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and J563 are approximately 10.5 and 8 Hz, respectively.
In the absence of the ketone group, the JJ 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 w«-epoxide ring, compounds 18¢
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 at least 0.5 ppm, since the most desh-
ielded line in the H-5 signal moved from above 2.1 (in
18¢) to 2.6 ppm (in 18a).

Registry No. la, 3582-25-0; 5a, 7643-40-5; 6a, 42855-23-2; 6c,
42855-24-3; Ta, 33952-78-2; Tb, 33892-15-8; 8, 42855-28-7; 9, 42855-
29-8; 10, 42855-30-1; 12a, 42855-31-2; 12b, 42855-27-6; 13a, 42855-
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, 42855-37-8; 18a,
42855-38-9; 18¢, 42855-39-0; 19a, 42855-40-3; 19¢, 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)-hydroxy-A8(*)isopimarate (18a and
19b) did not result in rearrangement. The results are ascribed to differences in the geometries of the homoallylic
cations produced from 5a, 18a, 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-138 inverted) has
been postulated as the crucial step (path a, Scheme I) in
the biogenesis of the abietane (2) skeleton.? Qur interest
in the in vitro genesis of cation A under mild conditions
was whetted by the recent discovery?* of yet another resin
acid type, exemplified by strobic acid (3a)% 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.®

Qur 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 (1b) had, in the hands of pre-
vious workers,1® furnished ether 411 rather than the
hoped-for alcohol 5a owing to participation by the 8(14)
double bond; our use of modified procedures?-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 1b in the presence
of acetonitrile!® afforded in nearly quantitative yield an
amide 6b.1* Conversion of 6b to the imino ether 7 by
treatment with triethyloxonium fluoroborate's followed by
hydrolysis with dilute acetic acid furnished 6a in high
vield.

The mechanism!3 by which 6b is produced involves an
intermediate such as E where, in contrast to the situation
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Scheme I

3a, R=H
b, R = Me

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;/CHS OH
N/I _ OH ot
NO, OAc™
\\ HgNO, \\\ HgX \\ HgOAc

In the event, addition of 1 equiv of anhydrous Hg(NO3)e
to 1b in acetic acid followed by addition of benzene, evap-
oration at reduced pressure and temperatures below 50°,
and reduction with NaBH, 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; NaBH, 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 method® (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 1b in
which the vinyl group is oriented away from ring C
(Scheme II) if steric interactions are to be minimized. If
the mercuric reagent approaches 1b from a direction syn
to the 8,14 double bond (Scheme II, 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
1b 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), 2po
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 C-15. M might be a step-
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Scheme I1

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.X7

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 « orienta-
tion of the C-16 methyl group, a conclusion which is sup-
ported by the observed splitting (3.6 Hz, typical of trans
coupling?8) of H-14 which must be .

The second substance, C21H3z403, 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 at 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
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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-Te, H-78, 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, «. Partial structure O 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 (C14Hg105 from
the high-resolution mass spectrum) which appears to be
characteristic of the methyl strobate system.4-6.19.20

HO_ CH,
{_-CH,

Thus, exposure of 5a to toluenesulfonyl chloride-pyri-
dine resulted in operation of rearrangement path b of
Scheme 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 vivo 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 at C-15 and genesis of
5b by diazotization of 6a with NaNQOs-acetic acid seems to
implicate the unsymmetrical homoallylic ion 12 (analogous
to ion M of Scheme II) as the result of 2pe overlap between
one lobe of the empty p orbital of cation A and the 3 face of
the w-electron system at C-8 and C-14. Cyclopropyl deriva-
tive 10 could then be formed by kinetically controlled
proton abstraction from the « 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 § lobe of the C-8 p orbital and the
14,15 bond rather than overlap between the o 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 2ps overlap between one
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lobe of the empty p orbital of cation C (Scheme I) and the «
face of the r-electron system at 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 at the
secondary carbon atom C-15. In the absence of further in-
formation we would prefer not to speculate at this time on
detailed aspects of the conversion of 5a to 11,2! on the
possible intermediacy of the symmetrical homoallylic
(nonclassical cyclopropylcarbinyl) ion 15,22 and on the
relative importance of 12, 14, and 152% in the transforma-
tions we have observed. In any event, the required inver-
sion at C-13 en route to the ring-expanded product,
whether in 12 or 15, leads to the stereochemistry (hydrox-
yl group 3) depicted in formula 11.

