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CHAPTER I

INTRODUCTION

T his  d i s s e r t a t i o n  r e p o r t s  s t u d i e s  on th e  b i o s y n t h e s i s  o f  t h e  m ethy l-  

c y c lo p e n ta n e  r i n g  system  i n  h i g h e r  p l a n t s .  The a c y c l i c  m onoterpene 

n e p e t a l a c t o n e  was chosen  f o r  s tu d y  because  th e  p l a n t  which p roduces  i t ,  

N epeta  c a t a r i a  L . , i s  r e a d i l y  a v a i l a b l e  and an  e x t e n s i v e  amount o f  work 

has  been  done on th e  chem ical  d e g ra d a t io n  of t h i s  compound. N e p e ta la c ­

to n e  i s  t h e  p r i n c i p l e  i n g r e d i e n t  o f  c a tn ip  o i l  and i s  a s t r o n g  f e l i n e  

a t t r a c t a n t .

T h is  r e s e a r c h  had t h r e e  main o b j e c t i v e s :  (A) to  d e te rm in e  th e

c o m p o s i t io n  o f  th e  e s s e n t i a l  o i l  of  Nepeta  c a t a r i a  L. , (B) t o  deve lop  

a method f o r  th e  a n a l y s i s  and s tu d y  th e  d i s t r i b u t i o n  o f  n e p e ta la c to n e  

iso m e rs  from d i f f e r e n t  N epeta  s p e c i e s ,  and (C) to  i n v e s t i g a t e  th e  

b i o s y n t h e s i s  and chem ical  d e g r a d a t io n  o f  n e p e t a l a c t o n e .

I n v e s t i g a t i o n s  o f  th e  com pos i t ion  o f  c a t n i p  o i l  were u n d e r ta k e n  

a s  a p re lu d e  to  b i o s y n t h e t i c  s t u d i e s .  The p r im ary  o b j e c t i v e  o f  t h i s  

s tu d y  was th e  i d e n t i f i c a t i o n  o f  compounds which m ight have a s t r u c t u r a l  

p r e c u r s o r - p r o d u c t  r e l a t i o n s h i p  to  n e p e ta la c to n e .  The l im i t e d  amount of 

e s s e n t i a l  o i l  and i t s  com p lex ity  n e c e s s i t a t e d  t h e  use  o f  th e  com bina tion  

gas chrom atograph-m ass  s p e c t ro m e te r  f o r  i d e n t i f i c a t i o n s .

O b s e rv a t io n s  made d u r in g  th e  s tu d y  o f  th e  c o m p o s i t io n  of t h e  

e s s e n t i a l  o i l s  o f  Nepeta  s p e c i e s  i n d i c a t e d  t h a t  t h e r e  were l a r g e

1

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



2

v a r i a t i o n s  i n  t h e  r a t i o  of n e p e ta la c t o n e  to  e p in e p e t a l a c t o n e  i n  

d i f f e r e n t  sam ples .  The p o s s i b i l i t y  t h a t  v a r i a t i o n s  i n  th e  s t e r e o ­

c h e m is try  o f  th e  rae thy lcyc lopen tane  r i n g  system  cou ld  be o f  v a lu e  i n  

th e  s tu d y  o f  th e  b i o s y n t h e s i s  o f  n e p e t a l a c t o n e  o r  p h y lo g e n e t ic  c l a s s i ­

f i c a t i o n  l e d  to  th e  developm ent of t e c h n iq u e s  f o r  th e  q u a n t i t a t i o n  of 

n e p e ta la c to n e  and e p in e p e ta l a c to n e .  T h is  new p ro ce d u re  was used  i n  th e  

a n a ly s e s  o f  e s s e n t i a l  o i l s  from s e v e r a l  d i f f e r e n t  Nepe ta  s p e c i e s .

From t h e  i s o p r e n o id  s t r u c t u r e  o f  n e p e t a l a c t o n e ,  i t  seemed l i k e l y  

t h a t  an i s o p r e n o id  b i o s y n t h e t i c  pathway m igh t  be in v o lv e d  i n  i t s  

fo rm a tio n .  The p r e c u r s o r  u sed  i n  t h e s e  s t u d i e s  was m evalonic  a c i d - 2 - 14C, 

a known i s o p r e n o id  p r e c u r s o r .  S ince  t h e  p l a n t  Nepeta  c a t a r i a  L. a l s o  

p roduces  th e  s e s q u i t e r p e n e ,  c a ry o p h y l le n e ,  o b s e r v a t io n s  on i t s  b io sy n ­

t h e s i s  were made. The _de novo r a t e  o f  fo rm a t io n  o f  th e s e  two compounds 

and t h e i r  s i t e  o f  s y n th e s i s  was a l s o  s tu d i e d .

D e g ra d a t io n  o f  b i o s y n t h e t i c a l l y  formed n e p e t a l a c t o n e - 14C was 

accom plished  by m odifying th e  r e a c t i o n s  u sed  i n  th e  p roof  o f  s t r u c t u r e  

o f  t h i s  compound. These m o d i f i c a t i o n s  n e c e s s i t a t e d  a s tu d y  o f  th e  

r e a c t i o n s  o f  c a rb o n y l  compounds w i th  a l k a l i n e  hydrogen  p e ro x id e  

s o l u t i o n s .
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CHAPTER I I

LITERATURE REVIEW

N epeta  c a t a r i a  L. ( f a m i ly  L a b i a t a e )  i s  a rugged p l a n t  which i s  

n a t i v e  to  Europe and A s ia .  T h is  p l a n t  was f i r s t  i n t r o d u c e d  i n t o  N orth  

America as  a d e c o r a t i v e  house p l a n t .  I t  grows to  2 o r  3 f e e t  and has 

g r a y - g r e e n ,  h e a r t - s h a p e d  le a v e s  w i th  a h a i r y  unde r  s u r f a c e .  Rubbing 

th e  le a v e s  o f  t h i s  p l a n t  p roduces  t h e  v e ry  c h a r a c t e r i s t i c  m in ty  odo r  o f  

c a tn i p  o i l .

The f e l i n e  a t t r a c t i n g  power o f  N epeta  c a t a r i a  L. and n e p e ta la c t o n e  ( i )

I I I

h a s  been  rec o g n ize d  f o r  sometime. Todd ( l )  has p o s t u l a t e d  t h a t  n e p e ta ­

l a c t o n e  ( i )  mimics a pheromone o f  t h e  c a t  which e l i c i t s  s p e c i f i c  

c o u r t s h ip  d i s p l a y s .  The f o l lo w in g  e v id e n c e  was g iv e n  t o  s u p p o r t  t h i s  

h y p o th e s i s :

1. The c a tn i p  r e sp o n se  and c o u r t s h ip  d i s p l a y  a r e  v e ry  
s i m i l a r .

2 . F i e l d  o b s e r v a t io n s  i n d i c a t e  t h a t  c a t n i p - l i k e  d i s p l a y s  
o c c u r  a t  s i t e s  known t o  have been marked by th e  u r in e  
o f  tom c a t s .

3
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1*

3 . C a t n i p - l i k e  a c t i v i t y  has  b een  found i n  e t h e r  e x t r a c t s  
o f  tom c a t  u r in e .

k.  C ross  f a t i g u e  o f  th e  c a t n i p  r e sp o n se  and c o u r t s h ip  
d i s p l a y  a p p e a rs  t o  occu r .

5 . The " c e n t r a l  n e u r a l  s u b s t r a t e "  of t h e  c a tn i p  resp o n se  
and c o u r t s h ip  b e h a v io r  a p p e a r  t o  be  i n t i m a t e l y  
r e l a t e d .

6. M ounting a c t i v i t y  of two m ale  snow le o p a rd s  was p ro ­
voked by c a t n i p  re s p o n s e s  o f  two fem a les .

7 . T here  i s  no c o r r e l a t i o n  betw een d i s t r i b u t i o n  o f  
p l a n t s  h a v in g  c a t n i p - l i k e  a c t i v i t y  and t h a t  o f  c a ts  
w hich a r e  s e n s i t i v e  to  them.

8. T here  i s  a  s t r i k i n g  d i f f e r e n c e  in  re s p o n s e s  to  
c a tn i p  betw een l i o n s  and t i g e r s  which may be due to  
t h e  unknown mechanism w hich  r e p r o d u c t i v e ly  i s o l a t e d  
t h e s e  two s p e c i e s  i n  n a t u r e  (b u t  n o t  i n  c a p t i v i t y ) .

I t  i s  p o s s i b l e  t h a t  t h e r e  a r e  o t h e r  pheromones which in d u ce  s i m i l a r  

respongjes i n  o t h e r  a n im a ls .

E i s n e r  (2 )  has  r e c e n t l y  r e p o r t e d  t h a t  n e p e ta la c t o n e  ( l )  i s  an i n s e c t  

r e p e l l a n t  f o r  a w ide  v a r i e t y  o f  i n s e c t s ,  a b i o l o g i c a l  phenomenon a l s o  

a s s o c i a t e d  w i th  some o f  t h e  i n s e c t  produced  m e th y lc y c lo p e n ta n e  m onoter­

p e n o id s .  C a ry o p h y lle n e  ( I I ) was a l s o  o b se rv ed  to  be a p o t e n t  r e p e l l a n t  

by S k a i f e  ( 3 ). Many i n s e c t  r e p e l l a n t s ,  such  as c innam ic  a lc o h o l ,  g e r a n i o l ,  

c lo v e  o i l  and l i n a l y l  a c e t a t e ,  a re  q u i t e  p l e a s a n t  to  th e  human nose . Ants 

a r e  n o t  a f f e c t e d  by th e  f o u l - s m e l l i n g  s k a t o l e .  T h is  s u g g e s t s  t h a t  t h e r e  

i s  no r e l a t i o n s h i p  be tw een  o l f a c t o r y  re s p o n s e  o f  th e  human and t h a t  of 

i n s e c t s .  <---

These f in d i n g s  ten d  t o  i n d i c a t e  t h a t  a l a r g e  number o f  v o l a t i l e  

compounds produced  by p l a n t s  a r e  o f  p r a c t i c a l  v a lu e  as i n s e c t  r e p e l l a n t s .

I t  was s u g g e s te d  by E i s n e r  (2 )  t h a t  n e p e t a l a c t o n e  ( l )  p r o t e c t s  Nepeta  

c a t a r i a  L. by r e p e l l i n g  phytophagous i n s e c t s .
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A g r e a t  d e a l  of r e s e a r c h  has been  done on e s s e n t i a l  o i l s  i n  

g e n e r a l .  E s s e n t i a l  o i l s  a r e  d e f in e d  as  th o s e  a ro m a t ic  s team  v o l a t i l e  

s u b s ta n c e s  o f  n a t u r a l  o r i g i n  which a r e  o f  an  o i l y  n a t u r e  ( h ) .  These 

v o l a t i l e  o i l s  a r e  w id e sp re a d  i n  n a t u r e . . I t  has  been  e s t im a te d  t h a t  

tw e n ty - n in e  p e r  c e n t  o f  a l l  ang iosperm s and gymnosperms p roduce  

e s s e n t i a l  o i l s  ( h ) .  Of t h e s e  e s s e n t i a l  o i l  p rod u c in g  f a m i l i e s ,  kbfy a r e  

t r o p i c a l ,  7$ a re  t r o p i c a l - s u b t r o p i c a l ,  2$ a r e  s u b t r o p i c a l ,  5$ a re  sub- 

t r o p i c a l - t e m p e r a t e ,  18$ a r e  te m p e ra te  and 25$  have a wide c l i m a t i c  

range .

The e a r l y  work o f  McNair ( ^ ,5 )  on th e  p h y s ic a l  p r o p e r t i e s  o f  598 

d i f f e r e n t  e s s e n t i a l  o i l s  showed a d e f i n i t e  c o r r e l a t i o n  of s p e c i f i c  

g r a v i t y  and r e f r a c t i v e  in d e x  w i th  p h y lo g e n e t ic  e v o lu t io n  and e n v i r o n ­

m en ta l  o r i g i n  o f  sam ples .  T r o p ic a l  o i l s  w ere found to  have h i g h e r  

r e f r a c t i v e  i n d i c i e s  t h a n  o i l s  from te m p e ra te  r e g io n s .  These w orkers  

c la im  t h a t  p l a n t s  o f  t h e  same genus which co u ld  no t be s h a r p l y  s e p a r a te d  

on a m o rp h o lo g ic a l  b a s i s  were e a s i l y  d i f f e r e n t i a t e d  on th e  b a s i s  o f  th e  

c o n s t i t u e n t s  i n  th e  e s s e n t i a l  o i l s .

I n  r e c e n t  y e a r s  i t  h a s  become i n c r e a s i n g l y  e v id e n t  t h a t  th e  m ethy l-  

c y c lo p e n ta n e  r i n g  sy s tem  i s  w id e sp re a d  i n  n a t u r e  w i th  t h e  i s o l a t i o n  of 

many compounds c o n ta in in g  t h i s  c a rb o n  s k e le to n .  The m e th y lc y c lo p e n ta n o id s  

a r e  composed of t h r e e  b a s i c  g roups:  g l y c o s i d e s ,  a l k a l o i d s ,  and oxygenated

m ono terpenes . The f u n c t i o n ( s )  o f  t h e s e  compounds i n  n a tu r e  i s  n o t  

known, w i th  th e  e x c e p t io n  o f  th e  i n s e c t  produced  m ono te rp en o id s  which 

have  been  found to  be A rthopod d e fe n s e  chem ica ls  and i n  some c ases  

a n t i b i o t i c s .
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The m e th y lc y lo p e n ta n o id  g ly c o s id e s  (F ig u re  l )  a r e  composed o f  

v e r b e n a l i n  ( i l l )  (6 - 1 3 ) ,  lo g a n in  ( IV ) ( l l r - 1 7 ) ,  a s p e r u l o s i d e  (V) ( 1 8 -2 2 ) ,  

c a t a l p o s i d e  (V I ) (23- 2 5 ) ,  m ono trope in  ( V I l )  ( 2 6 ,2 7 ) ,  p lu m ie r id e  ( V I I l )  

(2 8 -3 1 )  and a ucub in  (IX ) ( 32- 3 5 ). The su g a r  m o ie ty  i n  t h e s e  compounds 

h a s  been found to  be p -D -g lu c o se .  H y d ro ly s i s  w i th  m in e r a l  a c id s  

c o n v e r t s  th e  ag lycone p o r t i o n  o f  most, o f  th e s e  compounds t o  a  b la c k  polymer.

S k y ta n th in e  (X) ( 36- 3 9 ) , tecom anine  (XI) ( k 0 - k 2 ) ,  and a c t i n i d i n e  

(X I I )  (^3 )  a r e  some of th e  members o f  t h e  m e th y lc y c lo p e n ta n o id  a l k a l o i d s .  

These l i q u i d  a l k a l o i  s a re  a l l  o f  p l a n t  o r i g i n  and a re  o f  p a r t i c u l a r  

i n t e r e s t ,  to  t h e  b iochem ist. .  The i s o p r e n o id  s k e l e t o n  o f  a c t i n i d i n e  (X I l )  

s u g g e s t s  t h a t  th e  p y r i d i n e  n u c le u s  o f  t h i s  compound a r i s e s  from an 

i s o p r e n o id  p r e c u r s o r .

The oxygenated  m onoterpenes a r e  o f  b o th  p l a n t  and i n s e c t  o r ig i n .  

Anisomorphal ( X I I I ) (W-), i r i d o d i a l  (XIV) ( i -5 ,4 6 ) ,  i r idom yrm ec in  (XV)

(h-7,H-8) and i so i r id o m y rm e c in  (XVI) (^9 )  a r e  d e fe n s e  ch em ica ls  o f  a 

number o f  d i f f e r e n t  s p e c i e s  o f  a n t s .  The ir idom yrm ecins  a r e  produced by 

a n a l  g lands  o f  some a n t s  and r e p r e s e n t  o v e r  1% o f  t h e i r  body w e igh t  ( 5 0 ). 

The m onoterpenoids  of p l a n t  o r i g i n  c o n s i s t  of n e p e t a l a c t o n e  ( i )  (5 I - 55) 

and g e n ip in  (XVII) (5 6 ). G en ip in  i s  more l i k e  t h e  a g ly c o n e  p o r t i o n  o f  

t h e  g ly c o s id e s  th an  t h e  o t h e r  m onoterpeno ids  o f  t h i s  g roup .

I n v e s t i g a t i o n  of th e  chem ical n a tu r e  of " O i l  o f  C a tn ip "  began in  

t h e  Departm ent of P h a rm a c e u t ic a l  C hem istry  a t  th e  U n i v e r s i t y  of 

W iscons in  u n d e r  th e  d i r e c t i o n  o f  P r o f e s s o r  Kremers (5-)*  A pprox im ate ly  

85$ o f  t h i s  e s s e n t i a l  o i l  was found to  be a l k a l i  s o lu b le .  A c i d i f i c a t i o n  

o f  th e  a l k a l i n e  e x tra c t ,  p r e c i p i t a t e d  a v i sc o u s  o i l  which s low ly  

c r y s t a l l i z e d  on s ta n d in g .  Subsequen t s t u d i e s  d ea lt ,  s p e c i f i c a l l y  w i th
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t h e  s t r u c t u r e  o f  t h i s  a c i d i c  compound f o r  w hich  th e  name n e p e t a l i c  a c id

(X V II I ) (F ig u re  2) was p roposed . P y r o ly s i s  o f  n e p e t a l i c  a c id  (X V III)  gave 

t h e  u n s a tu r a t e d  l a c t o n e ,  n e p e t a l a c t o n e  ( i ) .  T h is  compound p o s s e s s e d  

p h y s ic a l  p r o p e r t i e s  i d e n t i c a l  t o  t h e  o r i g i n a l  l a c t o n e  of th e  crude o i l .

Meyer ( 57 ) showed t h a t  e i t h e r  chromic a c i d  o r  perm anganate  o x i d a t io n  

o f  n e p e t a l i c  a c id  (X V IIl)  r e s u l t e d  i n  th e  f o rm a t io n  o f  a  number o f  a c i d i c  

o x i d a t io n  p ro d u c ts .  A c e t i c  a c id  and two o t h e r  a c id s  w i th  m e l t in g  p o i n t s  

o f  850 and 25O0 were among th e  p ro d u c ts  i s o l a t e d .

McElvain e t  a l .  ( 5I )  were th e  f i r s t  w o rk e rs  to  r e p o r t  t h e  o x i d a t i v e

d e g ra d a t io n  o f  n e p e t a l i c  a c id  (X V IIl)  to  n e p e to n ic  a c id  (XIX) by 

a l k a l i n e  hydrogen p e ro x id e .  N ep e to n ic  a c id  (XIX) was i s o l a t e d  i n  a  

y i e l d  o f  67$  of t h e  t h e o r e t i c a l  v a lu e  from t h i s  r e a c t i o n .  I t  was l a t e r  

r e p o r t e d  ( 52) t h a t  when n e p e to n ic  a c id  (XIX) was p re p a re d  from n e p e t a l i c  

a c id  (X V III) which had been  p y ro ly z e d  and re h y d ro ly z e d ,  t h a t  th e  y i e l d  

of XIX dropped to  bQPjo of th e  t h e o r e t i c a l .  The d e c re a s e d  y i e l d  o f  

n e p e to n ic  a c id  (XIX) was a t t r i b u t e d  to  e p im e r i z a t i o n  of th e  7a r in g  

p o s i t i o n  ( s e e  n e p e t a l a c t o n e  ( i ) )  d u r in g  p y r o l y s i s .  By h y d ro g e n a t io n  o f  

n e p e to n ic  a c id  (XIX) t h e s e  w orkers  o b ta in e d  a new a c id ,  n e p e t o l i c  

a c id  (XX). The f a i l u r e  o f  t h i s  compound t o  form a l a c to n e  upon

d i s t i l l a t i o n  gave an i n d i c a t i o n  t h a t  t h e  r i n g  s u b s t i t u e n t s  were i n  t h e

t r a n s  c o n f i g u r a t io n  a t  t h e  ka and 7a p o s i t i o n s .  An i n v e s t i g a t i o n  ( 52 ) 

of t h e  a c i d i c  r e s i d u e s  rem a in in g  a f t e r  p r e p a r a t i o n  o f  n e p e to n ic  a c id

(XIX) from n e p e t a l i c  a c id  (X V IIl)  by a l k a l i n e  hydrogen  p e ro x id e  o x id a ­

t i o n ,  l e d  to  th e  i s o l a t i o n  of two e p im e r ic  n e p e t a l i n i c  a c id s  (XXI, m.p.

