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AM-Pipoxide. isolated from the leaves of P. hookeri L has been shown to be l-benzoyloxy-methyl- 
2-benzoyl-3-hydroxy-I .cl-epoxy cyclohex4ene by chemical and spectroscopic evidence. 

R~CJZNTLY a new class of cyclohexene epoxide derivatives has been isolated and the 
identiBcation of an antitumour compound from P. hooken” and P. brachystachyud 
reported. The isolation and structure elucidation of a new related compound 
pipoxide from P. hook& leaves, is now described. 

The light petroleum extract on concentration deposited a greenish crystalline sub- 
stance which on repeated purification from benzene gave a white crystalline pipoxide 
(I, yield 020%X m.p. 152-154”. 

The compound C2iH1 s06, M+, 366, c 228,274 and 280 run has a CO group 
attached to a benzenoid system. The IR (KBr) indicated the presence of an OH group 
(3450cmcm-‘~estercarbony1(1730-1723cm-’~ar0maticm0iety(1601 cm-‘kbenzoate 
(1280-1140 cm- ‘), epoxide4* ’ (1260, 1060 and 895 cm- ‘) and mono-substituted 
benzene (710 and 682 cm- ‘). 

The NMR spectra of the compound and its derivatives are explained in Table 1. 
The mass fragmentation pattern for pipoxide is explained in a manner similar to 

senepoxide6 given by Hollands et al. 
The other important peaks appeared at m/e 335 (M+ -CH,-OH), m/e 244 (M+ 

-C6H&OOH), m/e 122 (C,H,-COOH), m/e 105 (C,H,CEO) and m/e 77 (C,H,) 
which are in conformity with the proposed structure. The appearance of the peak at 
m/e 163 and m/e 203 suggest the epoxide linkage at C-l.6 position of the cyclo- 
hexene nucleus. Further proof of the structure was obtained by the preparation of 
several derivatives and their spectral data. 

Hydrolysis with 10 % alcoholic KOH gave benzoic acid, m.p. 122”. Treatment with 
10% methanolic HCl gave a monochlorohydrin (II) C21Hl,C106, m.p. 201-203”, 
M+, 402 Its mass spectrum confirmed that the OH group is at C-l and -Cl at 
C-6 position due to the presence of the peak at m/e 164 (2.8 %) which could change 
to a more stable fragment m/e 163 (29.7 “/,r This supplies further evidence that the 
epoxide is attached to C-1.6. 

l For Part IX see Jagdev Sing& IL L Dhar and C. K. Atal, Tetrdvdron Letters 4975 (1%9) 

t To whom inquiria regarding this paper should be directed. 
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TABLE I 

Compound 

1 

6 No. of Multiplicity Proton assignment; see 
protons formula 

2 3 4 5 

F’ipoxide (I, CDCI,) 3.35 
3.62 

4.3!? 
4.52 
504 
5.75 

6tib 
612 

7.22-8.18 

1 
1 

1 
1 
1 
1 

1 
1 

10 

4J=6Hz C-3 (-OH) 
q, 5 I,. = 3.7 Hz C-6(-H) 

-2Hz 
4;;:4=8HZ C-3(-H) 
AB r d,J=12Hz -O--CH1- 
q, d,J= 12Hz 
414.5 =9Hz C-4(-H) 

also allylic coupling 
with C-6 proton, 

-2Hz 
2J;.; = 8 Hz C-2(-H) 
q,J,,, = 9Hz C-S (-H) 

J = 3.7 Hz ,, 4 

m 2GHs 

Pipoxide chlorohydrin 
(II, DMSO) 

4.16 1 
4.58 2 
4,8 1 
558-5.82 5 

732-8.17 10 

C-3 (-OH) 
-O-CH,- 
C-6(-H) 
C-2,3,4,5, (-H) 
and C-l (-OH) 
2x&H, 

Pipoxide dihydro 1.28-2.12 5 m 
derivative (III, CDCls) . 30-348 1 

3.76 1 f 
I 4.12 4.56 1 1 AB q dl 

dl 
512 1 m 
7.28-8.14 10 m 

C4.5 and 6 (-H) 
C-3 (-OH) 
C-2(-H) 
-O-CH,- 

C-3(-H) 
2 x C,H, 

Pipoxide diacetate 
(TV, CD%) 

2-00 
2.10 
2.7 
4.3 
555-6-l 
7.2-8.1 

3 S C-3 and 
3 S C-l (-0COCHs) 
1 s C-5 (-OH) 
2 S -O-CH,- 
5 m C-2,3,4,5 and 6 (-H) 

10 m 2 x C6H, 

’ It is a multipkt which shrinks to a doublet after D,O treatment. 
b The NMR (CDCl,) could not give a clear coupling of C-2 and C-5 protons which was obtained as 

a superimposed multiplet. However, the NMR of the compound in (CD,), SO separated C-2 and C-5 
protons. 

Hydrogenation with 5 % Pd-C gave a white waxy dihydro product (III), M+, 368. 
The mass spectrum is in agreement with the dihydro derivative III. 

