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THE STRUCTURES OF TETRAPHYLLIN A AND B, TWO 
NEW CYANOGLUCOSIDES FROM TETWATHAEA 

TETRANDRA 

G. B. RUSSELL and P. F. RBAY 
Apphed Blochemlstry D~VISIOII, D S I R , Palmerston North, New Zealand 

(Recemed 16 September 1970) 

Abstract-Two new cyanoglucosldes, tetraphyllm A and B (0-8_D-~ucosyl-l~~~l-hy~o~-2cyclo~n- 
tene and 1-0-8-Dglucosyl-lcl,~ydroxy-2cyclopentene respectively) were isolated from the fnut 
of Tetmpatkueu tetrumfru and thew structures eluadated. 

INTRODUCTION 

SEWRAL members of the Passlfloraceae have been reported to be cyanogemc;1*2 recently 
Tantrsewre et uL3 exarmned several species of thrs famdy and concluded that the major 
glucosrde IS probably gynocardm. Paris et al4 have isolated from Baheriia jistulosa a new 
crystalline cyanoglucoside which they concluded was a denvatrve of cyclopentene. 

In studying the New Zealand passron frurt Tetrapathaea tetrada we noted evolution of 
HCN from the cold ethanol extracts and we have isolated two crystalline cyanogenic gluco- 
sides from the immature frmt m moderate yields. The structures (I) and (II) have been 
determined from spectroscopic evidence derived from the compounds and their derivatives. 
Tetraphylhn A and B are the trivial names proposed for these compounds, both of whrch 
contain a cyclopentenyl moiety. The stereochermstry of tetraphylhn B is under investigation. 

RESULTS 

Crystalhne tetraphylhn A and B were isolated m yrelds of O-06 and 0.4% respectively 
with a recovery of 24% of the cyanide present in the fruit (70 rmoles/g fr. wt.) 

Tatraphyilin A. I R-H IIIR-H 

Tetraphylhn 6. II R=OH IPR-OH 

Tetraphyllin A (I) had an empirical formula C12H1,NOS determined from elemental 
analysis. Its mass spectrum showed peaks at m/e 222, CllH12N04 (M+-49); m/e 92, 
C,H,N, representing the aglycone ion formed after loss of a glucosyloxy radical; m/e 93, 
&H,N, consistent with an ion III arising from hydrogen transfer and ehmination. It gave 
an acetate derivative whose NMR spectrum integrated for four acetyl groups. 

1 R. ~NMJER. Pkarm Weekbkzd W, 248 (1959) 
z G. DILUJMAN, Enc. Plant Pkys 8,105O (1958). 
3 B TV, H. W L. RUUGROK and R HEGNAIJER, Pkann. Weekbhd. 104,1341(1%9). 
4 M PARIS, A ?hXJQUET and R. PAR& C.R. Acad. Sci , Paris. 268,2804&r. D (1969) 
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Tetraphylhn B (11) had an empirical formula ClZHi7N0, determined both by elemental 
analysis and by mass measurement of the molecular ion at m/e 287. The mass spectrum also 
gave Ions at m/e 108, CBHeNO, produced by loss of a glucosyloxy radical and at m/e 109, 
C!eH,NO, consistent wrth IV. It gave an acetate denvative whose NMR spectrum integrated 
for five acetyl groups. 

Treatment of both tetraphylhn A and B with hnamarase released HCN. For tetraphyl- 
hn A the recovery was only 47 per cent of the theoretrcal, while that for B was 96 per cent. 

Acrdrc hydrolysis of tetraphylhn A gave an 01 m good yield, whose mass spectrum 
showed a molecular ion at m/e 182, ClzHloNz and whose 1.r. spectrum showed mtrile 
absorption at Y 2290 cm-‘. These results suggest that the compound IS probably a drcyano- 
&cyclopenta&ene adduct formed from dehydration and addrtron of the cyanohydrm inter- 
mediate. The NMR spectrum IS consistent with the formation of such an adduct. Glucose 
was also released by the acid hydrolysis. 

