolone  
and kamolol  would be the  s t ruc tura l  var ian ts  represented 
in (IIa) and (IIb) respect ively,  which can be conceived as 
der ivable  from Iarnesyl pyrophospha te  by  oxida t ive  
cyclisat ion to an in te rmedia te  cat ion (III)  involv ing  
dr imane  skeleton, followed by a ' t r iedo'  r ea r rangement  
and f inal ly deprotonat ion.  The  new st ructures  (IIa) and 


