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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). 
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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 at  C-13 as pictured) 
or isopimaradiene (stereochemistry at  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 
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Scheme I 
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b, R = C0,Me 
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prevailing in intermediate F of the oxymercuration reac- 
tion, the nitrogen is not sufficiently nucleophilic to add to 
the 8,14 double bond. Accordingly, substitution of acetic 
acid for acetonitrile in the oxymercuration step should, it 
was reasoned, lead to an intermediate G which by proton 
transfer would furnish H. Subsequent intramolecular cy- 
clization of H to I would not be expected to occur, since 
the oxygen is now deactivated. However, since the envi- 
sioned use of acetic acid as a solvent for the initial step 
would interfere with the second, reductive demercuration 
step, it  would be necessary to remove it completely and 
conveniently. The solution to the second problem was 
azeotropic distillation with benzene at  reduced pressure. 

E F 
0 

A ? 

G 

H \ 
I 

In the event, addition of 1 equiv of anhydrous Hg(NO& 
to lb in acetic acid followed by addition of benzene, evap- 
oration a t  reduced pressure and temperatures below 50°, 
and reduction with NaBH4 furnished the crystalline ace- 
tate 5b in 90% yield. This modification of the solvomercu- 
ration-demercuration reaction for the preparation of es- 
ters which can be hydrolyzed subsequently should there- 
fore be useful whenever ether formation is a problem. 

Hydrolysis of 5b furnished crystalline 5a. Oxidation of 
the latter gave 8; NaBH4 reduction of 8 produced a mix- 
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ture of 5a and the C-15 epimer 9a which resisted separa- 
tion attempts, as did the mixture of acetates 5b and 9b. 
The absolute configuration of 5a at the new asymmetric 
center C-15 was determined as R by application of Ho- 
reau's method16 (24% optical yield). Further solvomercu- 
ration-demercuration of 5a gave ether 4, thus establishing 
the stereochemistry of the latter. 

That only one acetate 5b (and only one amide 6b) was 
formed in the solvomercuration reaction is of considerable 
interest. Models show that mercuration of the 15,16 dou- 
ble bond is most probable in that conformation of lb in 
which the vinyl group is oriented away from ring C 
(Scheme 11) if steric interactions are to be minimized. If 
the mercuric reagent approaches lb from a direction syn 
to the 8,14 double bond (Scheme 11, path a), subsequent 
attack by nucleophile on the mercurium ion J should give 
rise to L with C-15 stereochemistry corresponding to that 
of 5b. If, on the other hand, the mercuric ion approaches 
lb from a direction anti to the 8,14 double bond (path b), 
a stabilized ion, either a homoallylic or a cyclopropyl car- 
binyl ion, could be formed. Since the developing p orbital 
on C-15 lies parallel to the plane of ring C (as in M), 2pu 
overlap of one lobe with the upper portion of the r-elec- 
tron system of C-8 and C-14 is almost inevitable owing to 
the close approach of C-14 and '2-15. M might be a step- 
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ping stone to the symmetrical homoallylic (cyclopropyl- 
carbinyl) ion N, although intermediacy of N is doubtful 
since products derived from attack on C-8 or C-13 of N 
were not found. 

In either M or N rotation about the 15,16 bond is possi- 
ble such that the mercury atom is prevented from inter- 
fering sterically with approach of the nucleophile from the 
direction of original mercuric ion attack. This rotation, 
followed by subsequent nucleophilic attack, results in the 
same C-15 stereochemistry as that produced by path a.I7 

Attention could now be turned to preparation of a de- 
rivative of 5a suitable for solvolysis studies. Prolonged 
treatment of 5a with mesyl or tosyl chloride under care- 
fully defined conditions (see Experimental Section) did 

. not, however, result in the formation of the desired esters. 
Instead, two rearrangement products were isolated in 22 
and 20% yield. 

The nmr spectrum of the less polar substance, 
C21H3202, indicated the presence of the usual carbome- 
thoxy group and the absence of vinyl protons, and exhib- 
ited four methyl singlets and a one-proton doublet at 0.30 
ppm (J  = 3.6 Hz). Three of the methyl singlets were easi- 
ly accounted for by the C-4, C-10, and C-13 methyl 
groups; the remaining two signals of interest were inter- 
pretable in terms of formula 10 where the doublet at 0.30 
ppm represents H-14. The fourth methyl resonance is that 
of C-16 whose appearance as a singlet instead of a doublet 
is due to a second-order nmr phenomenon; i.e., the differ- 
ence in chemical shift between the methyl signal and that 
of the proton to which it is coupled is of the same order as 
J.  As regards stereochemistry, participation by the double 
bond in the loss of the oxygen function requires a orienta- 
tion.of the C-16 methyl group, a conclusion which is sup- 
ported-by the observed splitting (3.6 Hz, typical of trans 
couplingls) of H-14 which must be a.  

