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STRUCTURE OF STROBIC ACID 

D. F. ZINKEL* and B. P. SPALDING” 
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(Received in USA 9 May 1972; Received in the UKforpublication 23 January 1973) 

Abstract-Strobic acid, a new diterpene resin acid from Pinus strobus, has been shown to have 
structure la by degradation and CD correlation. 

In a preliminary communication,’ we reported the 
isolation and partial characterization of a new 
diterpene resin acid found in the cortex and needles 
of eastern white pine, Pinus strobus L. We present 
here the details for the elucidation of the complete 
structure of this unusual resin acid, strobic acid 
(14S,17-cyclolabda-8( 17),12-dien-I 8oic acid, la).S 

Consideration of the spectral data for methyl 
strobate suggested lb (with stereochemistry at 
C-14 not determined) as the likely structure. The 
basic skeleton was confirmed by exhaustive 
ozonolysis, Jones oxidation, and methylation to 
yield a product which was identical with the keto 
diester 2 prepared from methyl levopimarate. 
Thus, the double bond positions, the substituents 
on the A and B rings and the absolute stereo- 
chemistry at C-4, C-5, C-9, and C-10 are unam- 
biguously confirmed. Only one arrangement of the 
remaining five carbon atoms in the other (unstable) 
ozonolysis fragment can be accommodated by the 
NMR data for the parent methyl strobate. 

Examination of spectra did not reveal any in- 
formation concerning the stereochemistry at C-14. 
The CD of lb and its corresponding alcohol, 
strobol,3 have an interesting minima at 230.5 nm, 
[e] of about -5008”, which could correspond to 
overlap of the non-conjugated r system; lacking 
appropriate model compounds, however, this is of 
little value in assigning the C-14 stereochemistry. 
It was hoped that the CD of the osmate ester of 
diol 3 (osmylation of lb should occur from the (Y 
side on steric considerations) could be used to 
establish the stereochemistry in the manner pro- 
posed by Scott and Wrixon.4 Although the CD 
showed a minimum in the 500nm region cor- 
responding to a k’ conformation, an examination 

*To whom communications should be addressed. 
“Present address, Dept. of Agronomy, Cornell Univ., 

Ithaca, New York 14850. 
tMaintained in cooperation with the University of 

Wisconsin. 
SThe systematic name for this acid was previously 

given as an abeopimaradienoic acid.’ However, the 
simpler and thus correct systematic name is based on a 
cyclized labdane skeleton.’ 

of models shows that both k and k’ conformations 
are possible for either C- 14 epimer. 

The C-14 stereochemistry was determined by 
conversion of 3 to keto diester 7b, and by compar- 
ing the CD of 7h with ORD data for methyl-a- 
methylalkyl ketones. Although diol 3 was readily 
cleaved to form 4, hydrogenation of 4 did not pro- 
ceed cleanly. The reverse order of preparation, 
however, was effective. Hydrogenation of diol 3 
(or the 8-monoenoate from isomerization) in the 
presence of strong acid produced the saturated 
derivative 5, which should have the thermo- 
dynamically more stable tram-trunsoid-tram skele- 
ton. Cleavage of 5 with periodate yielded 6 which, 
on oxidation and subsequent methylation, gave 7b. 
Comparison of the CD for 7b ([&,,+366O”] with 
ORD data5 for S-3-methylpentan-2-one (y sub- 
stituents such as in 5-methylheptan-2-one make 
only minor contributions to the ORD curve) 
showed that the configuration of the secondary 
Me of 7b, and thus the corresponding C-14 of the 
parent methyl strobate, is 5. 