H
= cs 1 1 CH5
SO0 “ems
12
14
Cs  Cs
) = V._Q =
P Q

An additional series of experiments shed further light
on the possible fate of cation A. Treatment of 5b and 10
with anhydrous perchloric acid (0.12 N) in dioxane-acetic
acid produced methyl dehydroabietate (16) in 58 and 28%
vield, respectively, thus resulting in realization of path a
of Scheme 1.2¢ 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 Krehm1® had previously carried out the ox-
ymercuration-demercuration of methyl sandaracopimar-
ate {(17) and obtained an inseparable 1:1 mixture of epim-
eric C-15 alcohols 18a and 19a. In the present work sepa-
ration into a crystalline alcchol 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
method.
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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 III). 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 III. This set of ions R and S is quite different
from ion M of the pimarate series (Scheme II), since over-
lap between the C-15 carbonium ion and the 8,14 double
bond will have to occur on the « face of the molecule.
While ions R and S are more symmetrical about the nodal
plane (i.e., there is a greater amount of 2pr 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 18¢ 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 18¢ and
19¢ led to comples 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; &ach 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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Experimental Section®®

J08m12-3,

(25) Por experimental details, see ¥,
3464 (1969).

Herz and 1. J, Schmid, J.
Org. Chem., 34,

Meshyl AS(A-Acetaning 304 -pinazen-18-0ats (8h) . -+To a
mixture of 10 g of dry mercuric nitrate and 22 ml of acetonitrile
was added 10 g of methyl pimarate }b in small portions with stirring
during 15 min, Stirring was continued for 2,5 hr; this was followed
by addition of 30 ml of 3N NaOH solutian and,5 min subsequently by
addition of 0.35 g of N'BHd in 30 m1 of 3N NaOH solution followed
by 1.5 hr of stirring. A chloroform-ether mixture was addad followed
by solid sodium chloride and 10 ml of 104 HCl selution, The organic
layer was separated; the aqueous layer was acidified and again
JOC=12-2

extracted with chloroform-ather. The combined organic layers were
washed, dried and evaporated. Extraction of the residue with
ether-hexane (1:1) furnished 3,42 g of methyl pimarate, Recrystale
lization of the remainirg material from chlevoferm-hexane afforded
two crops (7.13 g) of anide §b, Column chromatography of the
mother liquors resulted in recovery of an additional 0.45 g of
ib (hexane-ether 5:1) and isolation of an additional 0,67 g of gb
(hexane-sther 1:1), The product had mp 229.5-251%; (a)35-16
(e 1,10, CHClE); ir bends at 3270, ‘3880 (-NH), 1728 (ester) and
1643 cn'l (amide), nmr signals at 0.85 (6p, C-10 and C-13 methyls),
1,08d (J = 7, C-16 mathyl), 1,20 (C-4 methyl), 1.98 (acetyl),
3.67 (mothoxyl), 4.1 m (H-15), 5.18 br (H-14).

Anal, Calcd for CZSH”NO:: €, 73.56; H, 9,93; N, 3.73;
0, 12,78, Found; €, 73.60; H, 9.79; N, 3,83; 0, 12,78,

An attempt to effect hydrolysis of the amide with 20%
methanolic potassium hydroxide resulted only in partial hydrolysis
of the ester function, Remethylatien with diazomethane resulted
in rocovery of starting material. Treatment af 0.21 g of 6b with
7 ml of 50% HZSO4 for 30 rin at 150° resulted in racovery of 0,097
g of starting material and a mixture of several unidentified
products whose spectral properties indicated partial ester hydrolysis,
but no amide hydrolysis,

Methyl 1S(R)-Amino-8(14)-pimaren-18-oate (8a).--A mixture of 2 g

of gb in 50 ml of dry CHCl, and 2.5 g of freshly prepared
trictiyloxonium tetrafluoraborate was stirred for 2 hr (nitrogen
atmosphere], mixed with an acditional 0.5 g of Meerwein's veagent,

stirred overnight, mixed with ome more g of the reagent, stirred

J0ca12e5
the ﬁ-sicicy of the medium. Recrystallization from methanol
yielded pure §b which melted st 109.5+110,5%, [a]2° 7 (e 1,42,
CHC1y); ir bands at 1725 em™! (double intemsity); nmr signals
at 0.80, and 0,89 (C-10 and C-13 methyls), 1,16 (Ce4 methyl),
1,128 (J = 8.3 Hz, Ce1§ methyl), 2.02 (acetate), 1.63 (methoxyl),
4.54 g (I~ 8.3 Hz, H-25), end 5,12 br (H-14),

Anad, Caled for Cpgflyc0,: €, 73,37; H, 9,64; 0, 17,00,
Found: C, 73.22; H, 0.86; O, 16.87.