850 and XXIa, m. p. 11 7 °) .  The s e p a r a t i o n  o f  XXI and XXIa i s  dependen t  

upon th e  i n s o l u b i l i t y  o f  th e  ba rium  s a l t  o f  XXI i n  w a te r .
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When n e p e to n ic  a c i d  was t r e a t e d  w i th  sodium h y p o i o d i t e  an 80$> y i e l d  

o f  n e p e t i c  a c id  (XXIl) was o b se rv e d  (5 1 ) .  T h is  d i c a r b o x y l i c  a c id  

d i s t i l l e d  unchanged and was l a t e r  a s s ig n e d  a t r a n s  o r i e n t a t i o n  o f  th e  

c a rb o x y l  groups ( 5 ^ ,5 5 ) .  A c e t i c  a n h y d r id e  was found to  c o n v e r t  t h i s  

a c i d  to  an a n h y d r id e  X X III ,  which y i e ld e d  a new n e p e t i c  a c id  (XXIIa) 

upon h y d r o ly s i s .

I t  was r e c o g n iz e d  ( 52 ) t h a t  th e  a l k a l i n e  hydrogen  p e ro x id e  d e g ra r  

d a t i o n  o f  n e p e t a l i c  a c id  (X V IIl)  always produced a s m a l l  q u a n t i t y  o f  

th e  7 - l a c t o n e  n e p e to l a c to n e  (XXIV). T h is  l a c to n e  was u l t i m a t e l y  

a s s ig n e d  t h e  c i s - t r a n s  c o n f i g u r a t i o n  ( 55)-

I n  19^2 M cElvain r e p o r t e d  t h e  p re se n c e  o f  a s e s q u i t e r p e n e  i n  o i l  

o f  c a t n i p .  I t  was p roposed  t h a t  t h i s  compound was c a ry o p h y l le n e  ( i l )  on 

t h e  b a s i s  o f  th e  p h y s ic a l  p r o p e r t i e s  and th e  m e l t in g  p o in t  o f  the  

d i h y d r o c h l o r i d e  d e r i v a t i v e .  T h is  compound had p r e v i o u s ly  been  i s o l a t e d  

from  o i l  o f  c lo v e s  by R uzicka  ( 58 ).
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F ig u re  1. S t r u c t u r e s  o f  some m e th y lc y c lo p e n ta n e  m ono te rpeno ids
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F ig u re  2. Chemical d e g r a d a t i o n  o f  n e p e ta la c to n e
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CHAPTER I I I

COMPOSITION OF THE ESSENTIAL OIL OF NEPETA c a t a r i a  L.

C a tn ip  o i l  was f i r s t  s t u d i e d  by Umney and B e n n e t t  ( 5 9 ) i n  1905- 

The o i l  examined was o f  S i c i l i a n  o r i g i n  and was r e p o r t e d  to  c o n ta in  

2 2 .2 $  menthol (XXV) and 3 . 3$  m enthyl a c e t a t e  (XXVI) (F ig u r e  3 ). Kremers 

and McElvain ( 51 ) l a t e r  found th e  m ajo r  c o n s t i t u e n t  o f  t h i s  o i l  to  be an 

a l k a l i  e x t r a c t a b l e  e n o l - l a c t o n e  f o r  which th e  name n e p e t a l a c t o n e  ( i )  was 

p roposed . McElvain (60 )  s u b s e q u e n t ly  s e p a r a te d  th e  n o n - a l k a l i  s o lu b le  

p o r t i o n  of th e  o i l  i n t o  a number o f  f r a c t i o n s  by d i s t i l l a t i o n .  The 

n e u t r a l  f r a c t i o n  o f  t h e  o i l  was r e p o r t e d  to  c o n ta i n  k 2(f  n e p e ta la c to n e  

( I ) ,  llf$ c a ry o p h y l le n e  ( I I ) ,  36$  n e p e t a l i c  a n h y d r id e  (XXVII), 3$  o f  an 

e t h e r  (C14H240 ) ,  and 2$ o f  an  e s t e r  (C H1402 ).

S e v e ra l  r e p o r t s  o f  work on o t h e r  s p e c ie s  o f  N epeta  have appeared  i n  

t h e  l i t e r a t u r e .  Gupta £ t  a l .  (61 )  have r e c e n t l y  s t u d i e d  th e  e s s e n t i a l  

o i l  of  Nepeta l e u c o p h y l l a . T h is  o i l  was r e p o r t e d  to  c o n ta in  16 .6$  

thymoquinone (XXVIII), 1 6 .2 $  n e p e t a l i c  a c id  ( X V I I l ) ,  6 .2 $  p h e n y le th y l  

a c e t a t e  (XXIX), 6 .2 $  p h e n y le th y l  i s o v a l e r a t e  (XXX), 5*2$ t e r t . - b u t y l -

1 -m ethy l-benzene  (XXXI) ,  3 -9 $  e th y l  b e n z o a te  (XXXII), and 22. lf$ s e s q u i -  

te r p e n o id  a lc o h o l s .  The components of t h i s  o i l  m ix tu re  were s e p a r a te d  

by a com bina tion  o f  b i c a r b o n a t e  e x t r a c t i o n  and a d s o r p t io n  chrom atography 

on alum ina.

An i n v e s t i g a t i o n  o f  t h e  e s s e n t i a l  o i l  of N epeta  c i l i a r i s  was

13
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conduct ed. by Talw ar (6 2 ) .  The e s s e n t i a l  o i l  o f  t h i s  p l a n t  was r e p o r t e d  

t o  c o n ta in  6.6% a - p in e n e  (XXX IIl), It-.6% p h e n y le th y l  a c e t a t e  (XXIX), 18% 

p in o ca rv o n e  (XXXIV), 7-2% m y r te n a l  (XXXV), 2 7 . 5% o f  a t r i c y c l i c  s e s q u i ­

t e r p e n e  and 27% of  a new a c e t a l  e s t e r .

The s t r u c t u r a l  form ulas  f o r  th e  c o n s t i t u e n t s  o f  th e  e s s e n t i a l  o i l s  

o f  th e  d i f f e r e n t  N epeta  s p e c ie s  a r e  found in  F ig u re  3-

T h is  c h a p te r  r e p o r t s  th e  r e s u l t s  o f  th e  a n a l y s i s  o f  th e  e s s e n t i a l  

o i l  o f  N epeta  c a t a r i a  L. by a n a l y t i c a l  gas l i q u i d  chrom atography (GLC) 

and th e  com bina tion  mass s p e c t ro m e try -g a s  chrom atography (MS-GC).

APPARATUS AND REAGENTS

A p p a ra tu s . P r e p a r a t i v e  gas ch rom atog raph ic  s e p a r a t i o n s  were a ch iev ed  

on an A erograph A utoprep  gas chrom atograph  equ ipped  w i th  a 0-1  m i l l i ­

v o l t  Leeds and N o r th ro p  Model H r e c o r d e r ,  a th e rm a l  c o n d u c t i v i t y  c e l l ,  

and a 10' x 3 /S"  aluminum column packed w i th  20% Apeizon  L on Chromosorb 

W.

MS-GC a n a ly s e s  were perfo rm ed  on an in s t ru m e n t  as d e s c r ib e d  by 

Ryhage (6 3 ) ex cep t  t h a t  th e  gas ch rom a tog raph ic  r e c o rd  was o b ta in e d  by 

c o n tinuous  r e g i s t r a t i o n  o f  t h e  t o t a l  io n  c u r r e n t  c o l l e c t e d  on a p l a t e  

i n  th e  a n a ly z e r  tu b e  (6 ^ ) .  A 20 ' x 5/ 32" c o i l e d  g l a s s  column packed 

w i th  2% d im e thy l  p o ly s i l o x a n e  (jXR) and 0 . 33% c y c lo h e x y l  d im e th y l -  

s u c c i n a te  (CHDMS) c o a te d  on Chromosorb P was u sed  f o r  t h e  gas chrom ato­

g r a p h ic  s e p a r a t i o n s  on the  com bina tion  in s t ru m e n t .  The column tem pera­

t u r e  was r e g u l a te d  by te m p e ra tu re  programming from 70° t o  l 80° .

Gas Chromatography M a t e r i a l s . Apiezon L, JXR, CHDMS, Chromosorb W, and 

Chromosorb P were p u rch a se d  from A pp lied  S c ience  L a b o r a t o r i e s ,  S t a t e

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



C o l le g e ,  P e n n sy lv a n ia .

O i l  of c a tn i p  was p u rch a se d  from F r i t z c h e  B r o th e r s ,  I n c . , New York 

C i ty ,  New York.

N e p e ta la c to n e  and c a ry o p h y l le n e  were s u p p l i e d  by Dr. E. J .  E is e n b ra u n ,  

Departm ent of C hem is try ,  Oklahoma S t a t e  U n i v e r s i t y ,  S t i l l w a t e r ,  Oklahoma.

PROCEDURES

P r e p a r a t i v e  gas c h ro m a to g rap h ic  f r a c t i o n a t i o n  was a c h ie v e d  on th e  

20fi A piezon  L p r e p a r a t i v e  column w i th  o p e r a t i o n a l  p a ra m e te rs  as f o l lo w s :  

i n j e c t i o n  p o r t  t e m p e ra tu re  250° ,  oven te m p e ra tu re  220c , d e t e c t o r  tem p era ­

t u r e  250° ,  he lium  flow 120 m l. /m in .  , and i n j e c t i o n  volumes o f  100 | i l .

The m ix tu re  was d iv id e d  i n t o  f r a c t i o n s  as  i n d i c a t e d  on th e  t r a c i n g  i n  

F ig u r e  k.

F r a c t i o n  A was a n a ly z e d  on th e  JXR-CHDMS column a t  a column tem pera ­

t u r e  o f  85° w i th  an i n j e c t i o n  p o r t  t e m p e ra tu re  o f  a p p ro x im a te ly  100° and 

a h e liu m  flow r a t e  o f  20 m l. /m in .  The i n j e c t i o n  p o r t  te m p e ra tu re  was 

no t r i g i d l y  c o n t r o l l e d  on th e  co m b in a tio n  in s t r u m e n t .

F r a c t i o n  B was s u b je c t e d  t o  3° /m in . programmed t e m p e ra tu re  a n a l y s i s  

on t h e  JXR-CHDMS column a t  oven te m p e ra tu re s  r a n g in g  from 850 t o  I 3O0 

w i th  a flow r a t e  o f  20 m l. /m in .  and i n j e c t i o n  p o r t  t e m p e ra tu re  of 

a p p ro x im a te ly  100° .

F r a c t i o n  C was r e s o lv e d  i n t o  i t s  components by chrom atography on 

th e  JXR-CHDMS column w i th  te m p e ra tu re  programming from 1^-0° to  I 9O0 a t  

3° /m in .  w i th  a he lium  f low  r a t e  of 20 m l . /m in .  and i n j e c t i o n  p o r t  tem p era ­

t u r e  o f  ap p ro x im a te ly  160° .
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The mass s p e c t r o m e te r  was o p e ra te d  a t  an e l e c t r o n  energy  o f  20 eV 

and an io n  so u rc e  t e m p e ra tu re  of 250°. The p r e s s u r e  i n  t h e  mass spec­

t r o m e te r  a n a ly z e r  tu b e  n e a r  t h e  io n  so u rce  was 10 5 mm. Hg, and th e  

p r e s s u r e  i n  th e  i o n i z a t i o n  chamber was a p p ro x im a te ly  lC f4 mm. o f  Hg.

The r e s u l t s  r e p o r t e d  i n  t h i s  c h a p te r  have  been  c o r r e c te d  f o r  back­

ground s p e c t r a .  Background s p e c t r a  were ta k e n  d u r in g  th e  a n a ly s i s  of 

each  o f  t h e  e s s e n t i a l  o i l  f r a c t i o n s .  T hese  s p e c t r a  were s u b t r a c te d  

from a l l  sample s p e c t r a .

A l l  mass s p e c t r a  r e p o r t e d  h e re  a re  in  term s o f  r e l a t i v e  abundance, 

w i th  th e  most i n t e n s e  io n  b e in g  tak e n  a s  100$>.

RESULTS AND DISCUSSION

Gas ch rom a tog raph ic  a n a l y s i s  o f  c a tn i p  o i l  i n d i c a t e s  t h a t  i t  i s  

a complex m ix tu re  of compounds. The c rude  o i l  was f r a c t i o n a t e d  by gas 

l i q u i d  chrom atography and d iv id e d  i n to  f r a c t i o n s  A, B, and C as i s  

i n d i c a t e d  i n  F ig u re  It-. A pprox im ate ly  0 .1 ,  0. 15 and 3 ml. o f  th e s e  

r e s p e c t i v e  f r a c t i o n s  was c o l l e c t e d .

P re v io u s  w orkers  ( 51, 59-62) have s tu d i e d  t h e  c o m p o s i t io n  of Nepeta 

o i l s  by th e  u se  o f  l a r g e  s c a l e  e x t r a c t i o n s ,  d i s t i l l a t i o n s  and chrom ato­

graphy on alum ina columns. S ince  on ly  sm all  amounts o f  m a t e r i a l  were 

a v a i l a b l e ,  i t  was c o n s id e r e d  d e s i r a b l e  to  use  t h e  com bina tion  mass 

s p e c t r o m e te r -g a s  chrom atograph  f o r  co m p o s i t io n  s t u d i e s .  F u r th e r  r e f e r e n c e  

to  mass s p e c t r o m e t r i c - g a s  ch rom atog raph ic  a n a l y s i s  w i l l  be a b b re v ia te d  t o  

MS-GC a n a l y s i s .

MS-GC A n a ly s is  o f  F r a c t i o n  A. R e s o lu t io n  o f  most of th e  components o f  

t h i s  m ix tu re  ( F ig u re  5 ) on th e  com bina tion  in s t r u m e n t  was ach ie v e d .
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S a t i s f a c t o r y  s p e c t r a  o f  compounds o f  low c c n c e n t r a t i o n  such  as A l ,  A2, 

and A3 were n o t  o b ta in e d .  The s p e c t r a  of samples A5, A7 and A8 were not

r e p o r te d  because  th e y  were m ix tu re s  o f  two compounds.

I t  i s  s e e n  i n  F ig u re  5 t h a t  f o u r  o f  th e  f i v e  r e p o r t e d  s p e c t r a  f o r  

F r a c t i o n  A have p a re n t  io n s  o f  m/e = 136. There  i s  c o n s id e r a b l e  s im i ­

l a r i t y  in  th e  s p e c t r a  of sam ples Ah, A6 , A10 and A l l  i n  t h a t  th e y  a l l  

show s i g n i f i c a n t  io n s  a t  m/e = I 36 ; 1^ 1 , 105, 93; 91; 80; 79; an(l 69 

(T ab le  I ) .  T h e i r  s i m i l a r  c ra c k in g  p a t t e r n s  te n d s  to  i n d i c a t e  t h a t  a l l  

o f  t h e s e  compounds a r e  s t r u c t u r a l l y  r e l a t e d .  V a r i a t i o n s  i n  th e  f r a g ­

m e n ta t io n  of t h e s e  samples seems t o  be m ain ly  i n  i n t e n s i t y .  S in c e  th e  

amount o f  sample in t r o d u c e d  i n t o  th e  mass s p e c t ro m e te r  o v e r lo a d ed  th e  

in s t ru m e n t  i n  th e  c a ses  o f  sam ples  Ah, A6 , and A l l ,  i n t e n s i t i e s  were

n o t  a c c u r a t e l y  m easured on f ra g m en ts  o f  h igh  abundance.

A com parison  o f  th e  s p e c t r a  o f  m onoterpene h yd rocarbons  r e p o r t e d  by 

Ryhage (6 5 ) w i th  th e  s p e c t r a  o f  th e  compounds i n  F r a c t i o n  A makes i t  seem 

p ro b a b le  t h a t  compounds Ah, A6 , A10 and A l l  a r e  o f  th e  ocimene-myrcene 

type  (F ig u re  6 ).

Ryhage r e p o r t e d  a l lo -o c im e n e  (XXXVl) to  have an i n t e n s e  m o lecu le  

io n  (m/e = I 3 6 ) w i th  t h e  most i n t e n s e  io n  i n  th e  spec trum  o c c u r in g  a t  

m/e = 121 = M -I5 . These p u b l is h e d  s p e c t r a  show a s t r o n g  tendency  o f  th e  

p a re n t  ion  to  g iv e  t h e  M-15 io n  f o r  a l l  th e  members o f  t h i s  s e r i e s .  The 

h ig h  i n t e n s i t i e s  of io n s  a t  m/e = 136 and 121 i n  th e  spec trum  o f  sample 

A6 p robab ly  i n d i c a t e s  t h a t  t h e s e  io n s  a r e  s t a b i l i z e d  by a c o n ju g a te d  

system .

S ince  p-ocim ene-X  (XXXVIl) and p-ocimene-Y (XXXVIIl) a r e  geom etric  

i so m e rs ,  th e  s p e c t r a  o f  t h e s e  two compounds a re  v e ry  s i m i l a r  (6 5 ) . The
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most abundant io n  in  th e  s p e c t r a  of t h e s e  compounds i s  m/e = 93 = M-l+3 * 

T h is  fragm ent was shown t o  a r i s e  from b o th  th e  m o le c u le  io n  (m/e = 136) 

and th e  io n  o f  m/e = 121.

The h ig h  i n t e n s i t i e s  o f  th e  ions  a t  m/e = 93 = M-l+3 i n  samples Ak,  

A10 and A ll  i s  p ro b ab ly  th e  r e s u l t  o f  a  s m a l l e r  d e g re e  o f  s t a b i l i z a t i o n  

in  t h e  p a re n t  m o lecu le .  I t  i s  p ro b a b le  t h a t  M-l+3 i s  formed by th e  lo s s  

o f  an i s o p ro p y l  r a d i c a l  (C3H5 ).

Myrcene (XXXIX) was found (6 5 ) t o  be th e  most e a s i l y  decomposed 

member of t h i s  group w i th  a base  peak a t  m/e = U .  A m e ta s ta b le  io n  a t  

m/e = 2k. 3 i n d i c a t e d  th e  fo rm a tio n  o f  m/e = 1+1 from m/e = 6 9 . These 

f in d in g s  su g g e s t  t h a t  th e  c h i e f  p o in t  o f  f r a g m e n ta t io n  i n  t h i s  compound 

i s  a t  th e  bond c o n n e c t in g  th e  two i s o p r e n e  u n i t s .

V a r ia t io n s  i n  f ragm en t  i n t e n s i t i e s  o b ta in e d  w i th  d i f f e r e n t  combi­

n a t i o n  in s t ru m e n ts  makes i t  i n a d v i s a b le  t o  a s s i g n  s t r u c t u r e s  to  Ah, A6, 

A10 and A l l  based  on p u b l is h e d  s p e c t r a .  However, t h e  c lo s e  s i m i l a r i t y  

of f r a g m e n ta t io n  p a t t e r n s  makes i t  p ro b a b le  t h a t  t h e s e  fo u r  compounds 

a re  composed o f  a l lo -o c im e n e  (XXXVl), p -ocim ene-X  (XXXVIl), p-ocimene-Y 

(XXXVIII) ,  and myrcene (XXXIX). No a t te m p t  was made to  a s s i g n  a 

s t r u c t u r e  to  sample A9.

I t  i s  d o u b t fu l  t h a t  a l l  o f  t h e s e  m onoterpene isom ers  were p r e s e n t  

in  th e  o r i g i n a l  o i l  o f  c a tn i p .  J u n e ja  (6 6 ) has  shown t h a t  a l l y l i c  

a lc o h o ls  r e a d i l y  d e h y d ra te  to  a m ix tu re  o f  t r i e n e s  d u r in g  gas chrom ato­

g r a p h ic  a n a ly s i s  i f  t h e  i n j e c t i o n  p o r t  te m p e ra tu re  i s  above I 5O0 C. I f  

a lc o h o ls  such  as g e r a n i o l  (XL), n e ro l  (XLl) and l i n a l o o l  (X LIl)  were 

p r e s e n t  i n  th e  c rude  o i l ,  i t  i s  p ro b ab le  t h a t  t h e  250° C. i n l e t  tem p era ­

tu r e  used  i n  the  p r e p a r a t i v e  GLC f r a c t i o n a t i o n  w ould  have d e h y d ra ted
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t h e s e  a l c o h o l s  t o  a m ix tu re  o f  t r i e n e s  such  as  t h o s e  o bse rved .