Hydrogenation of methyl strobate produces 
four major components: dihydrostrobates 8 and 
9 and tetrahydrostrobates 10 and 11. In formulat- 
ing tentative stereochemical assignments for the 
hydrogenation products, we presume that the 
formation of the 8( 17)-enoate (9) occurs without 
change of configuration at C- 14, and hydrogenation 
of the C- 12 (C-13) double bond takes place from 
the a side. The stereochemistry at C-8 of the 
tetrahydrostrobates 10 and 11 and of dihydro- 
strobate 8 is assigned in analogy with observations 
on the tetrahydroabietatesa and the tetrahydro- 
pimarates/tetrahydroisopimarates;7 BC cis ring 
junction results in downfield shift of the C-10 Me 
hydrogens in the NMR spectra. It seems reason- 
able to assume a sequence of 1 + 9 + 10,ll as the 
primary hydrogenation pathway. This leads to 
retention of the S configuration at C-14 as tenta- 
tively assigned for 9,10, and 11. 

EXPERIMENTAL 

M.ps were determined in evacuated glass capillaries 
and are corrected. UV spectra were obtained for iso- 
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octane solns (for conditions, see Table 2 of Ref 6). NMR 
spectra of CDCI, solns were recorded with a Varian HA- 
100 spectrometer using TMS as internal standard. (Com- 
plete NMR, IR, UV, and mass spectra for 1,8,9,10, and 
11 appear in Ref 8.) CD measurements were made with a 
Cary 60 spectropolarimeter. 

Isolution ofmethyl sfrobnte (1). Small scale isolation of 
methyl strobate was accomplished by 40% AgNOs- 
alumina column chromatography (3 : 7 ether-light 
petroleum) of methylated (CH,N,) cortex oleoresin. A 
pure material (99+% by GLCr3 on DEGS and on SE-30/ 
EGiP) was obtained on crystallization from MeOH: m.p. 
46.5-47“; [a]$- 48.9” (c 2.8, CHCI,); mass spectrum m/e 
316 (lOO%, M+ for C,,H,,O* as determined from the 
high resolution spectrum), 301 (27%, M+ -Me), 257 
(33%, M+ -COOMe), 241 (21%, M+ -Me-COOMe) 
and 221 (25%, M+ -C,H,,); A,, 193.6 nm (E 15,400); 
NMR 6 544 (d, / = 7, one olefinic H), 5.41 (t, J = 7, one 
olefinic H), 3.63 (s, COOMe), 2.70 (m, one H at C-14), 
166 (s, C-13 Me), 1.18 (s, C-4 Me), 1.17 (d, J= 7, C-14 
Me), and 0.87 (s, C-10 Me), [Double resonance experi 
ments show that the 2.70 H is coupled to both the 1.17 Me- 
(d) and the 544 olefinic H.]; ~~~~~s* 1730 (C=O) and 
1245 cm-’ (equatorial carbomethoxy); Av,,,,, 1724 
(C=O) and 1681, 1646 cm-’ (C=C); CD (c 0.013, iso- 
octane) [e],,, *O’, [f&3o.5 -4800”, [@I,, MO”, [f31zlJ +22,008 
(inflection), [.9]2,,W5 +29,500”, [0]203.5 ?O”, [&,s -91,000”. 

To facilitate a larger scale isolation of lb, the ether 
extract of eastern white pine cortex was extracted with 
5% NaOH. This basic soln was acidified and extracted 
with ether and the ether soln methylated (CH,N,). The 
solvent was removed and the methylated product chroma- 
tographed (benzene) on neutral alumina activity III to 
yield 20g of resin acid methyl esters which contained 
27% methyl strobate. The esters were then hydrogenated 
in benzene with triphenylphosphine rhodium chloride for 
18 hr at ambient conditions to selectively reduce the 
vinyl group of methyl pimarate, isopimarate, and 
sandaracopimarate; this simplifies the chromatographic 
purification, below, as strobate elutes between pimarate 
and isopimarate from AgN03-alumina.9 After filtering 
through alumina and removing the benzene, the hydro- 
genated esters, in pentane, were filtered through a small 
bed of alumina. The 11.8 g of methyl esters thus obtained 
were chromatographed on 600 g of 40% AgNO,-alumina 
with stepwise ester-light petroleum elution. A 1.9 g frac- 
tion of methyl strobate of 99+% purity was obtained. 