Rorchlovic Acid Treatment of 5b.v-A)} A solution of 0.265 g
of 5b in 4 ml of dioxane and 1 ml of 0.13 N aqueous perchleric
acid was refluxed for 12 hr, cooled snd extracted with wther.
Preparative tlc of the crude product gave & small amount of
methyl pimarate, 0.1 g of starting material and 0.12 g af Sa

(vide infra).

B) A solution of 0.275 g of §h, 4 mL of dry dioxans and
1ml of 0.6 N perchloric acid in acetic acid containing sufficient
acetic anhydride to remove all water was refluxed for 28 hr
{nitrogen atmosphere), cooled and stirred for 2 days at room
temperature. The dark brown selution was pourad on ice and extracted
with ether. The materisl from the washed and dyied ether layer was
subjected to preparative flc; this resulted in isolation of 52 mg
of somevwhat impure methyl dehydrasbietate and 87 mg of & complex
mixture, Acidification of the base washings of the ether extract

followed by the usual work-up and methylation with diazamethane
furnished an additional 98 mg of crude wmethyl dehydreabietate,
total yield 150 mg (2808 pure) =58%, When refluxing was continued

for only 2.75 hr, the yield of methyl dehydroabietate was 34%,
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TABLE 1
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Mass Spectra of Resin Acid Derivatives

Compd W Miafor Tons(™® it
1» 316(12) 257(10) 181(16) 180{22) 148{11) 133(10) 121
&8 38402) 289(55) 229(32) 183(21) 107(30) 121
b 378(1) 289(83) 229(3s) 181(25) 107(28) 85{26) 121
gb 376{1) 289(63) 288(56) 229(42) 181(26) 121
8 332(1) 289(64) 229(33) 181(27) 107(24) 121

Lg" 316(958) 288(30) 158(31) 149(43) 135{68) 121(92) 119(48) 241

Q 334(7) 318018} 276(26) 181(25) 135(27) 100(23) 1a7(23) 121

u el 301(12) 257(13) 181Q11) 180(10) 133(12) 107(14) 121

Hn 154(1) 290(31) 289(58) 229(34) 1a1{23) 95(29) 121

_1_9‘1 334(1) 290(28) 285(44) 228(31) 181¢21) 85(25) 121

ﬂ 332(1) 289({34) 228(23) 181(12) 107(18) 121

*Run with probe

J0C-12-3
for 2 hr, concentrated at reduced pressure, and taken up in CHC1g.
The washed and dried sxtract was evaporated and the remaining gum
extracted with ether-hexane. From the residue was recovered
approx. 0.2 g of gb, The sther-hexane extract furnished 1.68 ¢
of gumay iming ether 7 which was homogeneous on tlc and had nmr
signals at 0,83 (C-10 methyl), 0.93 (C-13 methyl), 0.84d '(J = 7 Hz,
C-16 methyl), 1.22 (C-4 methyl), 1.33 (imino methyl), 3.68 (methoxyl),
3,239 (J = 7 Hz, H-15), 4.08 g (2p, J = 7.5 Hz, ether methylens),
and 5.31 by (H-34).

A mixturs of 0.5 g of 7, 11 ml of acetic acid, 300 ml of
water and 300 ml of CHClg was vefluxed fov 2 days, made basic
and separated, The amine was separated from neutral material by
the ususl methods; this furnished 3,87 g of non-crystallina §a
which was homogeneous en tlc and nmr signals at 0,82 (C-10 and
C-18 methyl), 1.21 (C-4 methyl), 1.034 (J = 6.6 Hx, C-16 methyl),
3,74 (methoxyl) and 5,31 br (H-14),
by reacetylation to §b,

Riaenizacion of 8. -~A)

of dry diglyme ané 1 ml of isoamyl nitrite was rvefluxed for 4 hr

The substance was characterized
A mixturs of 0.84 g of §a, 1S ml

(nitrogan atmosphere), an additional 1 g of nitrite being added
after the first hour. The mixture was cooled, diluted with ether
and extracted thareughly with water. The washed and dried organic
layer was evaporated and the residue separated by preparative

tie (developed with sther-hexane 3:2}. This gave three bands.
The top band (wt. 0,11 g) consisted of methyl pimarate (50%) and
mothyl dehydrasbistate (20%), the other two bands were multie
component mixturas, B) A solution of 0,127 g of §a, 10 ml of

