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13c NMR CHEMICAL SHIFT ASSIGNMENTS FOR GAMMACERANE (TETRAHYMANE) 

by 

D. A. Netzell and D; E. L inn2 

ABSTRACT 

The carbon-13 NMR chemical s h i f t  values were ob ta ined and assigned f o r  
each carbon atom o f  t h e  p e n t a c y c l i c  t r i t e r p a n e  gammacerane. Th i r t een  reso- 
nances o f  nea r l y  u n i t  i n t e n s i t y  and one resonance o f  approximately two 
i n t e n s i t y  u n i t s  were observed which supports t he  proposed C symmetry. The 
assignments were made by comparison w i t h  s i m i l a r  molecules %nd off-resonance 
decoupling. Re la t i ve  t o  podocarpane C-7 and C-9 resonances o f  gammacerane 
were found t o  be s h i f t e d  u p f i e l d  i ns tead  o f  t he  expected downf ie ld  s h i f t .  
These s h i f t s  a re  a t t r i b u t e d  t o  s u b t l e  conformat ional  e f f e c t s  and. an accentu- 
a ted  y - e f f e c t  due t o  t h e  r i g i d i t y  o f  t he  carbon skeleton.  . , 

. . 

INTRODUCTION 

S t r u c t u r a l  e l u c i d a t i o n  o f  complex p o l y c y c l i c  n a t u r a l  products,  espec- 
i a l l y  a l k a l o i d s  and s te ro ids ,  has been s tud ied  ex tens i ve l y  by mass spec- 
t rometry.  An equa l l y  powerfu l  technique f o r  s t r u c t u r e  e l u c i d a t i o n  o f  nat-  

u r a l  products i s  13c NMR spectroscopy(1-5)3. - - However, 1 i t t l e  work has been 
done t o  date on the  p e n t a c y c l i c  hydrocarbons p o s s i b l e  because o f  l i m i t e d  
amounts o f  ma te r i a l  and l i m i t e d  s o l u b i l i t y  i n  s u i t a b l e  NMR solvents.  
Cummins and Robinson(6) have i s o l a t e d  a  smal l  amount o f  pen tacyc l i c  tri- 
terpane from Green R ive r  o i l  shale bitumen which was i d e n t i f i e d  by H i l l s  and 
Whitehead(7) - as gammacerane (C30H52). 

Gammacerane i s  a  " b i o l o g i c a l  marker1'(8), found i n  o i l  shale. I t s  pres- 
ence, t he re fo re ,  supports t h e  conc lus ion  t K a t  t he  organ ic  ma te r i a l  i n  sedi -  
mentary depos i ts ,  such as shales, i s  o f  b i o l o g i c a l  o r i g i n .  Because gamma- 
cerane i s  a  methyl s u b s t i t u t e d  pen tacyc l i c  sa tura ted  hydrocarbon, i t s  chem- 

i c a l  s h i f t  assignments can be used t o  cha rac te r i ze  13c spect ra  o f  o the r  
s i m i l a r  na tu ra l  products. The gammacerane s t r u c t u r e  i s  shown i n  Fig. 1. 
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EXPERIMENTAL 

Proton decoupled carbon-13 spectra were obta ined us ing  a Varian(9) 
CFT-20. CDC13 con ta in ing  I% TMS was used f o r  t he  deuter ium l o c k  and as the  

so l ven t  f o r  gammacerane. The concent ra t ion  was s l i g h t l y  below t h e  sa tur -  
a t i o n  l i m i t  a t  room temperature. Chemical s h i f t s  were referenced t o  i n t e r -  
na l  TMS and were reproduc ib le  t o  +O. 03 ppm. The off-resonance decoupl ing 
technique was used t o  i d e n t i f y  t h e  methyl,  methylene, methine and quaternary 
carbons. L im i ted  s o l u b i l i t y  o f  t he  ma te r ia l  i n  CDC13 precluded us ing  re laxa-  

I t i o n  techniques f o r  a d d i t i o n a l  con f i rma t ion  o f  assignments. 

I RESULTS AND DISCUSSION 

The 13c NMR spectrum o f  gammacerane shows t h i r t e e n  resonances o f  nea r l y  
u n i t  i n t e n s i t y  and one o f  double i n t e n s i t y .  The low number o f  resonances 
con f i rm  t h a t  gammacerane has the  proposed(7) - C2 symmetry. The carbon-13 

chemical s h i f t  values and carbon assignments are  l i s t e d  i n  Table I. The 
chemical s h i f t  assignments were based on comparison w i t h  chemical s h i f t s  
recorded f o r  podocarpane(l0) (Fig. 2), d e c a l i n  and s u b s t i t u t e d  methyl-  
decal i n s ( l 1 , l Z )  (Fig. 3a,b,c), and several pentacycl  i c  t r i  terpenoids( l3-15)  

(F ig.  4a,b,c). The 13c s h i f t s  f o r  podocarpane are  a l s o  l i s t e d  i n  Table 1. 

