A STUDY OF THE PROPERTIES AND ®C NMR SPECTRA OF
PINIFOLIC ACID AND ITS DERIVATIVES
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The properties and '>C NMR spectra of pinifolic acid (13S-labd-8,17-ene~15,18-
dioic acid), its monomethyl ester, its dimethyl ester, its dicyclohexylammoniuﬁ
salt, dihydropinifolic acid, 18-hydroxy-13S-1labd-8(17)-en-15-oic acid, the cyclo-
hexylammonium salt of the monomethyl ester, the bis(diethylammonium) salt, pini-
fodiol (135-labd-8(17)~ene-15,18-diol), the acetate of 18-hydroxy-13S-1labd-8§(17)-
en-15-oic acid, and the diacetate of pinifodiol have been studied.

Pinifolic (135-1abd-8(1l7)~ene-15,18-dioic) acid (I) was first isolated from the needles
of Pinus sylvestris L. growing in Sweden [l]. Derivatives of it have been obtained: the
monomethyl ester (II), the dimethyl ester (III), the dicyclohexylammonium salt (LV), dihy-
dropinifolic acid (IV) and 18-hydroxy-13S-labd-8(l7)-en-15-oic acid (VI). The IR and mass

spectra of these compounds have been studied and their spatial structures have been estab-
lished {1].
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Later [2] from the needles of trees of the same species growing in Belorussia, the mono-
methyl ester of pinmifolic acid was isclated and its cyclohexylammonium salt (VII) was ob-
tained, and to confirm their structure the IR, mass, and PMR spectra of these substances and
of the synthesized compounds (I), (III), and (IV) were studied.

In the present communication we give the properties, including the IR and mass spectra,
of the newly synthesized bis{diethylammonium) salt (VILI), of pinifodiol (13S-~labd-8(1l7)-ene-
15,18-diol) (IX), and of the acetates of 18-hydroxy-135-1abd-8(17)-en-15-o0ic acid (X) and of
pinifodiol (XI), and the '*C NMR spectra of compounds (I-XI).

The '*C NMR spectra of compounds (I-XI) confirmthe spatial structures of these substances
deduced previously [1, 2]. The chemical shifts of the Ciy and Czo atcms of compounds
(I-X1I) range from 17.0 to 18.1 ppm and from 14.9 to 15.4 ppm, respectively, i.e., approxi-
mately within the same limits as for the similarly oriented C,s and Cz¢ groups of compounds
of the labdane series related to them [3, 4], pimarane and isopimarane [5]. Consequently,
the C,s and Czo methyl groups are oriented in the axial B position. If they were oriented
in the equatorial « position, the values of their shifts should be approximately 30 ppm.

The alkyl chain at Cs is in the equatorial B position, the chemical shift for C,: being
the same as for C,;,; of sclareol (labd-lé4-ene-8,13-diol) [4].
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TABLE 1. Chemical Shifts of '*C Nuclei of the Com—
pounds, o, TMS, ppm

Carbon | —— Compound
atom ] 1 11 ! v Vi vir | vioe] X x| xit
| \
1 39.4 39,1 39.1(39,6139,5 .i 39.2139,4139.71]38,6] 38,5
2 19,6 | 10,3 1193 1 19781 19,5 119,31 19,7 19,7 1 18,6 | 18,6
3 38,3 138013791391 ]35,3!374132.036,4|3591}353
4 48,4 | 48,7 : 48,0 | ¥ 3871 % 48,8 1 38.8 | 36,91 35.8
5 51115101529 51,314931 31,1 |51.11425 49,6/ 49,5
6 28,0 | 27,7 1977 127,91250127.8127.9125,1|24,47124,3
7 39.1 133.8(3%,833,7]3%,8)38.9)38,H]39,0138,1}38,1
8 {140 4 1148,8 [143,8 115),0 14,4 [119.2 {140,5 |143.8 |147,9 |148°0
9 58.8158 11584 53,0 58.2158.7158,7]188.,6|57.3157,3
10 4113003991400 40,3]40,0(399]40.5]39.6]39,6
1 2.6 21.7121,7 2012181 21,9121.9]21,91211]20.8
12 37.0 135,71 30,7 1376 35.8138. |37,3]|437.4{36,0! 36,0
13 372 03],0 | 320(32,8131.8:32.6{32.7]31,3,304]230,6
14 4251491420 % 12921t 458 | 40,5 | 41,41 250
15 176 9 11764 (1745 1181.7 [176,5 {131,3 '180.8 | 61.1 1178.5 |170,7
16 WA L203(203120,41203]2051205]( 2 3:20,0119,7
17 {107,3 {10/.5 {107 .4 1106,7 11368 |107 .4 :105,3 1105.7 {104,8 106.6
18 182,35 {180,2 173,9 [186,2 | 71,9 {180,4 '184.8 | 72,1 |171,1 |170,7
19 1727t 17map18 018,00 170017,7 18,1 | 17.5 117,58
20 1521152115.2115,0(154 151151154 14,9] 14,9

