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Abstract—By reversed phase HPLC ‘ester L.’, previously 1solated among several macrocyclic lathyrol derivatives from
seeds of Euphorbia lathyris, was resolved mto two compounds, L, and L, Therr structures were elucidated by
spectroscopic analysis and transesterification reactions as 15,17-d1-O-acetyl-3-O-cinnamoyl-17-hydroxyjolkinol and
5,15,17-tn-0-acetyl-3-0-benzoyl-17-hydroxyisolathyrol, respectively

INTRODUCTION

Euphorbiwa lathyris L (‘caper spurge’) has recently been
discussed as a source of biomass and fuel [1, 2] Chemical
mvestigations of the heptane-extractables of the dried
plant [3] and of the latex [4] afforded almost exclusively
triterpenoids and sterols Moreover, the acetone extract of
the latex and the ether extract of the seeds of E lathyris
revealed tetracyclic daterpene esters of the ingenane type,
e g factor L, exhibiting irntant and tumour promoting
activity mn mouse skin [5] A number of structurally
related non-irritant diterpene esters of the tricychc lathy-
rane type were 1solated from seeds (L,~L,, L, Lg) [6-8],
from roots (jolkinol B) and from callus cultures (jolkinols
A and A’) [9] With the exception of ‘ester L, all
structures were elucidated Recently, L, was resolved into
two compounds, L,, and L,, Their structures have now
been derived on the basis of spectral data and transesterifi-
cation reactions

RESULTS AND DISCUSSION

‘Ester L.’ may be 1solated either by preparative TLC of
a fraction obtained after Craig distribution of the neutral
fraction (see ref [5]) or after column chromatography of
the neutral fraction of the seed o1l of E lathyns By
reversed phase (octadecylsilane) high pressure liquid
chromatography 1t was further separated into two com-
pounds L,, and L,

17-Hydroxyjolkinol* and its esters

The 'H NMR and mass spectra of L, (1a) (M™* at m/z
548) indicated the presence of a triester of a diterpene
alcohol C,,H;,0, esterified with two acetic acid and one
cmnamic acid moseties Taking into account the UV
absorption of cinnamic acid with 4, 272 nm (¢12 000)
[12], the UV extinction at 277 nm (33500) 1s very

*The nomenclature recently proposed [10] has been adopted,
1¢ the name jolkinol for the diterpene mosety of jolkinol D [11]
and the name 1solathyrol for 6,7-dehydro-6,17-dihydrolathyrol
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characteristic for the S-cyclopropyl enone system 1n all
lathyrol and jolkimol dertvatives [6-10] and 1n crotom-
tenone [13] Indeed, decoupling experiments proved the
vicinity of the cyclopropane proton H-11 (61 44) with the
olefinic proton H-12, which showed a long range coupling
with the methyl protons at Me-20 Furthermore, like 1n ali
other lathyrane type diterpenoids proton H,-1 appeared
as a dd at very low field (43 60) By decoupling exper-
iments, the sequence H,-1, H-2 (Me-16), H-3, H-4 and H-5
was deduced However, in contrast to the lathyrol tries-
ters, H-5 did not appear at ca 66 2 [8] but rather at 45 69
The same chemical shift and coupling constant was found
for H-5 1n jolkinol D [11], a lathyrane dertvative with a
5,6-double bond The preparation of the parent alcohol 1b
(see below) without diamagnetic shift of H-5 furmshed
proof of 1ts olefinic character In contrast to jolkinol D, 1n
the 'H NMR spectrum of L,, the signal (51 46) for the
vinylic methyl group Me-17 was missing and an AB
system of two protons at 64 28 was present This sug-
gested hydroxylation of the methyl group resulting in a
17-acyloxy group with two allylic protons at H,-17 Their
signal was diamagnetically shifted upon transesterifi-
cation, corresponding to a free hydroxyl group (see
below) Thus, compound L,, represents the triester 1a of
17-hydroxyjolkinol (1b)

The positions of the acid moieties in L, were deduced
from transesterification with sodium methoxide in meth-
anol which afforded the four reaction products 1b-le
From mass (M™* at m/z 334) and 'H NMR spectra of 1b
(diamagnetic shifts of protons H-3 and H,-17 and no
signals for acid moieties) the presence of the parent
alcohol 17-hydroxyjolkinol was mdicated In 1c (M* at
m/z 506) an acetyl group had been removed from the C-17
position as indicated by the diamagnetic shift of H,-17
(0 33 ppm) and by the signal of only one acetyl group In
the 'H NMR spectrum of 1d (M * at m/z 464), both acetyl
groups present 1n 1a were seen to be missing Since the
signal for H-3 was not shifted, the position of the
cinnamoyl mozety at C-3 was established Compound 1e
(M™ at m/z 376) was a monoacetate In its 'H NMR
spectrum the signals for H-3 and H,-17 were diamagneti-
cally shifted compared to those in 1a, proving the presence
of a 15-acetate
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la R!=cinnamoyl, R?=R? = acetyl
1b R!'=R?=R3=H