The second substance, C2&403, was a tertiary alcohol 
whose nmr spectrum exhibited three methyl singlets, one 
methyl doublet, and a vinyl resonance whose chemical 
shift and appearance (broadened doublet a t  4.89 ppm) 
differed from that of H-14 in 8( 14)-pimarenes. Double res- 
onance experiments showed that the vinyl proton was spin 
coupled, hence adjacent, to the same (allylic) proton at  
2.78 ppm which caused the methyl resonance at  0.98 ppm 

to appear as a doublet. Furthermore, irradiation at  the 
frequency of the vinyl proton collapsed the complex mul- 
tiplet of the allylic proton to a slightly broadened quartet, 
the broadening being presumably due to some homoallylic 
coupling to H-7a, H-7/3, or H-9. It was therefore reason- 
able to assume that the proton at  2.78 ppm was adjacent 
to a quaternary center and that its chemical shift (in the 
low-field range for tertiary allylic protons) was due to 
deshielding by the hydroxyl group. Hence the two methyl 
groups should be cis and, on the basis of mechanistic con- 
siderations, a.  Partial structure 0 indicated by the nmr 
spectrum could therefore be expanded to 11, which pos- 
sesses all the features of the strobane skeleton. Further 
support for this formulation was found in the observation 
of a mass spectrometric peak at  m / e  221 (C14H2102 from 
the high-resolution mass spectrum) which appears to be 
characteristic of the methyl strobate ~ y s t e m . ~ - ~ J ~ ~ ~ ~  

H 
0 

Thus, exposure of 5a to toluenesulfonyl chloride-pyri- 
dine resulted in operation of rearrangement p a t h  b of 
S c h e m e  I ,  although the enforced choice of starting materi- 
al 5a imposed a C-15 stereochemistry on the ring-expand- 
ed product 11 which is opposite to that of the strobanes so 
far found in nature. Moreover, in vitro realization of the 
rearrangement does not, of course, exclude the possibility 
that the strobanes are formed in uivo by direct cyclization 
of a labdane derivative rather than through the intermedi- 
acy of a pimarane. 

Pertinent to the mechanistic aspects of the rearrange- 
ment are the following observations. Unbuffered acetolysis 
of 5a, 10, or 11 produced in each instance acetate 5b in 
95% yield. Treatment of 5b and 10 with aqueous acid 
yielded only 5a. Hence the homoallylic isomer 5 appears 
to represent the thermodynamically favored component of 
the homoallylic-cyclopropylcarbinyl-homoallylic system 
5, 10, and 11 while 10 and 11 are products of kinetically 
controlled processes. Conversion of 5a (and 10 or 11) to 5b 
with 100% retention of configuration a t  C-15 and genesis of 
5b by diazotization of 6a with NaNOz-acetic acid seems to 
implicate the unsymmetrical homoallylic ion 12 (analogous 
to ion M of Scheme 11) as the result of 2pu overlap between 
one lobe of the empty p orbital of cation A and the /? face of 
the a-electron system at C-8 and C-14. Cyclopropyl deriva- 
tive 10 could then be formed by kinetically controlled 
proton abstraction from the a face of 12, a process which dis- 
charges the carbonium ion and renders the product immune 
to further reaction under the conditions of attempted tosyl- 
ation. 

Conversely, protonation of 10 in the usual manner from 
the a side leads to cation 13, whose geometry resembles 
that of the skewed bisected cyclopropylcarbinyl ion P 
rather than that of the perpendicular bisected cyclopro- 
pylcarbinyl ion Q. As illustrated, such skewing favors 
overlap between the p lobe of the C-8 p orbital and the 
14,15 bond rather than overlap between the a lobe and the 
13,14 bond. Hence orbital control disposes ion 13 toward 
preferential cleavage of the 14,15 bond (i.e., toward its 
representation as 12), thus leading by subsequent reaction 
with an appropriate nucleophile to a product with the 
C-15 stereochemistry of 5, as actually observed in the ace- 
tolysis of 10. 

