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Abtract -The resin acid components of P. srtobus needks were isolated. and the major constituents idcnlitkd as 
labdenok diterpenes. In addition to anticopalic and strobic irids previously reported in the aacdks, 3_oxoantk~@ic, 
3fi-acetoxyantkopalic. 3/I-hydroxyanticoplic acids and the b-hydroxy derivative of anticopalk acid were found along 
with two new compounds. The structures of the two new compounds. a cycloanticopalic acid and an abeoantkopalic 
acid, were determined by NMR. The composition of the diterpene resin acids was obtained for several sampks of 
P. srrobus needles from provenance tests. 
-. -.- . ..- - -- 

Preliminary investigation of the resin acids of P. srrobus L. 
needle okoresin Indicated the prcsena of anticopalic acid 
(la) in a -95 “/b range along with small amounts of 
common tricyclic resin acids [ 11. Strobk acid @a), a major 
resin acid in the cortex okoresin [24], has ban found as 
a minor component in the needk okoresin [4, S]. In 
analyses of necdk sample from other sour=. 3_oxoanti- 
copalic acid (3a) [4], 3/?-aatoxyanticopalic (4a) [6.7], 
and 3/?-hydroxyanticopali acids (51) [6,7] were tenta- 
tively identified. In addition, IWO minor components were 
observed [6]: a labdane resin irid postulated as a 
cycloanticopalic acid. and an unidentified anticopalii acid 
derivative. 

We have now isolated all of the major resin acids of 
P. swobus ncuik okoresin, and have characterized the 
natural product k (as the methyl ester 3)) by spectro- 
scopic techniques. In addition, we have isolated five minor 
components: 3/I-&xtoxyantkopalic (CA 38- 
hydroxyanticopalic acid (Sa), the 8u-hydroxy derivative of 
anticopalic acid @a), and the two new compounds 
previously observed. The new compounds have been 
characterized, as methyl esters, to be 6b and 7b by NMR 
spectroscopic techniques. 

RFSUL’IS A&t) DISCUSSION 

Idenlificarion of oxygenated resin acids 

Neaik samples from a wide geographic range of 
provenance test trees were analyscd by GLC. In addition 

- __-_ - -. - 
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to the previously found compounds la and ti other resin 
acid components were observed. Gel permeation chro- 
matography provided an enriched fraction of one com- 
ponent which was recrystallized to give a pure resin acid. 
The IR spectrum (a carbonyl stretch at 1715 cm - ’ in 
addition to the ester carbonyl), mass spectrum (m/z 

= 332). and ‘H NMR spectrum of the methyl ester were 
consistent with a methyl oxoantkopalate. A 250 MHz 
‘H NMR spectrum had resonances for two protons, one 
at 62.59 (dd, J = 12.4,6.5 Hz) and the other at 2.66 (dd. J 
= 12.4. 6.5 Hz) (Tabk 1) clearly isolated from any other 
resow. The AA’BB’ splitting pattern and cts, gem 
coupling constants were in accordance with nonequiv- 
aknt ring methylem protons cot&d to another nonequi- 
valent ring methykne. Sequential addition of Eu(FOD) 
substantially shifted tertiary methyl resonances at 6 1.02 
and 1.10 kaving the remaining tertiary methyl at 60.87 
unalkcted. The Eu(FOD) experiment also indicated that 
only one nng methykne group was adjacent to the 0x0 
function. A long range 2-D carbon-proton correlation 
experiment gave a three bond coupling between the 
carbonyl carbon resonance at 2 16 ppm (Tabk 2)and both 
H-18 and H-19. This evideoa ckarly defines the oxo- 
substitution at C-3, which is consistent with the C-3 
oxygenation in two of the other needk rain acids, 4a and 
Sa. The ma= spectrum and physical characteristics were 
in agreement with previous reports 18. 131. 

Gel permeation chrornatographic f&ions eluting 
prior to 3b gave a mixture of acids. which by silica gel 
chromatography (of the methyl esters) yielded methyl 3@- 
acetoxyanticopalate (4b). The ‘HNMR and “CNMR 
spectra of 4b were in agreement with those reported by 
Braun and Breitenbach [ 133. The corresponding hydroxy 
acid was purified by silica gel chromatography of a gel 
permeatron fraction, yidding Sa afkn recrystallization 
from methyl r-butyl ether+liethyl ether (9: 1). The 
‘H NMR and mp agreed with the previous report [ 131. 
Sina compktion of our work, Raldugin et a/. [8] have 
reported 3a in the needle okoreain of P. pumila (Pall.) 
R-L; identification was by spectral and physical com- 
parison with the product of Jones oxidation of !%. The 3fl- 

