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Abstract-An eplmenc mixture of two novel cyclopentenold cyanogemc glycosldes, passlbdlorm [ 1 -(~-O-&D- 
rhamnopyranosyl-~-D-glucopyranosyloxyt4_lopent-2-en-l-nltr~le] and Its C-l eplmer, eplpasslblflorm, 
has been isolated from PasszJora btjoru and P talumuncensrs The structures were determined by means of ‘H NMR 
and “C NMR Another novel cyclopentenold cyanogemc glycoslde, passltrlfasclatm [ 1-(4-0-fl-D-rhamnopyranosyl+ 
~glucopyranosyloxy)hydroxycyclopent-2-en-l-n~tr~le] 1s described from Passrjora tr~fasctom The structure was 
determined by means of ‘H NMR The ldentticatlon of the sugar moletles was made by HPLC and TLC The lsolatlon 
of a b-1 + 4 and a p-1 -+ 6-rhamnoglucoslde of cyclopentenold cyanogens from three species of subgenus Plectostemmo 
of Passtflora suggests that dlglycosldes of this type are taxonomlcally diagnostic for the section 

INTRODUcTION 

Cyclopentenold cyanogens are restrlcted m dlstnbu- 
tion to the Passlfloraceae and their close relatives To 
date, eight structural types have been isolated and ldent- 
lfied Tetraphylhn A and deldaclm have been isolated 
from the Passlfloraceae [l-4], Malesherblaceae [S] and 
Turneraceae [6] Two monohydroxylated cyclopentenold 
cyanogens, tetraphyllm B and epltetraphylhn B, have 
been ldentdied from the same three fiumhes [2,3,7-l l] 
Tetraphylhn B has also been isolated from the 
Flacourtlaceae [12], a famdy which more typically elab- 
orates gynocardm [ 12-141, a dlhydroxylated cyclopen- 
tenold cyanogen The Csulphates of tetraphylhn B and 
epltetraphylhn B have been found to occur m the genus 
PasslfIora [ 151, as has the unusual cyclopentenold dlgly- 
coslde, passlcapsm [ 161 

As part of a contmumg mvestlgatlon mto the dntn- 
butlon of cyclopentenold cyanogens, we report here the 
discovery of two novel cyclopentene-ring containing 
cyanogemc glycosldes from Pawflora 

RESULTS AND DISCUSSION 

The R, values obtained by PC indicated that novel 
polar cyanogemc compounds were present m all samples 
This was confirmed when attempts to hydrolyse the 
compounds with enzyme preparations which hydrolyse 
the known cyanogemc glycosldes [2,6, 11, 181 faded 
Hydrolysis did occur when the reaction was carried out 
for an extended period (48 hr) using enzyme preparations 
specific for tetraphyllm B [9, lo] This suggested that the 
unknowns might be cyanogemc glycosldes of the cyclo- 
pentenold type [l 1, 151 similar to, but more polar than, 
tetraphyllm B Analysis of unknowns by HPLC (as for 
sugars, see Experimental) shows that the unknowns 
Isolated from P btpora and P ralamancensls had identical 

retention times of 11 7 mm, whde the unknown from 
P trzfascwta had a retention time of 109 mm 

Analysis of the glycoslde moieties by HPLC dem- 
onstrated the presence of rhamnose and glucose m a 1 1 
ratlo The ‘H NMR (Fig 1) of the TM& denvatlves of the 
cyanogemc glycoslde obtamed from both P blflora and P 
talamancenszs were ldentlcal The presence of a cyclopen- 
tenold rmg structure was indicated by comparison wrth 
the ‘H NMR spectrum of the TM& denvatlve of 
tetraphylhn B (Table 1) Relative to tetraphyllm B [9] the 
unknown H-2 peak (0 02 ppm) was shifted downfield by 
0 14 ppm, the H-3 peak shifted slightly upfield, the H-4 
signal shifted upfield (0 18 ppm) and signals for the 
gemmal H-5 were shifted 006 ppm farther part Two 
anomerlc proton signals (64 45 and 64 62, 1H each) are 
observed m the spectrum, the coupling constant of these 
two peaks (J = 7 6 Hz) 1s mdlcatlve of B-lmked glyco- 
sides The presence of a doublet at 6 4 02 (J = 6 Hz) 1s due 
to one of the H-6’ protons of a j?-1,6-linked glucose [25] 
The remammg signals in Table 1 are consistent with a 
rhamnoglucoslde, Including a diagnostic H-6” rhamnose 
methyl signal at 6 1 15 

