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Abstract—Three kinds of type II cyanolipids were isolated as pure forms from Nephelium lappaceum using HPLC. The
full structures were established by spectral and chemical investigations.

INTRODUCTION

Cyanolipids are a group of plant lipids, classified into four
types I-1V [1, 2], which occur in the seed oil of sapin-
daceous plants. This interesting class of lipids has never
been purified completely and structural assignments have
been carried out using mixtures. Described herein are the
first complete separation and full characterization of the
type I1 cyanolipids obtained from the seeds of an
Indonesian fruit, Nephelium lappaceum, [3].

RESULTS AND DISCUSSION

Extraction of powdered seeds of N. lappaceum with
hexane gave a lipid mixture as a pale yellow semi-solid.
Column chromatography on silica gel afforded triacylgly-
cerols (259 dry wt) and the type II cyanolipid (4.59;, dry
wt). The latter component showed a sharp absorption
band at 2230 cm ! in the IR spectrum and gave a single
spot on TLC with a variety of solvent systems. However,
HPLC using a Develosil C8-5 column with acetonitrile as
eluant revealed inhomogeneity of this lipid, which con-
sisted of at least five components. Preparative HPLC
under the same conditions provided three major cyano-
lipids, N-IIb, N-IIc and N-IId, as pure colourless semi-
solids. Elemental analysis indicated the molecular for-
mulae of N-IIb—d to be C,,H;,NO,, C43H,5sNO, and
C,3H,-NO,, respectively. Although each cyanolipid
showed entirely superimposable IR spectra (3060, 2230,
1750, 1645 cm '), they were distinguishable in the olefinic
region of their "H NMR and '*C NMR spectra. The
common dihydroxyisobuteny! cyanide moiety of these
compounds showed characteristic '*C NMR signals at
51148 (s, C-1), 98.7 (d, C-2), 155.0 (s, C-3), 62.8 (¢, C-4),
and 61.7 (¢, C-5). An incorrect assignment of the nitrile
carbon was reported by Mikolajczak et al., who assigned
one of the olefinic carbon signals (6129.7) as that of the
nitrile carbon [4]. '"H NMR spectra also supported the
presence of this skeleton: §5.58 (1H, br, H-2), 4.90 (2H, d,
J = 0.8 Hz, H-4), and 4.72 (2H, d, J = 1.8 Hz, H-5).

*Dedicated to Emeritus Professor Takeo Sakan on his 70th
birthday.

The fatty acid parts of each cyanolipid were character-
ized by GC/MS analysis of their ozonolysis products
(Table 1) in the following manner. Methanolysis of N-IIb
provided a single methyl ester with m/z 296 ([M]" for
C,,H;3CO,Me). Since distinction of the olefinic regio-
isomer of long-chain unsaturated fatty acids is usually
very difficult by spectroscopic methods, this product was
successively treated with ozone, sodium borohydride,
Jones reagent and diazomethane to give two fragment
components, a mono-ester with m/z 172 (IM]* for
CgH,,CO,Me)and a diester with m/z 185 ((M — OMe] "
for MeQ,C(CH,),CO,Me). Thus, the full structure
of N-IIb was rigidly established to be 1. N-IIc pro-
vided two kinds of methanolysis products with m/z 296
([M]* for C;;,H;3CO,Me) and m/z 324 ((M]* for
C,H;,CO,Me). Further degradation of this mixture as
described above afforded three kinds of ester fragments
with m/z 172 ((M}"* for CgH,,CO,Me), m/z 185 ([M
—OMe]* for MeO,C(CH,),CO,Me) and m/z 213 ([M
—OMel* for MeO,C(CH,),COMe). As a result,
structure 2 was assigned to N-IIc. N-IId also gave two
different methyl esters with m/z 296 ([M]* for
C,,H;33CO,Me) and 326 ([M]* for C,oH3,CO,Me).
The former was the same methyl oleate as that obtained
from N-IIb, and the latter was a saturated ester, methyl
eicosanoate. Thus, structure 3 was assigned to N-IId.

The double-bond geometry of the octadecenoyl and
eicosenoyl residues was assigned to be Z on the basis of
13C NMR examination of the allylic carbons (627.4),
since authentic methyl oleate showed the allylic carbon
signal at §27.2 and the corresponding E-isomer (methyl
elaidate) showed this signal at §32.6.