The resonance assignments f o r  t he  r i n g  carbons, C - 1  through C-5, o f  
gammacerane should be r e l a t e d  t o  the  resonance assignments o f  analogous 
carbon atoms o f  podocarpane, s ince  1 i t t l e  p e r t u r b a t i o n  o f  these s h i f t s  i s  
expected when a d d i t i o n a l  r i n g s  are  added o r  when a CH3 group i s  s u b s t i t u t e d  

. i 
a t  C-8. Chemical s h i f t  d i f f e rences  f o r  C-2, C-3 and C-4 g iven i n  Table I 
a r e  indeed smal l .  A smal l  b u t  s i g n i f i c a n t  l ong  range 6-desh ie ld ing  e f f e c t  
f rom C-26 i s  observed f o r  C - 1  and C-5. 

The methyl s u b s t i t u t i o n  a t  C-8 i n  gammacerane should produce an u p f i e l d  
s h i f t  a t  C-6 and C - 1 1  due e i t h e r  t o  s t e r i c  p o l a r i z a t i o n  (non-bonding hydro- 
gen-hydrogen i n t e r a c t i o n  o f  t h e  a x i a l  methyl,  'C-26, hydrogens w i t h  the  a x i a l  
hydrogens a t  C-6 and C - 1 1 )  o r  more genera l l y  an undef ined y-gauche i n t e r -  
ac t i on .  The y - e f f e c t  on the  r i n g  carbons o f  t rans -deca l i n  a r i s i n g  from 
methyl s u b s t i t u t i o n  (see F ig .  3a,b,c) range, from -3.5 t o  -5.3 ppm. Thus, 
t h e  p red i c ted  chemical s h i f t s  f o r  C-6 and C - 1 1  should be approximately 17 
and 20 ppm, respec t i ve l y .  

The methylene carbons, C-6, as w e l l  as C-2, a re  assigned t o  the  reso- 
nance o f  double i n t e n s i t y  observed a t  18.74 ppm. Th is  assignment i s  con- 
s is tance w i t h  the  resonance assignment f o r  G-6 i n  f3-amyrin(l3), 3p-acetoxy- 
olean-12-en-29-oic a c i d  'methyl e s t e r ( l 4 )  and methyl m o r o n a t x l 5 )  (F ig.  
4a,b,c). The observed s h i f t  value o f 2 1 . 1 8  ppm was assigned the  methy- 
lene carbon, C - 1 1 .  Off-resonance decoupl ing i n d i c a t e d  t h a t  t he  m u l t i p l i c i t y  
o f  t he  chemical s h i f t  va lue a t  21.61 ppm was due t o  a methyl (C-29) and n o t  
a methylene carbon. 



The off-resonance spectrum obta ined f o r  gammacerane a l though d i f f i c u l t  
t o  i n t e r p r e t  because o f  small d i f f e r e n c e  between s igna ls  i n d i c a t e d  t h a t  t h e  
resonances a t  33.08, 33.28 and 33.39 pprn are  due t o  a methylene, quaternary 
and methyl carbon, respec t i ve l y .  Thus the  C-7 was assigned the  chemical 
s h i f t  value o f  33.08 ppm. The assignment i s  i n  good agreement w i t h  the  
values assigned t o  C-7 i n  $-amyrin .and .3-acetoxy-olean-12-en-29-oic a c i d  
methyl e s t e r  .(Fig. 4a,b). . This,. assignment, however, r e s u l t s  i n  an u p f i e l d  
s h i f t  o f  t he  C-7 r e l a t i v e  to.podocarpane when a methyl carbon (C-26) i s  
s u b s t i t u t e d  at.C-8, A desh ie ld ing  $ - e f f e c t  would normal ly  be expected from 
C--26. Apparent ly e i t h e r . t h e  y-gauche i n t e r a c t i o n s  o f  t he  methylene C-15 and 
methyl C-27 domi'nate t o  produce' an up f  i e l  d. s h i f t  o f  2.82 pprn o r  o ther  s u b t l e  
conformational ef fects due t o  r i .g ' id i . ty  o f  t he  carbon skeleton are  operat ing.  