The 13C NMR spectra m D20 and as TMS ethers m 
CDC13 of samples of both origins were also ldentlcal 
(Table 2) and revealed the presence of small amounts of a 
second glycoslde not clearly vlslble m the ‘H NMR 
spectrum The major compound shows signals consistent 
with the proposed structure of passlblflorm [l-(6-0+-~- 
rhamnopyranosyl-#i-D-glucopyranosyloxy)-4-hydroxy- 
cyclopent-2-en-1-nitrile] shown m Fig 2 The carbon 
shifts relative to tetraphyllm B are small [lo] 

The similar spectrum for the second compound ob- 
tamed as its TM& derivative corresponds to that of the 
epimer of passibiflorm These compounds were not 
separated As in the eplmenc pair tetraphylhn B 
sulfate-ep~tetraphyllm B sulfate, all aglycone lines m the 
“C NMR spectrum are duplicated [ 153 

Assignment of sugar carbon peaks was faclhtated 
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Fig 1 The ‘H NMR spectrum of the TM!3 denvatlve of passlbdlonn In CDCI, 

by comparison of “CNMR data for 0-glucosldes [26] 
and 0-rhamnosldes [27J m DMSO with those for an 
O-/I-l --f 6-rhamnoglucoslde In DMSO [26], allowing 
predIction of the magmtude expected for shifts in glucose 
peaks m a rhamnoglucoslde m DsO 

The ‘H NMR spectrum of the TMSI derivative of the 
unknown from P tr#&~~ta 1s shown m Fig 3 The 
identity of each proton of the aglycone portron of the 
molecule was established by decoupling expenments 
Irradlatlon of the double doublet at 6 6 35 collapsed the 
double doublet at 6 6 04 to a singlet and simplified the 
multlplet at 6 4 79 Irradlatlon of the peak at 6 6 04 caused 
a smular effect on the multiplet, and slmphfied the peak at 
6 6 35 Irradiation of the multlplet at 6 4 79 collapsed the 
double doublets at 6 6 35 and 66 04 to singlets and 
slmphfied the 4-hne patterns at 6 3 12 and 62 22 to 
doublets The spectrum 1s quite slmllar to that of the 
TM% derivative of tetraphyllm B [9] Slight differences in 
chemical shifts relative to tetraphylhn B are noted m that 
the H-2 peak 1s shifted downfield by 0 14 ppm, the H-4 
multrplet 1s shifted upfield 020 ppm, and the 4-lure 
patterns of the H-5 protons are separated by an addmonal 
0 20 ppm 

Other decouplmgs gave expected results for rhamnose 
and glucose protons Irradlatlon of the anomerlc proton 
doublet at 6 4 65 decoupled the doublet at 6 3 2 as did 
uradlatlon of the anomerlc doublet at 6 4 46, indicating 
that the upfield doublets represent signals of the H-2’ and 
H-2” protons Irradlatlon of the doublet at 6 1 18 (rham- 
nose Me protons) slmphfied the multlplet at S 3 84 to a 

smglet This signal must therefore correspond to H-5” 
Decoupling at this multlplet slmphfied the doublets at 
6 1 18 and S 3 22 (H-4”) to singlets Irradlatlon of the 
multlplet centred at 6 3 71 (H-6’) produced achange m the 
double doublet at 6 3 22 (H-5’) Decoupling of the multl- 
plet centred at 6 3 32 (H-2’ and H-2”) slmphfied both the 
H-l” and H-l’ doublets to singlets and amphfIed the 
multiplet at 6 3 43, although a complex pattern remained 
Irradlatlon of this system changed the apparent doublets 
at 6 3 22 and 6 3 32 to singlets Irradiation of the double 
doublet at S 3 22 changed the 8-lme H-6’ pattern at 6 3 71 
to a simpler 4-line configuration, slmphfled the multlplet 
at S 3 43 and changed the H-5” multlplet to a singlet We 
thus assigned peaks according to Table 3 The presence of 
the 1 + 4 linkage IS suggested as the glucose H-4’ peak IS 
shifted downfield by 02 ppm as compared with the 
corresponding rhamnose proton The couplmg constants 
of both anomenc protons are typical of those on /3-linked 
carbons [ 15, 251 