MS-GC A n a ly s is  o f  F r a c t i o n  B. T em pera tu re  programmed gas c h ro m a to g ra p h ic  

a n a l y s i s  o f  F r a c t i o n  B (F ig u r e  7) on th e  co m b in a tio n  in s t ru m e n t  p a r t i a l l y  

r e s o lv e d  t h i s  m ix tu re  i n t o  i t s  components. Due t o  low c o n c e n t r a t i o n  and 

poor  s e p a r a t i o n  o f  components, s a t i s f a c t o r y  s p e c t r a  were n o t  o b ta in e d  

f o r  s e v e r a l  compounds. I t  w i l l  be s e e n  in  F ig u r e  7 t h a t  t h e r e  a r e  l a r g e  

v a r i a t i o n s  in  t h e  masses o f  th e  components of t h i s  f r a c t i o n  ran g in g  from

m/e = I 38 t o  220. Gupta _et a l .  (61)  r e p o r t e d  t h a t  Nepeta l e u c o p h y l la

o i l  c o n ta in s  p h e n y le th y l  a c e t a t e  (XXIX) (MW = 150)? e th y l  b e n z o a te  (XXXIl)

(MW = 1 5 0 ) ,  and p h e n y le th y l  i s o v a l e r a t e  (XXX) (MW = 192). Compounds

w hich  p o s s e s s  t h e s e  a p p a re n t  m o le c u la r  w e ig h ts  a r e  a l s o  p r e s e n t  i n  th e  

o i l  of Nepeta  c a t a r i a  (T a b le  I I ) ,  b u t  i n t e r p r e t a t i o n  of t h e  mass s p e c t r a l  

d a t a  f a i l e d  t o  confirm  th e  p re s e n c e  o f  th e  c h a r a c t e r i s t i c  f ragm en ts  f o r  

t h e  a ro m a tic  n u c leu s  a t  m/e = 6 5 * 77 > anc* 108. The com plex ity  of 

t h e  s p e c t r a l  d a ta  made i t  i n e x p e d ie n t  t o  a t t e m p t  to  g iv e  s t r u c t u r a l  

a s s ig n m en ts  t o  th e  v a r io u s  compounds o f  F r a c t i o n  B on th e  b a s i s  o f  t h e i r  

mass s p e c t r a .

MS-GC A n a ly s is  o f  F r a c t i o n  C. R e s o lu t io n  o f  t h i s  m ix tu re  i n t o  f o u r  m ajor  

components was a c h ie v e d  by te m p e ra tu re  programmed gas chrom atography on 

a JXR-CHDMS column i n  t h e  co m b in a tio n  in s t r u m e n t  (F ig u re  8 ) .  S a t i s f a c ­

t o r y  s p e c t r a  o f  samples Ch, C7, C8, and C12 were o b ta in e d .  The masses 

of a l l  samples i n  which t h e r e  was m ix ing  o f  components o r  low c o n c e n t r a ­

t i o n  o f  sample in t ro d u c e d  i n t o  th e  mass sp e c tro m e te r ,  were d e l e t e d .

Samples Ch and C7 (T ab le s  I I I  and IV ) have been  i d e n t i f i e d  by gas chroma­

to g ra p h y  r e t e n t i o n  t im es  and m o le c u la r  w e ig h ts  as  c a ry o p h y l le n e  ( i l )  and 

n e p e t a l a c t o n e  ( i )  r e s p e c t i v e l y .  L i t t l e  work has  been done on th e
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i n t e r p r e t a t i o n  o f  mass s p e c t r a  of s e s q u i t e r p e n e  h yd roca rbons .  W ithou t 

th e  a id  o f  p u b l is h e d  work o r  i s o t o p i c  l a b e l i n g ,  an a d e q u a te  i n t e r p r e ­

t a t i o n  o f  t h e s e  s p e c t r a  i s  v i r t u a l l y  im p o s s ib le .  For t h i s  re a so n  th e  

i n t e r p r e t a t i o n s  p r e s e n te d  h e re  a re  o f  a t h e o r e t i c a l  n a tu r e  based  on 

c u r r e n t  knowledge o f  f r a g m e n ta t io n s  o f  r e l a t e d  compounds. The on ly  

j u s t i f i c a t i o n  f o r  t h e s e  i n t e r p r e t a t i o n s  i s  t h a t  th e y  may s e rv e  as a 

p o in t  of r e f e r e n c e  f o r  f u tu r e  s t u d i e s .

The base  peak  i n  t h e  spectrum  o f  c a ry o p h y l le n e  i s  m/e = 93- I t  *-s 

n o t  p o s s ib l e  to  t e l l  i f  t h i s ,  io n  i s  formed by d i r e c t  d e c o m p o s i t io n  o f  

th e  m olecu le  io n  o r  i n  a two s t e p  r e a c t i o n .  The io n  a t  m/e = 93 

(C7H*) i s  p r e v a l e n t  i n  a l l  o f  th e  s p e c t r a  o f  b i c y c l i c  m onoterpenes  (6 5 ). 

Friedm an (6 7 ) h as  p roposed  t h a t  t h i s  i s  a c y c l i c  io n  hav ing  some o f  th e  

c h a r a c t e r  of th e  t ro p y l iu m  io n  r a t h e r  th a n  a s im p le  open c h a in .  T h is  

would p a r t i a l l y  e x p l a i n  th e  a p p a re n t  s t a b i l i t y  o f  t h i s  fragm en t .  A 

r o u te  f o r  th e  f o rm a t io n  o f  th e  f ragm ent ion  w i th  m/e = 93 i s  p ro v id e d  

f o r  by th e  bond c le a v a g e s  i n d i c a t e d  i n  F ig u re  9 w i th  su b seq u e n t  l o s s  of 

a p ro to n .  D i r e c t  d e c o m p o s i t io n  o f  c a ry o p h y l le n e  to  ion  m/e = 109 may be 

i n i t i a t e d  by c le a v a g e  o f  th e  bond a l l y l i c  to  t h e  two doub le  bonds i n  

th e  n in e  membered r i n g  w ith  su b seq u en t  c le a v a g e s  a t  th e  bonds i n d i c a t e d  

i n  th e  f o u r  membered r i n g .  The p r o d u c t io n  o f  t h e  io n  o f  mass m/e = 121 

i s  most e a s i l y  r a t i o n a l i z e d  by f r a g m e n ta t io n  as  i n d i c a t e d  in  th e  f i g u r e .  

E x p u ls io n  of a gem- d im e th y l  group a lo n g  w ith  one hydrogen  i s  c h a r a c t e r i s ­

t i c  o f  many t e r p e n e s  ( 6 5 , 6 7 ). A pathw ay f o r  t h e  fo rm a t io n  o f  th e  f ragm ent 

m/e = 161 = M-hj by t h e  e x p u ls io n  o f  an  i s o p r o p y l  r a d i c a l  (C3H ' ) from 

c a ry o p h y l le n e  i s  shown. The fo rm a t io n  o f  t h i s  r a d i c a l  from a gem-d im e th y l  

compound must in v o lv e  hydrogen  m ig r a t io n .  Io n s  of mass m/e = 189 = M-15
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and m/e = 190 = M-l!+ a r e  a l s o  e v id e n t  i n  th e  spec trum  o f  c a ry o p h y l le n e .

I t  i s  p o s s i b l e  f o r  b o th  M-15 and M -l^ to  be formed i n  s e v e r a l  d i f f e r e n t

ways. D i f f e r e n t i a t i o n  betw een t h e s e  pathways i s  im p o s s ib le  a t  th e  

p r e s e n t .

N e p e ta la c to n e  (T a b le  IV) i s  c o n s id e r a b ly  d i f f e r e n t  from th e  o t h e r  

compounds i n v e s t i g a t e d  i n  t h a t  t h e  p a re n t  io n  (m/e = 166 ) i s  th e  most 

abundan t  io n  i n  th e  spectrum . I t  i s  g e n e r a l l y  a c c e p te d  t h a t  t h e  most 

f a c i l e  i o n i z a t i o n  i n  c a rb o n y l  compounds i s  a t  t h e  c a rb o n y l  oxygen (6 8 ). 

T h is  s u b s e q u e n t ly  l e a d s  t o  c le a v a g e  of th e  bonds a d ja c e n t  to  th e  

c a rb o n y l  group. A lp h a -c le a v a g e  i n  l a c to n e s  i s  more p redom inant a t  th e  

c a rb o n -c a rb o n  bond th a n  th e  carbon-oxygen  bond ( 6 9 ). I n i t i a l  c le a v a g e  

o f  th e  c a rb o n -c a rb o n  bond a d j a c e n t  to  th e  c a rb o n y l  group fo llow ed  by 

c le a v a g e s  a t  o t h e r  p o s i t i o n s  in  t h e  m olecule  cou ld  t h e o r e t i c a l l y  acco u n t  

f o r  some o f  th e  f ra g m en ts  o b se rv ed  e x p e r im e n ta l ly .  The e x p u ls io n  o f  CO 

and CO2 from la c to n e s  (6 9 ) and e s t e r s  (6 7 ) i s  w e l l  documented. Io n s  a t  

m/e = I 38 = M-28  and m/e = 122 = M-Mt i n  th e  spec trum  o f  n e p e ta la c to n e

a r e  p ro b a b ly  th e  r e s u l t  o f  such e l i m i n a t i o n s .  I n  th e  breakdown o f  a

m o le c u le  fo l lo w in g  e l e c t r o n  im p a c t ,  i t  i s  p o s s i b l e  t h a t  e i t h e r  of th e  

p ro d u c t  f ragm en ts  may r e t a i n  a p o s i t i v e  charge . T h is  may e x p la in  t h e  

p re s e n c e  o f  bo th  io n s  o f  m/e = 122 = M-W- and m/e = i+l+. O ther  fragm en­

t a t i o n  p ro d u c ts  w hich a r e  p ro b a b ly  th e  r e s u l t  o f  an a - c l e a v a g e  a r e  th e  

io n s  a t  m/e = 109, 82 , 6 9 , and 55 ( F ig u re  10). The sm a l l  number of ions  

i n  t h e  spec trum  w hich  may be due t o  a lp h a  ca rbon-oxygen  c leavage  i s  i n  

agreem ent w i th  th e  f i n d i n g s  o f  o th e r s  (70)* The io n s  o f  m/e 110 and 69 

may be r a t i o n a l i z e d  by c le a v a g e s  such as th o se  i n d i c a t e d  i n  th e  f i g u r e .
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Sample C12 i n  T ab le  VI shows prom inent io n s  a t  m/e = 65 ; 77; 91; 103 

and 131 w ith  an  a p p a re n t  m o le c u la r  io n  o f  m/e = 208. The c innam ic  a c id  

e s t e r s  e x h ib i t  f r a g m e n ta t io n  p a t t e r n s  (70) i n  c lo s e  ag reem en t w i th  th o se  

o f  sample C12. P a re n t  m o le c u la r  io n  i n t e n s i t i e s  have  a ten d en cy  to  

d e c re a s e  w ith  i n c r e a s i n g  m o le c u la r  w e igh t  i n  t h e s e  e s t e r s .  I n  th e  

cinnam ate e s t e r s  an io n  i s  o b se rv ed  a t  m/e = I3 I  due t o  th e  lo s s  of th e  

a lk o x y l  r a d i c a l .  The o t h e r  two most c h a r a c t e r i s t i c  io n s  i n  th e  spectrum  

of c innam ates  a r e  th o s e  o f  m/e = 103 and 77- These  a r e  a c co u n te d  f o r  as 

shown i n  F ig u r e  11. The io n  o f  m/e = 91 i s  p ro b a b ly  th e  t ro p y l iu m  ion . 

T h is  io n  may decompose f u r t h e r  ( 71) t o  g iv e  t h e  c y c lo p e n ta d i e n y l  c a t i o n  

(m/e = 6 5 ) .  S in c e  no c in n a m ate s  o f  p a re n t  mass 208 a r e  known, i t  i s  

l i k e l y  t h a t  t h e  io n  of m/e = 208 i s  no t  th e  t r u e  m o le c u la r  ion .

SUMMARY

M a s s  s p e c t r a l - g a s  c h r o m a t o g r a p h i c  a n a l y s i s  o f  c a t n i p  o i l  i n d i c a t e s  

t h e  p r e s e n c e  o f  a  l a r g e  n u m b e r  o f  d i f f e r e n t  c o m p o u n d s .  T h e  c o m p l e x i t y  

o f  t h i s  e s s e n t i a l  o i l  a n d  t h e  d i v e r s i t y  o f  t h e  c o m p o u n d s  p r e s e n t  i n t r o ­

d u c e d  s e v e r a l  p r o b l e m s .  I n  s o m e  c a s e s  g a s  c h r o m a t o g r a p h i c  s e p a r a t i o n  

w a s  n o t  s u f f i c i e n t  t o  p r o v i d e  t h e  h i g h  p u r i t y  s a m p l e s  n e c e s s a r y  f o r  

m a s s  s p e c t r o m e t r i c  a n a l y s i s .  I n t e r p r e t a t i o n  o f  t h e  m a s s  s p e c t r a  i s  

p a r t i c u l a r l y  d i f f i c u l t  w h e n  n o n e  o f  t h e  s t r u c t u r a l  f e a t u r e s  o f  t h e  

m o l e c u l e  a r e  k n o w n .  F u t u r e  t a b u l a t i o n  o f  d a t a  f r o m  a  l a r g e  s e r i e s  o f  

c o m p o u n d s  w i l l  f a c i l i t a t e  t h e  i n t e r p r e t a t i o n  o f  t h e s e  s p e c t r a .

T h e  o c c u r r e n c e  o f  c a r y o p h y l l e n e  a n d  n e p e t a l a c t o n e  i n  t h e  e s s e n t i a l  

o i l  o f  N e p e t a  c a t a r i a  L .  h a s  b e e n  e s t a b l i s h e d  b y  M S-GC a n a l y s i s  u s i n g  

a u t h e n t i c  s a m p l e s  o f  t h e s e  c o m p o u n d s  a s  a  b a s i s  o f  c o m p a r i s o n .
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T h e  p r o b a b l e  o c c u r r e n c e  o f  a n  e s t e r  o f  c i n n a m i c  a c i d  a n d  a  f a m i l y  

o f  m o n o t e r p e n e  t r i e n e s  i n  t h e  o i l  s a m p l e s  a n a l y z e d  i s  s u g g e s t e d  b y  t h e  

m a s s  s p e c t r a l  d a t a .
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TABLE I

TABULATION OF THE INTENSE IONS IN THE SPECTRA OF THE COMPOUNDS IN FRACTION A

m/ e Alf A5 A9 A10 A ll
f> °b * 1o

1+1 10.0 100 .0

k 3 17.6

kk 6 .0

53 k . 7

55 11.3 33-3

56 2 .0

57 1.5

65 2 .2

66 1.1+

67 15-5 6 1 .3 100 .0 19.3 10.6

68 12.0 1 00 .0

69 1+.0 1 0 0 .0 21+.6 6 . 0 1+.3

70 1. 0 7 .3

71 0 .8 16 .6

76 ^3.5 100 .0 15 .3

77 6 .9 2 1 .3 ^ 5-3 16. 0

78 1+8.6 1 00 .0 1+5.3 7 0 .0

79 25.3 100 .0 2 2 .6 50 .6 5I+.6

80 8 .7 28. 0 32 .6 76.7 17.3

81 1.7 9 .3 25.3 100. 0

82 12.6
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TABLE I  (c o n tin u e d )

m/e A5 . A9 A10 A ll
1° • f * f> *

83 lit. 0

91 80 .6 100. 0 56.7 5 6 .0 18 .0

92 100.0 100.0 U5.3 kk  .6 lit. 6

93 100.0 100. 0 6 1 .3 1 00 .0 6 0 .0

9k 3b. o 100.0 7 6 .0 39-3 18.6

95 if.6 2it.O 2 3 .3 13-3 12. 0

96 lit. 0

103 b .3 6 .1

101+ 5 .6 5 .1

105 23 .3 28. 0 12 .7 i+6.0 12.6

106 2it. 7

107 2k. 0 52.0 35 .3 15.3 6 .7

108 it. 2 17 .2 22. 0

109 1 .8 3-5 6 8 .0

110 2 .6 10.7

i l l 9-3

117 27 .3

118 7. it

119 5-5 11.3 100.0 12. 7 8 .0

120 l . i t 36.7

121 36 .6 100.0 it2.7 28. 0 15.3

122 8 .6 lit. 0
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TABLE I  ( c o n tin u e d )

m/e Aij- A5 A9 A10 A ll
i ’ f> % %

12b 82.6

125 8 .0

132 l b .o

133 3-1

13^ 100 .0 b .2 If. 1

135 lit-. 0

136 20. 0 11.3 3 6 .7 13 .3 19.3

137 2.3 11.3 k .2

139 6.3

15^ 7 .7

155 0.7
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TABLE I I

TABULATION OF THE INTENSE IONS IN THE SPECTRA OF THE COMPOUNDS IN FRACTION B

B13 B lk B15 b i 6 B19 B20 B21 B23 B2l+ B25
m/e * 1o * % * * * <?o

h i 58.7 1 00 .0

53 1 6 .0

5̂ 8 .6

55 23.5 78.7 57-3

57 22. 0

59 72.0

65 9 .6 50 .0

67 17.O 2 3 .6 31-3

68 23.5 30.7

69 35-3 1 6 .0 614-. 7 56 .1

70 6.5

71 100 .0 8.7

72 9. it

76 1 8 .0

77 2 1 .3

78 53-0 Ik .  0

79 18.2 100 .0 11.3 lit. 6

80 1 0 0 .0 82. 5 3 8 .2 61.5

81 2 3 .3 100.0 14-8.9 100.0 100. 0 100 .0

82 17 .0 314-. 0 2 9 .2 31t.lt

83 17.6 100. 0 6 .9 9-3 18 .9
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TABLE I I  ( c o n tin u e d )

m/ e
B13 B14 B15 Bl6 B19 B20 B21 B23 B24 B25

lo * <Jo % °b % fo °b

84 14. 8

85 27. 0

86 4 3 .5

87 2 .6 15.9 12.4

88 18. 0

91 14.1 12 .7 10 .9 17.3

92 20. 0 4o .6

93 75-8 1 3 .9 16.6 24.7 16.4

9^ 100 .0 I 6 .9 22. 1

95 34.6 31.3 32.6 71 .3

96 100. 0 73-3 6 1 .8 24.6

97 10.4 14.0 16.8

98 44.2 13 .4

100 15.9

101 7 0 .0 6 1 .8

103 5-3 24.0

104 40.6

105 8 .8 47-3 1 5 .0 15.3

106 6.4 65.3

107 18. 5 40.6 18.4

108 1 0 .8
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TABLE I I  ( c o n tin u e d )

B13 Blit- B15 B l6 B19 B2Q B21 B23 B21+ B25
m /e < ! > lf > !l > tf > <f c y > ¥ > y > < l > < i o

109 58 .0  3 0 .0  4-0.6 1 0 0 .0  51.6

110 1 2 .9  26.6 3 0 .3  2 2 .5

111 76.5  13.1

112 6 .5

111+ 12.8  6 .1  7.86

115 6 .5  5 .1

117 . 2 3 .7

119 17.6

120 100.0

121 6 . 8  5 I .3  2 8 .5  9 -9  2 9 .3  I 9 . I  11+.8

122 7 .8

123 100.0  11 .3  2 2 . 1+ 100.0

121+ 2 7 .3  I9.I+

125 12.1+

127 17 .0  2 0 .0

128 10 .0  2 0 .0  2 .2

129 28.2

131 1+6.0

132 18 .6  2 8 .0

133 13 .5

13I+ 6.1+
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TABLE I I  ( c o n tin u e d )

B 15 Bl*4 B 13  B16 B 19 B 20  B21 B23 B2*+ B25
m /e  ° j o ' j o (j o (̂ ,j o al a 0j o al o cl Q <jo

135 31.3

136 2 2 .*4 *+8. 0 8 ,2

137 0 .3  2 6 .0  12 .3

138 1 0 0 .0  3 4 .6  3 7 .0  2 7 .8

139 3-7 2*4.2 2*4. 0 I 3 . 3  6 .2

1*4-0 2 . 1

1*4-1 1*4-. 7 9 -0  1*)-. 6 *4.9

1*42 11.7

1*4-7

1*48 1 0 0 .0

1*49 2-8

150 2 .6  7 .*4

151 8 .2

152 2 .9  5*4.5 2 6 .5

153 5-2 13 .5

15*4 1 .8

155  0 . 2

161 7.0  *41.3 ^.0  10.1

162 2 . *4 100.0

163 9. 0

166 2 2 .5  *40. *4 8 .2

167 10 .0  11.2 9 .8
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TABLE I I  ( c o n tin u e d )