J0C=12.4

Mashel A3 (R oHvdroxy -3 () sninexancd8zoake (78] <-4 selution
of 6,15 g of §b in 150 mt of methanol containing 15 g of KOH was
refluxed until starting material had heen consumed (monitoring by
tlc), diluted with ether, brought to pH 1 with 10% hydrochloric
scid and separated, Evaporation of the washod and dried ether
layer and tritumtion with hexane furnished 2,35 g of crystalline
material which was a mixture of Sa and the corresponding acid,

The selid and the material from the hexane mother liquor was
therefors taken up in ether and methylated with diazomethane, yield
of crude methyl oster 5.1 g. Recrystallization f{rom methanol-water
sffarded §a which melted st 196-106%, (a)2% ~1.6% (c 1.23, cHELy);
ir bands 3440 and 1700 cm'l‘. nmr signals at 0,80 and 0.85 (C-10

and C-13 methyls], 1,13d (J « 7 Hz, C-15 mechyl), 1.18 (C-4 methyl),
5,64 (mothoxyl), 3.66 q (J = 7 Hz, H-15) and 5.13 br (H-14),

Anal. Calcd for CuHuO}: €, 75.41; H, 10,25; 0, 14.35;
mal, wt.: 334,2508, £, 75.25; H, 10,39; 0, 14,21; mol.
wt, (MB)! 3X4.2533,

5b (73 mg, 2.38 x 1074 mol) was esterified with 346 ng
(1.1 % 10°F
pyridine for 3 days.

Found:

mol) of (&) a-phonylbutyric anhydride in 3 ml of

The usual work-up?® produced a quantitstive

temperature at 100° rather than usual 200°

J00=22-4
acetic acid and 0.75 g of sodium nitrite was heatsd on the steam
bath, Addition of portions of 0,25 g and then 0,2 g of NeNo,
wers added at half-hour intervals. After twoe hours, the reaction
was stopped; the usual work up yielded 0.118 g of product mixture
which was subjected to tlc (development with sther-hexane 1:1).
The only substance which could be identified was the acetate Sb
(xde fnre).

Methyl 1S6R). SILDE - (8b).--To a

© solution of Sg of 1b in 13 ml of scetic acid was added 6 g of

dry mercuric acetate in small portions during 10 min. Vigorous

stirring was continued for 2.5 hr. The mixture was diluted with
200 n) of dry benzene and concentrated at reduced pressure (tem-
perature <50°); this process was repeated twice more to remove
all of the acetic acid. The residue was tsken up in 70 ml of
dry ether, placed in a 3 aeck flask, and mixed with 10 ml of
10% NaQOE solution which caused the mixture to turn orange. This
was followed by mddition with stirring of 10 ml of 10% NaOH
solution containing 0.7 g of NaBH, which caused separation of
slemental mercury and liberstion of considerable heat. Stirring
vas continued for 1 hr, the two pheses were separated, the aqueous
layer was oxtracted with ether, the combined ather extract were
washed, dried and evaporated and the residue was taken up in hot
methanol. Ceoling and addition of small amounts of water furnished
two crops, 4.24 and 0,67 g, of crystalline §h; the mother liquors,
wt, 0.5 g wore at least 80% pure Sb (nmy analysis), hence the total
yleld was above 90%. The yields were quite variable until it was
discovered that the efficiency of the reductive step depended on
J00-22-7

yiold was 244,
Pexchioxis Acid Treationt gf.$a.--A solution of 0.115 g of
b, 4 ml of dioxane and 1 ml of 0,13 N perchloric scid was
stirrad overnight and worked up in the ususl fashion. Starting
matarial was recovered in neariy quantitative yield.
Asefolvsis Of 5b.--A solution of 0.1 g of §b in 10 ml of
scetic acid was refluxed (nitrogen atmosphere) for 3 days. Removal
of solvent at reduced pressure resulted in isolation of crystalline
Sa in quantitative yield,
gonversion of 5a to Ether 4.--A solution of 0.5 g of Sa in
15 m} of THF was gradually added with stirring to 0.6 g of mercuric
nitrate in 10 ml of anhydrous THF., Addition of 10 ml of 10%
NaOH solution sfter 35 min and subsequent addition of 0.13 g of
N|3H‘ in 10 mi1 of 10% NaOH sclution was followed by the usual work-
up. This resulted in 0.5 g of 4, mp 129-131° (13t.20 mp 130-132°),
nmr signals at 0.84 (C-10 methyl), 1.01 (C-13 methyl), 1.16d
(3 = 6.8 Hz, C-15 mothyl), 1.2 (C-4 methyl), 3.63 (methoxyl),
and 3.74 6 (J = 6,3 Hz, H-15),
Methyl 15-Oxo-8(14)~pimaren-18-oate {8).--Oxidation of 0.5 g

of ia in 20 ml of acetons at ice bath temperature with Jomes reagent,

tion of excess reagent with methassl, dilution with water,

(26) W, Herz and H, B. Xagan, J. Org. Chem., 32, 216 (1967).

