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T h e  substances formed by ‘chromic acid oxidation of methy l  pimar-8(9)-en-18-oates and isopimar-8(9)-en-18- 
oates have been ident i f ied as 8,g-epoxy 7-ketones. Long-range shielding effects in 8,g-epoxides of  abietanes, 
pimaranes, and isopimaranes are discussed. 

In the course of work on the synthesis of (-)-hibaene, it 
was noted2 thlat chromium trioxide-glacial acetic acid oxi- 
dation of the pimaric acid derivatives la and lb  did not 
yield the hoped-for a,p-unsaturated ketones 2a and 2b, 
but gave products which contained an extra oxygen atom 
and did not exhibit unsaturation. These were tentatively 
formulated as the diketones 4, possibly as the result of re- 
troaldol reaction of 3 formed from 2, or as 5 .  We now re- 
port that  these oxidation products actually possess the 
epoxy ketone structures 6a and 6b. 

In connection with other studies, we undertook the 
chromic acid oxidation of methyl isopimar-8(9)-en-18- 
oate (7a). Three of the products were assigned structures 
8, 9, and 10 on the basis of their spectroscopic properties 
(see Experimental Section) and corresponded to a similar 
set of ketones obtained by tert-butyl chromate oxidation 
of the abietane analog 7bS3 A fourth substance X seemed 
abnormal and bore a close resemblance to the “diketones” 
from la and lb. However, further treatment of 10 and a 
still extant small sample of 2b with acid under conditions 
approximating the reaction conditions under which the 
presumed diketones were formed resulted in recovery of 
starting material. Hence the theory of a retroaldol cleav- 
age leading t o  4 and 11 was abandoned. Since attempts to 
induce substance X and the “diketone” from la to under- 
go an aldol condensation were also fruitless, formulas 5 
and 12 seemeld similarly doubtful. 

To resolve the doubt, synthesis of authentic 5a, 12a, 
and the corresponding compound 12b of the abietane se- 

ries was undertaken. Osmylation of la, 7a, and 7b afford- 
ed in each case only one ditertiary glycol 13 in high yield, 
presumably the result of preferred a - a t t a ~ k . ~  Subsequent 
cleavage of the diols with lead tetraacetate or periodic 
acid produced the three authentic diketones sa, 12a, and 
12b, two of which, 5a and 12a, were markedly different 
from the substances obtained by chromic acid oxidation of 
la and 7a. 

la, R-H &R=H 3a, R = H 
b, R = O A c  b, R = OAc b, R = OAc 

4a, R = H  5, R = H 6a, R, = Et; R, = Me 
b, R, = CH2CHiOAc; 

c, R, = Me; R2 = Et 
d, R, = i-Pr; RL = H 

b, R = OAc b, R = OAc 
R? = M e  
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(81 For d i i a l l r  C O n f C m i n g  method$. $10 f o o t n o t e  32 o f  R e f .  3 ,  

D i h y d r o p i n o r i c  a c i d  was % s o l a f e d  from S t a y b e l i f e  resin 
k i n d l y  s u p p l i e d  by MI. T. F .  Sanderrion, HerCuIe9 Pnwder Co., and 

ConvOited t o  1 a by t h e  method of Edwards and H o d  f o l l o w e d  

(91 0. E.  B d r a i d r  m d  R. HOW. Can. a .  C h m . .  3 7 ,  760 ( 1 9 5 9 1 .  

Methyl 80.  9 o . D i n i d i i i y ~ ~ o ~ ~ ~ ~ T . n - 1 8 . o l . e  (2 b l . ~ ~ o s n y l ~ t i m  

o f  0 . 9 8  g o f  1 a w i t h  0 . 7 s  Os04 i n  t h o  m n n e ~  d e s c r i b e d  in t h e  

prsviour paTag7aph and e h m m l 0 g r a p h y  o f  fha c r u d e  p r o d u c t  ever 

a l u m i n a  gave 0 . 1 0  g of s t a r l i n g  nlferial and 0 . 8 1 ~  o f  d i a l  3 b. 
R ~ ~ i y ~ t a l l i i s t i o n  from n a r h r n a l  a f f o r d e d  ~ r y i f a l i ,  mp 139.5.111': 

illa (c 1 . 3 6 ,  CHCL3); i r  3476 I s h a r p .  e v i d e n c e  Of in f ra -  

m 0 1 c c u 1 ~ 1  hydrogen bonding) and 1700 <..'; nmr s igna l  a t  0.83 

I C - 1 3  m e t h y l ) .  1.20 I C - L o  m e t h y l ) ,  1.21 l c .4  m e i h y l l  and 3.65 ppm 

( a e f h a x y l l .  

a. C9Icd. f o r  C z 1  HS6 0 4 :  

Found: C, 7 1 . 6 2 ;  H. 10.11; 0 ,  1 8 . 5 6 ,  

C,  7 1 . 5 5 ;  li. 10.30; 0. 111.15. 