Note. According to its *?C NMR Spectrum, compound
(V) is a mixture of stereoisomers.

Solvents: CD30D; 2) CHCls; t) CDCls; £) lines under
strong solvent lines.

The chemical shifts of Cs and C,7, linked by an ethylenic bond, have values characteris-
tic for such atoms [3, 5]. The chemical shifts of C;s and C,g¢ in the acids, methyl esters,
and amine salts have characteristic values in the low field. Reduction of the carboxy groups
to hydroxymethyl groups lead to a pronounced upfield shift of the C,s and C;e signmals. Such
a change in the groups of C;s is also.reflected appreciably in the values of the signals of
the neighboring C, and C; atoms, while a similar change of groups at C;s has little effect
on the values of the signals of the neighboring C,,. These facts can be successfully to
establish the structures of mono derivatives of pinifolic acid.

EXPERIMENTAL

The *?C NMR spectra of the substances were taken on a Bruker WH-90 spectrometer with a
resonance frequency for *?C of 22.62 MHz. Specific rotations were determined on a Jasco
J-20 spectropolarimeter. Melting points were determined on a Boetius stage. IR spectra were
recorded on a UR-20 instrument, and mass spectra on a Varian MAD-31l instrument.

Preparation of Pinifolic Acid and Its Monomethyl Ester. Air-dry pine needles that had
been ground in a ball mill were extracted with acetone in a ratio of 1: 2 (by volume) three
times (for six days each time). The acetone was distilled off, the residue was extracted
with diethyl ether, and the resulting solution, in its turn, was extracted with 2% aqueous
NaOH. The neutral substances were extracted from the solution of salts with diethyl ether,
and then a 5% solution of CH3COOH (in slight excess) was added to the solution. The free
acids were extracted with petroleum ether— diethyl ether (10: 1). The evaporated extract
of the acids was chromatographed on a column filled with silica gel L 40/100 .

Elution with petroleum ether gave fractions 1 (higher fatty acids) and 2 (monobasic re-
sin acids). Elution with diethyl ether—petroleum (1: 50) yielded fraction 3 (solution of
the monomethyl ester), and elution with the same solvents in a ratio of 1: 20 gave fraction
4 (solution of linifolic acid). The subsequent purification of compounds (I) and (II) was
performed by crystallization of their cyclohexylamine salts from ethanol. mp of (II) 72-74°C;

[alp + 22.6° (c 1.0; chloroform). It must be mentioned that the crystallization of the mono-
methyl ester from ethanol at 0°C takes place very slowly (20-30 days).

The Amine Salts (IV, VII, and VIII)., At 50°C, 1 g of the acid was dissolved in 50 ml
of acetone,a 50% solution of the amine in the same solvent heated to 50°C and slowly added,
with vigorous stirring, until a weakly alkaline reaction had been achieved. The salts were
crystallized from acetone. The bis(diethylammonium) salt (VIII) had mp 124-127°C; [a]p + 16.2°

(¢ 1.0; ethanol), vggg (em™'): 1370, 1515 (C00™), 1630, 3040 (C=C).
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Dihydropinifolic acid (V) was obtained by the hydrogenation of an ethanolic solution of
pinifolic acid in the presence of platinum black., mp 223-225°C; [e], + 36.5° (c 1.0;
ethanol). According to the literature: mp 218-219°C; [alp + 30.0° ?c 1.5; ethanol). Mass
spectrum, m/z (%): M¥ 318 (3), 292 (MY— COOH, 69), 277 (MT— COOH— CHs, 29), 223 (47), 195
(99), 177 (45), 163 (40), 123 (100).