Acidic hydrolysis of tetraphylhn B gave the aglycone, 4-hydroxy-2-cyclopenten-l-one 
along wrth glucose. The U.V. maximum of the aglycone at 213 nm is consistent with the 
2-cyclopentenone chromophore.J 

Alkaline hydrolysis of tetraphylhn B with Ba(OH)2 gave a carboxyhc acid which was 
methylated and hydrolysed with hnamarase to give methyl-l&drhydroxy-2_cyclopenten-l- 
carboxylate. Alkahne hydrolyses of tetraphylhn A followed by acrdrc hydrolyses gave an 
adduct whose NMR spectrum was similar to that adduct formed after acidic hydrolysis of 
tetraphylhn A. 

The NMR spectra of the two glucosldes contained signals at 6 4.73, (lH, d, J = 7 Hz) 
3.80 (2H, m) and 3.45 (4H, m) which are consrstent wrth a j?-glucosrde structure.6 The 
spectrum of tetraphylhn B also showed pairs of doublets centered at 8 6.23 (H-I), and 6.46 
(lH), which are attributed to vmyhc protons; then coupling constant (Table 1) mdrcates 
an unsymmetrrcally substituted five membered rmg.’ A muluplet at 8 5.07 (HI) arrses from 
the proton on the oxygen bearmg carbon (C-4); two further pans of doublets, one centred 
at S 2.23 (1H) and the other at 2.90 (1H) can be assigned to the noneqmvalent gemmal 
protons (C-5) of the cyclopentene ring. The spectrum of tetraphyllin A showed a broad 
smglet at 6 2.58 (4H), and doublets at 8 6.03 (IH) and 6.51 (1H); both of the latter srgnals 
are split by additional couphng. The cyclopentenyl morety proposed for tetraphylhn A is in 
accord with these results. 

Smce the signal for the proton on the oxygen bearmg carbon (C-4) remains at S 4.91- 
5.07 for the three compounds, tetraphyllm B, the hydroxycyclopentenone and the ester 
denvauve, and since the gemmal couphng for the three compounds varies with the altera- 
tron of the C-l substituent, the gemmal protons are assigned to C-5 and the hydroxyl group 
is positioned on C-4 The sphttmg patterns observed for the vmyhc protons support this 
assignment. 

The structure of tetraphylhn A was confirmed with the conversion of Its tetraacetate 
into a pentaacetate by treatment with N-bromosuccmlmide followed by substrtutron of the 
bromme with acetate. The pentaacetate had the same mobility as tetraphylhn B-penta- 
acetate on TLC and GC and the NMR spectra of these two pentaacetates were Identical. 

Tetraphylhn A and B are closely related structurally to the cyanogemc glucoside 

s W. M !.kHIJBERT and W. A SWEENEY, J Am Chem Sot 77,2297 (1955) 
6 J M VAN DER VIXEN, J Org Chem 28,564 (1963) 
’ N S BHACCA and D H WILLIAMS, Applrcatrons of NMR Spectroscopy m Orgamc Chenustry, p 54, 

Holden-Day, San Framsco (1964) 
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gynocardin,8 whch has been isolated from some members of the Flacomaceae. This 
glucoslde has two hydroxyl groups asslgned to carbons 4 and 5 of the cyclopentenyl ring. 
It ~111 be of interest to estabhsh the configuration at C-l of these three compounds to 
reconcile the obvious slmllatlty of the series. 

EXPERIMENTAL 

Immature fnnt of Tetrupathaea tetrundru were harvested and frozen with hqud Nz In a typical extrac- 
tion the frozen frmt (200 g) were ground to a powder and suspended m CHCls-MeGH-HCGGH (5: 12.3, 
by vol ,2 1 )g at -80”. The muture was warmed to -5”, allowed to stand for 24 hr and filtered, after which 
the filtrate was separated mto two phases* by the addition of CHC& and water The bottom phase was washed 
further mth water (& volume) and the combmed aqueous phases were evaporated to dryness under reduced 
pressure. The residue, &ssolved m water (30 ml), was extracted ( x 8) urlth n-butanol and the butanol extracts 
were combmed and evaporated to dryness under reduced pressure. 