Methyl 8.. 9 ~ ~ 3 i h ~ d r a x v a b i l i s n - 1 8 ~ ~ ~ ~ ~  (11 ~ I . - . O m y l s t m n  = 
o f  1.368 

c h r m a r o g r a p h y  of t h e  c r u d s  p r o d u c t  - V e l  Ploris i l  gave 0.85lg o f  

a mixture o f  s t a r t i n g  material, methyl d s h y d r o a b i s t s t a  and n s t h y l  

t e t r a h y d i m b i e t B I e  (by d i s p m p o i t l m a t i o n  o f  d r h y d r a f i m  p r o d u c t 7 1 .  

Subsequant f r a c t i o n s  ( h e x a n e - e t h e r  4 : I l  y i e l d e d  0.788 o f  s l i g h t l y  

impure d i a l .  

Of n O n . C l y l t l l l l i n L  ?1 5 ,  ir bands I(. 3510,  1735 and 1720 5m.I 

(bonded and non.bondsd c a r b o n y l s l .  n m  signals a t  0.11s d  (2 - 
6H2,  ISopiopYll, 1.12 I C - 1 0  m a t h y l l ,  1 . 1 7  (C-4 m e t h y l )  m d  3 .63  

ppm (mFthoxyi1.  

o f  1 b  w i t h  l K  o f  0104 in t h e  usual m m n e ~  and 

Rechiomatsgraphy ovsr r i l i g s  g t l  f u r n l t h c d  0.693g 

- 

&&, Clllcd. f o r  CZI 0 4 :  mol. ~ t .  352.2611. Found (MS]: 

! lcrvaW o f  t h e  Dioi3..A)--T~ 

312.2623. 

s o l u t i o n  o f  0.5Og o f  1J B in 

o f  Pb(OAc14 l i u r r i a d  i n  11 m i  
- 

7  n l  o f  d r y  benzene vs i  added 0 . 7 0 8  

of d r y  b e n i e n c  w i t h  stirring'. S t l r r i n g  was c o n t i n u e d  o v e r n i g h t .  

The mixture XBI warhad w i t h  P s a f U r & t F d  s01ulion Of XaHCO,, and 

rltsl .  The d r i e d  banime ~ o l u t i o n  WPI w.pOratCd: t h e  i L s i d u i  

(VI. 0,5611 s o l i d i f i e d  on trituration w i t h  m a l h e n a l .  ~ e c r y r t a l l i -  

istion from methsnol f u r n i a h a d  p a ,  mp 124.125* ,  [aiD ( c  2.88, 

CHCl31 i i r  b m d s  st I724 m d  1700 w.'; n m  signals a t  1.00 

(C-13 n o t h y l l ,  1 . 2 2  end 1.23 1 0 4  and C-10 m t l h y l i )  and 1.80 ppm 

( m ~ l h o r y l ) .  

- Anal.  Ca1cd. f o r  C Z 1  HJ4 04: C .  7 1 . 9 6 ;  H. 9 . 7 8 ;  0. 1 8 . 7 8 .  

Found: C. 7 2 . 2 1 ;  H. 9.82; 0. 18.32. 

81 To 0 . 2 2 O g  o f  d i a l  E b i n  e t h e r  wad added 11.8 n l  o f  - 
1 I a f d .  Solution o f  p e r i o d i c  a c i d  1 0 . 2 4 8 g l .  The m i ~ l l t i e  YLI 

s t i r r e d  f o r  2 h i ,  and 2 d r o p s  o f  glyscro1 was added to decompose 

115031 F e a g e n l r .  The $ s l u t i o n  was washed. d r i e d  and e v a p o i a t a d j  

t h e  r a r i d u e .  Y t .  O . l S P ,  

t o  g i v e  I a .  mp 83 .5 .114 .5 ' :  i r  bands a t  1724 and 1697 m.', "mi 

signals a t  0.82 and 1 . 0 0  6 - 1 0  and C - 1 3  m r h y l r l .  1 . 2 0  (c-4 m f h y l )  

and 3 . 7 2  ppn l m a t h o x y l ) .  