yield of ester (purity checked by nmr spectroscopy) and 306 mg
af a~phenylbutyric acid {purity checked by nmr spectroscopy) which
nad [a}3® +2.45 (e 6,12, benzene).

fication should have given [a]2®

A fully stereospecific esteri-

+10.4°,

Therefore the eptical

" coghe
LLT]

SCHEME X

extraction with sther and evaporation of the washed and dried ether
extract furnished 0.5 g of ketone § which selidified on standing,
vae rocrystallized from methanol and had mp 69.5-70°, mgs -32°
(c 0.62, CHC1y): ir bands 1724 and 1711 et
(C~10 methyl), 1.09 (C-13 methyl), 1.18 (C-4 methyl), 2,12 (acetyl),

3.67 (methoxyl) and 5.45 br (H-14).

; nmr signals at 0.67

I ‘on

“coghe \
ot /

%“g‘" %n (10%)

.
HEO,H “ COpMe
203{0.0%)
.
205{10.8%)

SCHEME YT



Methyl 15(R)-Hydroxypimar-8(14)-en-18-oate

Joke12-8

Ansl. C, 75.86; H, 9.70; 0, 14.44,
¢, 75.49; H, 9.93; 0, 14.73.
NaBH, reduction of 0.419 g of B in the ususl manner yislded

Calcd for CZI“SZ

Found:

0.806 g of & guamy mixture of alcohol Sa and its 15-epimer ga
(6:11 ratio based on integration of the H-14 signals) which could
a ion of the nmr

not be of §a from the

spectrun of the mixture gave the following signals for the epimer:
0.83 and 0.88 (C-10 and C-13 methyls), 1.114 (J = 6.8 Hz, C-15
methyl), 1,20 (C-4 methyl), 3.67 (sethoxyl), 3.69 g (I = 6.8 Hz,
H-15) and 5,33 br (H-14). Acetylation of the alcchol mixture
(acetic smhydride-pyridine) gave & mixture of acetates.

Rgaz

2f. 503020 804 13.-~A solution of 0.996 g of Sa in
10 ml of pyridine containing 0.898 g of p-toluenssulfonyl chloride
was kept in a freezer at -15° with occasional swirling for 28

days??. The formation of crystals was noted aftey 5 days, Work-up

(27) Undor the conditions of the stendard method for tosylation?d

the desired tosylate was apparently unstable; as a result a

complex mixture containing considerable amounts of starting material
was produced. Temperature and reaction time used in the present
work were chosen to optimize the yield of A0 and 11, two components
of the mixture,

(28) L. F. Fieser and M, Fiesar, "Reagents for Organic Synthesis",
Vol. l,, John Wilsy and Sons, Inc., New York, N.Y., 1947, p. 1179.

in the usual way by pouring over ice, extraction with ether, washing,
drying and evaporation of the extract yielded 0,64 g of gum which

was subjected to preparative tic. Development with ether-hesane

JO0u1Zw1Y

and methylated with diazomethane,
mothyl ester A7 in 20 mi of THF-water (1:1) was added 1.0 g of

To a solution of 1 g of

meTCUTAC acetate.

added followed by an additional 10 ml of 10% NaOH selution

After 10 min, 20 ml of 10% NaOH solutien was
containing 0.1 g of NaBH,. This phass of the reaction was ended
after 15 min and was followed by the usual work-up, The slcohol
mixture, wt. 0.9 g, was separatad partlally by careful colusn
chromatogrephy. Starting material and traces of methyl callitri-
sate were eluted with ether-hexane (1:9), Ether<hexane (1:3)
produced crystalline alcohol Jfa at the leading edge of the band
containing the epimeric mixture and gummy alcohol J9a at the
trailing edge. Slow crystallization of the fractions rich in
crystalline isomer yielded additional quantities of j8a, Recom-
bination of mother liquors and rechromatography eventually permitted
nearly complete separation of the mixture; the two isomers were
obtalned in pure form, as judged by nmr amd tic criteria.