1c R'= cinnamoyl,R? = H, R3= acetyl
1d R'= cinnamoyl,R? = R3=H

le R'=R?=H, R®=acetyl

2a R!=benzoyl, R? = R? = acetyl
2b RI=R?=R’=H
2¢ R!=benzoyl, R?= acetyl, R®=H

From the above reaction products the structure of L,, 1s
unambiguously determmned as 15,17-di-O-acetyl-3-O-
cinnamoyl-17-hydroxyjolkinol (1a) In compounds 1b
and 1d with a free 15-hydroxyl group the protonat H-121s
paramagnetically shifted from 36 6 to ca 674 This was
already observed for derivatives of jolkinol-68,75-oxide
and of 1solathyrol [10]

17-Hydroxysolathyrol and 1ts esters

The '"HNMR and mass spectra of L, (29) (M ™ at m/z
580) suggested the presence of a tetraester of a diterpene
parent alcoho! (C,oH;,05) estenified with three acetic acids
and with benzoic acild Agam, UV absorption at 273nm
(€12900) indicated the presence of the f-cyclopropyl
enone system which was supported by 'H NMR decoupl-
ingexperiments From the latter experiments the sequence
H,-1, H-2 (Me-16), H-3, H-4 and H-5 was deduced to be
present as mn other lathyrol derivatives As 1n the lathyrol
compounds, the signals for H-3 and H-5 appeared at 659
and 64, respectively, and these were diamagnetically
shifted upon transesterification of L, proving acyloxy
groups were present at the C-3 and C-5 positions

The presence of a further acyloxy group at C-17, as 1n
compound L,,, was indicated by a singlet at 64 5 cor-
responding to two protons An addittonal doublet of
doublets appeared at 5 69 and remained unchanged after
transesterification (see below) This indicated the presence
of a second double bond 1n the lathyrane skeleton Since
the chemical shift of 17-H, was characteristic for 1ts allylic
position, the additional double bond must be positioned
between C-6 and C-7 furmishing an olefinic proton at H-7
as a doublet of doublets Hence, compound L., represents
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the tetraester 2a of 17-hydroxyisolathyrol (2b, for nomen-
clature, see earlier footnote)

The precise positions of the acid moieties 1n L, could
not be elucidated from a transesterification reaction which
afforded the products 2b and 2¢ The *H NMR spectral
data of 2b (M™* at m/z 350) were very sumlar to those of
1solathyrol [10] The only difference was the absence of
the signal of a vinylic methyl group and the appearance of
an AB system for the H,-17 hydroxymethylene protons at
64 12 Hence, 2b represents the diterpene alcohol 17-
hydroxyisolathyrol Compared to 2a, in the 'H NMR
spectrum of 2¢ (M* at m/z 538) the signal for one acetyl
group was mussing Since the signal for H,-17 was
diamagnetically shifted to 4 07, selective cleavage of an
acetyl group from C-17 position 1s proved Thus, one of
the hydroxyl groups at C-3, C-5 or C-15 may be
esterified with benzoic acid

The companson of the 'H NMR data of 2a with those
of lathyrol derivatives may tentatively lead to a proposal
for the position of the acid moieties In 3,5-d1-O-
acetyllathyrol [8] the signal of H-3 appearsat 65 55and 1n
3,5-d1-O-acetylisolathyrol [10] 1t 1s located at 8570
Hence, the chemical shuft of H-3 at 45 90 1n the spectrum
of 2a may indicate the benzoyl group is at the C-3
position,1¢ compound L, 1s represented as 5,15,17-tr1-0-
acetyl-3-O-benzoyl-17-hydroxyisolathyrol (2a)

The occurrence of esters of lathyrol, 6,17-epoxy-
lathyrol, 7-hydroxylathyrol, 17-hydroxyisolathyrol and
17-hydroxyjolkinol in seeds of E lathyris as well as of
jolkinol B 1n roots and of jolkinol A and A’ 1n callus
cultures indicates a close biogenetic relationship of this
class of macrocyclic diterpenes [9] Their possible role as
precursors of the irritant and tumour promoting tetra-
cyclic ingenol and phorbol derivatives has already been
suggested [14]