Y.3 taken up in n e t h a n o 1  and r e c r y s t a l l i z e d  

"I. C a l c d ,  f o r  CZ1 HJ4 0,: 

c )  96% o f  p c"%eared r i c h  0.888 v f  Fb(OAc14 i n  r h s  

Evrporarion o f  t h e  ~ O I V L I I I  f u r n i s h e d  

C, 7 1 . 9 6 ;  H, 9 . 7 8 ,  0, 18.26. 

P o n d :  C, 7 2 . 3 0 ;  H .  8.114; 0,  18.12. 

nmnw d e r c i i b r r d  f o r  as. 
0 . S n g  of s o l i d  b  which was m c r y r t a l l i r e d  from methanol s n d  

had mp 97.5.98.8*. [ ~ I D  *17* ( c  2 . 6 6 ,  CHCl3]. i r  bands a t  1727, 

16911, 1690, m-'; n m  signals at 0 . 8 8 d  (j - 6 H 2  I s o p r o p y l l ,  1.15 

(C-10 m e t h y l ) ,  1.23 I C - 4  methyl1 and 370 ppm ( n o t h o l y l l .  

&. C a l c d .  f a r  CZ1 HS4 04:' C. 71.99: H .  9 . 7 8 ;  0. & 2 6 .  

Found: C, 71.77; H, 9 . 9 4 ;  0. 18.30. 

Treatment o f  2 b  w i t h  m e t h a n o l h c  KOH gave 8 gum XhoIIe 

i n f r a r e d  s p ~ c t i u m  i n d i c a t o d  t h e  p r I I e P C c  o f  0 ,  S.Unsatur.led 

k e t o n e s ,  p ~ ~ s m a b l y  and I ~ o r n c r I . ~ ~  The farnution o f  s u c h  

JN-33 

h.1. C a l c d .  f o r  CZ1 H14 Os:  

Found: C. 75.511; H, 10.28; 0,  1 4 . 2 8 .  

C, 7 5 . 4 1 ;  H ,  1 0 . 2 5 ;  0, 11.35. 

Tho more polar  Component E e was r ~ c r y r t s l l i z c d  from - 
m e t h s n o i .  Y i e l d  1 . 8 3  8, n p  8 6 . 8 7 ' ;  ["ID 0. I C  2.04, C H C 1 3 1 ,  i r  

bandl a t  1717 crn-l, n m  3 i g n a 1 6  in T a b l o  I .  

E. C a l c d .  f o r  CZ1 HJ4 03: C ,  7 5 . 4 1 :  H, 1 0 . 2 8 ;  0 ,  1 4 . 3 8 .  

Found: C .  78.23; H, 1 0 . 1 6 ,  0.'14.20. 

I 9 - A c o t ~ x Y ~ S ~ .  901- Oxido- and 19-ACetoXY-8S, 9 B - o x i d o r s o .  

g - 9 . . - T e  s slurry o f  2 g o f  LiAlH4 i n  450 ml 

o f  d r y  7°F vas added droprive 

11 8 o f  s in 80 mI o f  THF. A f t e r  I8 h r ,  t h e  nixfure vas 

d e c m p o l i d  w i t h  20 n l  o f  1 X NaOH, f i l t e r e d  and t h e  picsipitatr 

.XtraCTId twice w i t h  h o t  THF. 

"ere e v a p o r a t e d .  y l e l d  o f  r r u d c  1 9 . h y d r 0 x y - i i ~ p i n . r - 8 ( 9 l - ~ n a  IIp a1 

51 10.8 g. A  small f r a c t i o n  Mal chromatographad DVFI F l o r i r i l  b u t  

t h e  p r o d u c t  c o u l d  not be Induced t o  c r y r f a l l i i e .  

n t  3335 m d  1680 m", niar 9 i g n a l l  a t  0.81 I6H. C.10 and C-13 

n r t h y l r l .  1 . 0 0  ( c - 4  n e f h y l l  and 1:31 ppm (ZH, c c n l o i  o f  AB qua i te t  

o f  H-191, 

(us): 2 ~ 0 . ~ 6 1 7 .  

