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PLANTS AS A SOURCE OF CHIRAL CYCLOPENTENES:

TARAKTOPHYLLIN AND EPIVOLKENIN, NEW CYCLOPENTENOID

CYANOHYDRIN GLUCOSIDES FROM FLACOUR"I‘IIK.CEAE1
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Abstract: Naturally occurring cyclopentenoid cyanochydrin gluco-
sides are hydrolyzed enzymatically to chiral, hydroxylated 2~
cyclopentene-1-ones, of potential interest as synthetic inter-
mediates. Two novel cyclopentenoid cyanohydrin glucosides, ta-
raktophyllin and epivolkenin [respectively (1R,4S)- and (1S,4R)-
1-(8-D-glucopyranosyloxy)~4-hydroxy~2~cyclopentene-1-carboni-
trile] were isolated from Taraktogenos heterophylla and Hydno-
carpus anthelmintica (Flacourtiaceae), the structures being
assigned on the basis of spectroscopic and optical rotation

(the Brewster rules) data.

Chiral derivatives of cyclopentene are of interest as starting materials for syn-

thesis af many classes of bioactive natural products,5 for example the antibiotics

6b,7,8

pentenomycins6 and other mould metabolites and, notably, the prostaglandins.9

In particular, routes to optically active 4-hydroxy-2-cyclopentene-1-ones have

5,10-14

been the subject of many synthetic endeavours, often employing enzymes as

chiral inducers. We wish to point out that optically pure hydroxycyclopentenones

are obtainable by enzymatic hydrolysis of natural cyclopentenoid cyanchydrin glu-

3,4

cosides, which occur in a pantropical cluster of plant families consisting of

18 and Acharia-

20

Flacourtiaceae,15 Passifloraceae,16Turneraceae, Malesherbiaceae
ceae.19 Some of these plants are commercially exploited for their seed oils,

others (Passiflora) are common ornamental plants. The contents of cyclopentenoid

glucosides in fresh tissues vary from traces to 0.5-1%,2_4’16’21

22

in extreme cases
reaching 7%. A typical representative of the group 1s gynocardin (l),z2 a de-
rivative of (2) which is a potential intermediate for synthesis of (+)-

terrein.7a Perhaps even more common are tetraphyllin B (3) and volkenin (i),3’4

OH _S)H
o 0

1 2 3 4 5 6

hydrolyzable to the useful5 cyclopentenones (5) and (§L3’4

OH OH OH OH

C6H1105 = 8-D~glucopyranosyl

2349



J. W. JAROSZEWSKI e! al.

2350

97041 ‘(9383808 UTTTAYdolBIe]) t°OLT JO (33BI60E UTUANTOATdd) €°0LT T 0LT v 691°2°691°6°02°4'02 ‘(39aU3) 9°02 ¢
18 sdnodd 14390y, ‘(8 2PT PUR L OET‘0 0ZT°L'66°G T8°T 9L 8 €LV €L°0°0L T 19 ¢ JUSATOS BIY3 UT 83duUBUOSaJ Buiutewat) G 9y ¢ 38 syeadde UOQIED STY} APIXO WNid

-33N3P UT {POUBUOKIX JUSIATOS Y3 £q PaJanosqo 8T 0UBUOBIX ozan * (SB9ATIBATJIOP 3Y3) P-WIOJOJOTYO JO (Sapysoonid aaay) vmlaocdzuoe ur ea3o9ds ZHW ,°G2T JO m.mma

. ‘e . utuayToATdatiTys

€°BL/GTLL'O°SL'S"LL0°29 6°66 9°8lLL £°6¥ 0°veL STLVL/PTOEL €°08  _{Zy3owtI3-O-vaudd