B15 B l4 B15 Bl6 B19 B20 B21 B23 B24 B25
m/e ft ft ft ft ft ft ft ft ft ft

169 If. 2 5 .6

170 6 .6 ^ .7

175 24.0 3 .1

178 10 .6

179 1 .6

181*. 5-3

187 0.5

189 2 .6 L.2
\

190 11.5 1 .8

192 2 .6

220 4 .8

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



32

TABLE I I I

TABULATION OF THE INTENSE IONS IN  THE SPECTRUM OF SAMPLE Ck

m/e * m/ e * m/ e *

205 0 .9 135 33-6 95 15.7

20l+ 7.2 13k 30 .6 9b 2 2 .8

190 5-2 133 8 1 .7 93 100. 0

I89 19.7 122 15.7 92 2 2 .9

176 b . l 121 3 6 .9 91 1+9.7

175 9 .6 120 33-6 81 13-5

162 9-0 119 1+3.0 80 31+- 7

161 1+8.2 109 6 8 .7 79 1I+.3

11+9 3-3 108 11 .8 78 1+2.6

11+8 15.3 107 1+8.2 69 71.3

11+7 2 1 .0 106 30 .6 67 25 .2

156 6.1+3 105 53-2
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TABLE IV

TABULATION OF THE INTENSE IONS IN THE SPECTRUM OF SAMPLE C7

m/e * m/ e °b m/e $

168 0.7 120 6.9 78 3.1

167 9.8 111 15 .2 77 1+.3

166 100.0 110 16. 1+ 75 9 , 0

165 1.6 •109 5 0 .0 73 2 0 .7

153 5 .8 108 l+.l 70 3-6

152 1 .8 107 11.1+ 69 6 1 .9

151 10 .0 105 11.1+ 68 11.1+

150 2 .6 97 5A 67 1+7.6

H+9 2I+.3 96 17 .9 66 1 9 .8

11+8 2 .9 95 6 5 .5 65 20. 5

ll+T 1+.8 9b 18.6 57 7*9

139 2 .9 ■ 93 11.9 56 7-1

138 3 2 .0 91 7- 1 55 20. 5

137 11+.9 85 19 .0 5̂ 3.6

135 • 9.0 81+ 11.7 53 5-5

133 3-1 83 12.6 b 5 5.0

121+ 11 .0 82 2 5 .2 1+1+ 16.1+

123 81+. 6 81 76 .2 1+3 2 . 9

122 56 .0 80 38 .1 1+2 19.3

121 13.3 79 12.1+ 1+1 2 . 9
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TABLE V

TABULATION OF THE INTENSE IONS IN THE SPECTRUM OF SAMPLE C8

m/e m/ e *. m/ e %

180 0 .8 125 18.1 81 30 .3

179 6 . 0 124 8 .1 80 96 .9

169 3 .0 123 25 .6 79 8 .9

168 6.3 121 3-9 78 8 .1

167 4.1 114 23 .6 69 46.6

166 1 .8 113 100 .0 68 20.4

164 5-1 111 55.4 67 72.4

154 7.2 110 10.6 57 13.3

153 93-8 109 I 6 .9 56 15.6

151 5.0 108 15 .8 55 12. 7

150 7.0 107 13.6 54 6 .8

146 3-9 100 10. 0 44 0.7

139 5-9 96 100. 0 43 15.0

135 9 .0 95 48.8 42 1.6

127 22. 5 93 1 0 .0 41 15.9

126 34.4 82 7.5

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



35

TABLE V I

TABULATION OF THE INTENSE IONS IN  THE SPECTRUM OF SAMPLE C12

m/e % m/e m/e *

208 2 .8 I63 3 -k 131 2 1 .6

19b 2 .1 162 5-3 119 17.3

193 1 9 .0 161 26.8 104 2 .8

192 1 00 .0 149 1-7 103 7. 8

191 14. 1 1V7 14.0 91 17 .2

179 1 .3 134 6 .3 77 6 .3

178 7 .9 133 16 .6 65 8.4

165 22. k 132 4.9
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F ig u re  3. C o n s t i t u e n t s  o f  t h e  e s s e n t i a l  o i l s  o f  d i f f e r e n t  Nepeta 

s p e c i e s
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F ig u r e  Gas l i q u i d  ch ro m a to g ra p h ic  a n a l y s i s  o f  c ru d e  o i l  of 

c a t n i p

The c o n d i t io n s  were as fo l lo w s :

Column - 10' x 3/ 8" aluminum

Column P ack ing  - 20°jo A peizon  L co a ted  on Chromosorb W 

Column Tem pera tu re  - 220°

I n l e t  T em pera tu re  - 250°

C a r r i e r  Gas - Helium 

Flow Rate - 120 m l . /m in .

D e te c to r  - Thermal c o n d u c t i v i t y  

D e te c to r  T em peratu re  - 250°
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F ig u re  5* Gas l i q u i d  ch rom atog raph ic  a n a l y s i s  o f  F r a c t i o n  A

T h e  c o n d i t i o n s  w e r e  a s  f o l l o w s :

Column - 20 ' x 5/ 32" c o i l e d  g l a s s

Column P ack ing  -  2% JXR and 0. 33% CHDMS c o a te d  on Chromosorb P 

Column T em pera tu re  - 85°

I n l e t  T em pera tu re  - 100°

C a r r i e r  Gas - Helium 

Flow R ate  - 20 m l./m in .

D e te c to r  - Mass s p e c t ro m e te r

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



1+1

9IV-

3XV.

aSUDd»3J JdpJ099^

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

M
in

ut
es



b2

F i g u r e  6 .  S o m e  c o m p o u n d s  c o m p o s i n g  F r a c t i o n  A a n d  t h e  t e r p e n o l s  

f r o m  w h i c h  t h e y  m a y  h a v e  a r i s e n
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F ig u re  7. Gas l i q u i d  ch rom atog raph ic  a n a l y s i s  o f  F r a c t i o n  B

The c o n d i t io n s  were as fo l lo w s :

Column -  20 ' x  5 /32" c o l i e d  g la s s

Column P ack ing  - 2^  JXR and 0- 331° CHDMS c o a te d  on Chromosorb P

Column T em pera tu re  - programmed from 85° t o  I3O0 

I n l e t  T em p era tu re  -  100°

C a r r i e r  Gas - Helium 

Flow R ate  - 20 m l. /m in .

D e te c to r  - Mass s p e c t ro m e te r
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F i g u r e  8 .  G a s  l i q u i d  c h r o m a t o g r a p h i c  a n a l y s i s  o f  F r a c t i o n  C 

T h e  c o n d i t i o n s  w e r e  a s  f o l l o w s :

Column -  20 ' x 5/ 32" c o i l e d  g l a s s

Column P ack ing  -  J X R  and 0. 3 3 CHDMS c o a te d  on Chromosorb P 

Column T em pera tu re  - Programmed from lh-0° t o  I9O0 

I n l e t  T em pera tu re  -  160°

C a r r i e r  G a s  -  H e l i u m  

F l o w  R a t e  -  20 r a l . / m i n .

D e t e c t o r  -  M a s s  s p e c t r o m e t e r
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F i g u r e  9. P r o p o s e d  f r a g m e n t a t i o n  o f  c a r y o p h y l l e n e
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F ig u r e  10. P roposed  f r a g m e n ta t io n  o f  n e p e ta la c t o n e
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m ,i/e 138

55

i/e  122
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F ig u re  11. P roposed  f ra g m e n ta t io n  f o r  c innam ate  e s t e r

i
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CHAPTER IV

THE DISTRIBUTION AND ANALYSIS OF NEPETALACTONE ISOMERS 

FROM DIFFERENT NEPETA SPECIES

The e x te n s i v e  i n v e s t i g a t i o n s  o f  th e  m e th y lc y c lo p e n ta n e  m ono te rpe­

n o id s  o f  p l a n t  and an im al o r i g i n  have  shown t h a t  most s te r e o c h e m ic a l  

v a r i a t i o n s  o c c u r  a t  th e  ka and 7a p o s i t i o n s  (F ig u re  12). S k y ta n th in e  

(3 7 ,  72)  and n e p e ta la c to n e  ( i )  (53)  have been  found t o  e x i s t  i n  b o th  t h e

N-CH

a - s k y t a n t h i n e

:-ch

p - s k y t a n t h i n e

c i s - t r a n s  and t r a n s - c i s  c o n f i g u r a t i o n s .

B a te s  and S ig e l  (73)  e s t im a te d  by gas l i q u i d  chrom atography  t h a t  

n e p e t a l a c t o n e  ( i )  o b ta in e d  from commercial o i l  of  c a t n i p  was a m ix tu re  

c o n ta i n in g  a p p ro x im a te ly  75?> o f  t h e  c i s - t r a n s  isom er  and 25% o f  t h e  t r a n s - 

c i s  iso m er .  During o u r  s t u d i e s  on th e  b i o s y n t h e s i s  o f  n e p e ta la c t o n e  ( i )  

i t  was ob se rv ed  t h a t  N epeta  c a t a r i a  L. p l a n t s  from g reen h o u se  s to c k  

p roduced  99*99> t *ie  c i s - t r a n s  isom er  ( i )  and 0.1% o f  th e  t r a n s - c i s  

iso m e r  ( l a )  w hich w i l l  be r e f e r r e d  t o  as e p in e p e t a l a c t o n e .

The r e c e n t  r e p o r t  by E i s n e r  (2 ) t h a t  n e p e t a l a c t o n e  can s e rv e  as an 

i n s e c t  r e p e l l a n t  fo c u s e s  a t t e n t i o n  on th e  r o l e  which t h i s  m e th y lc y c lo p e n ta n e

5^
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m ono te rpeno id  m ight have i n  i n s e c t  c o n t r o l .  I t  would be o f  c o n s id e r a b le  

i n t e r e s t  to  know i f  n e p e t a l a c t o n e  ( i )  and e p in e p e t a l a c t o n e  ( l a )  a r e  

e q u a l ly  e f f e c t i v e  as i n s e c t  r e p e l l a n t s .

T h is  c h a p te r  r e p o r t s  t h e  developm ent o f  an a n a l y t i c a l  te c h n iq u e  f o r  

a n a l y s i s  o f  m ix tu re s  o f  n e p e ta la c to n e  ( I )  and e p in e p e t a l a c t o n e  ( l a ) .  

V a r i a t i o n s  o f  i so m e r  r a t i o s  among d i f f e r e n t  o i l  sam ples  o f  Nepeta  i s  a l s o  

r e p o r t e d  and d i s c u s s e d .

EXPERIMENTAL PROCEDURE

P l a n t  M a t e r i a l . The v a r i o u s  N epe ta  s p e c i e s  were grown i n  th e  g reenhouse  

e i t h e r  from se e d s  o r  c u t t i n g s .  A d d i t io n a l  o i l  o f  c a t n i p  was o b ta in e d  

from c a tn i p  p l a n t s  grown n e a r  F a i r b u r y ,  N ebraska and E a s t  L ans ing , 

M ichigan.

I s o l a t i o n  o f  t h e  E s s e n t i a l  O i l s . The p l a n t s  w ere s u b je c t e d  to  steam  

d i s t i l l a t i o n  f o r  o n e - h a l f  h o u r ,  u s in g  an a l l  g l a s s  sys tem . The d i s t i l ­

l a t e  was s a t u r a t e d  w i t h  sodium c h lo r i d e  and e x t r a c t e d  w i th  e th y l  e th e r .  

The e t h e r  s o l u t i o n  was d r i e d  o v e r  anhydrous magnesium s u l f a t e ,  f i l t e r e d  

and c o n c e n t r a t e d  a t  a tm o s p h e r ic  p r e s s u r e .  The e s s e n t i a l  o i l  was 

s to r e d  a t  - 15° C. u n t i l  used .

Gas L iq u id  C hrom atography. Gas l i q u i d  chrom atography  was perfo rm ed  on 

a  Beckman Model GC-2A gas chrom atograph  equ ipped  w i th  a B r i s t o l ,  1 

m i l l i v o l t  r e c o r d e r ,  a th e rm a l  c o n d u c t i v i t y  c e l l  and a D isc  I n s t r u m e n ts ,  

I n c o r p o r a t e d ,  d i s c  i n t e g r a t o r .  S t a i n l e s s  s t e e l  colum ns, 250' x  0. 02" 

and kOO' x 0. 02" c o a te d  w i th  Apeizon L and LAC 886 r e s p e c t i v e l y ,  were 

u se d .  N e p e ta la c to n e  ( i )  and e p in e p e ta l a c to n e  ( l a )  were chrom atographed 

on th e  A peizon  L column a t  160° .  The d im e th y l  n e p e t a l i n a t e s  were
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chrom atographed  on th e  LAC 886 column a t  I780 . Peak a r e a s  were m easured 

by e le c t r o m e c h a n ic a l  i n t e g r a t i o n  and q u a n t i t a t i o n  o f  amounts made by 

com parison w i th  s t a n d a r d  cu rves  o b ta in e d  w i th  pure  compounds. N epeta­

l a c t o n e ,  n e p e t a l i c  a c i d ,  and n e p e t a l i n i c  a c id s  w i th  known a b s o lu t e  

c o n f i g u r a t io n  and s t e r e o c h e m is t r y  w ere  a v a i l a b l e  from e a r l i e r  s t u d i e s  

(52) and were a l s o  f r e s h l y  p re p a re d .

C onvers ion  o f  N e p e ta la c to n e  ( i )  and E p in e p e t a la c to n e  ( l a )  to  t h e  Dimethyl 

N e p e t a l i n a t e s . A pprox im ate ly  0. 1 ml. o f  c rude  c a t n i p  o i l  was t r e a t e d  

w i th  1 ml. o f  10% NaOH and s t i r r e d  f o r  1 h r .  a t  room te m p e ra tu re .  The 

n e u t r a l  components o f  th e  o i l  were removed by t h r e e  s u c c e s s iv e  e x t r a c t i o n s  

w i th  equa l  volumes o f  e th y l  e th e r .  A f t e r  a d j u s t i n g  t o  pH 2 w i th  2 N HC1, 

th e  s o l u t i o n  was e x t r a c t e d  a g a in  w i t h  e t h y l  e t h e r ,  c o n c e n t r a t e d ,  and 

e s t e r i f i e d  w i th  d iazom ethane . A i r  o x i d a t io n  f o r  1+8 h r s .  a t  room tem pera ­

t u r e  y ie ld e d  th e  h a l f  e s t e r  o f  n e p e t a l i n i c  a c id .  The sample was p rep a re d  

f o r  gas chrom atography by e s t e r i f y i n g  a second t im e w i th  d iazom ethane  (5 2 ) .  

T h is  o x i d a t io n  scheme i s  shown i n  F i g u r e  12.

RESULTS AND DISCUSSION

E p im e r iz a t io n  i s  a r e a c t i o n  c h a r a c t e r i s t i c  of l a c to n e s  w i th  

asymm etric  c e n te r s  a  t o  th e  c a rb o n y l  g roup . These compounds l o s e  p ro to n s  

r e v e r s i b l y  from th e  a  p o s i t i o n  and an e q u i l ib r iu m  betw een th e  d i a s t e r e o -  

isom ers  i s  e s t a b l i s h e d .  I t  i s  c o n c e iv a b le  t h a t  l a c to n e s  i n  t h e  v a p o r  

phase  cou ld  be e p im e r iz e d  by c o n ta c t  w i th  m e ta ls  o r  by a l k a l i  i n  s o lu t i o n .  

T h e re fo re ,  th e  p r e v io u s ly  r e p o r t e d  a n a ly s e s  o f  n e p e t a l a c t o n e - e p in e p e t a -  

l a c to n e  r a t i o s  u s in g  a l k a l i n e  h y d r o ly s i s  and v ap o r  phase  chrom atography 

were r e - i n v e s t i g a t e d .
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The A n a l y t i c a l  Method. T h is  problem  was app roached  th ro u g h  s im u lta n e o u s  

a n a ly s i s  of o i l  samples by d i r e c t  gas l i q u i d  chrom atography  and by chem ical  

d e g ra d a t io n  o f  n e p e ta la c to n e  ( i )  and e p in e p e t a l a c t o n e  ( l a )  to  th e  c o r r e s p o n d ­

ing  d im e th y l  e s t e r s  o f  n e p e t a l i n i c  a c id  ( F ig u re  12, XLV-XLVc). By comparing 

th e  q u a n t i t a t i v e  r e s u l t s  from th e s e  two t e c h n i q u e s ,  i t  was p o s s ib l e  to  

d e te rm in e  th e  a c c u ra c y  o f  th e  a n a l y t i c a l  t e c h n iq u e s  ( s e e  T ab le  V I I ).

N e p e ta la c to n e  ( I )  and e p in e p e ta l a c to n e  ( l a )  w ere  chrom atographed  

on an Apiezon L column w h i le  th e  d im e thy l  n e p e t a l i n a t e s  w ere s e p a r a te d  

on a LAC 886 column. Complete s e p a r a t i o n  of n e p e t a l a c t o n e ,  e p in e p e ta ­

la c to n e  ( F ig u r e  13) and th e  d im e th y l  n e p e t a l i n a t e s  ( F ig u re  1*4-) was 

ach ieved .

The r e s u l t s  shown i n  T a b le  V II i n d i c a t e  t h a t  th e  q u a n t i t a t i v e  d a ta  

o b ta in e d  from chem ical d e g r a d a t io n  and d i r e c t  GLC a n a l y s i s  a re  i n  c lo s e  

agreem ent. The N eb raska ,  and F r i t z c h e  o i l s  were found t o  c o n ta in  l a r g e  

amounts (30$>) of e p in e p e t a l a c t o n e  ( l a )  w h i le  n e p e t a l a c t o n e  ( i )  o b ta in e d  

from p y ro ly z e d  n e p e t a l i c  a c id  (52) and Nepeta  c a t a r i a  L. c o n ta in e d  on ly  

sm all  q u a n t i t i e s  o f  l a .

The c lo s e  agreem ent o f  th e  d a ta  from th e  two a n a l y t i c a l  t e c h n iq u e s  

makes i t  p o s s i b l e  to  draw s e v e r a l  c o n c lu s io n s .  I t  i s  e v id e n t  t h a t  t h e r e  

i s  n o t  a th e rm a l  e q u i l ib r iu m  betw een th e  d i a s t e r e o i s o m e r s  I  and l a  i n  th e  

gas chrom atography i n l e t .  Subsequent ex p e r im e n ts  v a ry in g  th e  i n l e t  

t e m p e ra tu re s  from  200° to  250° i n d i c a t e d  t h a t  no change o c c u r re d  i n  th e  

isom er r a t i o  o f  t h e  M ich igan  c a tn i p  o i l .  I t  i s  a l s o  conc luded  t h a t  th e  

s t r o n g  b a se  ( 10- 20^  KOH) used  i n  th e  h y d r o ly s i s  o f  n e p e ta la c to n e  ( i )  to  

n e p e t a l i c  a c id  (X V III-X V IIIc)  does no t e p im e r iz e  n e p e t a l a c t o n e  a t ,  p r i o r  

t o ,  o r  a f t e r  r i n g  open ing .
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E f f e c t  o f  I s o l a t i o n  C o n d i t io n s  on N e p e ta l a c to n e - E p in e p e ta l a c to n e  R a t io s .

I t  was c o n s id e re d  t h a t  amine r u s t  i n h i b i t o r s  p r e s e n t  in  t h e  steam  

l i n e s ,  p ro longed  s team  d i s t i l l a t i o n ,  o r  m e ta l  s a l t s  m ight cause  ep im e ri-  

z a t i o n  of n e p e ta la c to n e  ( l )  t o  e p in e p e ta l a c to n e  ( l a ) .  A m ix tu re  o f  

n e p e ta la c to n e  ( i )  and e p in e p e t a l a c t o n e  ( l a ) ,  i so m e r  r a t i o  9 9 :1 ;  was 

s u b je c te d  to  s im u la te d  s team  d i s t i l l a t i o n  c o n d i t io n s  by h e a t in g  w ith

10 volumes of w a te r  a t  th e  r e f l u x  te m p e ra tu re  f o r  s e v e r a l  h o u rs .

E xtended  e x p o su re  to  any o r  a l l  o f  t h e s e  t h r e e  c o n d i t io n s  was i n e f f e c t i v e  

i n  chang ing  th e  isom er  r a t i o  (T a b le  V I I I ).

N e p e ta l a c to n e - E p in e p e ta l a c to n e  R a t io  V a r i a t i o n s  o f  D i f f e r e n t  Nepeta  

S p e c i e s . . E nv ironm en ta l  c o n d i t i o n s ,  such  as c l i m a t e  and s e a s o n ,  

appeared  t o  have no d i s c e r n i b l e  e f f e c t  on isom er  r a t i o s .  The M ichigan

011 and sam ples o b ta in e d  from th e  m a j o r i t y  of N epe ta  c a ta . r ia  L. p l a n t s  

c o l l e c t e d  th ro u g h o u t  t h e  growing se a so n  i n  Oklahoma y i e l d e d  more th a n  

99^  n e p e ta la c to n e  ( i ) .

P l a n t s  were o c c a s i o n a l l y  found i n  th e  N epeta  c a t a r i a  g reenhouse  

s to c k  which showed up t o  32 >̂ e p in e p e ta l a c to n e  ( l a ) .  S in c e  no d i s t i n c t  

m o rp h o lo g ic a l  d i f f e r e n c e s  w ere  obse rved  i n  t h e s e  p l a n t s ,  i t  appeared  t h a t  

th e  d i f f e r e n c e s  were due to  b i o l o g i c a l  v a r i a t i o n  o f  th e  s p e c i e .  This  

p o in t  i s  s t i l l  u n d e r  i n v e s t i g a t i o n .