w i t h  itirring a ro lu t lon  o f  

The c m b i n a d  f l i t r i t e  and u n s h i n g s  

- 
I f  had i i  bands 

- Anal. C I I c d .  f o r  Cz0 H34 0 mol. v t .  290.2610.  Found: 

A S L I y l a T i m  Of 10 8 o f  t h e  p i e c e d i n g  a l c o h o l  w i t h  L S B I ~ C  

a n h y d r i d a . p y r i d i n r  in  i h s  urunl  f a i r h i m  gave gummy 19.acetoxy. 

is0pimar-8191-mc (2 bl which c o u l d  not b i  i n d u c e d  Eo F r y s t a l l i r e  

o w n  a f t e r  chromatography over e l m i n n .  I r  bands st 1742 crn.', 

nnr r i g n a l r  a t  0.82, 0 . 8 1  m d  1 . 0 1  ( C - 1 3 ,  C.10 and C-4 m e t h y l r ) .  

2.06 ( a c e t a t e 1  and 3 . 8 2  ppm IZH, centai o f  AB quairfet,  H - 1 9 1 ,  

E. C a l c d .  f o r  C Z 2  H j 6  0 2 :  Mol. v t . ,  3 3 2 . 2 7 1 5 .  Found: 

051: 332.2711. 

I111 A. Tshara and T. Ohraws, T e r i a h e d r o n  Lsiteri, 2469 ( 1 9 6 9 ) ;  

Chem. Pharn.  Bull., 21 - 483 ( I l 7 5 1 .  

p r o d u c t 9  a.Ccou0I1 f o r  Th8 f a i l u r e  o f  I Y ~ S  d e s i g n e d  xo p r o d u c e  i a ,  

1 2  II and 1 b  by ono-rtsp 1 ~ a c t i m 6  (Oa04~HI04, R u 0 4 ~ H 1 0 4 .  Ru041 

from b  and Bn 0CCail0ne1 f a i l u r e  w i t h  t he  perioZic 

r e a g e n t ,  since The i n f r a r e d  9pecI1a a f  t h e  mixtuiei o b t a i n e d  from 

s u c h  T ~ I  i n d i c a t e d  t h a t  a l d o l  rescrionr h a d  taken p l s c e .  

= -  
a ,  2 a and 

Mathy1 9 . - H y d r o x y i ~ p i m a r a - i - e n - 1 8 - o a r e  21 l p i - - T o  l . 3 8  o f  

6 L I" 10 ml o f  nncthanol has added s rolviian o f  3 ml of 8 5 %  

h y d r n i i n c  h y d r a t e  in 1 2  m l  o f  methanol f o l l o w e d  by 1 m l  o f  ace t i c  

a c i d  i n  9 m l  m e t h a n o l .  The m I x l i Y ~ e  vas h e a t e d  BI r e f l u x  f o r  0 . 3  

h i  ( n i t r o g e n  atmosphere1 until n i t r o g e n  evolution had c e a s e d .  

e v a p o r a t e d  and d i l u t e d  h ' i t h  e t h e r .  The waihod and d r i a d  e t h e r  

l ayer  YSJ w B p w a t e d  and t h e  r e s i d u e  Chromatographed O V ~ T  l40g 

of Ploriiil. The s l l y l i c  a l c o h o l  L k c a u l d  not be i n d u c e d  to 

ciyslalliie, y i e l d  0.786g. 

nmr signa13 e? 0 . 7 1 ,  1 .00,  1 . 2 8  1 C-13. C.10 and 

G4 n e f h y l s l ,  3 . 5 8  [methoxyll  a n d ' 5 . 3  c lH.71.  

- 
i r  bands a i  1 L 6 0 ,  1 7 2 4  and 1682 cm-', 

e, C a i c d .  f a r  CZ1 HS4 Us '  m o l .  w e . .  3 3 4 . 2 8 0 8 .  Found 

I M S I :  3 1 4 . 2 5 l b .  