One representation of the initial cationic species from 
the acetolysis of 11 is the second asymmetrical homoallyl- 
ic ion 14, which is the result of 2pu overlap between one 
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lobe of the empty p orbital of cation C (Scheme I) and the a 
face of the a-electron system a t  C-8 and C-14 and could 
also be described as stemming from preferential weaken- 
ing of the 13,14 bond of P. It  is interesting that the terti- 
ary carbonium ion (or 14) is completely converted to A, 
which must have substantial localization of charge a t  the 
secondary carbon atom C-15. In the absence of further in- 
formation we would prefer not to speculate a t  this time on 
detailed aspects of the conversion of 5a to 11,Zp on the 
possible intermediacy of the symmetrical hornoallylic 
(nonclassical cyclopropylcarbinyl) ion K 2 2  and on the 
relative importance of 12, 14, and 1523 in the transforma- 
tions we have observed. In any event, the required inver- 
sion at  (3-13 en route to the ring-expanded product, 
whether in 12 or 15, leads to the stereochemistry (hydrox- 
yl group p )  depicted in formula 11. 

12 

13 

H 

14 

it 

P 
W 

Q 
An additional series of experiments shed further light 

on the possible fate of cation A. Treatment of 5b and 10 
with anhydrourr perchloric acid (0.12 N) in dioxane-acetic 
acid produced methyl dehydroabietate (16) in 58 and 28% 
yield, respectively, thus resulting in realization of path a 
of Scheme I.24 Similarly, diazotization of 6a in a nonnu- 
cleophilic solvent gave low yields of lb and 16. Hence 
under more strongly acid conditions, irreversible rear- 
rangement of homoallylic cation A, whatever its detailed 
aspect, to the allylic ion B takes place. 

The observations recorded SO far, which depend on the 
steric relationship of an axially oriented C-15 cation to the 
8,14 double bond in the pimaric acid series, made it of in- 
terest to extend the study to sandaracopimaric acid. 
ApSimon and :Krehmlo had previously carried out the ox- 
ymercuration-clemercuration of methyl sandaracopirnar- 
ate (17) and obtained an inseparable 1:l mixture of epim- 
eric C-15 alcohols 18a and 19a. In the present work sepa- 
ration into a crystalline alcohol 18a and a noncrystalline 
epimer 9a could be achieved by combination of thin layer 
chromatography and fractional crystallization. Absolute 
Configurations were again determined by the Horeau 
met had. 

Scheme I11 
/- 

The formation of two epimeric alcohols in the solvomer- 
curation-demercuration of methyl sandaracopimarate 
contrasts with our observations in the pimarate series but 
is easily rationalized as follows. The spatial disposition of 
the vinyl group of 17 permits attack of mercuric ion from 
either side (Scheme 111). Two different mercurium ions 
may therefore be formed, each of which gives rise by trans 
addition of the nucleophile water to a distinctive epimer. 
If, however, the mercurium ions are not immediately at- 
tacked by a nucleophile, but if the 8,14 double bond par- 
ticipates, a pair of homoallylic ions is produced as shown 
in Scheme 111. This set of ions R and S is quite different 
from ion M of the pimarate series (Scheme 11), since over- 
lap between the C-15 carbonium ion and the 8,14 double 
bond will have to occur on the a face of the molecule. 
While ions R and S are more symmetrical about the nodal 
plane (i.e., there is a greater amount of 2p7r overlap than 
in M) nucleophilic attack would still be expected to pro- 
ceed stereoselectively . Inclusion of further ions in the 
reaction scheme is not necessary since the yields of 18a 
and 19a were very high and no products corresponding to 
attack on C-8 and C-13 were found. 

Treatment of 18a and 19a with toluenesulfonyl chloride 
under conditions identical with those of the attempted 
tosylation of 5a gave excellent yields of the noncrystalline 
tosylates 18c and 19c in further evidence for the much 
poorer overlap between an equatorially oriented ion at  C-15 
and the 8,14 double bond than in the pimarate series. Pre 
liminary attempts to investigate the solvolysis of 18c and 
19c led to complex mixtures whose nmr spectra indicated 
the absence of ring-expanded substances corresponding to 
11. However, acetolysis of 18a and 19a occurred with re- 
tention of configuration; Bach alcohol gave in excellent yield 
a single but different acetate identical with the acetates 
18b or 19b prepared from the respective alcohols by treat- 
ment with acetic anhydride -pyridine. This indicates that 
solvolysis leads to a pair of asymmetrical homoallylic ion 
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-...AI A I o l u t i e n  o f  0 . 2 6 1  g 

of i h  in 4 nl o f  d ioxane  and 1 a1 of 0.13 N L ~ U L O U S  p e r c h l a r i c  

a c i d  "81 r e f l u x e d  f o r  1 2  h r ,  c o o l t d  snd CXtiBCted w i t h  o t h e r .  