769 



770 D. F. ZINK~L and T. V MACF.E 

11 R-H 21 R-H 

lb R - CH, 2b R = CH, 

&CCMJR ..&- 
3a R-H 

3b R = CH, 
49 K- H.R’-OAc 

4b w- CH,. R’ - OAc 

!h R,R’-H 

Sb R - CH,, R’ - H 

6r R-H 

6b R = CH, 

7s R-H 

7b R - CH, 

8a R - tl 
8b R = CH, 

aatoxyanticopalic and 3B-hydroxyanticopalic acids have 
also been reported in the xykm [14] and foliage 183 of 
P. putGl0. 

A minor resin acid component (co 1%) of the needle 
oleorcsin (see footnote in Tabk 3) matched the GLC 
retention characteristics of a component also obstrvcd in 
cortical okorcsin in the 3 8 Y0 range. The compound was 
isolated from the cortex as the methyl ester by chromato- 
graphy on AgNO,-silica gel. The physical and spectral 
characteristics were in agreement with those reported for 
the methyl ester of a sclarcol oxidation product, identified 
as the &hydroxy derivative of methyl anticopalatc, 8b 
[16. 173. We have oxidized sclareol and isolated the 
corresponding reaction product to confirm this identifi- 
cation. This is the first report of & as a natural product 
from the genus Pinus. It has been reported previously in 
the trunk resin of the Amazonian kguminous species 
Hymemzeo cout&vi/ L. 1183. However. the reported 
physical and spectral data are not consistent with our 
results or with those of others (for details, see 
Experimental). 

Identijicolion oj two new resin ucids 

Two unidentified minor components were observed [6] 
in the nccdk okorcsin of P. strobus and subsequently 

lab&d Unknowns 1 and 2 [7]. On the basis of its 
mokcular weight (M ’ at m/z 316 by GCMS), Unknown 2 
was postulated to be a cycloanticopalic acid derivative; 
Unknown 1 was also presumed to be an anticopalic acid 
derivative. 

A crude sample of P. srtobus nadk resin acids was 
fractionated by gel permeation chromatography. One 
fraction was mcthylatcd and chromatographcd on 
Ag-sulphonic acid resin to yield an enriched fraction of 
Unknown 1. which was subsequently isolated in high 
purity by preparative GLC. The ‘H NMR spectrum of 
Unknown 1 (Tabk 1.6)) contained two exocyclic mcth- 
yknc rcsonamzs at 64.39 and 4.77 in addition to those 
expactcd for an 8( 17)Jabdcnc. Homodsoupling cxpcr- 
iments indicated coupling bctwan an isolated broad 
‘quintet’ (actually a doubkt of a quartet) at 62.54 (J 
= 7 HI 1 H), a secondary methyl at 6 1 .lO (d. J = 7.2 Hz), 
and a partially resolved resonance at co 6 1.68. lrradiation 
at 1.68 ppm gave a doubkt of a quartet at 62.54 (J = 7, 
2 Hz); irradiation of the secondary methyl (6 1.10) yielded 
a broad doubkt at 62.54 (J = 5 Hz IV,., - 2 Hz). The 
splitting and broadening of the AM,XX’ pattern in- 
dicated that the allylic (A) proton at 62.54 was coupkd to 
a ring methyknc of noocquivakot protons (XX’) in 
addition to the secondary methyl (M,). Theassignment of 
an zconfiguration to the secondary methyl was de- 
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Tabk I. ‘H NMR sprctnl data of cempouti W 0 and 7b 
-- 

3b’ 6b f) 

- -. _- - - -- --- - - --- 

H-2 2.59 dd (12.4. 6.5) 
2.66 dd (12.4. 65) 

H-3 
H-S 
Hd 

H-14 
H-16 
H-17 

H-18 

- 

co 1.61 
t 
t 

5.65 q (1.1) 
2.15 d (1.2) 
4.59 br s 
4.93 br s 

1.02 sq 

H-19 1.10 sl 

H-20 0.87 s 
H-21 3.69 s 

co 1.68 

2.54 br dq (7. 2): 
co 2.111 
co 1.41 
co I.@’ 
5.67 q (1.2) 
2.17 d (1.2) 
4.54 br s 

4.91 br s 
1.10 d (7.2) 