[IJ b l .  . . A I  A 301". - 
lion o f  0 . l 5 g  a f  Eain 13 ml o f  a c e t i c  a c i d  * a s  s u b j e c t e d  t o  

~ 0 1 v c n I  e v a p o r a t i o n  in B rotary C V B ~ D T B ~ D I  a t  about 60'. The 

proceri Y S ~  r e p e a t e d  w i t h  a n o t h e r  1 5  m l  porfiar o f  nceric a c i d :  

t h e  r o i i d u e ,  e r r e n t l a l l y  pule 2 - b ,  "hi p w l f l c d  by p r e p a r a t l v i  

tic. I t  c o u l d  not be i n d u c e d  t o  c r y s f a l l i r e ,  i r  bands st 1 1 2 9  

5 JCC-33-9 

E p o i i d a t i o n  o f  8.0 g o f  t h e  f o r e g o i n g  ~ i f e i  h i t h  8.3 g o f  

m - s h i o r o p e r b s n r r r i c  a s i d  f o r  110 ni in and Work-up in t he  manner 

d e i c i i b e d  f o r  g 0 and '9 a gave B gum which was c h r o n a i o g r a p h e d  

w s r  F l o r i r i l .  

nor c r y r i s l l i r a ,  I? bands s t  17 '0  C m - ' ,  nmr signals in T a b l e  1 .  

- 
E l u t i o n  v i t h  hexane gave 0 . 3 2  g of  19 c which d i d  - 

m, C a l c d .  f o 7  CZ2 H S 6  Os: Mol. u t .  348.2664, Found: 

I M S I :  3 4 8 . 2 6 6 i .  

Elution w i t h  e t h e r - h e x a n e  11:91 p a w  6 . 2 8  g o f  g c which - 
d i d  " 0 %  c r y l t ~ l l i l e ,  i r  band a t  1 7 4 2  &'; nm? signals in T a b l e  

1 .  

C a l c d .  f a r  C Z 2  HJ6 O s :  C, 7 5 . 8 2 ;  H. 10.41; 0 ,  1 3 . 7 7 .  

Found: C. 7 1 . 9 9 :  H ,  1 0 . 4 6 ;  0, 1 3 . 8 8 ,  

Deuteration nf 6 c . - - A  r a l u f i a n  o f  0.30 I o f  6 c In  2 . 5  ml 

o f  C H 3 0 D  and 10 d r o p s  o f  a NaOD solution, p r e p a r e d  from 4 g o f  

NL and 10 m 1  of  DiO. vas r e f l u x e d  w e r n r g h t  a t  which t ime 0.6 m i  

o f  I 3 8 I  r o l u f i m  o f  DC1 i n  D20 "a's nddod. 

e x t r a c t e d  w i t h  e t h e r ;  t h e  d r i s d  c f h a r  s x t i a c t  was mixad w i t h  axc.18 

d i a m n e f h m r  1a"dry' '  run w i t h  u n d e u t e r a t s d  reagent i n d i c a t e d  t h a t  

part ia l  h y d r o l y s i s  o f  IhB carboxyl f u n c i r o n r  had taken p l s c c l s n d  

n l l o x c d  t o  s t a n d .  The r o l v e n t  bas rimoved and t h e  r e s i d u e  "81 

t r i t u r a t e d  logivc ~ r y ~ t a l l i n e  

m l O P i I i 1 .  The nmF r p s c t r u n  g i v e n i n  T a b l e  I  i n t e g r a t e d  f a r  t w o  

lel is  piaton?i t h a n  ; C. 

The r n l x t i i i ~  was 

6 c . d 2 .  r d e n t i c a l  w i t h  I t G T l l n g  
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Table I 
Nmr Spectra  of 8,9-Epoxides 

Isopropyl (J) Compd H-5 (J, Hz) C-4 Me C-10 Me OMe (2-13 Me 

6a 
6 b  
6c 
6042 

15 
18a 
18b 
1sc 
19a 
19b 
19c 

2.90 (10.9, 8.1) 
2.83 (11.3, 3.6) 
2.84 (10.3, 7.5) 
2.82 
2.84 (10.5, 8 .O) 
2.48 (12.2, 3.6) 
2.42 (12.2, 3.2) 
Not observed 
Not observed 
Not observed 
Not observed 