EXPERIMENTAL

Isolation of cyanolipids N-IIb (1), N-IIc (2) and N-I11d (3).
Dried seeds (750 g) of N. lappaceum L., collected in Bogor,
Indonesia in February 1982, were powdered using a mechanical
mixer and the resulting powder was continuously extracted for 2
days with hexane (1 1.) using a Soxhlet apparatus. Concn of the
solvent gave a pale yellow semi-solid (212 g), of which 40 g was
subjected to CC on silica gel (350 g) using hexane-EtOAc (10:1
then 4:1) to give a mixture of triacylglycerols (32.1 g, 259, dry wt)
and a mixture of cyanolipids (5.8 g, 4.5 dry wt).
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Table 1. GC/MS analysis of cyanolipid degradation products
Methanolysis Ozonolysis
Cyanolipid products products
N-IIb C,,H;5;CO,Me CgH,,CO,Me MeOCO(CH,),CO,Me
296 [M]* 172 {(M]* 185 [M — OMe]*
N-Ilc C,;H,;CO,Me CgH,,CO,Me MeOCO(CH,),CO,Me
296 [M]* 172 [M]* 185 [M — OMe]*
C,4H;,CO,Me C4H,,CO,Me  MeOCO(CH,),CO,Me
324 [M]* 172 [M]* 213 [M — OMe]"
N-IId C,-H;,CO,Me CgH,,CO,Me MeOCO(CH,)-CO,Me
296 [M]* 172 [M]* 185 [M — OMe]*
C,4H;,CO,Me
326 [M]*

Prep. HPLC using a Develosil C8-5 column, 4 x 100 mm, and
MeCN as eluant at a flow rate of 2 ml/min provided three major
cyanolipids (R] detector), N-IIb (1), (R, ca 7.5 min), N-1Ic (2) (R,
ca 11 min) and N-IId (3) (R, ca 15 min), as colourless semi-solids
mn a ratio of 10:29:35.

N-Ilc (2). IR (neat) cm™': 3060, 2230, 1750, 1645; ‘H NMR
(CDCl;): 6095 (6H.t,J = 7 Hz), 1.30 (br), 1.68 {(4H, t, J = 7 Hz),
2.08 (8H, m),2.40 (4H,t,J = 7 Hz),4.72 (2H, d, J = 1.8 Hz), 4.90
(2H, d, J =08Hz), 535 (4H, ¢, J=7Hz), 558 (1H, m),
13CNMR (CDCly): 614.2 g, 2291, 2501, 2731, 32.11, 3391,
3411, 61.71, 6281, 98.7d, 11485, 1298d, 13004, 130.24d,
15505, 17265, 173.0s. (Calc. for C,3H,sNO,: C, 77.08; H,
11.28; N, 2.09. Found: C, 77.03; H, 11.38; N, 2.14% )

N-11b (1). IR, '"H NMR and '*C NMR spectra were entirely
superimposable with those of 2. (Calec. for C, H,,NO,: C, 76.70;
H, 11.15; N, 2.18. Found: C, 76.43; H, 11.31; N, 2.159,.)

N-11d (3). IR spectrum was superimposable with that of 2;

'H NMR spectrum differed only from that of 2 in the intensity
ratio of two signals at 2.08 (4H, m) and 5.35 (2H, 1. J = 7 Hz);
*C NMR spectrum showed two olefinic carbon signals at
$129.84d, and 130.2d due to fatty acid moieties. (Calc. for
C43H49NO,: C, 76.84; H, 11.55; N. 2.11. Found: C, 76.91; H.
11.65; N, 2.114,)

Methanolysis of N-11b (1), N-I1c (2) and N-11d (3). A soln of N-
Ib (1) (11.8 mg, 17 umol) and LiOH (132mM MeOH soln
5 ul, 0.66 umol) in dry MeOH (3 ml} was heated at reflux temp.
for 2 days under an Ar atmosphere. The conc. residue was
subjected to CC on silica gel (3 g) using petrol-Et,O (10:1) to
give methyl oleate (6.4 mg, 65°, yield).

N-IIc (2} and N-1Id (3} were treated as above and the mixture
of methyl esters was obtained, respectively.