EXPERIMENTAL

Spectra Mass spectra were measured at 100 eV UV spectra
were obtained 1n MeOH solns 90 MHz 'H NMR spectra were
recorded in CDCl; + D,0 solns with TMS as internal standard

Material Ester L, (R, 02 Et,O—petrol, 1 1) was obtamed as
described previously [S] It may also be isolated by column
chromatography of the neutral fraction of the seed o1l of E
lathyris [ 5] with petrol-Et,O (2 1) (yield 025%; of the seed o1l)
The resmous L, (100 mg) was further separated by HPLC
(reversed phase, Lichrosorb RP-18, 10 um, MeOH-H,0, 4 1,
115 bar) mto two compounds L, (1a, 22mg, R, 014 m
MeOH-H,0, 4 1, on Merck RP-18 plates, staining light brown
with vamlhn-sulphuric acid) and L., (2a, 54mg, R, 024,
staining dark brown)

15,17-Di-O-acetyl-3-O-cinnamoyl-17-hydroxyjolkinol (1a) MS
m/z (rel mnt) 5482761 (M*, 85, calculated for C;3H,,0,
548 2774), 533 (1), 505 (30), 489 (10), 488 (14), 446 (6), 445 (5), 428
(9), 417 (4), 400 (4), 358 (10), 357 (11), 340 (29), 298 (56), 297 (44),
131 (100), IR vKBrem™=! 1735, 1708 (CO), 1640, 1610 (C=C),
UV AMeOH (¢) nm 277 (33500), 223 (17000), 217 (19800),
'H NMR 6660 (brd,J = 11 Hz, H-12),569 (d,J = 11 Hz, H-5),
544 (t, J = 35Hz, H-3), 428+ 012 (AB, J,5 = 13Hz, H,-17),
360 (dd,J, =14 Hz,J, =8 Hz, H,-1),280 (dd, J, = 11 Hz, J,
= 3 5Hz, H-4), 1 87 (br s, Me-20), 1 16 (s) and 1 05 (s, Me-18 and
Me-19), 098 (d, J =7 Hz, Me-16), cinnamoate 776 (d, J
=16Hz), 650 (d, J=16Hz), 73-76 (5 aromatic H), two
acetates 209 (s) and 202 (s) The results of decoupling exper-
iments are shown 1n Table 1

Transesterification of 1a Compound 1a (20 mg) was treated
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Table 1 'H NMR decoupling experiments with compound 1a
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Table 2 "HNMR decoupling expeniments with compound 2a

Irradiated at Observed at Change of multiphcity Irradiated at Observed at Change of multiphcity
144 (H-11) 660 (H-12) d—s 150 (H-11) 670 (H-12) d—s
660 (H-12) 187 (Me-20) brs—s 670 (H-12) 180 (Me-20) d—s
225 (H-2) 098 (Me-16) d—s 235 (H-2) 590 (H-3) t>d(J=35Hz)
544 (H-3) t—+d(J=35H2) 096 (Me-16) d—s
360 (H,-1) dd-d (J = 14Hz) 348 (H,-1) dd—d (J =14Hz)
280 (H4) 569 (H-5) d—s 281 (H4) 590 (H-3) t—-d(J=35Hz)
544 (H-3) t—d(J=35Hz2) 640 (H-5) d-os
569 (H-5) 280 (H-4) dd—d (J=35Hz) 640 (H-5) 280 (H-4) dd—~d(J=35H2)
776 (olef H) 650 (olef H) d—>s 560 (H-3) 280 (H-9) dd —d (J =8 Hz)
235 (H,-8) 569 (H-7) dd—d (J =12Hz)

with0 1 M NaOMe-MeOH (2 ml) for 3 hr The reaction mixture
was worked up by adding phosphate buffer, pH 6 8, evaporating
the MeOH and extracting the aq phase with EtOAc Prep TLC
m Et;O-petrol (2 1), followed by a second development 1n
Et,O-petrol (3 1) yielded the reaction products 1b (4 5 mg, R,
014), 1c (1 5mg, R, 020), 1d (2 mg, R, 025) and 1e (0 6 mg, R,
006)

17-Hydroxyjolknol (1b) MS m/z 334 [M]* , UV AMcOH ()
nm 278 (12900), "H NMR 674 (dd,J, = 11 Hz, J, = 1 Hz, H-
12),59(d,J = 11 Hz, H-5),402 (t,J =35Hz, H-3),377+012
(AB, Jyp =13 Hz, H,-17), 347 (dd, J, =14Hz, J, =9Hz,
H,-1),244 (dd,J, =11 Hz,J, =35Hz, H4),184 (d,J = 1 Hz,
Me-20),1 21 (s)and 1 12 (s, Me-18 and Me-19),1 16 (4, J = 7 Hz,
Me-16)