Preparation of keto diester 2 
From methyl levopimarate. Keto diester 2 was pre- 

pared by exhaustive ozonolysis of methyl levopimarate 
as described by Pelletier.r” The product was purified by 
chromatography on silica with 4: 1 light petroleum-ether 
as eluant: [cr]g -507” (c 1.0, CHCI,); NMR 8 3.72 and 
3.68 (two COOMe singlets), and 1.20 and 0.76 (two Me 
singlets), lit.,‘O 3.71,3.68, 1.22, and O-76, respectively). 
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From methyl strobate. The keto diester was prepared 
as above: [or]b-52.4” (c 1.7, CHCI,); NMR, IR, and 
GLC were identical with NMR, IR, and GLC of the keto 
diester from methyl levopimarate, above. 

Preparation of the osmate ester of 3 
A soln of osmium tetroxide (89 mg, O-35 mmole) in 

one ml pyridine was added to 102 mg (0.32 mmole) of lb 
in 10 ml ether. After 16 hr at room temp, the solvent was 
removed and the resulting black residue chromatographed 
on log of silica (using acetone as eluant) to produce 
22 1 mg (94% yield) of a brown-black solid. Recrystalliza- 
tion from 5% CH,CI, in heptane gave a crystalline pro- 
duct (homoaeneous bv TLC): m.n. 183-183*5”: NMR 
6 8.92‘ (m, 4-aromatic -H), 7.50 (m; 6 aromatic H), 5.00 
(d, .I = 6, one olefinic H), 4.52 (m, one H at C-12), 3.63 
(s, COOMe), 340 (m, one H at C-14), 140 (s, Me at 
C-13), 1.23 (s, Me at C-4), 1.00 (d, J = 7, Me at C-14), 
and 0.95 (s. Me at C-10): &K 830(s). 1245. 1450(s). 
1725 (C+G). and 3430&? (b&ad); h&F 263’(e 727b), 
257 (E 8860), 252 (E SSSO), and 245 nm (E 7730); CD (c 
0.11, MeOH) [0]487 -7600”; CD (c 0.13, CH,CI,) [eho3 
-9270”. 

Preparation of methyl 12a, 13wdihydroxy- 14S, 17- 
cyclolabd-8( 17)-en- 1 I-oate (3) 

Osmium tetroxide (506 mg, 199 mmoles) dissolved in 
one ml pyridine was added to a soln of lb (569 mg, 
l.SOmmoles) in 25 ml pyridine and allowed to react at 
room temp for 40 hr. A soln of 1.8 g NaHS03 in 40 ml 3 : 1 
pyridine-water was then added with stirring until a clear 
red soln resulted” (ca 30min). The chloroform extract 
(3 x 30 ml portions) of the red soln was washed with 
water, dried over MgS04, and the chloroform removed 
to yield 804 mg of a brown oil. Chromatography on 50 g of 
silica with 3 : 2 ether-light petroleum produced 443 mg 
clear oil which on crystallization from heptane gave 
354 mg (56% yield, homogeneous by GLC and TLC) of 
white crystalline 3: m.p. 142-143”; [a]g +3.6” (c. 1.8, 
CHCI,); NMR 64.88 (m, one olefinic H), 3.62 (s, 
COOMe), 1.23 (s, Me at C-13), 1.05 (s, Me at C-4), 1.04 
(d, .I = 7. Me at C-14). and 0.89 (s. Me at C-10): v!Z!+~ . ..- 
i730, 1245, and 354bcm-1 (broad, OH). (Found: C, 
71.86; H, 9.72. C,,H,O, requires: C, 72.00; H, 9.78%). 