4.39 r (1.8) 
4.77 I (1.6) 
0.52 5 
3.69 s 

t 
t 

co 0.56 m 
co 1.20 d (3Y 
co I.& 
co 1.91 
5.64 q (1.2) 
2.14 d (1.2) 
4.53 br s 

4.88brs 
0.04 dd (6, 4) zH** 
0.42 dd (9. 4@H 
0.92 s 

0.65 I 
3.68 s 

__. .- - - .-..-- -.-_ ___-.- 

l cfi tn CC),. ref. [8] 
t Shifts are unresolved. 
$ Appears as a quintet. 
IlAssigncd by short range 2-D carbon-proton correlation. 
(Assigned by long range 2-D carbon-proton corrcla~ion. 
**A su~knxatal SpCCtrum without TMS (CHCI, as internal standard) was 

used to o&e rhc s&tin* pallan. 

tammcd by NOE difTerena spectroscopy 1193. 
Irradiation of an exocyclic mcthylene proton (4.77 ppm) 
showed a clear NOE on the allylic proton resonance 
(62.54). with no cfTecr observed on the resonance of the 

Tabk 2. “CNMR spectral data of compounds Ih 
3b. 6b and 7b 

-- _- -_ _ 

lb. 3bt at 7W 

C-l 39.3 37.7 33.4 33.1 
c-2 19s 34.7 29.4: 20.1 
c-3 42.3 216.0 38.4 19.3 
C-4 33.6 47.8 154.6 16.6 
C-S 55.7 26.2 45.9 51.6 
C-6 24.6 25.3 27.2$ 28.5 
c-7 38.5 38.0 37.7 38.4 
C-8 148.4 147.1 148.0 148.8 
c-9 56.5 55.4 54.4 52.9 
C-IO 40.0 39.4 42.2 38.9 
C-11 21.8 22.2 22s 226 
c-12 40.0 39.7 40.0 40.0 
c-13 160.8 160.1 160.6 160.7 
c-14 1 IS.2 I IS.4 I I s.4 115.1 
c-1s 167.2 167.1 167.2 167.2 
C-16 18.9 18.9 18.9 18.8 
c-17 106.4 107.6 107.2 106.9 
C-18 33.6 26.2 106.4 21.9 
c-19 21.8 21.7 19.9 23.9 
C-20 14.6 14.1 11.9 11.7 
OMc SO.6 30.7 MO.6 SO.6 

l ASignmal1s of rcfs 19. 101. 
t DEPT [I I] ad 2-D carbon-proton carrektions 

[12] were usat to aid in assignmcou. 
$ Assigmnents may be inlcfchogat. 
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secondary methyl (b1.10). It follows that the secondary 
methyl is in an axial (a) configuration. The substitution 
position of the exocyclic methyknc was determined as 
follows. Irradiation of the other exocyclic proton at 
4.39 ppm showed effects of equal intensity at co 6 1.4 and 
1.8 (determined by 2-D carbon-proton correlation to be 
hydrogcns of one ring methyknc). The exocyclk meth- 
yknc must beat C-l shx it is only at this position that tbc 
=CH2 plane bisects a neighbouring ring H-C-H bond 
angk (at C-6) allowing for equal NOE on both ring 
methyknc protons. The structure of mcthylatcd 
Unknown I. thus, is 6b. “C NMR assignments are given 
in Tabk 2. 

A gel permeation chromatographic fraction consisting 
mainly of Unknown 2 and antkopalis acid (la) was 
methylatcd and chromatographcd on silica gel to remove 
small amounts of more polar components. Preparative 
GLC was subsequently used to isolate Unknown 2 in high 
purity. The ‘H NMR spectrum of Unknown 2 (Tabk 1) 
gave two resonances. at 60.04 (dd. J - 6.4, 4 Hr. I(- 
methykne H) and at 60.42 (dd. J = 9,4 Hz; /Lmethykne 
H), and a signal at co 60.56 (m, IH), all indicative of 
cyclopropyl hydrogcns (c$ the rclatcd 3,18cyclo- 
pimaranc. ref. [20]. Ackar NOE between thccyclopropyl 
n-mcthyknc proton at 60.04 and H-S confirmed a 3.18 
rather than $19 cychzation for Unknown 2 (7b); the 
chemical shift of H-5 (co al.20) was determined by 2-D 
carbon-proton correlation. Cyclization in la between the 
equatorial C-18 methyl with C-3 is as expected on stetic 
considerations. A-Ring annelated cyclopropyl systems are 
rare in natural produas; only one 3.18cyclization has 
been reported previously 1201. 

Resin acid composition in P. strobes needles 

In a limited survey of P. strobus, several sampks of 
ncedlcs were obtained from provenance studies to provide 
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