To remove phenohc matenal the extract was washed through Polyclar AT (150 g) with water (750 ml) 
and the aqueous solution was evaporated to dryness. The residue was absorbed onto &xc aud (10 g) and 
the dry powder applied to a .&xc acid column (150 g, 15 % water, Woelm) The column was developed wth 
CHCle (100 ml), CHC&MeOH, 9 1, v/v, (1 3 1) and CHCI,-MeGH, 4 1, v/v, (2 1) collected as 150 ml 
fractions. Tetraphyllm A, eluted mth CHCIJ-MeOH, 9 1, was rechromatographed on Florsil(40 g, Florldm 
Co) m CHC&-MeOH, 9 1. Tlus solvent eluted pure tetraphyllm A wluch was crystalhzed from EtOAc 
as needles (@12 g), m p. 116118” (Found-C, 53.4; H, 6 4,0,35 5 C12H17NOe. Required: C, 53 2, H, 6 3; 
0, 35*4), [alo= - 14 0” (C, 1-O m water) ) Tetraphylhn B was eluted wth CHC&MeOH, 4 1, and crystal- 
hzed from methanol-EtOAc as needles(0 81 g), m p. 169-170” (Found: C, 50-l; H, 6 0; 0,38-g. C&HlrN07. 
Reqmred C, 50-l; H, 5 9; 0, 39 0), [a]oz5 - 35 6” (C, 10 m water.) 

Acetylatzon of the GIucosides 

Solutions of tetraphylhn A (20 rngj and B (20 mg) m pyndme (4 ml) and AczO (2 ml) were kept at room 
temp for 24 hr. The muture was evaporated to dryness under reduced pressure and re-evaporated after 
ad&tion of ethanol to remove traces of byr&ne. The-acetates were cry&&d from EtOAc-h&t petroleum 
Tetraohvlhn A-tetraacetate had m D. 108-109”. lain *I - 2 0” CC. 10 in CHCl,) wMe tetraphvllm B-penta- _ _ . _ _- 
acetate had m p 114-115”, [aIDas 125” (C, 10 in CHCls). ’ - 

_. _ _ 

Tetraphylhn A-tetraacetate (50 me) m CCL, (10 ml) was refluxed with iV-bromosuccmimide (50 mg) for 
1 hr. The solution was cooled, the succmmu de filtered off and the filtrate evaporated to dryness under 
reduced pressure The bromo compound was &ssolved in HOAc (20 ml) and refhu& with silver acetate 
(75 mg). The solution was cooled, filtered and the filtrate evaporated to dryness under reduced pressure to 
eve a colourless glass (55 mg). It gave one peak on GLC (6 ft x 4 mm column packed with 1% SE 30 on 
Gas Chrom Q, 2OO”, N2 60 ml/r&) and one spot on TLC (CHCl,-benzene, 9.1) with the same retention 
tune (9 25 mm) and R, (0 11) respectively, as tetraphylhn B-pentaacetate. 

Hydrolysis of the Giucosades 

(a) Enzymrc Qanogen~c compounds m fresh tlsSue were determmed by either autolysmg the tissue with 
CHCls, or by grmdmg the tusue m hqmd N2 and then addmg toluene. The cyamde released was trapped m 
1N NaOH (0 5 ml) and estunated by the method of Aldndge lo The cyanogemc compounds m the extracts 
and the fractions eluted from columns were detected by releasmg HCN (picnc acid paper) wth a 
m pH 6 2 phosphate buffer. Where appropnate HCN was ldenttied mth the fern-de test I1 Tetraphylhn 
A and B were hydrolyzed for 2 days at 30” m a centre-well flask contammg phosphate buffer (1.5 ml, @02 M , 
pH 7 0) lsopropanol(0 4 ml) and 1~ solution (0 1 ml, ethanol fra&onated).12 The centre well con- 
tamed NaOH (0 5 ml, 1N) which trapped the released cyamde and this was determmed as above.” The 
hydrolysate was deiomzed v&h a nuxed bed msm and the glucose identified by PC (1 solvent) and by omda- 
tion with glucose ox&se. 

(b) Acidzc. Tetraphyllm A (100 mg) was hydrolysed Hrlth 1N H2S04 (2 ml) for 2 hr at 100” m a sealed 
tube. Extraction of the hydrolysate with ether gave, after evaporation to dryness, an od (33 mg). GLC 
(6 ft x 4 mm column pacl&d w&h 12 % EGS on &s &rom Q, iOO”, N2 60 mibn) of this ofl showed two 
peaks v&h the major component of longer retention tune (34 4 mm) T~LS adduct had v,,,.= (CHCl,) 3050, 

* R A COBURN and L LONG, J Org. Chem. 31,4312 (1966). 
g R L BIELE~KI and R. E. YOUNO, AMI Biochem 6,54 (1963). 

lo W N /iLDRlDGE, Amzfyst 69,262 (1944). 
“A.0 GETIZER and L GOWBAUM, Anal Chem 19,270 (1947) 
I2 I E COOP, NZ J Scr Technol. 22,71B (1940) 



Tetraphyllm A and B, two new cyanoglucosldes from Tetrapathaea tetrandra 1377 

2290,1660,860 cm-’ in the r.r and showed srgnals at 8 6 49 (2H, m), 4 91(2H, m), 2 54 (2H, m), 2-O (4H, m) 
in the NMR spectrum (CDCI,). 