Acetylation with acetyl chloride gave a white crystalline diacetate (IV), m.p. 
171-172”, CZ5H24010, IR, 3460 cm-’ (--OH), 1730-1725 cm-’ (C=O) and 12!W 
1020 cm-’ (MeCOO- and PhCOO-). In the NMR the appearance of an OH (in 
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N I 
m/e 366 

0 v+* 
‘b (~6 
.C’ 

o=c’c*e 0 

+ 
CH2 

HC-O-&C& 

I II 
HC\ /C-OH 

CH I 
I 

h I _ 

1 

5 

+ + 8 4 w 
OX-CH,-O-C-&H, H&CH=CH-C=CH-0-C-C,H, 

bH 
m/c 163 (8.896) m/e 203 (98%) 

the acetate) at C-6 may be due to treatment with alkali during the process of remov- 
ing excess acetyl chloride. A visible molecular ion could not be obtained but the M+ 
-60 peak (m/e 408) and other peaks at m/e 346 (M+ - 122), m/e 163, m/e 122, m/e 
105, m/e 77, m/e 60 and m/e 43 were significant. 

NMR studies revealed that the proton at C-3 does not couple with the proton at 
C4. From a model made for the molecule it could be seen that due to the presence 
of a heavy benzoate group at C-2 the preferred conformation is as shown in I with 
a dihedral angle between the protons of C-3 and C4 of about 90”. 
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EXPERIMENTAL 

Mpa are uncorrected. 
fsofurion of pipoxide (Ij Air-dried coarsely ground leaves (l-5 kg) of P. hooked were extractal in a 

!3oxhkt with light petroleum (b.p. 60-S(P) for 60 hr. The extract on concentration and cooling yielded a 
greenish crystalline residue (4.18 g, OByJ which on refItming several times with light petroleum (b.p. 
6crsoo) left a light yellow crystalline material Repeated crystallisation from benxene gave crysmRmc 
pipoxide (34 g 02 ,Y,j m.p 152-154’. [alAo + 245 (C O-20. CHClsj e 22& 274 and 280 nm, M+. 366 
(mass SpectrOmCtry). (Found: C 68.73; H, S-31. C,,H,,O, rquires: C, 68.85; H, 4.91%); IR. NMR and 
mass spectra described in text. 

AlMine hydrol@ of pipoxide (Ij A mixture of pipoxide (250 mg) and N/2 alcoholic KOH (10 ml) was 
heated under refiux for 3 hr. then diluted with water (20 mlj the solvent removed in uucuo and extracted 
with CHCls (200 ml) (fraction-Aj The aqueous alkaline soln was acidifkxi with dil HCl and extracted with 
ether (200 ml). The ethereal extract was washed free from mineral acid and dried over NasSO*. Removal of 
ether yielded an acid (90 mg) crystallixed from water, m.p. 127, e 228.273 and 281 nm and identical 
with benxoic acid. 

The CHCI, extract (fraction-A) was dried over Na,SO, the solvent removed and a light brownish 
syrupy liquid (110 mg) obtained as a single spot on TLC R, 064 (AcOH : water : 4 : 1 saturated with 80 % 
liquid para5n) on silica gel G impregnated with 5 % sohr of liquid para5n in light petroleum (b.p. 40-6t3’j 
This could not be identified by NMR and mass spectral data 

Pipoxide chlorohydrfn (II). Pipoxide (250 mg) dissolved in MeOH (5 ml) was treated with 20% methanolic 
HCI (5 ml). After heating under reflux on a water-bath for 3 hr. a white crystalline material separated. This 
was crystallixed from EtOAcbenxene, m.p 201-203”, TLC single spot, R, 023 on silica gel G (EtOAc: 
benzene: 10:90), e 230 and 270 nm, M+, 402,404 (mass rpcctromctry). NMR and mass spectra des- 
cribed in text. 

Hydrogenation to dihydro-pipoxide (IIIj Pipoxide (50 mg) in MeOH (30 ml) was hydrogenated using 10% 
Pd/C catalyst (20 mg) at ordinary temp and press. Absorption of H was complete after y hr during which 
one mole of H, was absorbed. The catalyst was removed by filtration. Evaporation of the solvent under 
reduced press yielded a syrupy mass (45 mg) which on TLC gave 4 spots, the major one with R, 063 
@tOAc:benxeue 20:80) was separated by preparative TLC on silica gel G. into a white waxy product 
(25 mg). hi+. 368. m/e 337 (M* -CH,OH). m/e 246 (M* -C,HsCO,Hj m/e 233 (M+ --C6H,COICH2j 
m/e 122 (CnH3--COOHj m/e 105 C,H,C=O and m/e 77 C,H, NMR described in the text. 

Acetylation of pip&de (I) 10 its diacctate (IV). Pipoxide (SO mg) was heated under relIux with acetyl 
chloride (OS ml) for 5 hr. The unreacted acetyl chloride was removed in vacw by the addition of dry 
benxene. The residue was triturated with 5 % Na,COs aq (5 ml), filtered, washed with water and crystallixed 
from EtOAc-light petroleum, to give a white crystalline product (20 mgj m.p. 171-172”, TLC single spot, 
R, 047 (EtOAc:benxene: 20:8Oj IR, NMR and mass spectra described in text. 
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l Acetylation with acetic anhydride and pyridine was unsuccessful. 
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