Solid isomer J8a (methyl 15(R)-hydroxy-8(14)-isopimaren-18-
oate), was Tecrystallized from methanol and had mp 125-127%, [a)2°
+28° (c 1,16, CHCly); ir bands at 3240 and 1725 ca"?; anr signals
at 0.85 (C-10 methyl), 0.97 (C-13 methyl), 1.14 d {J = 7.1 Hz,

C-15 methyl), 1.23 (C-4 methyl}, 3.44 q'(J = 7 Hz), 3.74 (wethoxyl),
and 5.48 br (H-14).
334,2507, Found (MS): 334,248,

A solutlon of 0.092 mg of L8a and 0.643 g of a-phenylbutyric

Anat.

Calcd for CyyHzg03:

snhydride in § mi of pyridine yielded 0.139 g of pure ester and
0,572 g of s-phenylbutyric scid (purity checked by nmr spectrometry),
mé‘ +0.52° (c 28.6, benzene); theoretical [a] for fully stereospacific

Jooe12u2l

Appendix

Mass Spectral Studies Related to Substance 1i.--Mass spectra
4418439, These

of strobic acid derivatives have been reporte
spectra and the spectra obtained in the course of the present work
(Table I) contain most of the patterns found in the mass spectra

19,30-34

of other tricyclic resin acids , particularly those which

are minimally influenced by changes {n the C-ring. Presumably

(30) H. E. Audier, . Bory, M. Petizon, and N. T. Anh., Bull.
Chim. France, 4002 (1968).

(31) H.
12, 788
(32) L.

Soc.

H, Bruun, R. Ryhage, and E. Sterhagen, Acta Chem. Scand.,
(1958) .

A. Genge, Anal. Chem., 31, 1750 (1958).

(33) C. R. Bnzell, R. A. Appleton, snd I. Kahlberg in "Biochemical

Applications of Mass Spectrometry”, G. R. Waller, ed., John Wiley
and Sons, Inc., New York, N.Y., 1872, Chapt. 13,
(34) T. L. Chang, T, B, Mead, and D. F. Zinkel, J. Amer. Oil

041 Chem.
Soc., 48, 455 (1971).

fragments such as m/e 301, 237, 241, 181, snd 121 in the mass spectra
of methyl strobate and its derivatives arise by the same or similar
pathways (Scheme IV) suggested earlier for other tricyclic resin
aclds,

Examination of the various spectra disclosed, however, that
a peak at w/e 221, previously reported for methyl strobate and

methyl dihydrostrobate (2) was also characteristic of 10 and 11.

LN

(7:23) produced seven bands containing 16, 384, 79, §7, 22, 17
Nmr anslysis indicated

that bands 3, 3, §, 6 snd 7 were complex mixtures, that band 2
contained 10 and }] in the ratio 64/36 together with 10% of sn

and 16 mg of saterial, respectively.

impurity and that band 4 wes pure jl. Further chrematography
separated the components of band 2, total yleld of Jg, 0.210 g
(221), total yleld of 11, 9.185 g (20%).

layers gave a mixture of p-toluens sulfonic acid and startiag

Bxtraction of the aqueous

material,

Recrystallization of 10 from methanol raised the mp to 74°,
[6135 <15 (c 1.50, CHC1y), ir bands 1737 ca™®, ner signels at
0.31d (J = 3,8 Hz, H-14), 0,92, 1,08 (C-13 and C-10 mzthyi), 1.01
(C~15 methyl), 1.17 (C-4 methyl), mnd 3.63 ppm (Wethoxyl),

Anal. Caled for CZIHSZDI= C, 79.80; H, 10.18; 0, 10,11,
€, 79.64; H, 10.27; 0, 10.40,

Alcohol L) was recrystallized from éther-haxsne and had
wp 114-115°, mgs 29" (¢ 1,02, CHCl;)} ir bands at 3450 and
1727 ca”}; nmr signals at 0,86, 1.06 (C-10 end C-13 methyls),
0,984 (J = 7 Hz, C-15 wethyl), 1.17 (C-4 methyl}, 2.7 (H=15),
3,64 (methoxyl), snd 4.89 dbr (J » § Hz, H-4),

Found:

Ansl, Cried for Cp3Hy 05t mol, wWi.! 334.2507. Found (MS):
334.2509,

Beastions £ 10.--A) A sample of 10 was Kept at
stean bath. temperature for 3 hr and allowed to cool. Tic and nmy

" snalysis of the product indicsted that 10 had undergone mo chahge.