From th e  r e s u l t s  shown i n  T ab le  IX, i t  i s  e v id e n t  t h a t  a  c o n s ta n t  

n e p e t a l a c t o n e - e p in e p e t a l a c t o n e  r a t i o  e x i s t s  i n  d i f f e r e n t  p a r t s  o f  Nepeta 

c a t a r i a  L. p l a n t s .  T h is  i s  i n  c o n t r a s t  t o  th e  m e th y lc y c lo p e n ta n e  

a l k a l o i d  produced  by S k y ta n th u s  a c u tu s  Meyen, w here i t  i s  found t h a t  th e  

a -  to  p - s k y t a n th i n e  r a t i o s  i n  r o o t s ,  l e a v e s ,  and stem s v a ry  c o n s id e r a b ly .
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L arge  v a r i a t i o n s  i n  isom er r a t i o s  were found i n  d i f f e r e n t ,  s p e c ie s  

o f  N e p e ta . I n  T ab le  IX i t  i s  seen  t h a t  b o th  N epeta  c a t a r i a  and N epeta  

m u ss in i  p roduce  o v e r  999̂  n e p e ta la c to n e  ( i ) ,  w h i le  Nepeta nuda produces  

p red o m in an t ly  e p in e p e t a l a c t o n e  ( l a ) .  N epeta  c i t r e d o r i a  p roduces  b o th  

n e p e ta la c to n e  ( i )  and e p in e p e t a l a c t o n e  ( l a ) .  I t  i s  l i k e l y  t h a t  th e  wide 

v a r i a t i o n s  i n  isom er  r a t i o s  i n  t h e s e  s p e c i e s  i s  o f  g e n e t i c  o r i g i n .  The 

low er  r a t i o  o f  n e p e ta la c to n e  ( I )  t o  e p in e p e t a l a c t o n e  ( l a )  i n  th e  commer­

c i a l  c a tn i p  o i l  and th e  Nebraska o i l s  may be due to  one o f  t h r e e  th in g s :

(1 )  t h e  m ixing  o f  s p e c i e s  which c o n ta in  l a r g e  c o n c e n t r a t io n s  of e p in e p e ta ­

l a c to n e  ( l a )  w i th  N epe ta  c a t a r i a  L. d u r in g  h a r v e s t ;  (2 ) h y b r i d i z a t i o n  

r e s u l t i n g  from d i f f e r e n t  s p e c i e s  growing t o g e t h e r ;  o r  (3) v a r i a b i l i t y  

w i t h i n  t h e  s p e c i e s .  The v a r i a t i o n  i n  t h e  g reenhouse  s to c k  which had 

been  c l a s s i f i e d  a s  N epe ta  c a t a r i a  L. s u g g e s t s  t h a t  v a r i a t i o n  w i th in  th e  

s p e c i e s  i s  p o s s ib l e .

The e x i s t e n c e  o f  b o th  n e p e ta la c to n e  ( i )  and e p in e p e ta l a c to n e  ( l a )  

i n  th e  same p l a n t  may have some im p o r ta n c e  i n  b i o s y n t h e t i c  s t u d i e s  o f  

n e p e ta la c t o n e .  S tu d ie s  on th e  b i o s y n t h e s i s  o f  a -  and p - s k y ta n th in e
I

p ro v id e  an i n t e r e s t i n g  ana logy  to  th o se  o f  I  and l a .  Auda _et a l .  ( 7^0 

obse rved  a c o n s id e r a b l e  v a r i a t i o n  i n  th e  r a t i o  o f  a -  t o  p - s k y t a n th i n e  i n  

th e  d i f f e r e n t  p a r t s  o f  S ky tan thus  a c u tu s  Meyen. Comparison o f  th e  

s p e c i f i c  a c t i v i t i e s  o f  th e  s k y ta n th in e  i s o m e rs ,  b i o s y n t h e t i c a l l y  l a b e l e d  

from m eva lon ic  a c i d - 2- 14C showed t h a t  t h e  s p e c i f i c  a c t i v i t y  o f  p - s k y ta n -  

t h in e  was always 2 t o  3 t im es  h ig h e r  th a n  t h a t  o f  a - s k y t a n t h i n e .  T h is  

s u g g e s t s  t h a t  p - s k y t a n th i n e  ( t r a n s - c i s  c o n f i g u r a t i o n )  may be th e  p r e c u r s o r  

o f  a - s k y t a n t h i n e  ( c i s - t r a n s  c o n f i g u r a t i o n ) .
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SUMMARY

A new method f o r  t h e  a n a l y s i s  o f  n e p e ta la c t o n e  ( i )  and e p in e p e ta ­

l a c to n e  ( l a )  m ix tu re s  h as  been  deve loped . The n e p e t a l a c t o n e - e p in e p e t a ­

l a c to n e  r a t i o s  i n  sam ples o f  d i f f e r e n t  b i o l o g i c a l  o r i g i n  have been  s tu d i e d  

w ith  t h i s  tec h n iq u e .  '

From th e s e  s t u d i e s  th e  fo l lo w in g  c o n c lu s io n s  were reached : ( 1 )

m ix tu re s  o f  n e p e t a l a c t o n e  ( i )  and e p in e p e ta l a c to n e  ( l a )  may be ana lyzed  

by d i r e c t  gas chrom atography  o r  chem ica l  d e g r a d a t io n  w i th o u t  e p im e r i z a t io n

(2 ) t h e  99. 9 : 0.1 r a t i o  o f  n e p e ta la c to n e  ( i )  to  e p in e p e ta l a c to n e  ( l a )  i s  

c o n s ta n t  f o r  a l l  p a r t s  o f  most N epeta  c a t a r i a  L. p l a n t s ;  however, 

o c c a s io n a l  p l a n t s  were a n a ly z e d  which c o n ta in e d  o v e r  305& of e p in e p e ta ­

l a c t o n e  ( l a ) ;  (3 )  t h e r e  i s  a wide v a r i a t i o n  in  th e  n e p e ta la c to n e -  

e p in e p e ta l a c to n e  r a t i o  i n  v a r i o u s  Nepeta  s p e c i e s .
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6 1

TABLE VII

RELATIVE CONCENTRATIONS OF NEPETALACTONE ISOMERS 
IN NEPETA c a t a r i a  OILS

Sample N e p e ta la c t one Isom ers M ethy l N e p e t a l i n a t e s
c i s - t r a n s t r a n s - c i s a  6 0 ... 7

f> * St %

W iscons in 29
1
13 12

O il 71 38 36

N ebraska 69 23 35

O il 31 22 20

M ichigan 99 6k  36

O il 1 t r a c e t r a c e

F r i t z c h e 60 -

O il
1

4o - -

N e p e ta la c to n e
from

99 68 32

N e p e ta l ic  Acid l t r a c e t r a c e

N e p e ta la c to n e  
from e x t r a c t i o n  
o f  N epeta  c a t a r i a

99-6

* 0.1*-

73 27

t r a c e t r a c e

^The o i l  was e x t r a c t e d  w i t h  e t h y l  e th e r .
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6 2

TABLE V I I I

EFFECT OF DIFFERENT ISOLATION TECHNIQUES ON THE 
NEPETALACTONE-EPINEPETALACTONE RATIO*

Sample I s o m e r i z a t io n C o n d i t io n s N e p e ta la c to n e  Isom ers
Number R eflux  t im e C a t a l y s t c i s - t r a n s t r a n s - c i s

h o u rs Added * ft

1 2 none 98.9

2 21+ none 98.9

5 2 steam
c on d e n sa te

98.9

k 2 Zn 98.9 1.1

'5 2 . 5 ZnO 98.9 1.1

6 2 A1 98.9 1.1

7 2 AI2O3 98.9 1.1

8 1+ Fe 9 8 .9 1. 1

9 1+ FeO 98.9

*T he  r e f l u x  t e m p e ra tu re  was 9 8 -7° C.
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TABLE IX

RELATIVE CONCENTRATION OF NEPETALACTONE ISOMERS 
FROM DIFFERENT SOURCES

P l a n t
S p e c ie s

P l a n t
Age

P a r t  of 
P l a n t

N e p e ta la c to n e
c i s - t r a n s

£

Isom ers
t r a n s - c i s

*

N epe ta

c a t a r i a

M ature

F lo w e r in g

Whole

P la n t
99-9 0.1

N epeta

c a t a r i a

M ature

F lo w e r in g
Flow ers 99-9 0 .1

N epeta

c a t a r i a

M ature

F lo w e r in g
Leaves 99-9 0.1

N epeta

c a t a r i a

M ature

F lo w e r in g
Stems 99-9 0. 1

N epeta  

m u ss in i
Young

Whole

P l a n t
99- 9+ t r a c e

Nepeta

c i t r e d o r i a
Young

Whole

P l a n t
6k .  0 3 6 .0

N epeta

nuda
Young

Whole

P l a n t
21+. 0 7 6 .0
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F ig u re  12. C o n v e rs io n  o f  n e p e ta la c t o n e  and e p in e p e ta l a c to n e  to  

d im e th y l  n e p e t a l i n a t e s
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F ig u re  13. Gas l i q u i d  c h ro m a to g ra p h ic  a n a ly s i s  o f  th e  d im e th y l -  

n e p e t a l i n a t e s

0.05 m 1 o f  th e  m ix tu re  was u se d .  The column was ^00 ' x 0 . 02", LAC 

886 and was k e p t  a t  162° C. A hydrogen  flame d e t e c t o r  was used (P e rk in -  

Elmer Model 801 Gas C hrom atograph).
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6 8

F i g u r e  l A .  G a s  l i q u i d  c h r o m a t o g r a p h i c  a n a l y s i s  o f  v a r i o u s  N e p e t a 

s p e c i e s

C o n d i t i o n s  w e r e  a s  f o l l o w s :

Column -  250 ' x  0 . 02" c a p i l l a r y  

> C o a t in g  - A piezon-L

Column Tem perature  - l 60° C 

I n j e c t i o n  Block - 190° C 

C a r r i e r  Gas - Helium 

Flow Rate - 2 c c /m in .

D e t e c t o r  -  T h e r m a l  c o n d u c t i v i t y

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



o

0

100

100

Nepeto llu tsin i

100

Nepeto Citrodaro

trs

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

R
ec

or
de

r 
Re

sp
on

se



CHAPTER V

THE BIOSYNTHESIS OF NEPETALACTONE

The s t r u c t u r e  and s t e r e o c h e m is t r y  o f  a m olecu le  o f t e n  p r o v id e s  some 

d ocum en ta t ion  o f  th e  c h a in  o f  e v e n ts  t h a t  o c c u r re d  in  i t s  b i o s y n t h e s i s .

In  t h e  case  o f  th e  m ethy l c y c lo p e n ta n e  r in g  system  found i n  n a t u r e ,  i t  

i s  s u g g e s te d  t h a t  th e  c a rbon  s k e l e t o n  i s  d e r iv e d  from known i s o p r e n o id  

p r e c u r s o r s .  The i s o p re n e  r u l e  as fo rm u la te d  by Ruzicka (75) p r o v id e s  as 

pow erfu l  a t o o l  f o r  s t u d i e s  o f  th e  b i o s y n t h e s i s  o f  t e r p e n e s  as  i t  d i d  i n  

t h e i r  s t r u c t u r e  e l u c i d a t i o n .  Most t h e o r e t i c a l  d i s c u s s io n s  of t e r p e n e  

b i o s y n t h e s i s  have t h e i r  o r i g i n  i n  what i s  c u r r e n t l y  known about th e  

b i o l o g i c a l  g e n e r a t i o n  o f  t h e  i s o p r e n e  u n i t .

The g e n e r a t i o n  o f  i s o p e n te n y l  p y ro p h o sp h a te  (XLVl)— th e  b i o l o g i c a l  

i s o p re n e  u n i t  — from a c e t y l  coenzyme A (XLVIl) and m alonyl coenzyme A 

(XLVIIl) p ro b a b ly  o c c u rs  by th e  r o u te  o u t l i n e d  i n  F ig u re  1^. Recent 

f in d in g s  (75 ; 76 ) i n d i c a t e  t h a t  XLVII and XL,VIII a re  c o n v e r te d  d i r e c t l y  

to  m eva lon ic  a c id  (XLIX) w i th o u t  p a s s in g  th ro u g h  th e  f r e e  coenzyme A 

e s t e r s  o f  h y d r o x y m e th y lg lu ta r ic  a c id  (L) and a c e t o a c e t i c  a c id  ( L i ) .  The 

in t e r m e d ia t e s  a r e  bound to  t h e  enzyme a t  a l l  t im es  u n t i l  th e  f i n a l  r e l e a s  

of m eva lon ic  a c id  (XLIX) ( 77; 78)- I t  i s  se en  i n  th e  f i g u r e  t h a t  a c e to -  

ace ty l-e n z y m e  i s  a p i v o t a l  compound i n  t h e  b i o s y n t h e s i s  o f  f a t t y  a c id s  

and i s o p r e n o id  compounds. The c o n v e rs io n  o f  m evalon ic  a c id  (XLIX) t o  

i s o p e n te n y l  py rophospha te  (XLVl) i s  c a ta ly z e d  by t h r e e  enzymes; m evalonat

70
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k i n a s e ,  m e v a l o n a t e - 5 - p h o s p h a t e  k i n a s e ,  a n d  m e v a l o n a t e - 5 - p y r o p h o s p h a t e  

k i n a s e .

T h e  f o r m a t i o n  o f  m e v a l o n a t e - 5 - p h o s p h a t e  ( L I I )  f r o m  m e v a l o n i c  a c i d  

( X L I X )  a n d  ATP t h r o u g h  t h e  a c t i o n  o f  m e v a l o n a t e  k i n a s e  w a s  f i r s t  r e c o g n i z e d  

b y  T c h e n  ( 7 9 ) i n  y e a s t  e n z y m e  p r e p a r a t i o n s .  S e v e n t y - f o l d  p u r i f i c a t i o n  

o f  t h i s  e n z y m e  w a s  a c h i e v e d  b y  t r e a t m e n t  o f  a  h i g h - s p e e d  s u p e r n a t a n t  w i t h  

p r o t a m i n e  s u l f a t e  f o l l o w e d  b y  a m m o n iu m  s u l f a t e  a n d  c a l c i u m  p h o s p h a t e  g e l  

f r a c t i o n a t i o n s  ( 8 0 ) .  L e e v y  a n d  P o p j & k  ( 8 l )  h a v e  r e p o r t e d  t h e  p a r t i a l  

p u r i f i c a t i o n  o f  m e v a l o n a t e  k i n a s e  f r o m  p i g  l i v e r .  B o t h  o f  t h e s e  e n z y m e s  

w e r e  r e v e r s i b l y  i n h i b i t e d  b y  p - c h l o r o m e r c u r i b e n z o a t e ,  i n d i c a t i n g  t h e  

p r e s e n c e  o f  a n  SH g r o u p ( s )  n e c e s s a r y  f o r  e n z y m e  a c t i v i t y .

U t i l i z a t i o n  o f  m e v a l o n a t e - 5 - p h o s p h a t e  ( L I l )  a n d  ATP i n  t h e  f o r m a t i o n  

o f  m e v a l o n a t e - 5- p y r o p h o s p h a t e  ( L I I l )  b y  m e v a l o n a t e  p h o s p h a t e  k i n a s e  h a s  

b e e n  o b s e r v e d  i n  y e a s t  ( 8 2 )  a n d  l i v e r  ( 8 3 ) s y s t e m s .

T h e  c o n v e r s i o n  o f  L I I I  t o  i s o p e n t e n y l  p y r o p h o s p h a t e  ( X L V l )  h a s  b e e n  

r e p o r t e d  ( Q k )  t o  b e  a  b i m o l e c u l a r  r e a c t i o n  b e t w e e n  L I I I  a n d  ATP t o  f o r m  

A D P ,  P i ,  CO2 , a n d  i s o p e n t e n y l  p y r o p h o s p h a t e ( X L V l ) .  E v i d e n c e  h a s  b e e n  

p r e s e n t e d  ( 8 5 ) t h a t  t h e  t e r m i n a l  p h o s p h a t e  o f  ATP r e a c t s  w i t h  t h e  

t e r t i a r y  h y d r o x y l  g r o u p  o f  m e v a l o n a t e - 5 - p y r o p h o s p h a t e  ( L I I l )  d u r i n g  i t s  

d e c a r b o x y l a t i o n  t o  i s o p e n t e n y l  p y r o p h o s p h a t e  ( X L V l ) .  A t t e m p t s  t o  i s o l a t e  

a  p h o s p h o r y l a t e d  i n t e r m e d i a t e  w e r e  u n s u c c e s s f u l .

I t  i s  f o u n d  t h a t  p a r t  o f  t h e  i s o p e n t e n y l  p y r o p h o s p h a t e  ( X L V l )  m u s t  

b e  c o n v e r t e d  t o  d i m e t h y l a l l y l  p y r o p h o s p h a t e  ( L I V )  b e f o r e  p o l y m e r i z a t i o n  

t o  h i g h e r  i s o p r e n o i d  a n a l o g e s  m a y  o c c u r .  L y n e n  ( 8 6 )  s h o w e d  t h i s  c o n v e r s i o n  

b y  t h e  e n z y m e  i s o p e n t e n y l  p y r o p h o s p h a t e  i s o m e r a s e  t o  b e  i n h i b i t e d  b y  

i o d o a c e t a m i d e .  A t  e q u i l i b r i u m  t h e  r a t i o  o f  X L V l  t o  L IV  i s  8 7 : 1 3  ( 8 7 ) .
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The a d d i t i o n  and removal o f  th e  p ro to n  a t  th e  2 p o s i t i o n  i s  found to  be 

s t e r e o s p e c i f i c  i n  t h i s  r e v e r s i b l e  r e a c t io n .  An enzyme s u b s t r a t e  complex 

has been  i s o l a t e d  i n  which th e  i n te r m e d ia t e  i s  p roposed  t o  be bound 

c o v a l e n t l y  to  a s u l f h y d r y l  group o f  th e  enzyme p r o t e i n .

The c o n d e n sa t io n  o f  d i m e th y l a l l y l  py rophospha te  (LIV) and i s o p e n te n y l  

p y ro p h o sp h a te  (XLVl) occu rs  i n  th e  fo rm a t io n  o f  g e ra n y l  p y ro phospha te  (LV) 

w i th  th e  e l i m i n a t i o n  o f  py rophospha te  ion . I n  t h i s  r e a c t i o n  t h e r e  may 

be a s t e r e o s p e c i f i c  e l i m i n a t i o n  o f  a p r o to n  from th e  2 p o s i t i o n  o f  

i s o p e n te n y l  py rophospha te  (XLVl). E x p e r im en ta l  v e r i f i c a t i o n  of t h i s  

p o i n t  however, a w a i ts  f u r t h e r  p u r i f i c a t i o n  o f  th e  enzyme in v o lv e d  i n  th e  

c a t a l y s i s .

The work o f  Yeowell and Schmid ( j l )  c l e a r l y  e s t a b l i s h e s  t h a t  th e  

c y c lo p e n ta n o id  r in g  system  i s  d e r iv e d  from i s o p r e n o id  p r e c u r s o r s .  

M evalona te  was shown t o  be in c o r p o r a t e d  e x c lu s i v e l y  i n t o  th e  ag lycone  

p o r t i o n  o f  th e  c y c lo p e n ta n o id  g ly c o s id e  p lu m ie r id e  ( V I I l ) .  Roughly 50?1 

o f  th e  t o t a l  r a d i o a c t i v i t y  o f  th e  g ly c o s id e  was l o c a t e d  a t  ca rbon  7> 

w h i le  t h e  o t h e r  50$ was even ly  d i s t r i b u t e d  between carbons  3 and 15 

( F ig u re  l ) .

A f t e r  th e  fo rm a t io n  o f  g e ra n y l  py rophospha te  (LV), pathways f o r  

th e  g e n e s i s  of m onoterpenes must n e c e s s a r i l y  d iv e r g e  from th o se  f o r  

th e  fo rm a t io n  o f  o t h e r  i s o p r e n o id  compounds. A l l  f u r t h e r  d i s c u s s io n s  

which a r e  p r e s e n te d  i n  th e  l i t e r a t u r e  a r e  o f  a t h e o r e t i c a l  o r i g i n  based 

on r e l a t e d  s t r u c t u r e s  and s t e r e o c h e m is t r y  and have no fo u n d a t io n  in  

n a tu r e .  These t h e o r e t i c a l  d i s c u s s io n s  a r e  o f  v a lu e  on ly  i n s o f a r  as 

th ey  p r o v id e  t h e  w orker  w i th  a model upon which he may o r i e n t  h i s  

th in k in g .
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I n  1955, S i r  R o b e r t  Robinson (88) p roposed  a scheme f o r  th e  

b io g e n e s i s  o f  m e th y lc y c lo p e n ta n e  m ono te rpeno id s  on th e  b a s i s  o f  th e  

n ove l  s t r u c t u r a l  f e a t u r e s  o f  some of th e  m onoterpenes  found i n  n a tu r e .  