P r a p n r i f i v a  t lc  of t h e  c rude  pwdduct gave 8 snail a m ~ u n t  o f  

methyl p i m L l s l e ,  0 . 1  g o f  (Itai-l ing matelial and 0.12 I of La 
(W infra). 

8 )  A  l i o l u t i o n  of 0.275 8 o f  Ab. 4 n i  I f  d r y  d ioxane  and 

1 m l  of  0 . 6  N p e r c h l o r i c  a c i d  In m e t i c  a c i d  containing r u f f i c i o n t  

acet ic  anhydrida t o  ~ o m i v c  a11 ~ a f ~ i  111 r a f l w e d  f o r  28 h r  

(nitrogen a tmosphere ) ,  Cooled and r l i r r e d  f o r  2 days n t  room 

f m p e ~ ~ t u r e .  The da rk  b i w n  rolutiw was p w r c d  on ice and a x t r m t t d  

w i t h  sthar.  

s u b j e c t e d  10 preparailv0 $Is; t h i s  r e s u l t e d  in irolation o f  5 2  mg 

o f  somewhat impure methyl dahydro i lb i s t a to  and 87 mg Of 1 conplai 

mixture. A c i d i f l w l m n  of t he  bas. w l h l n p i  of  I h c  e t h m  excmct  

The m s t a r i i l  from the  washed and d r i e d  e t h e r  1 . y ~  X a l  

fQl l i l ued  by t h e  usw.1 YoTk-up and ma thy le t ion  w i t h  d i i zdmothms  

f u r n i s h e d  an a d d i t i o n a l  PR mg Of c w d a  methyl d a h y d r o a b i e f i t a ,  

t o t a l  y i e l d  1 5 0  mg ( r o o t  puw) m 5 8 I .  

f o r  only 2.71 h r ,  tho y i e l d  of ma thy l  d l lhyd io t ib i e t a t e  was 3 4 1 .  

when r o f i u x i n g  was con t inued  

I 

SCHEME Z? 
- Id. *PI 

SCHEME P SCHEME 5LL 



Methyl E( R)-Hydroxypimar-8( 14)-en-18-oate 

Joc-y-8 
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(301 H. E. Audie r ,  S .  Bory. H .  P e t i i o n ,  and N. T. Anh.,  E. %, 
Chim, France,  4002 (1866).  

(31) H. H .  BrYun, R. Ryhage, and E. Sttnhngen, Acts  Chen. S c m d . ,  

2. 789 (1915). 

(321 L .  A .  Gengs. G. *?.. J'. 1750 (1959). 

(331 C .  R. Inrell. R. A. Apple ion ,  and 1. Wahlberg In "Biochmissl 

Appl i ca t ions  of Mars Spec t r tmaf ry" ,  G. R. Yallar, ad . .  John Xilay 

and Sons. 1°C.. New York, N.Y., 1972, Chapt.  1 3 .  

(34) T. L.  Chmg.  T. E. Meed. and 0. f .  l i n k e l ,  J.. A i l i .  011 Chlm. 

s., s, 1 5 s  (1971) .  

fragments such as m/o 301, 257. 2 4 1 .  181. and 111 in the mass s p o s t r ~  

of  methyl s t r o b a t e  and hts i l e i i ~ ~ l i v e i  ar i se  by t h e  $ m e  or similar 
pnthunys (Scheme IVI rugpert .ed esr l ier  f a r  o t h e r  tricyclic l l e ~ i n  

a c i d s .  

E l m i n s t i o n  of t h e  various i p e c t ~ a  d i sc lo rmd .  however,  t h a t  

D pask  a t  M e  221, pleviourihy r e p o r t e d  f o I  me thy l  s t l o b i f 8  and 

methyl d i h y d r o s l r o b a l e  ( 1 1  MBI also C h s r i E t e i i i i i c  o f  & and a. 
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R' and S' similar to R and S of Scheme I11 (with CH3 re- 
placing CH2HgX) and that crossover between them must 
be small. 

Failure of 18a and 19a to yield ring-expanded products 
from substitution a t  C-13 is not surprising. When the 
charge of homoallylic ions R' and S' is localized a t  C-8 by 
conversion to a cyclopropylcarbinyl cation, the vacant p 
orbital at  C-8 is aligned almost exactly with the 14,15 
bond of the cyclopropane ring, while the 13,14 bond is 
very close to the nodal plane of the carbonium ion, mak- 
ing overlap most difficult. This means that conversion of 
homoallylic ions R' and S' to homoallylic ions analogous 
to 14 is an extremely unfavorable process, more so than in 
the pimarate series (see ion Q). 
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