B) The cyclopropyl derivative was recowred unchanged after

stirring overnight with silica gel in ether, and with silica gel,

J00-1201%

estarification 6.9%,
Acetylation of 0.025 g of J8a with pyridinesacetic anhydride

Hence the optical yield was 7.5 4.

in the usual fashion gave & guantitative yield of non-crystalline

J8b which exhibited nmr signals at 0.B1, 0.96 (C«10 snd C13 methyls},
1.08 d (I » 6.5 Hz, C-15 methyl), 1.20 (C-4 methyl), 2,03 (acetste),
3,65 (methoxyl), 4.62 q (J » 6.5 Hz, H-15), and 5,18 br (H-14),
Tosyh’uon of 0.969 g of 185 gave 1.360 g of non-crystalline

tosylats J8c which was pure by tlc standerds and exhibited nar
signals at 0.75, 0,91 (C-10 and C-13 methyls), 1.1% (C-4 methyl},

©3.22 d (J = 6.5 Hz, C-15 methyl), 2.43 (aromatic methyl), 3.67

(methoxyl), 4.33 q (J = 65 Mz, H-15), 5.02 br (H-14), .30 d
and 7,78 d (2p each, J = 8 Hz, aromatic hydrogens).

Non-crystalline alcohol 19a had ir bands at 3470 and 1727 cl'lg
ame signals at 0.83 (C-10 methyl), 0.94 (C-13 methyl), 1.12 d
{Jd = 6.6 Hz, C~15 methyl), 1,23 (C-4 methyl), 3.48 q (I = 6.6 Mz,
H-15), 3.74 (methoxyl) und 5.33 br (H-14),

Anal, mol, wt. 334,2507.
334,2508.

A solution of 0,089 g of 19a snd 0,440 g of a-phenylbutyric
anhydride in 5 ml of pyridine yislded 0,125 g of pure ester and

Caled for CpoHy 04t Found (MS):

0.466 g of a-phenylbutyric anhydride (purity checked by nmr spec«
troscopy) , (u]és -0.80%, (c 23,3, bentenie}, theoretical [a]n for
fully stereospecific reaction =10.0%; optical yield &%.

The gummy acetate 19b was prepared from jfa in quantitative
yield and hsd nmr signsls at 0.80, 0,94 (C-10 and C~13 methyls),
1.11 4 (J = 6.5 Hz, C~15 methyl), 1.20 (C-4 methyl), 1.99 (acetate),

3,65 (msthoxyl), 4.90 g (J = 6.5 Hz, H-15) and 5,22 br (H-24).

Jogaitels

High resclution mass spectrometry rsvealed that this fragment

had the elemental composition CH"ZIOZ‘ inclusion of the oxygen
atoms requires that it be derived from rings A and B with loss
of most of the ring C carbon atoms. Two possible paths leading

to this fragmen: are detailed in Scheme V,

“to,Me

Both paths are initiated by a mechanistically ressonable
cleavige of the allyli¢ 5,1l-bond which would be expected to
occur in any 8{14)-unsaturated resin scid. The observation of a
unique pattern in resin acid derivatives of the methyl strobate
type is rationalized by invoking a rearrangement-cum-cyclization
step to form a five-mambered ring. The sams pathway, 4if followed
by a%»1¥-vesin mcids with the “normal" six carbon C-ring, would
The

mass spectrum of methyl levopimarate (2, R = conu), the closest

ily

generate an ti le four ing.
possible analog te 3b, gives no indication that this pathway is
operational,

Evidence for the mechanism postulated to account for the
appearance of the m/e 221 fragment is the difference in relative
intensities for 3b (254), ZA (28), and i (58). 1In 3b, the 5,11~
double bond is doubly allylic; ¢leavage of this bond produces a

structure in which both electron-deficient carbon atoms ave
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ether and @ solution of 0.5 mi of 109 KCl in 5 a2 of pyridine.
Stirting of A0 overnight with silica gel and 5 drops of 10%
hydrochloric acid resulted in quantitative transformation to
£

C) Acetolysis of 0.05 g of the cyclopropyl derivative by
refiuxing with 3 ml of acetic acid for 3 hr resulted in quanti-
tative transformation to Sb.

D) A solutien of 0,083 g of L9 in 4 ml of dioxane and 1 ml
of ¢.6 N perchloric acid in acetic acid containing sufficient
acetic anhydride to remove all water was refluxed for 2,75 hr
(nitrogen atmosphere), poured onto ice and worked up in the usual
way.
methyl dehydrosbietate.

Begctions of 11.--A) Acetolysis of 0.034 g of the tertiary

aleohol by refluxing with 1 ml of scetic acid overnight (nitrogen

Preparative tlc resulted in isolation of 23 mg {288) of pure

atmosphere); cooling, dilution with toluene and removal of the
solvents in vacuo resulted in lsolation of 0.030 g of pure 5b.