Tetraphylhn B (100 mg) was hydrolysed wrth 1N HsSO+ (2 ml) for 2 hr at 100” 111 a sealed tube. The 
hydrolysate was neutmlixed unth BaCOa, filtered and the filtrate evaporated to shyness under reduced 
pressure. Chromatography on srhcrc acrd (10 g) wrth CT-R&-MeGH, 20.1 (v/v) gave 4_hydroxy-kyclopen- 
ten-l-one as an orl (19 mg, 68 o/o yreld), [&ss - 28 2” (C, 1 m water), &,., (EtOH) 213 nm, r6U)O; v,,,,~ 
(CHQ) 3350,172O cm-‘; 2,4dmitrophenylbydraxone m.p. 109-310’. 

Glucose was identified in the hydrolysates of tetraphylhn A and B by PC m three solvents. 
(c) Alkahe Tetraphylhn B (500 mg) was hydrolysed on a steam bath for 1 hr wrth Ba(OH)* (12 g) 

m water (8 5 ml). COs was bubbled mto the soluuon and the pmcrpitate removed by centnfugauon. The 
supematant was treated wrth Dowex 50 (H+) resm (3.6 9) and evaporated to dryness to gwe tetraphylbmc 
acrd B as a clear oil, v,. (hq. film) 3300,173O cm -I. The acid was treated wrth CHzNz m ether and chromato- 
graphed on stlrcrc acrd (30 g, 15 % water) m CHCls-MeOH, 9.1 (v/v) Thu solvent eluted the methyl ester 
;~3~tm$~lhmc acid B, as an orl (0 3 g, 57% weld), [alDZ5 - 48 6’ (C, 1 m water), urn,= (hq. 8lm) 3300, 

The methyl ester was hydrolysed m 0 02 M phosphate butfer (pH 6 2, 100 ml) wrth u solution 
(5 ml) at 30” for 24 hr, after wluch the hydrolysate was treated wrth mixed bed resm [Dowex 50 (H+), 
Dowex 1 (HCOJ -)J and evaporated to dryness under reduced pressure. Chromatography on s~hcic acrd 
(40 g, 15 % water) m CHCls-MeGH, 9.1 (v/v) gave methyl-l&hhydroxy-2_cyclopenten-l-carboxylate as 
an orl (58 mg, 48% yield), [a]nz5 + 9 3” (C, 0 5 m water), v,,, (CHCI,) 3650, 1750 cm-l. 

Tetraphyllm A (100 mg) was hydrolysed wrth Ba(OH)s as above. The carboxyhc acrd obtamed was 
hydrolysed wrth 0 5 N HzS04 (2 ml) for 1 hr m a sealed tube to gve a solid preclpltate which was recovered 
and recrystalhzed from acetone_MeGH-water. The crystalhne adduct (15 mg) had m.p 220” (wrth subhma- 
tlon), vmr (CHCl,) 1700, 1300 cm-’ and gave a methyl ester on treatment wrth CH2N2, m.p. 172174”, 
v,,,.= (CT-ICI,) 1730,125O cm-‘. The NMR spectrum &DC&) of the methyl ester showed signals at 8 6 40 
$~;n&4~~(1H,dd,J=9HxJ’=4Hx),465(1H,dd,J=9HxP= 1%),360(6H,s),305(2H,m), 

, 

Ckfomatograpky 

The glucosldes were chromatographed on thm layers of s&a gel wrth CHCll-ethanol (95 %) (4.3, v/v) 
and were detected wrth HsSO*-Hz0 (l:l, v/v) spray. They were also chromatographed on cellulose thm 
layers wrth acetonr+2-butanone-water (5:12:3, by vol ) and detected by the method of Bennett and 
Tapper.13 
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l3 W. D. BENNEIT and B. A. TMPER, J. Ckromatog. 34,428 (1968). 