The structure of the unknown 1s thus determined to be 
l-(4-~-~-D-rhamnopyranosyl-8_D-glucopyranosyloxy)- 
4-hydroxycyclopent-2-en-I-mtnle (Fig 4) and the tnvlal 
name passltnfasclatm 1s proposed 

The presence of passlbdlorm and eplpasslbtiorm m 
both P bzflora and P talamancensrs IS of taxonomic 
significance as it confirms their relatlonshlp as sister 
species [28] The presence of another rhamnoglucoslde, 
passltnfasclatm, m P trlfasczata suggests that dlglycosldes 
of this type are typical and dlagnostlc for Kllhp’s [28] 
section Deculoba of subgenus Plectostemmu [l, 183 
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Table 2 13C NMR spectral data for the TMSI ethers of passl- 
blflonn (la) and eprpasslbfionn (lb) from Passzjlora blpora 
(CDCl,, 90 MHz), for passlbdlonn (lc) and tetraphyllm B (Id) 
(D,O, 90 MHz, ref DSS) and for a tlavonold-7-0-/I(1 -* 6)- 

rhamnoglucoslde* (le) m DMSO 

Carbon la lb lc Id le 

1 80 59 80 84 83 59 8213 
2 14132 141 76 143 55 14244 
3 130 75 13009 133 82 13181 
4 75 33 73 58 75 47 73 67 
5 4629 45 71 4648 4655 
6 11874 119 14 12196 120 22 
1’ 10001 10029 102 26 100 36 101 30 
2’ 76 85t 76 49t 7441t 73 80 73 70 
3’ 78 524 79 948 78 848 77 02 77 007 
4 718% 7155$ 72 23$ 70 34 7040 
5’ 77 208 78 068 78 16$ 7646 76 4Ot 
6 62 24 6200 63 22 6160 6670 
1” 99 53 10013 10166 10030 
2” 74 87 74 80 73 88 71 50 
3” 69 61$ 69 74$ 72 lOi# 7100 
4” 75 1st 75 187 7441t 7300 
5” 68 89 68 89 7040 6900 
6” 16 52 16 52 1767 1780 

*Data for acacetm 7-0-glycoslde from ref [26] 
tS §Asslgnments may be interchanged within a spectrum 

EXPERIMENTAL 

Plant maternal Llvmg mate& of P btflora L was obtained 
from the Mlssoun Botanical Garden [voucher specimen 
Umverslty of Illmols Herbarium, (ILL)] Llvmg P talamancenszs 
Kdhp material was a gift of J M MacDougal, Department of 
Botany, Duke Umverslty, Raleigh, NC [voucher specimens (J M 
410) at the Umverslty of Illmols (ILL) and Duke University 
(DUKE) herbana] This species was ongmally collected by L E 
Gilbert near Rmcon, Osa Peninsula, Costa Rica Living 
Pass@ora trlfasctata Lem was a gift of P Worley, Kartuz 
Greenhouses, Vista, CA 92083 

Isolatton of the gIycosldes Fresh leaf matenal (54 g) of P 
tnfamata was extracted with cold 80% MeOH m a Waring 
blender The suspension was then filtered and coned under 
vacuum to yield a thick syrup This material was partitioned 
between Hz0 and CHC13 The aq phase was coned under 
vacuum and placed on a cellulose column (microcrystalline 
cellulose_Whatmann CFl-Whatman CFll, 1 1 1) and eluted 
with Me&O-H20 (5 1) Small abquots of the fractions col- 

6” 

W 

lected were evapd and tested for cyamde using the Felgl-Anger 
method [17] and an enzyme preparation prepared as below 
Fractions 31-45 (10 ml) were found to contam the cyanogemc 
glycoslde and were pooled and coned This fraction was then 
chromatographed on Whatman 3MM paper with MeCOEt- 
Me&O-H20 (15 5 3) The cyanogemc mater& was located 
by cutting a l-cm stnp from the centre of the sheet, cutting l-cm* 
sections from this stnp, placing them m vials, adding enzyme 
preparation and testing above The band contammg the com- 
pound of Interest (R, 0 3) was desorbed m Hz0 and rechromato- 
graphed on paper with Me2C@H20 (5 l), the cyanogemc 
glycoslde as found at R, 0 5 The final product was isolated as a 
VISCOUS yellow solid (30 0 mg) 