15-O-Acetyl-3-O-cinnamoyl-17-hydroxyyolkinol (1c) MS m/z
506 [M]*, IR vGH2Ct2 cm ™ 3600 (OH), UV AMSOH (¢) nm 277
(23 800), '"H NMR data at vaniance with those 1n the spectrum of
1a 5395 (AB, J = 12 Hz, H,-17), 2 08 (s, acetate)

3-O-Cinnamoyl-17-hydroxyjolkinol (1d) MS m/z 464 [M]*,
'H NMR data at variance with those n the spectrum of 1a
874-76 (m, H-12, superimposed with aromatic H of cinnamic
acid), 556 (4, J = 11 Hz, H-5), 548 {t, J = 35Hz, H-3), 384
+012 (AB, J,5 = 12Hz, H,-17), no signals for acetates

15-O-Acetyi-17-hydroxyjolkinol (1¢) MS m/z 376 [M]*,
'HNMR 6657 (dd, J, =11 Hz, J, = 1 Hz, H-12), 592 (d, J
=11Hz, H-5), 398 (t, J = 35 Hz, H-3), 385+ 012 (AB, J,3
= 12 Hz, H,-17),355(dd,J, = 14 Hz, J, = 8 Hz,H_-1),2 57 (dd,
Jy =11Hz,J, = 35Hz H-4),187 (d,J = 1 Hz, Me-20),207 (s,
acetate)

5,15,17-Tr1-O-acetyl-3-O-benzoyl-17-hydroxyisolathyrol (2a)
MS m/z (rel 1nt) 580 [M]* (48), 565 (0 6), 537 (8), 521 (35), 478
(12),477 (15),461 (10), 460 (16), 418 (21), 417 (34),400 (8), 373 (10),
356 (15), 355 (15), 349 (9), 339 (15), 338 (19), 313 (31), 296 (73), 295
(80), 105 (100), IR vKBrem—t 1735, 1713 (CO), 1648, 1625
(C=C), UV AMOH (5) nm 273 (12900), 229 (14400), 'H NMR
8670 (brd, J = 11 Hz, H-12),6 40 (d, J = 9 Hz, H-5), 590 (t, J
=35Hz H-3),569 (dd, J, = 12Hz, J, = 4 5 Hz, H-7), 4 50 (s,
H,-17), 348 (dd, J, = 14Hz, J, =8 Hz, H;-1), 281 (dd, J,
=8 Hz,J, =35Hz H-4),180(d,J = 1 Hz, Me-20),1 37 (s)and
120 (s, Me-18 and Me-19),0 96 (d, J = 6 5 Hz, Me-16), benzoate
802 (m, 2H) and 7 5 (m, 3H), three acetates 2 26 (s), 207 (s) and
170 (s) The results of decouphng experiments are shown
Table 2

Transesterification of 2a Compound 2a (20 mg) was reacted
with 01 M NaOMe-MeOH and worked up 1n the same manner

ascompound 1a Prep TLC in the same solvent systems as above
afforded the reaction products 2b (55mg, R, 010) and 2c
(25mg, R, 022)

17-Hydroxyisolathyrol (2b) MS m/z 350 [M]*, UV AMcOH (g)
nm 278 (10670), 'HNMR 5756 (dd, J, = 10Hz, J, = 1 Hz,
H-12), 547 (m, H-7),518 (d, J = 9 Hz, H-5),4 51 (t, J = 3 5 Hz,
H-3),412+015(AB,J g = 12 Hz, H,-17),3 25 (dd,J, = 14 Hz,
J, =9Hz, H,-1), 234 (dd, J, =9 Hz, J, = 35 Hz, H-4), 173
(d,J =1 Hz, Me-20), 1 30 (s) and 1 20 (s, Me-18 and Me-19),1 16
d, J=7Hz, Me-16), 150 (H-11, detected by decoupling
experiments)

5,15-D1-O-acetyl-3-O-benzoyi-17-hydroxyisolathyrol (2¢) MS
m/z 538 [M]*, IR v§H:Cla cm=* 3600 (OH), UV AMEOH (¢) pm
277 (10500), 'H NMR data at vaniance with those mn the
spectrum of 2a 54 07 (5, H,-17), two acetates 227 {s)and 1 72 (s)
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