1.20 
1.21 
1.18 
1.18 
1.18 
1.17 
1.28 
0.84 
1.14 
1.14 
0.80 

7 4  R1 =Me; Rz = Et 
b, R1 = i-Pr; €& = H 

8 9 

10 11 12a, R1 = Me; R2 = Et 
b, R, = i.Pr; R, = H 

l3a, R1= Et; R, = Me 
b, Rl = Me; I t  = Et 

14 

C, R1 == i-F'r; R2 H 

15 

16a, R1 = Me; R2 = Et 17% R = H 18% R, = Me; R2 =Et; 

b, R, = i-Pr; R2 = H 

c, R1 = Me; R2 =Et ;  

b ,R1=i-Pr ; I&=H b , R = M e  R, = CO2Me 

R3 = C0,Me 

R, = CH~OAC 

A- w \'R3 G@ 'CH,OR 

1% Ri = Me; R2 =Et; R3 = C02Me 
b, R1 = i-Pi*; R2 = Et; R3 = COzMe 

20a, R = H 
b, R = Ac 

C, Ri = ME!; R2 Et; R3 = CH~OAC 

Although tert-butyl chromate oxidation3 of 7b had not 
furnished a substance comparable to the unknowns from 
l a ,  lb, and 7a, two minor products were 14 and 15, the 
latter an oxidation product. of the former. This finding 
eventually suggested that the unknowns were actually the 

0.99 
1.01 
0.99 
1 .oo 
0.92 
1.12 
1.17 
1.13 
1.05 
1.05 
1.06 

3.66 
3.67 
3.57 
3.57 
3.67 
3.62 
3.66 

3.65 
3.67 

0.83 
0.93 
0.73 
0.73 

0.78 

0.79 
0.74 

0.88 (6.1) 

0.96 (5) 

0.81 (6.9) 
0.74 

epoxy ketones 6a, 6b, and 6c. Indeed, alkaline hydrogen 
peroxide oxidation of 10 furnished a small amount of sub- 
stance X, although, since 10 was noncrystalline and often 
admixed with small amounts of X owing to the difficulty 
of chromatographic separation, this result was not consid- 
ered as providing incontrovertible evidence for the identi- 
ty of X with 6c. 

However, further transformations of X conclusively es- 
tablished this fact. Treatment of X with 85% hydrazine5 
produced the allylic alcohol 16a which had properties sim- 
ilar to those of the abietane analog 16b6 and could be 
transformed to the trans diene 17b by treatment with ace- 
tic acid at 60". This substance was prepared independent- 
ly as follows. 

Epoxidation of 7a afforded a 90% yield of two epoxides 
in a 9:5 ratio. In accordance with the principle of prefer- 
ential attack from the CY side, the major product, mp 86- 
87", was assigned formula 18a, the minor noncrystalline 
isomer structure 19a. This was supported by the presence 
in the nmr spectra of the major product of a doublet of 
doublets a t  2.48 ppm (uicle infra) and the similarities to 
a6 and p epoxides3 of the abietane series. Finally, treat- 
ment of 18a with the LiI-collidine6 reagent resulted in the 
hoped-for conversion to 17a, which was methylated to 
17b. This established unequivocally the structure of X as 
6c and, by inference, the structures of the presumed "dik- 
etones" from la and l b  as 6a and 6b. 

Long Range Deshielding in  8,9-Epoxides. The nmr 
spectrum of 15 contains a doublet of doublets whose origin 
was previously ascribed3 v 7  to conformational changes 
which cause deshielding of 14p H by the carbonyl group at  
C-7. Examination of the compounds described in this re- 
port showed that 6a, 6b, and 6c also display the same 
characteristic signal (Table I ) .  However, it is also found in 
the spectra of the nonketonic substances 18a and 18b at  
somewhat higher field. If the doublet of doublets owes its 
origin to the same proton in all six compounds, as seemed 
more than likely, a new explanation was needed. 

Examination of Dreiding mbdels of the compounds in 
question revealed that in all six cases H-5 was above the 
plane of the epoxide ring and near the oxygen atom. Pre- 
vious studies have shown that shielding above and below 
the plane of an epoxide ring can be expected except when 
the proton is close to the oxygen atom, in which case 
deshielding results. Hence the signal in question could 
arise from H-5. Partial proof for the validity of this as- 
signment was found in the spectra of 19a and 19b, which 
revealed no trace of the doublet of doublets. Definite con- 
firmation was obtained by examining the nmr spectrum of 
6c-6,6-& (Table I). Collapse of the doublet of doublets to 
a slightly broadened singlet of one-proton intensity neces- 
sitates that it be identified with the resonance of H-5. 

Analysis of the line shape shows two basic shapes for 
the H-5 signal. In the presence of a C-7 ketone group J 5 , C a  
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and Jb ,66  are approximately 10.5 and 8 Hz, respectively. 
In the absence of the ketone group, the J values are 12.2 
and 3.4 Hz. Thus, the presence of a 7-ketone group is 
manifest in two ways: (1) it deshields H-5 by about 0.4 
ppm by a field effect or by potentiating the local field al- 
ready produced by the epoxide function; (2) the introduc- 
tion of an sp2-hybridized carbon atom into ring B alters 
the conformation such that changes in vicinal coupling 
constants are induced. 