B) A attempt to dehydrate 0,046 @ of LL with POCLy-pyridine,
work-up in the usual manner and preparative tlc of the gummy
product resulted in isolation of 5 mg of starting materisl;
transformation products could not be isolated.

QxymgrourstionsDemercuyation of Methy}l Sandarscopimarate.--
The sandaracopimaric acid utilized in this experiment was isolated

from gun sandarac resin by the procadure of Edwards and coworkers®®

(29) 0. E. Edwards, A. Nicolson, and M.N. Redgers, fan. J. Chem,,
18, 663 (3960),

J0C~12=13

The nonscrystalline tosylate 19¢ (1.30 g from 1.015 g of 19a)
had nAr signels ac 0.78, 0,90 (C-10 and C-13 methyls), 1.12 d
(J = 7.4 Hz; C-15 methyl), 1,19 (C-4 methyl), 2.43 (atomatic
methyl), 3.87 (methoxyl), 4.36 q (I » 7.2 Hz, H-15), 5,00 br
(H«14), 7.35 dbr end 7.78 d (2 p each, aromatic hydrogens}.
Acstolvais of 18g ang 19a.--A) A solution of 0.115 g of
Afs in 5 a1 of acetic acid was refluxed overnight (nitragen
atmosphere). Removal of acetic acid by cedistiilation with
toluene gave 0,138 g of gummy acetate identical in all respects
with 18b produced by pyridine-acetic anhydride treatment of l8a.
B) Repetition of this experiment with 0.107 g of 19a
yieldud 0,119 g of 19b identical in all respects with the
by pyridi

s0xg-8(14) - =18

acetate

ic enhydride treatment of 1Qa.
«--Oxidation of
0.3 g of the mixeure of crude 18a and 18a from the oxymereuration
reaction in 10 ml of acetone at ice bath temperature with Jones
Teagent and standard work-up gave 0,296 g of crude product which

was recrystallized from methanol and then melted at 72-74°

(Lit*'mp, 73-75%); nar signals at 0.84 (C«10 methyl), 1.17 (C-13
mothyl), 1.25 (C-4 mothyl), 2,15 (acetyl), 3.74 (mothoxyl} and
5.61 br (H-18).

JOCLIZ=26

silyllesily stabilized. In substances 11 and 21 which contain
only the 8,l4-double bond, only an electron deficisncy at C-§

can be stabilized. Therefore reduced intensity of m/fe 221 is to
be expacted,

spectrus of 10 (reletive intensity 334) may be due to thermolysis

Appearance of the m/e 221 f£ragment in the mass

or fragmentution to & structure clossly related to 3b or Ml.

Burlingame and coworkers®® have described the fragmentation

(35) A, L. Burlingame, C. Femselau snd W. J. Richter, J. Anm. Chem.
Soc., B, 3232 (1967).

of widdrol (4} which bears a strong stxuctural resemblance to
zings B and G of 1.
for the base pesk in the widdrol system is applied to 11, the

¥hen the scheme postulated by them to sccount

fragmentation shown in Scheme VI results which can account for
several observed .peaks.

Most significantly, however, the mass spectrum of widdrel
exhibits an lon equivalent to m/e 221 at m/e 123 (v25%). Since
in widdrol the position equivalent to C-7 of 3b is blocked by
two methyl groups, the last proton abstrsction step, comparable
to path b of Scheme V for 3b, is not possible in the widdrol case.
Therefote path a of §cheme V i preferred as an explanation for
the formation of the lon m/e 221,
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R’ and S’ similar to R and S of Scheme III (with CHj re-
placing CH;HgX) and that crossover between them must
be small. ‘

Failure of 18a and 19a to yield ring-expanded products
from substitution at C-13 is not surprising. When the
charge of homoallylic ions R’ and S’ is localized at 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).

Registry No. 1b, 3582-26-1; 4, 24267-82-1; 5a, 42401-43-4; 5b,
42401-44-5; 6a, 42401-45-6; 6b, 42401-46-7; 7, 42401-47-8; 8, 42401-
48-9; Ya, 42401-49-0; 10, 42401-50-3; 11, 42401-51-4; 17, 19907-21-2;
18a, 42401-52-5; 18b, 42401-53-6; 18¢c, 43025-21-4; 19a, 42401-55-8;
19b, 42401-56-9; 19¢, 42573-18-2; 20, 24267-84-3.
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