. . . uTTTAydo3yeaely TATYS

YOBLIPTLLIETSL!9TIL T 29 8001 s gLl LLy L-€L gTovL'v-zel 6°08 o furswrIi-O-®3uad

. ‘o . ajejaorejuad

L°zL'S TL'0° 1L €896 19 0-86 sTLLl 9° ¥ L°SL 0°8eL’B 2EL 8°08 2 urusyroatdam

. . ‘e . p93e300%RR3Uad

L ZL'p°TL'6°0L"€°89'6°19 L°86 (ANA ! Lovy 8°vL ZTLEL'67EEL L°18 uTTTAydo3yeIey

PT8L'T BL'0°SL/L L 629 z°101 9°0Z1 qt 8v< 0°SL E°EpL'L ZEL €°28 . (8) utueyroATdd

F°8L'Z°8L"0°GL 9°1L 6729 Lriot voozt (A} vovL 9°zZyL T EEL 828 (L) uriTAydoixexey
suoqied 8soontb buyuyewsy sb=D NO 5-2 v-0 £-22-D 1-0

g SOATIRATISQ IT9Y3 pue utuaytoaydy pue uryriAydojixeael 3o wvIx3zoads UWN J¢¢ T @1qes

Xd

‘zH gz T r
‘7H g XVo ozy g 11- o "Sgy£7S2°€ 3¢ usei3ed xeTduoy, ‘ZH 6°9 X8 ezy 8- Vo rzy 0'v1- T cor'z pue L0°z *S02 ‘pO'Z ‘102 9 3® sdnoud o 199V, “ZH g
Xdp o2y gz X¥p <oy g 31~ 9V -pesasasa oq Aew ucmscuﬂmmu syl (2 *Jyod) v cﬂﬁm>:aauuou pug UTTOEPTSP M uostreduod £q pouBrssy . ‘zH 2'¢ “°r ‘zZH R
‘zH 0°g13 8. 602 gue (oM3) 9 ‘voe .ﬂo.m< 9 3@ sdnosB'1&390v_ ‘zH 0°2 *or ‘zH G'S X'r ‘zH 0°21- 'r, Ov-E-0E'E 3 udezzed mmﬂnsoow *ZH 6 "B r
‘24 £¢ S Y0 *ZH 24 K30 ‘zH 8'v A'r ‘zH S pls £, ' 8I9UI=GHL SUI Yoy zn ¢y 89383308 2U3 J03 ZH 6°L ‘sePrsoontsd 93 J03 ZH L°L £ ‘uaegjed xaqdwop
‘ZH 0'2 xmw uﬁnoucpoou 9Yy3 J03 ZH 2'T) 2H G'1 x<ﬁ ‘ZH §°'G m<hn *(BOATIBATIIP 9Y3) P-WJIOJOIOTYD JO (SIPTSOINTEF 90xJ) ~ p-Tousyiew uy whaowam ZHW 00G JO ommw

. ue . . . ue . . . ue . utuayyoaTdatA1Ts

L3L°E P voteE g4 d d d LS*¥  ,10°€E pue pz°Z 8 ¥ IL°9 p 96°S  _lAyzewtii-g-e3Iusd

. . . . . . . .o UTTTAydojyexe3lTATTs

Z6L°€ PU® Z9E 4 d d a S9°P  SE0°E PUT 9L°Z  €8°F  BL"9 PUR €079 g ol ot equag

. . . . . . . . . . . . ?3e390vejuad

ENN b pPue [l°%p 6L°E Axvo S xvm S meo S t6° 9 ﬁoo £ pue [g°Z S9°¢ 6C°9 pue G0°9 u uTuayoaTdy

. . . . . . . . . . . . Hw»mumommucwm

EmN v bue Qz°'F L8°€E Axmo S xmm S Hxvo S L6°¥ nh— € pue 6L°C €9°6 €2°9 pue g1°9 urTTAydogyerey

now.m pue g9°¢ 6 5 5 umm.m Z29°% oC0"€ pPu®e GZ°7 18" ¥ LZ°9 pue pL°9 (8) utusyyoatdly

nnm.m pue (9°¢ ¢ 6 5 3%T°E L9°% ¥0°€ pue zz°g 18°F €T°9 pue g9 (£) urtTAydozxerey