Preparation of methyl 12,15-dioxo- 12,13-secopimar- 
8(14)-en- 18-oate* (4) 

Dial 3 (31 mg, 0.09mmole) was cleaved with sodium 
metaperiodate (0.26 mmole) as in the preparation of 6, 
below. GLC showed the mixture contained 45% un- 
reacted 3 and 55% product. Chromatography of the 
mixture on 3 g silica gave 15 mg 4 (homogeneous by TLC 
and GLC): NMR 6 9.80 (t. J = 2. CHG). 5.18 (d. J = 10. 
one olefinic H), 3.68 (C’dOMe); 2.13 (COMej,‘l.l7 (s; 
Me at C-4), 1.11 (d, J = 7, Me at C-13), and 0.82 (s, Me 
at C-10). 

Preparation of methyl 12a,l3rr-dihydroxy-14S,17- 
cyclolabdan- 18-oate (5) 

A soln of 225 mg 3 in 20 ml EtOH containing 2 drops 
cone HCI and 40 mg Adams catalyst was hydrogenated 
for 20 hr at ambient conditions. On removing the catalyst 
and evaporating the solvent, 252 mg oil was obtained. 

*The ring-cleaved products, 4, 6, and 7 are correctly 
named as “secopimaranes” rather than “seco-cyclolab- 
danes,” see Ref 2. 

Chromatography of the oil on 20 g of silica (3 : 7 ether- 
light petroleum) produced a 15Omg fraction which 
crystallized from heptane: m.p. 42-43-5”; [a]% +28.2” 
(c 1.6, CHCI,); NMR 6 3.62 (COOMe), 1.13 (s, Me at 
C-13) 1.07 (s, Me at C-4), 0.92 (d, J=7, Me at C-14), 
and 0.80 (s, Me at C-10); z&,$~~~* 1730 (c--O) and 
3470 cm-’ (broad, OH); AEt! 200 nm (E 420). (Found: C, 
71.42; H, 10.42. CZIH,,Od requires: C, 71.55; H, 10.30). 

Preparation of methyl 12,15-dioxo- 12,13+ecopimaran- 
1 goate (6) 

To a soln of 100 mg (0.28 mmole) of 5 in 5 ml of t- 
BuOH was added a soln of sodium metaperiodate 
(362 mg, 1.7 mmoles) in 10 ml of 1 : 1 t-BuOH-water. 
After stirring for 20 hr, the resulting soln was extracted 
with three 20 ml portions of ether. The combined ether 
extracts were washed with water, dried over MgSO,, 
and the ether evaporated yielding 103 mg clear oil. This 
oil was chromatographed on 3 g of silica ( I : 4 ether-light 
petroleum eluant) to give 100 mg (98% yield) of 6 (homo- 
geneous by GLC and TLC); [ati +20@ (c 1.8, CHCI,); 
NMR 6 9.76 (t. J = 1.5. CHO). 364 (s. COOMe), 2.09 
(s, COMe), 1:16 (s, Me’at C-4j; 0.99 (d;J = 7, Me at C- 
13), and 0.84 (s, Me at C-IO); r&’ 1725 (C=O), 1245, 
and 2715 cm-’ (CHO). (Found: C. 72.27: H, 9.96. 
C,,H,,O, requires: C772+00; H, 9.78%): 

Preparation of dimethyl 15-0x0- 12,13-secopimaran- 12, 
1 S-dioate (7b) 

Jones reagent was added dropwise to a cooled soln of 
62 mg 6 in 5 ml of acetone until a persistent orange color 
remained. After standing for 15 min, 15 ml water was 
added and the resulting soln extracted 3 times with 10 ml 
portions ether; the combined ether extracts were washed 
once with water and dried over Na$jO,. The ether was 
then removed yielding 66 mg clear oil which was separated 
into acidic and neutral fractions on one g of DEAE- 
Sephadex.** Crystallization of the acidic fraction (2 1 mg, 
34% yield) from heptane gave 7a, m.p. 106-108”. 7a was 
methylated with ethereal diazomethane to produce 7b as 
a clear oil (homogeneous by GLC and TLC): [a]$ +19*2” 
(c 2.0. CHCI,): NMR 6 3.63 (s. two COOMe). 2.08 (s. 
COMe), l.lS(s, Me at C-4), 0:99 (d, J= 7, Md’at C-13); 
and 0.81 (s, Me at C-10); v”k: 1730 (C=O) and 1245 
cm-‘: CD (c O-13. MeOH) 101,,1 +3660”: CD (c 0.27. _ __“_ 
hexane) [f&,,, M”, [f&r2 +1080” (inflection), [B]sOp $2410”; 
[e]p, +2380”, [r&,z +2980”, ]elZs,+27800, [f&~+2800”, and 
[f&,+295”. (Found: C, 69.63; H, 9.63. CZ2H360J requires: 
C, 69.50; H, 9.54%). 