Fresh leaf matenal of P btJora (66g) was extracted and 
partitioned as above, then chromatographed on Whatman 3MM 
paper m Me&O-Hz0 (5 1) (R, 0 5), MeCOEt-Me2CO-Hz0 
(15 5 3) (R, 02) and IsopropOH-n-ButOH-Hz0 (6 3 1) 
(R, 0 2) The final product was desorbed on coned to yield a white 
sohd (39 6 mg) 

Fresh leaf matenal of P talamancenszs (49 g) was extracted as 
above and chromatographed on Whatman 3MM paper m 
MeCOEt-Me2C@H20 (15 5 3) The cyanogemc glycoslde 
(R, 0 2) was desorbcd an rechromatographed m Me&O-H20 
(5 1) The glycoslde (R, 0 55) was desorbed and coned to yield a 
VISCOUS white solid (24 5 mg) 

Enzyme preparation Specific enzyme preparations were made 
m order to facilitate hydrolysis and location of cyanogens as has 
been previously described [6, 11, 181, from fresh leaves of P 
bl$ora (10 g), P tzlamancensm (10 g) and P trzfasclata (10 g) 

Determrnatlon of sugars A small (1 mg) sample of each 
unknown was checked for punty by ‘H NMR m DzO Samples 
were then subJected to a quantitative determination of glucose 
[19] and were found to possess less than a 1 1 ratio of glucose to 
cyanide, suggesting that the glucose oxldase reaction did not 
proceed normally, and that another sugar might be present This 
was confirmed by hydrolysis of samples of the unknowns (1 mg) 
by heating with 1 M HCl for 10 mm [20] The hydrolysates were 
then co-chromatographed with standard monosaccharides on 
mlcrocrystallme cellulose plates m n-ButOH-EtOH-Hz0 
(4 1 2) [21,22] The plates were dned and sprayed with aniline 
hydrogen phthalate or p-amsldme hydrochloride reagents [23], 
heating at loo” to vlsuabze the sugars 

Another sample of each hydrolysate was analysed by HPLC 
(Alltex 1lOA) The samples were dried under vacuum, re- 
suspended m 85% ACN and chromatographed on an amine 
column (Alltech) (flow rate 1 2 ml/mm) Compounds were de- 
tected with an RI detector Compansons of retention and co- 
retention times were made using standard sugars 

Spectral determmatton ‘H NMR spectra were determined on a 
Nlcolet NT-360 (360 MHz) FT-NMR spectrometer in D,O and 
as the TM& denvates In CDCI, These were prepared as 

HO~O,~ 

3” 

HoA-$&---oH 

OH 

Fig 2 The proposed structures of passlblflonn and eplpasslblflorm 
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Cyclopentenold cyanogemc glycosldes from Passflora 985 

Fig 3 ‘H NMR of the TM% derlvatlve of passltnfasclatm m CDCI, 

Table 3 ‘H NMR spectral data for 
passitnfasnatm as its TM!& denvatlve 

m CDCI, 

Passitrifasctitin 

H-2 
H-3 
H-4 
H-5(2) 

H-l’ 
H-2 
H-3’ 
H-4’ 
H-5’ 
H-6’ 
H-l” 
H-2” 
H-3” 
H-4” 
H-5” 
H-6” 

6 35 dd (1, 6, 1) 
604dd(l, 6, 1) 
479 t (1, 13, 7) 
3 12 dd (1, 14, 7) 
222dd(l, 14,6) 
446d(l, 7,-) 
3 22 d (1, 7, -) 
343t(1,-,-) 
3431(1,-,-) 
384m(l,O,-) 
3 80 ddd(2, 5, 3, 11) 
465d(l,7,-) 
3 32 d (1, 7, -) 
343t(l,---,-) 
322t(l,-,-) 
3 84 m (1, -, -) 
118d(3,6,-) 

Rgures In parentheses are Integral 
value, coupling constant (Hz), J 

previously described [24] 13C NMR spectra of the unknowns m 
D20 (ref DSS) and their TM& denvatlves In CDCls were 
measured on the same instrument (90 MHz) Decoupling exper- 
lments were performed on Tyb derwatwes m CDC13 
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