G e ra n io l  (XL) and c i t r a l  (LVl) were c o n s id e r e d  t o  be th e  f i r s t  i n t e r m e d i ­

a t e s .  A s t e r e o s p e c i f i c  enzym atic  r e d u c t io n  o f  c i t r a l  (LVl) would y i e l d  

L - c i t r o n e l l a l  (L V I l) ,  a f t e r  w hich t e r m in a l  o x i d a t io n  would y i e l d  2 , 6- 

d im e th y lo c t -2- e n - 1, 8- d i a l  ( L V I I l ) .  T e rm in a l  o x i d a t io n s  o f  t h i s  ty p e  

have been r e p o r te d  by W il l ia m s  (89) to  o c c u r  i n  t h e  r a b b i t .  Enzym atic  

c y c l i z a t i o n  o f  th e  a c y c l i c  d ia ld e h y d e  L V III  would th e n  y i e l d  i r i d o d i a l  

(XIV) as o u t l i n e d  i n  F ig u r e  15°

Robinson and h i s  c o l l e a g u e s  (90)  were a b le  t o  c y c l i z e  th e  a ldehydo-  

a c e t a l  o f  LV III to  L - i r i d o d i a l  (XIV) by 50$ acqueous a c e t i c  a c id  t r e a tm e n t .  

C a v i l l  (88) f e e l s  t h a t  h i s  r e a c t i o n  c o n s t i t u t e s  a  s im u l a t io n  o f  th e  

b i o g e n e t i c  p ro ce s s  u sed  i n  t h e  s y n th e s i s  o f  L - i r i d o d i a l  (XIV). I n  v i t r o  

b i o g e n e t i c  s im u la t io n  i s  n o t  w id e ly  a c c e p te d  and t h e  s i g n i f i c a n c e  o f  

t h i s  r e a c t i o n  i n  r e l a t i o n  to  what m igh t o c c u r  n a t u r a l l y  i s  t h e r e f o r e  

q u e s t io n a b le .

I r i d o d i a l  (XIV) i s  fo rm u la te d  t o  be a n  e q u i l ib r iu m  m ix tu re  o f  th e  

1, 5-d ia ld e h y d e  and i t s  c i s - t r a n s  (LIX) and t r a n s - c i s  (LIXa) l a c t o l  

tau to m e rs  (9 1 ) .  These  d e t a i l e d  i n v e s t i g a t i o n s  o f  t h e  r e a c t i o n s  of 

i r i d o d i a l  (XIV) i n d i c a t e  t h a t  th e  c i s - t r a n s  c o n f i g u r a t io n  i s  p re p o n d e r ­

a n t .  O x id a t io n  of t h e  a p p r o p r i a t e  l a c t o l  ta u to m e r  would y i e l d  n e p e ta -  

l a c to n e  ( i )  and e p in e p e t a l a c t o n e  ( l a ) .

Cookson (92) h as  d e m o n s tra ted  t h a t  c i t r a l  (LVl) may be c y c l i z e d  by 

UV i r r a d i a t i o n  to  p h o t o c i t r a l - A  (LX) c o n ta in in g  t h e  m e th y lc y c lo p e n ta n e  

r i n g  system. P h o t o c i t r a l - B  (LXl) was a l s o  produced  i n  sm a l l  amounts.
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The s t e r e o c h e m is t r y  o f  t h e  r in g  s u b s t i t u e n t s  in  p h o t o c i t r a l - A  was n o t  

d e te rm in e d  by t h e s e  w orke rs .  S ince  t h i s  r e a c t i o n  a l s o  p ro v id e d  a ro u te  

to  th e  c y c lo p e n ta n e  r in g  system  i t  d e s e rv e s  eq u a l  c o n s i d e r a t i o n  i n  th e  

b i o g e n e t i c  scheme f o r  n e p e ta la c to n e  ( i ) .

T h is  c h a p te r  r e p o r t s  some r e s u l t s  w hich  i n d i c a t e  t h a t  an i s o p r e n o id  

b i o s y n t h e s i s  pathway i s  u t i l i z e d  i n  th e  ' f o rm a t io n  o f  n e p e ta la c t o n e  by 

Nepeta  c a t a r i a  L. p l a n t s .  P r e l im in a ry  f in d i n g s  c o n c e rn in g  th e  b io s y n ­

t h e s i s  o f  c a ry o p h y l le n e  ( i l )  by t h i s  p l a n t  a re  a l s o  p r e s e n te d .

EXPERIMENTAL PROCEDURES

P l a n t  M a t e r i a l . N epeta  c a t a r i a  p l a n t s  w ere  grown i n  t h e  g reenhouse  

e i t h e r  from se ed s  o r  c u t t i n g s .  A d d i t io n a l  o i l  o f  c a tn i p  was o b ta in e d  

from c a t n i p  p l a n t s  grown i n  f i e l d s  n e a r  F a i r b u r y ,  N ebraska  and E a s t  

L a n s in g ,  M ichigan .

I s o l a t i o n  o f  th e  E s s e n t i a l  O i l s . The p l a n t s  were s u b je c te d  to  s team  

d i s t i l l a t i o n  f o r  o n e - h a l f  ho u r ,  u s in g  an  a l l  g l a s s  system . The 

d i s t i l l a t e  was s a t u r a t e d  w i th  sodium c h lo r i d e  and e x t r a c t e d  w i th  e th y l  

e th e r .  The e t h e r  s o l u t i o n  was d r i e d  o v e r  anhydrous magnesium s u l f a t e ,  

f i l t e r e d  and c o n c e n t r a t e d  a t  a tm o sp h e r ic  p r e s s u r e .  The e s s e n t i a l  o i l  

was s t o r e d  a t  - 15° C. u n t i l  u sed .

An a l t e r n a t e  p ro ce d u re  f o r  th e  i s o l a t i o n  o f  th e  e s s e n t i a l  o i l  w i th ­

o u t  t h e  u s e  o f  s team  employed a hexane e x t r a c t i o n .  The hexane e x t r a c t  

was f i l t e r e d  th ro u g h  a 1:1 s u p e r  cel-m agnesium  o x id e  column a f t e r  d ry in g  

o v e r  anhydrous magnesium s u l f a t e .  The q u a l i t y  o f  t h e  e s s e n t i a l  o i l  

o b ta in e d  i s  f u l l y  as good as t h a t  o b ta in e d  by s team  d i s t i l l a t i o n ;  however, 

more l i p i d  m a t e r i a l  i s  o b ta in e d  i n  th e  e x t r a c t s  th a n  from s team  d i s t i l l a t i o n .
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C h r o m a t o g r a p h i c  A n a l y s i s  o f  N e p e t a l a c t o n e  a n d  C a r y o p h y l . l e n e . T h e  s e p a ­

r a t i o n  o f  n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  f r o m  t h e  o t h e r  c o m p o n e n t s  o f  

c a t n i p  o i l  w a s  a c c o m p l i s h e d  b y  g a s  c h r o m a t o g r a p h y  a n d  t h i n  l a y e r  c h r o m a ­

t o g r a p h y .  S i n c e  m a n y  c o m p o u n d s  a r e  p r e s e n t  i n  t h e  o i l  i t  i s  p o s s i b l e  

t h a t  r a d i o c h e m i c a l l y  p u r e  n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  w e r e  n o t  

o b t a i n e d  w i t h  t h i s  t h i n  l a y e r  c h r o m a t o g r a p h i c  t e c h n i q u e ;  h o w e v e r ,  t h i s  

t e c h n i q u e  w a s  u s e d  w h e n  i t  w a s  n e c e s s a r y  t o  r e c o v e r  s m a l l  a m o u n t s  o f  t h e  

l a b e l e d  s u b s t r a t e s  s o  t h a t  t h e i r  s p e c i f i c  a c t i v i t y  c o u l d  b e  d e t e r m i n e d .

G a s  l i q u i d  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  o n  a  B e c k m a n  M o d e l  G C - 2 A  

o r  P e r k i n  E l m e r  M o d e l  8 0 1  g a s  c h r o m a t o g r a p h  e q u i p p e d  w i t h  a  t h e r m a l  

c o n d u c t i v i t y  d e t e c t o r  o r  a  h y d r o g e n  f l a m e  d e t e c t o r ,  a  B r i s t o l  1 m i l l i ­

v o l t  r e c o r d e r  a n d  a  D i s c  I n s t r u m e n t s ,  I n c o r p o r a t e d  d i s c  i n t e g r a t o r .  

A n a l y s i s  o f  n e p e t a l a c t o n e  ( i )  a n d  c a r y o p h y l l e n e  ( i l )  w a s  p e r f o r m e d :  ( a )

o n  2 0 '  x  1 / 8 "  s t a i n l e s s  s t e e l  c o l u m n s  p a c k e d  w i t h  2 0 °jo A p e i z o n  L o n  6 0 - 8 0  

m e s h  C h r o m o s o r b  W ( a c i d  w a s h e d )  a n d  a  c o l u m n  t e m p e r a t u r e  o f  2 2 5 °  o r  ( b )  

o n  a  2 5 0 '  x  0 . 0 2 "  s t a i n l e s s  s t e e l  c o l u m n  c o a t e d  w i t h  A p e i z o n  L a n d  a  

c o l u m n  t e m p e r a t u r e  o f  1 6 0 ° .

A n a l y s i s  o f  t h e  d e g r a d a t i o n  p r o d u c t s  o f  n e p e t a l a c t o n e  ( i )  a n d  

n e p e t o n i c  a c i d  ( X V I I l )  w a s  p e r f o r m e d  o n  a  2 ^ 0 '  x  0 . 0 2 "  s t a i n l e s s  s t e e l  

c o l u m n  c o a t e d  w i t h  A p e i z o n  L .  T h e  t e m p e r a t u r e  w a s  h e l d  a t  l 6 0 °  C. a n d  

t h e  h e l i u m  f l o w  r a t e  w a s  2  m l . / m i n .  N e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  w e r e  

i d e n t i f i e d  b y  c o m p a r i s o n  o f  t h e i r  r e t e n t i o n  t i m e s  w i t h  s t a n d a r d  c o m p o u n d s  

a n d  b y  u s i n g  c o m b i n a t i o n  m a s s  s p e c t r o m e t r y - g a s  c h r o m a t o g r a p h y  ( 6 3 ) .  

N e p e t a l i c  a c i d  ( X V I I l )  a n d  n e p e t a l i n i c  a c i d s  ( X X I - X X I a )  w i t h  k n o w n  

a b s o l u t e  c o n f i g u r a t i o n s  a n d  s t e r e o c h e m i s t r y  w e r e  a v a i l a b l e  f r o m  e a r l i e r  

s t u d i e s  ( 5 * 0  a n d  w e r e  a l s o  f r e s h l y  p r e p a r e d .  P e a k  a r e a s  w e r e  m e a s u r e d
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b y  e l e c t r o - m e c h a n i c a l  i n t e g r a t i o n  a n d  q u a n t i t a t i o n  o f  a m o u n t s  m a d e  b y  

c o m p a r i s o n  w i t h  s t a n d a r d  c u r v e s  o b t a i n e d  w i t h  p u r e  c o m p o u n d s .

C o m m e r c i a l l y  a v a i l a b l e  t h i n  l a y e r  c h r o m a t o g r a p h y  p l a t e s  ( 2 0  x  5 x  

O . k  cm. ) w e r e  c o a t e d  w i t h  a  0 .  5 n®1* l a y e r  o f  s i l i c a - g e l  G a p p l i e d  a s  a  

s l u r r y  c o n s i s t i n g  o f  6 0  g .  o f  s i l i c a - g e l  G a n d  1 1 5  w a t e r .  T h e

c o a t e d  p l a t e s  w e r e  a c t i v a t e d  i n  t h e  o v e n  a t  1 1 0 °  f o r  3 0  m i n .

Q u a l i t a t i v e  c o m p a r i s o n s  o f  s a m p l e s  w e r e  m a d e  b y  a p p l y i n g  a n  e t h e r  

s o l u t i o n  o f  t h e  e s s e n t i a l  o i l  ( 1 0 - 1 0 0  p g . ) a s  a  s i n g l e  s p o t .  C o m p a r a b l e  

a m o u n t s  o f  a u t h e n t i c  a v a i l a b l e  s t a n d a r d s  w e r e  p l a c e d  b e s i d e  t h e  u n k n o w n s  

f o r  a  d i r e c t  c o m p a r i s o n  o f  R^ v a l u e s .  T h e  p l a t e  w a s  d e v e l o p e d  w i t h  a  

h e x a n e : a c e t o n e : e t h a n o l  ( U 0 : 1 0 : ^ )  m i x t u r e .  T h e  c o m p o u n d s  w e r e  s t a i n e d  b y  

e x p o s i n g  t h e  p l a t e s  t o  i o d i n e  v a p o r .

L a b e l e d  C o m p o u n d  U s e d . D L - m e v a l o n i c  a c i d - 2 - 1 4 C ( N , N '  d i b e n z y l e t h y l e n e -  

d i a m i n e  s a l t )  o b t a i n e d  f r o m  N u c l e a r  R e s e a r c h  C h e m i c a l s ,  O r l a n d o ,

F l o r i d a ,  w a s  c o n v e r t e d  t o  t h e  f r e e  a c i d  w h i c h  h a d  a  s p e c i f i c  a c t i v i t y  

o f  1 . 7  m e . / m m o l e .  T o  r e g e n e r a t e  t h e  f r e e  a c i d ,  a  w e i g h e d  a m o u n t  o f  t h e  

s a l t  w a s  d i s s o l v e d  i n  a  m i n i m a l  a m o u n t  o f  w a t e r  a n d  t h e  pH a d j u s t e d  t o  

1 0  w i t h  1 N NaOH. D i b e n z y l e t h l e n e d i a m i n e  w a s  r e m o v e d  b y  t w o  e x t r a c t i o n s  

w i t h  a n  e q u a l  v o l u m e  o f  e t h y l  e t h e r .  T h e  e t h e r  e x t r a c t s  w e r e  c o m b i n e d  

a n d  e x t r a c t e d  w i t h  0 . 5  v o l u m e  o f  NaOH s o l u t i o n  ( p H  1 0 ) ,  T h i s  w a s h i n g  

w a s  a d d e d  t o  t h e  o r i g i n a l  a q u e o u s  s o l u t i o n .  T h e  m e v a l o n a t e - 2 - 1 4 C w a s  

p u r i f i e d  b y  d e s c e n d i n g  p r e p a r a t i v e  p a p e r  c h r o m a t o g r a p h y  u s i n g  W h a t m a n  

N o .  1 p a p e r  a n d  8 5 i s o p r o p y l  a l c o h o l  a s  t h e  d e v e l o p i n g  s o l v e n t .  An R^ 

o f  0 . h 8  w a s  o b s e r v e d  f o r  t h e  m e v a l o n a t e  ( X L V I I l ) .  I t s  p u r i t y  w a s  c h e c k e d  

b y  p a p e r  c h r o m a t o g r a p h y  w i t h  n - b u t a n o l : a c e t i c  a c i d : w a t e r  ( h : l : l )  a n d  

o n l y  o n e  s p o t  w a s  o b s e r v e d .
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I s o t o p e  A n a l y s i s . T h e  c o u n t i n g  t e c h n i q u e  u s e d  w a s  d e p e n d e n t  o n  t h e  

s p e c i f i c  a c t i v i t y  o f  t h e  i s o l a t e d  m a t e r i a l  a n d  t h e  m e t h o d  u s e d  i n  t h e  

i s o l a t i o n .  S a m p l e s  o f  l o w  s p e c i f i c  a c t i v i t y  w e r e  u s u a l l y  s u b j e c t e d  t o  

t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  t h e  r a d i o  a s s a y  w a s  a c c o m p l i s h e d  b y  

s c r a p i n g  t h e  p l a t e s  c l e a n  a t  t h e  a p p r o p r i a t e  a r e a s  f o l l o w e d  b y  d i r e c t  

c o u n t i n g  o f  a b s o r b e n t  a n d  c o m p o u n d  i n  a  l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r .  

T h e  s c i n t i l l a t i o n  s o l v e n t  w a s  c o m p o s e d  o f  5 8 .7 7 o  t o l u e n e ,  3 9 - 3 7 °  a b s o l u t e  

e t h a n o l  a n d  w a t e r .  T h e  p h o s p h o r s  w e r e  0 . 57> 2 . 0  d i p h e n y l o x a z o l e  a n d  

0 . 0 2 $ >  p - b i s - 2 - ( 5 - p h e n y l o x a z o l y l ) - b e n z e n e .  T h i s  s y s t e m  h a s  a n  e f f i c i e n c y  

o f  Khfy i n  t h e  T r i - C a r b  l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r .  T h e  i o d i n e  

v a p o r  u s e d  t o  d e t e c t  t h e  c o m p o u n d s  h a d  n o  m e a s u r a b l e  e f f e c t  o n  t h e  

l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  e f f i c i e n c y .  Q u e n c h i n g  a n d  a b s o r p t i o n  o f  

l a b e l e d  c o m p o u n d s  b y  s i l i c a - g e l  G w e r e  m e a s u r e d  b y  t h e  i n t e r n a l  s t a n d a r d  

m e t h o d  u s i n g  b e n z o i c  a c i d - 1 4 C a n d  t h e  r e s u l t s  s h o w e d  n o  m e a s u r a b l e  e f f e c t  

o n  c o u n t i n g  e f f i c i e n c y  a t  t h e  c o n c e n t r a t i o n s  u s e d ,  c o n s e q u e n t l y ,  n o  

c o r r e c t i o n  f a c t o r s  w e r e  u s e d .

T h e  r a d i o a c t i v e  c o m p o n e n t s  s e p a r a t e d  b y  g a s  c h r o m a t o g r a p h y  w e r e  

m e a s u r e d  u s i n g  a  N u c l e a r - C h i c a g o  M o d e l  ^ 9 9 8  c o n t i n u o u s  g a s  f l o w  

m o n i t o r i n g  s y s t e m .  T h i s  i n s t r u m e n t  h a s  a  c o u n t i n g  e f f i c i e n c y  o f  185b a t  

a  d e t e c t o r  t e m p e r a t u r e  o f  2 2 5 ° u s i n g  m e t h a n e  a t  a  r a t e  o f  1 0 0  m l . / m i n .  

a s  t h e  c o u n t i n g  g a s .

N e p e t a l i c  A c i d  ( X V I I l )  F r o m  O i l  o f  C a t n i p . T h e  e s s e n t i a l  o i l  w a s  

e x t r a c t e d  w i t h  a n  e x c e s s  o f  ICP/o s o d i u m  h y d r o x i d e .  T h e  a l k a l i n e  s o l u t i o n  

w a s  a c i d i f i e d  a n d  e x t r a c t e d  t w i c e  w i t h  e q u a l  v o l u m e s  o f  e t h e r .  A f t e r  

d r y i n g  w i t h  a n h y d r o u s  m a g n e s i u m  s u l f a t e  a n d  c o n c e n t r a t i o n  u n d e r  d i m i n i s h e d  

p r e s s u r e ,  t h e  r e s i d u e  w a s  t a k e n  u p  i n  a  m i n i m a l  q u a n t i t y  o f  w a r m  p e t r o l e u m
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e t h e r  (b .p .  1+0- 60° C. ). N e p e ta l i c  a c id  (X V II) s lo w ly  c r y s t a l l i z e d  from 

th e  s o l u t i o n  a f t e r  d r y - i c e  c o o lin g .  The a c id  was f i l t e r e d  i n  s e v e r a l  

c rops .

A lk a l in e  Hydrogen P e r o x id e  D e g ra d a t io n  o f  N e p e ta l i c  Acid ( X V I I l ) . A 

s o l u t i o n  c o n ta i n in g  1 g. o f  n e p e t a l i c  a c id  (X V IIl)  i n  10 ml. o f  10% 

p o ta ss iu m  h y d ro x id e  was t r e a t e d  w i th  5 ml* ° f  30% hydrogen  p e ro x id e .

The te m p e ra tu re  was u s u a l l y  m a in ta in e d  a t  27° ,  w i th  s t i r r i n g ,  f o r  1 hour. 

The s o l u t i o n  was th e n  t r e a t e d  w i th  s e v e r a l  mg. o f  p la t in u m  o x id e  and th e  

s t i r r i n g  c o n t in u e d  f o r  an a d d i t i o n a l  15 min. A f t e r  a c i d i f i c a t i o n  and 

e x t r a c t i o n  w i th  e t h e r ,  th e  s o l u t i o n  was d r i e d  w i th  anhydrous magnesium 

s u l f a t e  and c o n c e n t r a t e d .  The sam ples were p re p a re d  f o r  gas chrom atography 

by e s t e r i f i c a t i o n  w i th  d iazom ethane .