Hjdrogenation of methyl strobate. Hydrogenation of 
200 me; of methyl strobate in 30 ml of abs EtOH for 18 hr 
at ambient conditions in the presence of 800mg of 
catalyst (5% Pd-C) gave 4 major products. Chromato- 
graphy of the hydrogenation mixture on 1OOg AgN03- 
alumina with stepwise ether-light petroleum elution gave 
a fraction consisting of mixed tetrahydro derivatives and, 
subsequently, pure fractions of two dihydro derivatives. 
The first of the dihydrostrobates to elute was 8 which 
crystallized from MeOH: m.p. 105-107”; [a]8 -80~0” 
(c 1.3, CHCW; NMR 6 3.63 (s, COOMe), 1.57 and 160 
(s, two Me’s on double bond), I.17 (s, Me at C-4) and 0.99 
(s, Me at C-10); &E 1730 and 1245cm-‘; A,,,= 195nm 
(C 8760); CD (c O.Ol), isooctane) [e],, 1+0”, [e]ls,.5 
-34,500”, [r9],, -29.600”. The second dihydrostrobate, 
9 eluted as an oil: [a]$ -8.6” (c 2.4, CHCl& NMR 6 4.99 
(d, J= 6, one olefinic H), 3.62 (s, COOMe), 1.22 (s, 
Me at C-4), 0.98 (d, J = 6, Me at C-14), 0.88 (s, Me at 
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Table 1. GLC and TLC data for 
methylstrobateoxidationproducts 

GLC’ TLC’ 
Compound r0im Rf 

lb 1.43 0.95 
3 3.93 0.30 
4 3-05 0.57 
5 4-56 0.49 
6 3.31 0.60 
7 3.64 0.57 

ORetention time relative to 
methyl pimarate for a 3% SE-30 
on 70/80 Anakrom ABS column, 
6ftX l/8 in, at 200” and F; of 
50 ml/min; Hewlett-Packard 5750 
instrument. 

*Silica Gel IB-F plates (Baker 
Chemical Co.) developed with 
3 : 2 ether-pentane. 

Table 2. GLC retention data for methyl strobate and 
derivatives 

r,lma 
Compound DEGS SE-301EGiP 

Methyl strobate (lb) 1.74 1.39 
dihydrostrobate (8) 1.93 1.71 
dihydrostrobate (9) 1.39 1.31 
tetrahydrostrobate (10) 1.03 l-25 
tetrahydrostrobate (11) 1.39 1.56 
keto diester (2) 8.03 1.00 

“r,, = &Ie..Jou celtiJ_ve tn m&&l_ *mm_ &r GLC 
conditions see Ref 13. 

C-lC\, and@75(d,I= 7, Me at C-131; v”&T I732, 1245, 
and 852cm-I,; mass spectrum m/e 318.2541 (318.2557 
talc., 17%, M+), 303 (4%, M+ -Me), 259 (17%, M+ 
-COOMe), 243 (4%, M+ -Me-CGGMe), 221 (2%, 

*FFor comoarisou, the CD of several relatea mono- 
enoates were also determined in isooctane: Methyl 
8( 14)-pimaren- ll-oate (c O-01 1) [@Its0 ti’, [&,, +32,ooO”, 
[e],, +B600”; methyl 8( 14)-isopimaren- 18-oate (c 0*013) 
[0], +I’, [01x, +25,700”, [13],, +7000”; methyl 7-iso- 
pimia-epX&* * S8+> * -‘sp, a@, -2&X@, NW 
-lS;roa”, Ie],,-22,888’; methyl 138~abiet-8(14)-en-L8- 
oate (C O-011) [elz, @, [O]w,.s +17,700” (lit.6 for acid, 
[el,, +17,OOO“), [elIa, +66OO”. cf. Ref. 6 for CD data for 
other abietenoates. 