To determine whether the paramagnetic shift of H-5 
was entirely due to the a-epoxide ring, compounds 18c 
and 19c were synthesized and examined. Table I demon- 
strates that  neither substance exhibited the doublet of 
doublets; hence the downfield shift of the H-5 resonance is 
the result of cooperative deshielding effects on H-5 by the 
a-epoxide ring and the equatorial carbomethoxy group. 
Although the magnitude of the two components of the 
shift is difficult to estimate with any degree of precision, 
comparison of 18a and 18c indicates that the carboxyl 
group contributes a t  least 0.5 ppm, since the most desh- 
ielded line in the H-5 signal moved from above 2.1 (in 
1 8 ~ )  to 2.6 ppm (in Ma). 

Registry No. l a ,  3582-25-0; Sa, 7643-40-5; 6a, 42855-23-2; 6c, 
42855-24-3; 7a, 33952-78-2; 7b, 33892-15-8; 8, 42855-28-7; 9, 42855- 
29-8; 10, 42855-30-1; Ea,  42855-31-2; 12b, 42855-27-6; 13a, 42865- 
32-3; 13b, 42855-33-4; 13c, 42855-34-5; 16a, 42855-35-6; 17a 2- 
amino-2-methyl-1-propanol salt, 42855-36-7; 17b, 42856-37-8; H a ,  
42855-38-9; 18c, 42855-39-0; 19a, 42855-40-3: 19c, 42855-41-4; 20a, 
42855-42-5; 20b, 42855-43-6. 
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A modification of the solvomercuration-demercuration reaction is described which prevents the formation of 
cyclic ethers from dienes. Application of the procedure to methyl pimarate permitted the stereospecific synthe- 
sis of the title compound (5a) and a study of the homoallylic cation derived from it. Treatment of 5a with tolu- 
enesulfonyl chloride-pyridine resulted in rearrangement to a new cyclopropane resin acid derivative 10 and a 
strobane derivative 11. Similar treatment of methyl 15(R)- and 15(S)-hydro~y-A~(~~)isopirnarate (18a and 
19b) did not result in rearrangement. The results are ascribed to differences in the geometries of the homoallylic 
cations produced from Sa, Ha, and 19a. Generation of the homoallylic cation from 5a and the amine analog 6a 
under different conditions resulted in conversion to methyl dehydroabietate. The rearrangements can be viewed 
as in vitro analogs of biological processes. 

Methyl migration in cation A derived from a pimaradi- 
ene (la, Scheme I, stereochemistry a t  C-13 as pictured) 
or isopimaradiene (stereochemistry a t  C-13 inverted) has 
been postulated as the crucial step (path a, Scheme I) in 
the biogenesis of the abietane (2) skeleton.2 Our interest 
in the in vitro genesis of cation A under mild conditions 
was whetted by the recent discovery4 of yet another resin 
acid type, exemplified by strobic acid (3a)5 and its conge- 
ners, which is formally derivable from A by an alternate 
cationic rearrangement (path b, Scheme I). The realiza- 
tion of both rearrangement paths from suitable progeni- 
tors of cation A is reported herewith.s 

Our approach was based on the introduction of a func- 
tional group at C-15 of the pimarane skeleton which could 
be subjected to methods customarily employed for gener- 
ating transitory carbonium ions. Unfortunately, applica- 

tion of the original solvomercuration-demercuration pro- 
cedure to methyl primarate (lb) had, in the hands of pre- 
vious workers,lo furnished ether 411 rather than the 
hoped-for alcohol 5a owing to participation by the 8(14) 
double bond; our use of modified proceduresg,12 applicable 
to dienes did not alter this result. Consequently, our ini- 
tial efforts were directed toward the synthesis of the 
amine 6a. 

Solvomercuration-demercuration of l b  in the presence 
of acetonitrilel3 afforded in nearly quantitative yield an 
amide 6b.14 Conversion of 6b to the imino ether 7 by 
treatment with triethyloxonium fluoroborate15 followed by 
hydrolysis with dilute acetic acid furnished 6a in high 
yield. 

The mechanism13 by which 6b is produced involves an 
intermediate such as E where, in contrast to the situation 