18-Hydroxy-13S-1abd-8(17)~en-15-0ic Acid and Pinifodiocl. A solution of 13 g of the mono-
methyl ester of pinifolic acid in 150 ml of dry ether was reduced with a solution of 5 g of
LiAlH, in 100 ml of the same solvent. The reaction mixture was heated at 35°C for 4 h. The
excess of hydride was decomposed with water, and then the mixture was neutralized with 3 N
agueous CH3COOH. The ethereal solution of the product was washed with water and extracted
with 2% aqueous NaOH. By the usual method, 6.5 g of (VI) was obtained from the aqueous solu-
tion, and 5.6 g of pinifodiol (IX) from the ethereal solution.

Properties of (VI): nS’ 1.5901; [a]D + 33.8° (¢ 1.0; ethanol). Accerding to the litera-
ture [1]: nf® 1.508; [alp + 33.0°(c 0.8; chloroform). wvRBI (em™): 1042 (C—0), 1645 (C =C),
1709 (C = 0), 3360 (OH). Mass spectrum, m/z (%): Mt 322 ?4), 291 (Mt— CH,OH, 100), 277 (M
— COOH, 23), 207 M~ CsH,1 102 8), 210 (28), 176 (16), 149 (29), 135 (33); fragment 153 '+

L
>3

G, OH

N +
(8), fragment 121 I\\ (68). The mass and '°C NMR spectra unambiguously show the posi-

i
tion of the hydroxymethyl group at C,.

Properties of (IX): mp 82-84°C; [alp + 48.2° (c 1.0; ethanol). vﬁgi (em *): 1042, 1052
(C—0), 1645, 3045 (C = C), 3350 (OH). Mass spectrum m/z (%): Mt 308 (8), 277 (M*——CH;OH,
100), 264 (33), 253 (20) 221 (11), 207 (M+-C6H;30, 23), 195 (32), 176 (35), 16l (41l), 153
(15), 149 (61), 135 (64), 121 (85).

Diacetate of Pinifodiol (XI). A mixture of 1 g of pinifodiol (IX), 5 g of acetic anhy-
dride, and 0.4 g of freshly-fused sodium acetate was heated at 140°C for 1 h. Then the solu-
tion was cooled to 0°C, 15 ml of water has added, and the mixture was heated in the boiling
water bath with stirring for 15 min. After this, it was repeatedly extracted with saturated
NaCl solution and then with water. The oil, nf® 1.5114, [a]p + 25.5° (c 1.0; ethanol) was
purified by chromatography on silica gel 40/100 u with elution by pentane. vﬁé%m (em™*):
1240 (C—0), 1642, 3082 (¢=¢C), 1740 (C=0). Mass spectrum, m/z (%): Mt392(5), 332(82): 319
(MY — CH,0COCH,, 50) 272 (27), 254 (35), 249 (MY — CgH, 50z, 14), 190 (51), 175 (100), 135
(100), 121 (100).

The acetate of 18-hydroxy-135 labd~8(1l7)-en-15-oic acid (X) was obtained by the acetyla-
tion of (VI) by the same method, but only half the amount of acetylating agent was used.
0il, n5541.5122, [alp + 25.0° (c 1.0; ethanol); it was purified in the same way as (X1).

villm (cmm?): 1240 (C—0), 1643, 3085 (C=C), 1710, 1740 (C=0). Mass spectrum, m/z
(%): N 364 (3), 319 (MF—COOH, 8), 304 (41), 291 (M'—CH,OCOCHs, 46), 249 (MY—CeH110a2, 7),
175 (54), 135 (100), 121 (100).

SUMMARY

Pinifolic acid and its monomethyl ester have been isolated from the needles of Pinus
sylvestris L. and derivatives of them have been obtained. The properties and 30 NMR spec-
tra of these compounds have been studied.
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