A lk a l in e  Hydrogen P e ro x id e  D e g ra d a t io n  of N e p e to n ic  Acid (XIX). A 

s o l u t i o n  o f  0.15 g. o f  n e p e to n ic  a c id  (XIX), 1 ml. o f  10% sodium 

h y d ro x id e ,  and 0 .5  ml. o f  30% hydrogen  p e ro x id e  was s t i r r e d  a t  room 

te m p e ra tu re  f o r  12 h r s .  At th e  end o f  t h i s  p e r io d  th e  excess  hydrogen  

p e ro x id e  was decomposed by adding  s e v e r a l  mg. o f  p la t in u m  o x id e .  A f t e r  

a c i d i f i c a t i o n  and e x t r a c t i o n  w i th  e t h e r ,  th e  s o l u t i o n  was d r i e d  over  

magnesium s u l f a t e  and c o n c e n t ra te d .  The sam ples w ere a n a ly z e d  by gas 

chrom atography a f t e r  e s t e r i f i c a t i o n  w i th  d iazom ethane .

S e p a ra t io n  o f  N e p e to la c to n e  From th e  A lk a l in e  Hydrogen P e ro x id e  D e g ra d a t io n  

P r o d u c t s . The e t h e r  e x t r a c t  from th e  a l k a l i n e  hydrogen  p e ro x id e  d e g ra d a ­

t i o n  o f  n e p e t a l i c  a c id  was e x t r a c t e d  w i th  s a t u r a t e d  sodium b ic a r b o n a te  

to  remove a c i d i c  m a t e r i a l .  The n e u t r a l  e t h e r  l a y e r  y i e l d s  n e p e to l a c to n e .  

N e p e t ic  A c id . A s o l u t i o n  o f  10 mg. o f  n e p e to n ic  a c id  o r  n e p e to l a c to n e  

in  0 .5  ml. o f  10% sodium hyd ro x id e  was t r e a t e d  w i t h  0 .5  ml. o f  10%
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b ro m in e -20$ p o tass ium  brom ide s o l u t i o n  by d ropw ise  a d d i t i o n  ove r  a 1 h r .  

p e r io d .  A f t e r  a c i d i f i c a t i o n  th e  s o l u t i o n  was e v a p o ra te d  t o  d ry n ess  a t  

0.1 mm. p r e s s u r e .  D i s t i l l a t i o n  a t  200° C. ( 0.1 mm.) y i e l d e d  n e p e t i c  a c id .  

P r e p a r a t i o n  of th e  M ethyl E s t e r  o f  2- A c e to x y -5- M e th y lc y c lo p e n ta n e  

C a rb o x y lic  A c id . N epe ton ic  a c id  (XIX) was o x id iz e d  a c c o rd in g  to  th e  

method o f  Emmons (93). The p e r o x y t r i f l u o r o n c e t i c  a c id  s o l u t i o n  was 

p re p a re d  by d ropw ise  a d d i t i o n  o f  0 .5  ml. of t r i f l u o r o a c e t i c  an h y d rid e  

to  a s u s p e n s io n  o f  0 .8  ml. o f  90$ hydrogen  p e ro x id e  in  0 .5  ml. o f  co ld  

m ethy lene  c h lo r i d e .  T h is  s o l u t i o n  was added o v e r  20 min. t o  a  s u s p e n s io n  

o f  1 .3  g. of d ry  d isod ium  hydrogen  pho sp h a te  i n  a m ix tu re  o f  1 .5  ml- o f  

m ethy lene  c h lo r id e  and 0.2  g. o f  m ethyl n e p e to n a te .  A f t e r  a d d i t i o n  was 

com ple te ,  th e  s o l u t i o n  was h e a te d  under  r e f l u x  30 min. and th e  i n s o l u b l e  

s a l t s  w ere th e n  c o l l e c t e d  by f i l t r a t i o n .  The s a l t s  were washed w i th  

1.0  ml. o f  m ethy lene  c h lo r i d e .  The combined f i l t r a t e s  w ere  washed w i th  

10$  sodium c a rb o n a te  and d r i e d  o v e r  magnesium s u l f a t e .  C o n c e n t r a t io n  

and vacuum d i s t i l l a t i o n  y i e ld e d  6^$ o f  m e th y l - 3 - a c e to x y - 5 -m e th y lc y c lo -  

pe n ta n e  c a rb o x y la te  and 36$ of d im e th y l  n e p e ta te  by gas c h ro m a to g ra p h ic  

a n a l y s i s .

RESULTS AND D IS C U S S IO N

H i s to l o g i c a l  E xam ina tion  o f  N epeta  c a t a r i a  L. L e a v es . G reen  le a v e s  of 

Nepeta  c a t a r i a  L .  i n  v a r i o u s  s t a g e s  o f  developm ent were f i x e d  in  FAA  

( f o r m a l i n - a c e t i c  a c i d - a l c o h o l ) ,  d e h y d ra te d  i n  a t e r t i a r y  b u t y l  a lc o h o l  

s e r i e s  and embedded in  p a r a f f i n .  T ra n s v e r s e  s e r i a l  s e c t i o n s  were c u t  a t  

10 m icrons and s t a in e d  i n  s t a n d a r d  s a f r a n i n - f a s t  g reen . M ic ro s c o p ic  

e x a m ina t ions  were made w i th  h ig h  d ry  and o i l  immersion o b j e c t i v e s .
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B l a c k  a n d  w h i t e  m i c r o p h o t o g r a p h s  w e r e  m a d e  a t  m a g n i f i c a t i o n s  o f  5 6 2 . 5X  

a n d  1 1 2 5 X.

M i c r o s c o p i c  e x a m i n a t i o n  o f  l e a f - c r o s s  s e c t i o n  p r e p a r e d  f r o m  l e a v e s  

a t  t h r e e  d i f f e r e n t  s t a g e s  o f  d e v e l o p m e n t  s h o w  ( F i g u r e  1 7 ) s e v e r a l  t y p e s  

o f  g l a n d u l a r  s t r u c t u r e s  o c c u r r i n g  o n  b o t h  s i d e s  o f  t h e  l e a f .  T h e s e  

g l a n d s  a r e  m u l t i c e l l u l a r ,  r e s t i n g  b e t w e e n  h a i r s  a r i s i n g  f r o m  t h e  c u t i c l e  

o r  e p i d e r m i s .  T h e y  a p p e a r  t o  o r i g i n a t e  f r o m  a  s i n g l e  c e l l  a n d  c h a n g e  

i n  s h a p e  w i t h  d e v e l o p m e n t .  I n  t h e  e a r l y  s t a g e  ( F i g u r e  1 J A )  n o  s t a l k  i s  

v i s i b l e ;  i n  t h e  i n t e r m e d i a t e  s t a g e  ( F i g u r e  1 7 B )  f o r m a t i o n  o f  

a  s t a l k  w i t h  a  g l o b u l a r  h e a d  i s  s e e n .  I n  t h e  l a t e  s t a g e  ( F i g u r e  1 7 C )  

t h e  g l o b u l a r  s t r u c t u r e  i s  e x p a n d e d  a n d  t h e  s t a l k  i s  e n l a r g e d .  T h e s e

s t a g e s  o f  d e v e l o p m e n t  a r e  s i m i l a r  t o  t h o s e  f o u n d  i n  t h e  g l a n d u l a r

t r i c h o m e s  o f  H e m i z o n i a  m i n t h o r n i i  r e p o r t e d  b y  C a r l q u i s t  ( 9 ^ ) -  T h e  

e s s e n t i a l  o i l  o f  N e p e t a  c a t a r i a  L .  i s  p r o b a b l y  a c c u m u l a t e d  i n  t h e s e  

g l a n d s .

O c c u r r e n c e  o f  N e p e t a l a c t o n e  a n d  C a r y o p h y l l e n e  i n  N e p e t a  c a t a r i a  L .  P l a n t s . 

T h e  e s s e n t i a l  o i l  f r o m  t h e  l e a v e s ,  s t e m ,  a n d  f l o w e r s  o f  m a t u r e  f l o w e r i n g  

N e p e t a  c a t a r i a  L .  p l a n t s  c o n t a i n s  a b o u t  85 % n e p e t a l a c t o n e ,  10$> c a r y ­

o p h y l l e n e  a n d  5$> o f  a  m i x t u r e  o f  o t h e r  c o m p o u n d s  ( F i g u r e  ^-) .  T h e s e  

p a r t s  o f  t h e  p l a n t  y i e l d  r o u g h l y  O. J f i  o f  t h i s  s t e a m  v o l a t i l e  o i l  o n  a

w e t  w e i g h t  b a s i s .  P l a n t s  1 m o n t h  o l d  w e r e  f o u n d  t o  c o n t a i n  0 . 15?> a n d

0 . 0 1 ^  o f  n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  r e s p e c t i v e l y  ( r a t i o  1 5 : 1 ) .  I t  

a p p e a r s  t h a t  t h e r e  i s  a  c o n t i n u o u s  i n c r e a s e  o f  t h e s e  c o m p o u n d s  w h i c h  

r e a c h e s  a  m a x im u m  a t  s e n e s c e n c e .

T h ere  i s  a c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  a b s o l u t e  c o n t e n t  o f  n e p e t a ­

l a c t o n e  and c a r y o p h y l l e n e  b e tw e e n  t h e  u p p e r  p a r t s  o f  t h e  p l a n t  and t h e
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r o o t  s y s t e m .  F r e s h  r o o t s  ( 6 9 3  g .  ) y i e l d e d  5 x  1 0 "  <ji(k m g .  ) o f  n e p e t a l a c -  

t o n e  a n d  4  x  1 0 *  ( 0 . O 3  m g . )  o f  c a r y o p h y l l e n e .  T h e  y i e l d  o f  n e p e t a l a c t o n e

i s  5 x  1 0 “ 5 o f  t h a t  t o  b e  e x p e c t e d  f r o m  a n  e q u i v a l e n t  w e i g h t  o f  l e a v e s  

a n d  s t e m s .  T h e  r a t i o  o f  n e p e t a l a c t o n e  t o  c a r y o p h y l l e n e  ( 1 2 5 : 1 )  d i f f e r s  

w i d e l y  f r o m  t h a t  f o u n d  i n  t h e  u p p e r  p a r t s  o f  t h e  p l a n t  ( 8 : 1 ) .

M e v a l o n i c  A c i d - 2 - 1 4 C A s  A  T e r p e n o i d  P r e c u r s o r . W h e n  m e v a l o n i c  a c i d - 2 - 1 4 C 

w a s  t e s t e d  a s  a  p r e c u r s o r  f o r  n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  b i o s y n t h e s i s  

b y  N e p e t a  c a t a r i a  L .  p l a n t s ,  r a d i o a c t i v i t y  w a s  i n c o r p o r a t e d  i n t o  t h e s e  

c o m p o u n d s  i n  e x p e r i m e n t s  u s i n g  p l a n t s  o f  d i f f e r e n t  a g e s .  T h e  e x t e n t  o f  

i n c o r p o r a t i o n  v a r i e d  w i t h  t i m e  a n d  w i t h  t h e  p a r t s  o f  t h e  p l a n t .  T h e  

i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  f r o m  m e v a l o n i c  a c i d - 2 - 1 4 C p r o d u c e d  b y  

y o u n g  p l a n t s  ( a p p r o x .  1+ c m .  t a l l )  i n t o  n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  

a s  a  f u n c t i o n  o f  t i m e  i s  s h o w n  i n  F i g u r e  1 8 .  A  r a p i d  i n c o r p o r a t i o n  o f  

c a r b o n - l 4  i n t o  c a r y o p h y l l e n e  w a s  o b s e r v e d  b u t  t h i s  l e v e l e d  o f f  a t  a b o u t  

5 0  h o u r s  a n d  r e m a i n e d  c o n s t a n t  f o r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t .  I n  

c o n t r a s t  t h e r e  i s  a n  i n i t i a l  r a p i d  p e r i o d  o f  i n c o r p o r a t i o n  o f  c a r b o n - 1 4  

i n t o  n e p e t a l a c t o n e  w h i c h  l e v e l s  o f f  a t  a b o u t  12 , h o u r s ,  r e m a i n s  c o n s t a n t  

f o r  n e a r l y  1 2 5  h o u r s  a n d  t h e n  b e g i n s  t o  r i s e  a g a i n .  T h e  l e v e l i n g  o f f  

i n  t h e  l a t t e r  c u r v e  i s  i n d i c a t i v e  o f  m e v a l o n i c  a c i d  b e i n g  c o n v e r t e d  t o  

a n o t h e r  p r e c u r s o r  w h i c h  i n i t i a l l y  i s  f u r t h e r  a w a y  f r o m  n e p e t a l a c t o n e  i n  

t h e  b i o s y n t h e t i c  p a t h w a y ,  b u t  w h i c h  a f t e r  1 2 5  h o u r s ,  h a s  b e e n  c o n v e r t e d  

t o  a  m o r e  d i r e c t  p r e c u r s o r .  S u c h  a  m e t a b o l i c  s y s t e m  m i g h t  o p e r a t e  v i a  

t h e  " m e t a b o l i c  g r i d "  s y s t e m  p r o p o s e d  b y  B i r c h  ( 9 5 ) .  I t  s h o u l d  b e  

p o i n t e d  o u t  t h a t  t h e  s p e c i f i c  a c t i v i t i e s  o f  n e p e t a l a c t o n e  ( 2 . 5  p p c . / p m o l e )  

a n d  c a r y o p h y l l e n e  (1 1 1  | i p . c . / p . m o l e )  a n d  t h e  e x t e n t  o f  i n c o r p o r a t i o n  o f  

c a r b o n - 1 4  i n t o  t h e s e  m o l e c u l e s  w a s  v e r y  l o w ,  b e i n g  0 .0 1 1  +  0 . 0 0 4 ^ 6  a n d
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0. O l h  *  0 .0 0 2 ^  r e s p e c t i v e l y .

T h e  s p e c i f i c  a c t i v i t y  o f  n e p e t a l a c t o n e  i s o l a t e d  f r o m  n e w  l e a v e s  i s  

6 . 3  t i m e s  g r e a t e r  t h a n  t h a t  i s o l a t e d  f r o m  o l d  l e a v e s  o f  t h e  s a m e  p l a n t  

( T a b l e  X ) .  P o s s i b l e  e x p l a n a t i o n s  f o r  t h e  h i g h e r  s p e c i f i c  a c t i v i t y  o f  

t h e  m a t e r i a l  f r o m  n e w  l e a v e s  a r e :  ( 1 )  t h e r e  m a y  b e  g r e a t e r  m e t a b o l i c

a c t i v i t y  a n d ,  t h e r e f o r e ,  a n  i n c r e a s e d  r a t e  o f  s y n t h e s i s  i n  t h e  n e w  l e a v e s  

w o u l d  b e  e x p e c t e d  t o  o c c u r  o r  ( 2 )  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  m a t e r i a l  

i n  o l d  l e a v e s  m a y  b e  l o w e r e d  b y  d i l u t i o n  w i t h  m a t e r i a l  f o r m e d  p r i o r  t o  

t h e  e x p e r i m e n t .  I t  i s  i m p o s s i b l e  t o  r e a c h  a  d e f i n i t e  c o n c l u s i o n  u n t i l  

m o r e  i n f o r m a t i o n  o n  t h e  m e t a b o l i s m  o f  n e p e t a l a c t o n e  i s  a v a i l a b l e .

T o  e s t a b l i s h  t h a t  m e v a l o n i c  a c i d - 2 - 1 4 C w a s  b e i n g  m e t a b o l i z e d  t o  

1 4 C 0 2 ,, t h e  C02  r e l e a s e d  b y  p l a n t s  t h a t  h a d  b e e n  i n j e c t e d  w i t h  r a d i o a c t i v e  

m e v a l o n i c  a c i d  w a s  c o l l e c t e d  a n d  a n a l y z e d .  T h e  i n c r e a s e  o f  r e s p i r a t o r y  

1 4 C 0 2  w a s  l i n e a r  w i t h  r e s p e c t  t o  t i m e  u p  t o  3 0  h o u r s ,  a f t e r  w h i c h  t i m e  n o  

f u r t h e r  i n c r e a s e  i n  e v o l u t i o n  o f  1 4 C 02  w a s  o b s e r v e d  ( F i g u r e  1 9 ) .  A t o t a l  

o f  0. I b ’f) o f  t h e  a d m i n i s t e r e d  m e v a l o n i c  a c i d - 2 - 1 4 C w a s  e v o l v e d  a s  

r e s p i r a t o r y  C 02  d u r i n g  t h e  5 0  h o u r  d u r a t i o n  o f  t h e  e x p e r i m e n t .

A p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  s i t e  o f  s y n t h e s i s  o f  n e p e t a l a c ­

t o n e  i n d i c a t e s  t h a t  t h e  r o o t s  a r e  n o t  r e q u i r e d .  P l a n t s  w i t h  e x c i s e d  

r o o t s  w e r e  d i p p e d  i n t o  a n  a q u e o u s  s o l u t i o n  c o n t a i n i n g  I . 9  p c .  o f  

m e v a l o n i c  a c i d - 2 - 1 4 C ( 1 . 0  m e . / m m o l e ) .  N e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  

w e r e  i s o l a t e d  b y  TLC a n d  t h e i r  r a d i o a c t i v i t y  m e a s u r e d .  T h e  r e s u l t s  

i n d i c a t e d  t h a t  0 . 0 1 $> o f  t h e  a d m i n i s t e r e d  r a d i o a c t i v i t y  w a s  r e c o v e r e d  i n  

n e p e t a l a c t o n e  a n d  0 . 0 3 ^  w a s  r e c o v e r e d  i n  c a r y o p h y l l e n e .  T h e s e  r e s u l t s  

a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  u s i n g  w h o l e  p l a n t s  ( F i g u r e  1 8 ) ,  c o n s e q u e n t l y ,  

i t  m a y  b e  c o n c l u d e d  t h a t  r o o t s  a r e  n o t  r e q u i r e d  f o r  t h e  b i o s y n t h e s i s  o f
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t h e s e  t e r p e n o i d s .

T h e  m e t h o d  u s e d  i n  a d m i n i s t e r i n g  m e v a l o n i c  a c i d - 2 - 1 4 C t o  N e p e t a  

c a t a r i a  L .  c a n  i n f l u e n c e  t h e  r a t e  o f  u p t a k e  o f  t h e  c o m p o u n d .  U p t a k e  b y  

p l a n t s  w i t h  e x c i s e d  r o o t s  i s  t h e  m o s t  r a p i d  w i t h  d e t e c t a b l e  r a d i o ­

a c t i v i t y  a p p e a r i n g  i n  t h e  g r o w i n g  t i p s  w i t h i n  1 5  m i n u t e s .  F r o m  s t e m  

i n j e c t i o n s ,  a b o u t  2  h o u r s  i s  r e q u i r e d  f o r  t r a n s l o c a t i o n  t o  t h e  u p p e r  

g r o w i n g  t i p s  a n d  f r o m  t h e  c r o w n  ( t h e  b a s e  f r o m  w h i c h  t h e  s t e m s  p r o t r u d e )  

i n j e c t i o n s ,  a b o u t  12  h o u r s  i s  r e q u i r e d .

A p r e l i m i n a r y  1 4 CC>2 f e e d i n g  e x p e r i m e n t  w a s  d o n e  o n  a  w h o l e  p l a n t  

i n  a  g a s  t i g h t  c h a m b e r  e q u i p p e d  w i t h  a n  e n d - w i n d o w  c o u n t e r  f o r  c o n t i n u o u s  

m o n i t o r i n g  o f  t h e  a t m o s p h e r e  i n  t h e  v e s s e l .  I n c a n d e s c e n t  l a m p ?  m o u n t e d  

a r o u n d  t h e  c h a m b e r  p r o v i d e d  c o n t i n u o u s  i l l u m i n a t i o n  d u r i n g  t h e  d u r a t i o n  

o f  t h e  e x p e r i m e n t .  T h e  p l a n t  i n c o r p o r a t e d  9 6 ^  o f  t h e  a d m i n i s t e r e d  1 4 CC>2 

( 0 . 6 h 5  m e .  ) i n  h-8 h o u r s .  N e p e t a l a c t o n e  s e p a r a t e d  f r o m  t h e  o t h e r  c o m p o n e n t s  

o f  t h e  c r u d e  o i l  b y  GLC a n d  c o u n t e d  w i t h  t h e  c o n t i n u o u s  g a s  f l o w  m o n i t o r  

w a s  f o u n d  t o  h a v e  a  s p e c i f i c  a c t i v i t y  o f  1 1 . 7  m p c . / p m o l e .