+9H 1SH +WH % WZH pul-H S-H oV-H nm|m~mum

e SPATIRATISQ ITaY3} pue utusyToaTdd pue urrTAydolyerer jo ei3oads WWN H, ‘| 2Tqel



Plants as a source of chiral cyclopentenes 2351

In this paper we report on isolation of two new cyclopentenoid cyanohydrin
glucosides (7) and (8). Together with (3) and (4) they comprise all the stereo-
isomers of 1-(s°g~glucopyranoayloxy)-4-hydtoxy-2-cyclopentene-1-carbonitrile;
the cyclopentenoid moieties of (7) and (8) represent enantiomeric forms of the
carbon framework of the Hantzsch acid, a synthetically useful ring-contraction
product of phenol.s'13

Hydnocarpus anthelmintica Pierre ex Lanessan (Flacourtiaceae23) is a tree

which occurs abundantly in parts of South East Asia. Its seed oil (chaulmoogra

20) is allegedly active against leprosy, and the seeds have been studied ex-
tensively.24’25 However, although the plant has long been recognized as cyano-
genic26 and used as a source of B-glucosidase,15'27 no glycosidic constituents
responsible for the cyanogenesis have been isolated thus far.26'28 Taraktogenos

23 is closely related. We investigated leaf ma-

heterophylla (Blume) van Slooten
terial of these plants and found mixtures of (7) and (8) in each case, in a ra-
tio of 3:1 (T.heterophylla, total yield 0.21% of fresh weight) or 1:3 (H.anthel-

mintica, 0.24%). The compounds are readily separable by HPLC on silica gel.

OH OH

CoMn0s0 N NC OCgHnOs
7 8

'H and !'°C NMR spectral data for (7) and (8) and their derivatives are collect-
ed in Tables 1 and 2. Comparison of the 'H NMR spectra with those of (3) and (4)
reveals characteristc differences between the two pairs. The separation between
the resonances of ring methylene protons is for (3) and (4) and their derivatives
0.18-0.69 ppm,4 and for (7) and (8) and the derivatives 0.69-0.98 ppm (Table 1).
This reflects the different numbers of oxygen atoms intimately juxtaposed to each
hydrogen atom of the methylene group in the two pairs. Moreover, the chemical
shift of the allylic protons in (3) and (4) (8 4.984) is significantly higher than
for (7) and (8) (8 4.81, Table 1), according to the change of relative stereo-
chemistry at C-1. Thus the allylic oxygen atoms in (3) and (4) are trans,3'4 and
in (7) and (8) are cis.

Because of the low conformational free energy of the cyano group as compared
with oxygen functions,3° the conformational equilibrium of the cyclopentene ring
in (7) and (8) is expected to be significantly more biased (both allylic C-0 bonds
semiequatorial) than in (3) and (4) (one C-O bond semiequatorial, another semi-

29

axial). Accordingly, the coupling constants in the cyclopentene ring are identi-
cal within the pairs but distinctly different between them. The differences in
chemical shifts of olefinic protons, olefinic carbons, and anomeric protons and
carbons between (7) and (8) parallel closely those observed for (3) and (4), '4
according to the chirality of C-~1. In particular, the resonances of anomeric car-
bons and protons and of the cyanohydrin carbons (C-1) appear without exception at
lower fields in the (1R) series than in the (18) series,z-4 both for the free
glucosides and for their derivatives (Tables 1 and 2).

The absolute chirality of the aglucones of (7) and (8) is also apparent from

application of the Brewster rules31

to these systems. Thus, the rotatory contri-
bution of the allylic hydroxy group, largely determined by its interaction with

the double bond, should be negative for (7) and positive for (_§_).31c The rotatory
contributions of the substituents at C-1 largely cancel each other, as the mole-

cular rotations of epimeric B-D-glucopyranosides of unsubstituted cyanohydrin of
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2-cyclopentene~1-one, [M]j -68° and -54° for the (1R) and (1S) form,2 are very
much like those of B-D~glucopyrancsides with achiral aglucones.4 The observed ro-
tations of (7) and (8) should hence be dominated by the contribution from the free
allylic hydroxy group. Indeed, the molecular rotations [M]D of (7) and (8) are
-219° and +127°, respectively 151° more levorotatory and 181° more dextrorotatory
than for the non-hydroxylated2counterparts. These differences correspond well to-
the molecular rotation of 2-cyclopentene-1-ol, [M]D :165°.4 The structures (7)
and (8) are thus proved.