. The chemical s h i f t  v a l u e ' o f  41.97 pprn was assigned t o ' c - 8 ,  based upon 

. . 
t he  smal ler  s igna l  . i n t e n s i t y  - r e l a t i v e  t o  t h e  i n t e n s i t y  o f  the  s igna l  a t  

. "42.19. pprn. Agairi, because' o f  t h e ,  small d i f f e rences  i n  s h i f t s ,  d i f f i c u l t i e s  
were encountered i n  t he 'abso lu te  assignment by the  off-resonance decoupl ing 
technique. 

The downf ie ld  s h i f t  o f  5.17 pprn f o r  C-8 i s  t he  r e s u l t  o f  t he  a-subs t i -  
t u e n t  e f f e c t  due t o  methyl s u b s t i t u t i o n  (C-26) a t  t h i s  p o s i t i o n ,  the  $- 
e f f e c t  o f  t he  methylen.e.carbon o f  r i n g  D (C-15) and the  $ - e f f e c t  o f  t he  
methyl carbon, C-27. 

Ring j u n c t i o n  carbons C-9 and C-10 were assigned the  values l i s t e d  i n  
Table I by analogy t o  s i m i l a r  carbons i n  3$-acetoxy-olean-12-en-29-oic a c i d  . 

methyl es te r ,  $-amyrin and methyl moronate. Re la t i ve  t o  podocarpane the  
. - chemical s h i f t  f o r  C-10 changed very l i t t l e  w i t h  a d d i t i o n  o f  C-26 a t  C-8 and 

r i n g s  .D and E as would be expected. However, C-9 i s  sh ie lded by 5.95 ppm. 
T h i s  c a r b 0 ' n . i ~  a f f e c t e d  by a $ - e f f e c t  from C-26 which should produce a down- 
. f i e l d  s h i f t ,  a s h i e l d i n g  y-gauche e f f e c t  from C-27 and a small p o s i t i v e  o r  

, ' n e g a t i v e  y - a n t i - e f f e c t  from the  methylene carbon C-,l5. For a s i m i l a r  s t ruc -  
. . t u r e  such as the  c i s  o r  t rans  1,3-dimethylcyclohexane(l6), however, t he  

change i n  the  chemical s h i f t  f o r  C-2 i s  desh ie ld ing  (+8.2 and +5.2 ppm, 
respec t i ve l y ,  r e l a t i v e  t o  methylcycloheyane).,.., 

Thus, t he  s h i e l d i n g  e f f e c t  observed f o r  t he  syn-axia l  methyl C-25 and 
C-26 on C-9 cou ld  be r e l a t e d  t o  s u b t l e  conformat ional  e f f e c t s  due t o  the  
r i g i d i t y  o f  t he  carbon ske l ton  which r e s u l t s  from the  a d d i t i o n  o f  r i n g s  D 
and E. I t  i s  genera l l y  be l i eved  t h a t  t h e  six-member r i n g s  i n  t he  gamma- 
cerane molecule are  i n  an a l l - t r a n s  c h a i r  conformat ion (see Fig.  1). The C2 
symmetry can s t i l l  be preserved i f  r i n g ,  C,  e x i s t  i n  a t w i s t - b o a t  confor-  
mation i ns tead  o f  t he  c h a i r  conformation as i n  podocarpane (see Fig.  5). 
This  conformation cou ld  impose an angular s t ress  on C-9 which would be 
s u f f i c i e n t  t o  cause the  observed u p f i e l d  s h i f t  r e l a t i v e  t o  podocarpane. 

, The methyl carbons C-23 and C-24 were assigned 33.39 and 21.61 ppm 
respec t i ve l y ,  s ince these s h i f t s  correspond t o  the  methyl s h i f t s  observed i n  
pnflricarpano. Per tu rbat ions  on the  ulrser*ved chemleai s h i f t  due t o  C-26 and 
r i n g s  D and E were assumed t o  be smal l .  S i m i l a r l y ,  t he  carbon resonances 
f o r  t he  methyls,  C-25 and C-26, were assigned the  values l i s t e d  i n  Table I 
by analogy t o  s i m i l a r  carbons i n  3$-acetoxy-olean-12-en-29-oic a c i d  methyl 
es te r ,  $-amyrin and methyl moronate. The methyl carbon, C-25, i s  deshielded 
r e l a t i v e  t o  podocarpane w i t h  the  s u b s t i t u t i o n  o f  C-26 a t  C-8. Th is  down- 



f i e l d  s h i f t  i s  a t t r i b u t e d  t o  t h e  well-known 6-syn-axi.al e f f e c t s  o f  t he  two 
methyl groups. 
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TABLE 1. CARBON-13 C H E M I C A L  SHIFTS FOR GAMMACERANE AND P O ~ C ~ R P A . N E  ( 1  - 0) 
, . 

Carbon Number Gammacerane Podocarpane Difference 







I '  ' ' 

I . .  
rt a 34174 34.74 