D e g r a d a t i o n  o f  N e p e t a l a c t o n e  ( i ) . B a s e d  o n  t h e  s t r u c t u r e  o f  n e p e t a l a c t o n e  

( i )  i t  w o u l d  b e  p r e d i c t e d  t h a t  r a d i o a c t i v i t y  f r o m  m e v a l o n i c  a c i d - 2 - 1 4 C 

w o u l d  b e  i n c o r p o r a t e d  i n t o  c a r b o n s  3  a n d / o r  8  a n d  6  a n d / o r  9  i f  a n  

i s o p r e n o i d  b i o s y n t h e t i c  p a t h w a y  e x i s t s .  T h e  p r i m a r y  o b j e c t i v e  o f  t h e  

o x i d a t i v e  d e g r a d a t i o n  o f  n e p e t a l a c t o n e  ( I ) w a s  t o  d e t e r m i n e  t h e  l o c a t i o n  

o f  l a b e l e d  c a r b o n  a t o m s .  A  c o m b i n a t i o n  o f  t h e  h a l o f o r m  r e a c t i o n  a n d  

a l k a l i n e  h y d r o g e n  p e r o x i d e  o x i d a t i o n  w a s  u s e d  i n  a n  a t t e m p t  t o  a c c o m p l i s h  

t h i s  o b j e c t i v e .

I t  i s  n e c e s s a r y  t o  c o n v e r t  t h e  n e p e t a l a c t o n e  ( i )  i n  c r u d e  c a t n i p  o i l  

t o  n e p e t a l i c  a c i d  ( X V I I l )  b y  a l k a l i n e  h y d r o l y s i s  p r i o r  t o  a l k a l i n e
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h y d r o g e n  p e r o x i d e  d e g r a d a t i o n .  T h e  c o n t a m i n a t i n g  n e u t r a l  c o m p o n e n t s  o f  

t h e  e s s e n t i a l  o i l  w e r e  s t i l l  p r e s e n t  a f t e r  a l k a l i n e  h y d r o l y s i s  a n d  w e r e  

r e m o v e d  b y  e x t r a c t i o n  w i t h  e t h e r .  W h e n  t h e  v o l u m e  o f  t h e  s o l u t i o n  w a s  

s m a l l  ( 0 . 1  m l . )  a n d  t h e  s u r f a c e  a r e a  o f  t h e  v e s s e l  l a r g e ,  a s  m u c h  a s  50 $  

o f  t h e  n e p e t a l i c  a c i d  ( X V I I l )  w a s  c o n v e r t e d  t o  t h e  n e p e t a l i n i c  a c i d s  

( X X I - X X I a ) .  T h e  r a t i o  o f  a - n e p e t a l i n i c  a c i d  ( X X l )  t o  A - n e p e t a l i n i c  a c i d  

( X X I a )  w a s  u s u a l l y  2 : 1 .  T h e  p r e s e n c e  o f  t h e s e  n e p e t a l i n i c  a c i d s  w a s  

c o n f i r m e d  b y  c o m p a r i s o n  w i t h  r e t e n t i o n  t i m e s  o f  a u t h e n t i c  s t a n d a r d s  o n  

A p e i z o n  L a n d  LAC 8 8 6  c a p i l l a r y  c o l u m n s .  B y  b u b b l i n g  m o l e c u l a r  o x y g e n  

t h r o u g h  a  1 0 $  s o d i u m  h y d r o x i d e  s o l u t i o n  o f  n e p e t a l i c  a c i d  a  7 8 $  y i e l d  o f  

t h e  n e p e t a l i n i c  a c i d s  w a s  o b t a i n e d .  P u r g i n g  t h e  s o l u t i o n  w i t h  n i t r o g e n  

d u r i n g  h y d r o l y s i s  g r e a t l y  r e d u c e d  t h e  f o r m a t i o n  o f  n e p e t a l i n i c  a c i d s .

T h i s  u n d e s i r a b l e  s i d e  r e a c t i o n  i s  p r o b a b l y  c a u s e d  b y  t h e  d i s s o l v e d  

o x y g e n  i n  t h e  s o l u t i o n .  W h e n  s m a l l  s c a l e  r e a c t i o n s  w e r e  r u n ,  t h e  

i s o l a t i o n  o f  c r y s t a l l i n e  n e p e t a l i c  a c i d  ( X V I I l )  w a s  n o t  a t t e m p t e d .

T h e  a l k a l i n e  h y d r o g e n  p e r o x i d e  d e g r a d a t i o n  o f  n e p e t a l i c  a c i d  ( X V I I I ) 

a n d  n e p e t o n i c  a c i d  ( X I X )  t o  n e p e t o l a c t o n e  ( X X I V )  ( F i g u r e  2 0 )  w a s  a c h i e v e d  

b y  a d d i n g  50 $  a q u e o u s  h y d r o g e n  p e r o x i d e  t o  t h e  n e p e t a l a c t o n e  h y d r o l y s a t e  

a f t e r  t h e  e x t r a c t i o n  o f  t h e  n e u t r a l  c o m p o n e n t s .  T h e  r e a c t i o n  r a t e  w a s  

i n f l u e n c e d  b y  b o t h  t e m p e r a t u r e  a n d  b a s e  c o n c e n t r a t i o n .  T i m e  c o u r s e  

s t u d i e s  u s i n g  GLC a n a l y s i s  s h o w e d  t h a t  t h e  o x i d a t i o n  o f  n e p e t a l i c  a c i d  

( X V I I l )  w a s  c o m p l e t e  i n  1 0  m i n u t e s  a t  2 7 ° ,  w h i l e  5 0 - 6 0  m i n u t e s  w e r e  

r e q u i r e d  a t  0 ° .  A s  t h e  t e m p e r a t u r e  w a s  i n c r e a s e d  t o  5 ^ %  d e g r a d a t i o n  o f  

n e p e t o n i c  a c i d  ( X V I I l )  b e c a m e  p r o n o u n c e d .  T h e  d e g r a d a t i o n  o f  t h e  

n e p e t o n i c  a c i d  ( X V I I l )  f o r m e d  i n  t h e  i n i t i a l  r e a c t i o n  a l s o  i n c r e a s e s  a s  

t h e  c o n c e n t r a t i o n  o f  b a s e  i n  t h e  r e a c t i o n  i s  i n c r e a s e d  f r o m  1 0 $  t o  5 0 $ .
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H y d r o g e n  p e r o x i d e  c o n c e n t r a t i o n  d o e s  n o t  s e e m  t o  b e  a s  c r i t i c a l  i n  t h e s e  

o x i d a t i v e  r e a c t i o n s .  I n c r e a s i n g  t h e  h y d r o g e n  p e r o x i d e  c o n t e n t  f r o m  1 0$> 

t o  3 0 fo p r o d u c e s  l i t t l e  c h a n g e  i n  r e a c t i o n  p r o d u c t s .

T h e  m e c h a n i s m  o f  f o r m a t i o n  o f  n e p e t o l a c t o n e  ( X X I V )  a n d  t h e  

n e p e t a l i n i c  a c i d s  ( X X I - X X I a )  i s  b e s t  e x p l a i n e d  b y  a t t a c k  o f  t h e  h y d r o ­

p e r o x i d e  a n i o n  ( 0 0 H ~ )  a t  t h e  c a r b o n y l  c a r b o n  w i t h  f o r m a t i o n  o f  a  h y d r o x y  

h y d r o p e r o x i d e  ( F i g u r e  2 0 ) .  On t h e  b a s i s  o f  o t h e r  w o r k  i t  i s  p r o b a b l e  

t h a t  t h i s  c o m p o u n d  w o u l d  r e a r r a n g e  t o  e i t h e r  a  c a r b o x y l i c  a c i d  (9 6 ) o r  

t o  a n  e s t e r  (97 )-  T h e  f o r m a t i o n  o f  n e p e t o n i c  a c i d  ( X V I I l )  i s  r a t i o n a l i z e d  

b y  a  d i f f e r e n t  m e c h a n i s m .  E l k i k  ( 9 6 ) a n d  D o e r i n g  ( 9 8 ) h a v e  f o u n d  t h a t  

t h e r e  i s  a  s t r o n g  t e n d e n c y  f o r  t h e  h y d r o p e r o x i d e  a n i o n  a n d  o t h e r  f o r m s  

o f  a c t i v e  o x y g e n  t o  r e a c t  a t  t h e  p o s i t i o n  a  t o  t h e  c a r b o n y l  g r o u p  i n  

s t r o n g  b a s e  ( F i g u r e  2 0 ) .  T h e  p e r o x i d e  f o r m e d  i n  t h e  i n i t i a l  r e a c t i o n  

w o u l d  s u b s e q u e n t l y  r e a r r a n g e  t o  n e p e t o n i c  a c i d  ( X I X ) .

T h e  d e g r a d a t i o n  o f  n e p e t o n i c  a c i d  ( X I X )  w o u l d  b e  e x p e c t e d  t o  p r o c e e d  

b y  t h e  s a m e  m e c h a n i s m  ( F i g u r e  2 1 )  a s  t h e  d e g r a d a t i o n  o f  n e p e t a l i c  a c i d  

( X V I I l )  w i t h  t h e  f o r m a t i o n  o f  t r a n s - c i s  n e p e t i c  a c i d  ( X X I I ) ,  3 _ m e t h y l -  

c y c l o p e n t a n o n e  ( L X I l ) ,  a n d  2 - h y d r o x y - 5 - m e t h y l c y c l o p e n t a n e  c a r b o x y l i c  

a c i d  ( L X I I l ) .  T r e a t m e n t  o f  n e p e t o n i c  a c i d  ( X I X )  w i t h  a n  a l k a l i n e  

h y d r o g e n  p e r o x i d e  s o l u t i o n  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a  n u m b e r  o f  

p r o d u c t s .  T r a n s - c i s  n e p e t i c  a c i d  ( X X I I ) ,  3 “ m e t h y l c y c l 0 P e n t a n o n e ( T X I I ) ,  

a n d  2 - h y d r o x y - 5 - m e t h y l c y c l o p e n t a n e  c a r b o x y l i c  ( L X I I l )  w e r e  i d e n t i f i e d  a s  

d e g r a d a t i o n  p r o d u c t s  b y  GLC a f t e r  t r e a t m e n t  w i t h  d i a z o m e t h a n e .  I d e n t i f i ­

c a t i o n  o f  t h e s e  c o m p o u n d s  i s  b a s e d  o n  c o m p a r i s o n  o f  r e t e n t i o n  t i m e s  a n d  

s a m p l e  m i x i n g  o n  A p e i z o n  L a n d  S E - 3 0  c o l u m n s .  T h e  m e t h y l  e s t e r  o f  L X I I l  

w a s  p r e p a r e d  f r o m  m e t h y l  3 - a c a t ° x y - 5 “ me t h y l c y c l o p e n t a n e  c a r b o x y l a t e  b y
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h y d r o l y s i s  w i t h  1 0 ^  NaOH a n d  e s t e r i f i c a t i o n  w i t h  d i a z o m e t h a n e .

N e p e t o l a c t o n e  ( X X I V )  w a s  s e p a r a t e d  f r o m  t h e  a c i d i c  n e p e t a l i c  a c i d  

( X V I I l )  d e g r a d a t i o n  p r o d u c t s  b y  e x t r a c t i o n  o f  e t h e r  s o l u t i o n s  o f  t h i s  

m i x t u r e  w i t h  s a t u r a t e d  s o d i u m  b i c a r b o n a t e .  B o t h  n e p e t o l a c t o n e  ( X X I V )  

a n d  n e p e t o n i c  a c i d  ( X I X )  w e r e  c o n v e r t e d  t o  n e p e t i c  a c i d  ( X X I l )  i n  a p p r o x i ­

m a t e l y  8 Ofo y i e l d  b y  t r e a t m e n t  w i t h  a l k a l i n e  s o l u t i o n s  o f  s o d i u m  h y p o b r o m i t e .

M e v a l o n i c  a c i d - 2 - 1 4 C ( 0 .1 +  p m o l e ,  s p .  a c t .  3- I k  p c .  / p i n o l e )  w a s  

i n j e c t e d  i n t o  t h e  s t e m s  o f  y o u n g  N e p e t a  c a t a r i a  L .  p l a n t s .  T h e  d i f f e r e n c e  

i n  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  n e p e t a l a c t o n e  ( s p .  a c t .  1+ . 2 5  p p c . / p m o l e )  

i s o l a t e d  f r o m  t h e  p l a n t  a n d  t h e  n e p e t i c  a c i d  ( s p .  a c t .  3 - 2  p p c . / p m o l e )  

i n d i c a t e  t h a t  2 5 o f  t h e  r a d i o a c t i v i t y  o f  t h e  n e p e t a l a c t o n e  w a s  l o c a t e d  

i n  c a r b o n  a t o m s  3  anc  ̂ 8*

SUMMARY

R a d i o a c t i v i t y  f r o m  m e v a l o n i c  a c i d - 2 - 1 4 C i s  i n c o r p o r a t e d  i n t o  

n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  b y  N e p e t a  c a t a r i a  L .  p l a n t s .  T h e  e x t e n t  

o f  i n c o r p o r a t i o n  i n t o  c a r y o p h y l l e n e  i s  g r e a t e r  t h a n  t h a t  o f  n e p e t a l a c t o n e ,  

h o w e v e r  b o t h  w e r e  l o w .  A c h e m i c a l  d e g r a d a t i o n  f o r  n e p e t a l a c t o n e  u s i n g  

a l k a l i n e  h y d r o g e n  p e r o x i d e  a n d  h a l o f o r m  r e a c t i o n s  w a s  d e v e l o p e d  t o  

p e r m i t  t h e  d e t e r m i n a t i o n  o f  t h e  a m o u n t  o f  c a r b o n - l l +  l a b e l i n g  i n  c a r b o n  

a t o m s  3  a n d  8 .  T w e n t y - f i v e  p e r  c e n t  o f  t h e  r a d i o a c t i v i t y  i n  n e p e t a ­

l a c t o n e  w a s  f o u n d  t o  b e  l o c a t e d  i n  c a r b o n  a t o m s  3  an<* 8 .
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TABLE X

INCORPORATION OF RA DIO AC TIVITY FROM MEVALONIC A C I D - 2 - 1 4 C 
INTO  NEPETALACTONE PRODUCED BY NEPETA c a t a r i a  L .  

PLANTS GROWN HYDROPONICALLY

N e p e t a l a c t o n e

P l a n t
R a d i o a c t i v i t y

R e c o v e r e d
R a t i o

R a d i o a c t i v i t y  i n  Y o u n g
P r e c u r s o r P a r t c p m / m g L e a v e s  t o  O l d  L e a v e s

M e v a l o n i c  A c i d - 2 - 14 C 
s p .  a c t .  2 . 0  p c / i i m o l e  
( 1 . 5  p m o l e s  a d m i n i s t e r e d  
b y  i n j e c t i n g  0 , 2 1  p , m o l e s  
p e r  d a y  f o r  7  d a y s )

Y o u n g
L e a v e s

O l d
L e a v e s

2 5 7

4 1

6 . 5 : 1
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F i g u r e  Ik.  Pathway f o r  t h e  b i o s y n t h e s i s  o f  g e r a n y l  p y r o p h o sp h a te
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F i g u r e  1 5 .  P r o p o s e d  s c h e m e  f o r  t h e  b i o g e n e s i s  o f  n e p e t a l a c t o n e
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F i g u r e  1 8 .  I n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  f r o m  m e v a l o n i c  a c i d - 2 - 1 4 C 

i n t o  n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  p r o d u c e d  b y  N e p e t a  c a t a r i a  L .  p l a n t s

O . 3 2  | i c .  o f  m e v a l o n i c  a c i d - 2 - 1 4 C w a s  i n j e c t e d  i n t o  t h e  s t e m  o f  p l a n t s  

w e i g h i n g  1 . 1 - 2 . 6  g m s .  A t  a p p r o p r i a t e  i n t e r v a l s  k  p l a n t s  w e r e  h a r v e s t e d  

a n d  t h e  n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  i s o l a t e d  a n d  t h e i r  r a d i o a c t i v i t y  

m e a s u r e d  b y  TLC a s  d e s c r i b e d  u n d e r  m e t h o d s .
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F i g u r e  I 9 . 1 4 C0 2  r e l e a s e d  b y  y o u n g  N e p e t a  c a t a r i a  p l a n t  a f t e r

a d m i n i s t r a t i o n  o f  m e v a l o n i c  a c i d - 2 - 1 4 C

1 . 9  p c .  o f  m e v a l o n i c  a c i d - 2 - 1 4 C w e r e  a d m i n i s t e r e d  t o  t h e  p l a n t  b y  i n j e c t i o n  

i n t o  t h e  s t e m .  T h e  p l a n t  w a s  m a i n t a i n e d  i n  a  c l o s e d  c h a m b e r .  T h e  CO2  w a s  

c o l l e c t e d  i n  a  NaOH t r a p  a n d  c o u n t e d  u s i n g  a  l i q u i d  s c i n t i l l a t i o n  

s p e c t r o m e t e r .
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F i g u r e  2 0 .  A l k a l i n e  h y d r o g e n  p e r o x i d e  d e g r a d a t i o n  o f  n e p e t a l a c t o n e  ( i )
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F i g u r e  2 1 .  A l k a l i n e  h y d r o g e n  p e r o x i d e  d e g r a d a t i o n  o f  n e p e t o n i c  

a c i d  ( X V I I I )
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CHAPTER VI

SUMMARY

T h e  o c c u r r e n c e  o f  c a r y o p h y l l e n e ,  n e p e t a l a c t o n e ,  a n d  a n  e s t e r  o f  

c i n n a m i c  a c i d  i n  t h e  e s s e n t i a l  o i l  o f  N e p e t a  c a t a r i a  L .  h a s  b e e n  

e s t a b l i s h e d  b y  c o m b i n a t i o n  m a s s  s p e c t r a l - g a s  c h r o m a t o g r a p h i c  a n a l y s i s .

A  t a b u l a t i o n  o f  t h e  i m p o r t a n t  s p e c t r a l  i o n s  a n d  t h e i r  p a r t i a l  i n t e r p r e ­

t a t i o n  h a s  b e e n  p r e s e n t e d  f o r  t h e s e  c o m p o u n d s .  T h e  p r e s e n c e  o f  a  f a m i l y  

o f  m o n o t e r p e n e  t r i e n e s  i n  t h e  p r e p a r a t i v e  GLC e l u a n t  h a s  b e e n  e s t a b l i s h e d  

o n  t h e  b a s i s  o f  t h e i r  m a s s  s p e c t r u m .

A  r a p i d ,  s i m p l e  m e t h o d  h a s  b e e n  d e s c r i b e d  f o r  d e t e r m i n a t i o n  o f  

n e p e t a l a c t o n e  a n d  e p i n e p e t a l a c t o n e  b y  g a s  c h r o m a t o g r a p h y .  T h i s  m e t h o d  

w a s  u s e d  t o  o b t a i n  i n f o r m a t i o n  s h o w i n g  t h a t  n e i t h e r  s t e a m  d i s t i l l a t i o n  

n o r  t r e a t m e n t  o f  t h e s e  c o m p o u n d s  w i t h  s t r o n g  b a s e  w i l l  r e s u l t  i n  t h e i r  

i n t e r c o n v e r s i o n  d u r i n g  i s o l a t i o n .  N e p e t a  c a t a r i a  L .  w a s  f o u n d  t o  p r o d u c e  

o v e r  9 9 $  n e p e t a l a c t o n e  w h i l e  t h e  v a r i o u s  s p e c i e s  o f  N e p e t a  p r o d u c e  

w i d e l y  v a r y i n g  a m o u n t s  o f  n e p e t a l a c t o n e  a n d  e p i n e p e t a l a c t o n e .

R a d i o a c t i v i t y  f r o m  m e v a l o n i c  a c i d - 2 - 1 4 C w a s  i n c o r p o r a t e d  i n t o  

n e p e t a l a c t o n e  a n d  c a r y o p h y l l e n e  b y  N e p e t a  c a t a r i a  L. p l a n t s .  T h e  

i n c o r p o r a t i o n  i n t o  c a r y o p h y l l e n e  w a s  f o u n d  t o  b e  a  d i r e c t  f u n c t i o n  o f  

t i m e  u p  t o  5 0  h o u r s ,  w h e r e a s  i n c o r p o r a t i o n  i n t o  n e p e t a l a c t o n e  o c c u r r e d  

i n  t w o  s t a g e s .  I t  i s  c o n c l u d e d  t h a t  r o o t s  a r e  n o t  r e q u i r e d  f o r  t h e  

b i o s y n t h e s i s  o f  t h e s e  t e r p e n o i d  c o m p o u n d s .  A c h e m i c a l  d e g r a d a t i o n  f o r
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n e p e t a l a c t o n e  u s i n g  a l k a l i n e  h y d r o g e n  p e r o x i d e  a n d  h a l o f o r m  r e a c t i o n s  w a s  

d e v e l o p e d  t o  p e r m i t  t h e  d e t e r m i n a t i o n  o f  c a r b o n - 1 4  l a b e l i n g  i n  c a r b o n  

a t o m s  3  a n d  8 . T w e n t y - f i v e  p e r  c e n t  o f  t h e  r a d i o a c t i v i t y  i n  n e p e t a l a c ­

t o n e  w a s  f o u n d  t o  b e  l o c a t e d  i n  c a r b o n  a t o m s  3  a n c* 8 *
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