Finally, enzymatic hydrolysis of (7) and (8) with molluscan B-glucosidage
gave practically quantitative yields of the enantiomeric ketones (3) .and (4), with

spectroscopic and chirooptical properties identical with those reported before.3'
4,11

3,4

Because (8) is a C-l1-epimer of (4), we propose the name epivolkenin for this
glucoside. Similarly, (7) might take the trivial name epitetraphyllin B. Since
this name, however, has been earlier erroneously used for (1),3 we propose the
name taraktophyllin for (7).

As in previously studied Passifloraceae, typically producing (3) and (i),3'
also the members of Flacourtiaceae investigated in this work contain mixtures of
B-D-glucopyranosides of enantiomeric cyanohydrins. However, the enzymes involved
in the biosynthesis of taraktophyllin and epivolkenin exhibit a different type of
stereospecificity, the allylic hydroxy group at C-4 being introduced from the face
trans to the cyano group of the cyclopentene ring, as in gynocardin (1). Whether
(7) and (8) are equally broadly distributed as (3) and (4) has yet to be deter-
mined.

4

EXPERIMENTAL 32

Plant material used in this work was collected in the National Botanical Gar-
den, Meise, Bruxelles, Belgium, in April. The extracts were prepared in the usual
wayér4 using 85% aqueous methanol. The extract of H.anthelmintica (1.05 g, corre-
sponding to 10 g of fresh leaves) was fractionated on silica gel (28x4 cm
column), using ethyl acetate/acetone/dichloromethane/methanol/water 40:30:12:10:8,
and the glucosides purified by HPLC on Lichrosorb RP-18 (7 um, 25x 1.6 ¢m column),
eluted with methanol/water 1:4 (4 ml/min, retention time 11.8 min). The glucosides
were separated by repeated HPLC on Lichrosorb Si60 (7 um, 25x 1.6 cm column),
using ethyl acetate/methanocl/water 85:13:2 (4 ml/min); retention times of (7) and
(8) were 19.1 and 20.1 min (k' 0.75 and 0.84, separation factor 1.12, resolution
1.0). The yield was 6.2 mg of (7) and 17.5 mg of (8) (total yield 0.24% of fresh
weight) . Fractionation of 2.4 g of T.heterophylla extract (corresponding to 18 g
of fresh leaves) in identical way afforded 25 mg of (7) and 13.2 mg of (8) (total
yield of 0.21%), identical ('H and '*C NMR, [al. ) with the samples isolated from
H.anthelmintica. Acetates gnd trimethylsilyl de?ivatives of the glucosides were
obtained in usual way.2'4' 3

Taraktophxllin (7): colourless syrup; [a]23 ~75° (¢ 1, methanol). Pentaacetate:
m.p. 126-127°C (corr.); [al@3 -48° (c 0.5, mPthanol); vEBE 1750 (s), 1735 (s),
1620 (w) cm~1. Anal. C,,H,,No,,: C, H, N.

Epivolkenin (8): colourless syrup; [a]§3 +43° (c 1, methanol). Pentaacetate:
m.p. 131-132°C (corr.); [alg3 +23° (¢ 0.5, methanol); vKBr 1750 (s), 1735 (s),
1620 (w) cm~1. Anal. c,,H,.No,,: C, H, N.

Enzymatic hydrolyses of thg glucosides (ca. 10 mg) were carried out as previous-
ly described for (3) and (4).° Circu%ai dichroism spectra of (5) and (6) were
identical with those reported earlier.-”’
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