M+ -C,H,,), and 121 (lOO%,‘M+ -C b, II 2 9 H 0 ). A,, 
203.2 nm (c %OO); CD* (c O-036, isooctane) [e],, +-O”, 
[ei,,, +47500, (C om2) [ei,, *a, tei,,, -11,700~. [ei,, 
-11,300°. 

The tetrahydro derivatives were separated by prepara- 
tive GLC on 20% DEGS to yield two pure fractions. 
Crystallization of the first fraction from MeOH gave 10: 
m.p. 68.0-68.5”; NMR 8 3.62 (s, COOMe), 1.13 (s, Me at 
C-4), ca 0.88 (m, two secondary Me’s), and 080 (s, Me at 
C-10); &‘g 1730 and 1245 cm-l; mass spectrum m/e 
320.2714 (talc. 320. 14, 80%, M+), 261 (58%, M+ 

\ -COOMe), 245 (1 O, M+-Me-COOMe), 163 
(lOO%, M+ -CeH,,O& fo]g +8.1” (c 1.6, CHCL). 
Crystallization of the second tetrahydrostrobate from 
MeOH Pave 11: m.n. 72-73.5”: NMR 6 3-62 (s. COOMe), 
1.17 (s, Me at C-4),-0*% (s, Me at C- lo), and &79 and 0.80 
(d, two Me’s); &$c,c& 1730 and 1245 cm-l; [o]% -12-l” 
(c l-1, CHCl& 

REFERENCES 

‘D. F. Zinkel and B. P. Spalding, Tetrahedron Letters 
2459(1971) 

The systematic nomenclature follows the recent pro- 
posals of a committee chaired by Dr. J. W. Rowe, The 
Common and Systematic Nomenclature of Cyclic 
Diterpenes. Forest Products Laboratory, USDA, 
Madison, Wis. (1968, with Addenda and Corrigenda, 
February 1969) 

Y3trobol -and strobal have been isolated from cortex 
neutrals of P. strobus. D. F. Zinkel and B. B. Evans, 
Phytochem. l&3387 (i972) 

4A. I. Scott and A. D. Wrixon, Chem. Commun. 1184 
(1969) 

SC. Djerassi and L. E. Geller, J. Am. Chem. Sot. 81, 
2789 (1959) 

‘A. w .5wl-i@G~l~c, 5. w . l#&ix anx!t D. F . ?;uk& 5.07& 
Chem. 34,155O (1969) 

‘D. F. Zinkel and A. W. Burgstahler, unpublished 
#D. F. Zinke(, f-.. C. Zank and M. F. Weso[owski, 
Diterpene Resin Acids-A Compilation of Injiiared, 
Mass, Nuclear Magnetic Resonance, Ultraviolet 
Spectra and Gas Chromatographic Retention Data 
(of the Methyl Esters). Forest Products Laboratory, 
~orest~~ce,-L~,-~~on;Wrs.,‘(IT~I 

OD. F. Zinkel and J. W. Rowe, J. Chromatog. 13, 74 
(1964) 

%. W. Pelletier, K. N. Iyer and C. W. J. Chang, 1. Org, 
Chem. 35,3535 (1970) 

q s !+iKXQ 3% s 3SY $!.!X@ 
lzD. F. Zinkel and J. W. Rowe,Analyt. Chem. 36, 1160 

(1964) 
lJF. H. M. Nestler and D. F. Zinkel, Ibid. 39, 1118 (1967) 