Degradation of methyl oleate. A MeOH soln of methyl oleate
obtained above was treated with O, at — 78" for 10 min and the
resulting soln treated with NaBH, (5 mg) and warmed to room
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temp. The syrup obtained by the usual work-up was dissoived in
Me,CO and treated with Jones reagent. To the Et,O extract of
the reaction mixture was added an excess of CH,N,-Et,O and
the mixture then concd. This product was then subjected to
GC/MS using an OV-1 column.

The methy! ester mixtures obtained from 2 and 3 were treated
as above to give samples for GC/MS analysis.
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Abstract—(+)-Rangiformic acid from the lichen Cladonia rangiformis has been shown to be (+)-3S-
methoxycarbonylheptadecane-1,2S-dicarboxylic acid by an NMR selective decoupling experiment with (—)-

rangiformic anhydride.

One hundred years ago Paterno [1] isolated an aliphatic
compound which he named (+)-rangiformic acid from
the lichen Cladonia rangiformis. The structure and stereo-
chemistry of its demethylation product, (+ )-nor-rangi-
formic acid, was later elucidated as heptadecane-1,2S,3S-
tricarboxylic acid by Asahina and Sasaki [2] and
Akermark [3], respectively.

Now we have localized the methyl ester group in (+)-
rangiformic acid (1) at position 3 by !*C NMR spectro-
scopy. ( +)-Rangiformic acid gave (—)-rangiformic anhy-
dride (2) on heating with acetyl chloride. The IR spectrum
of 2 showed, besides the carbonyl band of the methyl ester
group (1704cm™!), two strong bands at 1770 and
1844cm™' (A CO 74cm™!), indicative of a five-
membered anhydride [4]. To differentiate between the
two possible structures 2 and 3, we performed a
13C NMR double-resonance experiment with 2. On selec-
tive decoupling at the resonance of the -CQ, Me protons
with varying decoupling power, the originally complex
signal of the -CO,Me carbonyl group at 6 170.66 was

*Part 139 in the series “Lichen Substances”. For Part 138 see
Huneck, S., Poelt, J., Ahti, T., Vitikainen, O. and Cogt, U., Biol.
Ressourcen Mongolischen Volksrepublik (in press).

simplified to a doublet, thus proving structure 2. Hence,
(+)rangiformic acid is (+)-35-methoxycarbonyl-
heptadecane-1,2S-dicarboxylic acid (1).

EXPERIMENTAL

(+)-Rangiformic acid (1). 1 was obtained by extraction from C.
rangiformis Hoffm., collected near Varna/Bulgaria in September
1981. Needles, mp 102-104° (MeOH-H,O) and [«]3* +14.2°
(EtOH). IR vKBrcm~1: 714, 726, 842, 900, 966 1006, 1120, 1170,
1210, 1270, 1372 1410, 1438, 1468, 1688, 1722, 2940, 3200. MS
m/z (rel. int.): 368 [M —H,O]" (24), 350 (14), 336 (27), 322 (70),
308 (35), 290 (51), 280 (32), 264 (35), 228 (35), 214 (66), 210 (45),
200 (68), 196 (73), 182 (100), 168 (86), 154 (86), 140 (70), 132 (41),
126 (70), 112 (61), 98 (84), 84 (66).

(—)-Rangiformic anhydride (2). Heating 1 (0.2 g) with AcCl
(20 ml) under reflux (2 hr), removal of excess AcCl (in vacuo)
and crystallization of the residue from n-pentane gave 2 as plates,
mp 50-51° and [a]3*—48.1° (CHCl3; ¢ 1.175); C,;H;60;
(368.50). IR vKBrem—1: 712, 748, 884, 918, 968, 978, 1030, 1044,
1094, 1110, 1150, 1220, 1248, 1320, 1364, 1438, 1464, 1704
(-CO,Me), 1770, 1844 (anhydride-CO), 2860, 2940. 'H NMR
(400MHz, CDCly):. 6086 (3H, 1-Me), 1.22 (24H, brs,
~(CH,),,-), 2.30-2.90 (4H, m, 2 x -CH,-), 2.73, 2.74, 2.77, 2.78
(1H, 2 x d, C-1-H), 2.90-2.99 (2H, m, C-2-H, C-3-H), 2.99, 3.00,
3.03, 3.05 (1H, 2 x d, C-1-H), 3.70 (3H, s, -CO, Me). !*C NMR
(100.62 MHz, CDCl,): C-1: §33.59; C-2: 45.44; C-3: 4241; C-



