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Some Reactions of Futoxide, a Constituent of Piper futokadzura
Sies. et ZuccD
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From the leaves and stem of Piper futokadzura Sie. et Zucc., we have isolated a crystalline
component designated as futoxide (I), CygH40g, mp 1563°. Kupchan, ef al. isolated crotep-
oxide,® which showed significant inhibitory activity in Lewis lung carcinoma in mice, from
the fruits of Croton macrostachys Hocust. ex A. RicH. (Euphorbiaceae). They elucidated the
structure of crotepoxide by X-ray analysis of the iodohydrin. Comparison of futoxide with
a sample of crotepoxide showed that the materials are identical by mixed melting point,
mixed thin-layer chromatography (TLC), and infrared (IR) spectral comparison.®

Fotoxide belongs to the group of naturally occurring highly oxygenated cyclohexane
derivative.® Futoxide, a derivative of 1,3-cyclohexadiene dioxide, was expected to exhibit
interesting chemical behavior, although the stereochemical course of epoxide ring opening
is well developed.1®)

Treatment of futoxide with p-toluenesulfonic acid in acetonitrile gave an isomeric mixture
of tosylates (IT and III), which regenerated futoxide by treatment with basic alumina. Separa-
tion of the tosylate mixture (IT and III) was effected by a preparative TLC of acetylated pro-
ducts (IV and V). The structures of the tosyl-acetate (IV), CyH,50,,S, mp 128—129°, and
the isomer (V) were elucidated by the nuclear magnetic resonance (NMR) spectrum shown
in Table I.  Since the signals due to the proton attached to the carbon bearing O-acetyl group
generally appear in lower field than those of O-tosyl group,*® supposedly the position of the
tosyl group in the tosyl-acetate (IV) is at C, while that of the isomer (V)is at C(;. The
coupling constants (J,5~9, Jpc~10, and Jcp,~8 cps) of tosyl acetate (IV) are good agreement
with the stereochemistry illustrated in structure IV. The isomer (V)is the product formed
by the alternative mode of opening the same C—C(y epoxide ring with p-toluenesulfonic
acid in acetonitrile followed by acetylation.

Hydrolysis of futoxide was carried out by the Zemplén method to afford benzoic acid and
triol (VI), C;H;,0;. Spin decoupling experiments of the acetylation product, C,3H,,04, mp
67°, of the triol (VI) led to the structure (VII). Irradiation of the peak at 3.10 ppm due to
H; and H converts H, quartet at 5.47 ppm into a singlet, the peak of H,, quartet at 5.35 ppm
into a doublet with splitting of 2.8 cps, and Hy at 3.44 ppm which appeared as a quartet by
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the coupling with H into a doublet with the same coupling constant. Migration of epoxide
rings is known in sugar chemistry® and the migration takes place stereospecifically when a
hydroxyl group exists in #rans relation to the epoxide ring.

On treatment with p-toluenesulfonic acid in acetone, the triol (VI) afforded three com-
pounds containing an isopropylidene group (VIII, IX, and X). Acetylation of acetonide
(VIII), C4yH,00,S, mp 187°, [3500 and 3450 (hydroxyl), 1600 and 1375 cm (tosyl)], leading
to the acetate (XI), mp 115°, causes a lowfield shift of the signals attributable to H, and H,
to show peaks at 5.60 and 5.19 ppm respectively. The structure of the acetonide (VIII) was
deduced from the NMR data shown in Table I, indicating hydroxyl groups are at C, and
Cw, and a tosyl group is at C;. This acetonide (VIII) must be formed by the attack of a
tosylate anion at C; to open the epoxide ring followed by formation of the acetonide with the
primary alcohol at C¢; and the tertiary alcohol at C.

The structure of the second acetonide (IX), C,H;0,;S,, mp 174°, giving the triacetate
(XII), was determined by the NMR data. Thus, this acetonide (IX) was produced by the
tosylate anion attack at C; from the g-side and at Cy from the opposite side to open both
epoxides. \

The third acetonide (X) was acetylated to give the diacetate (XIII), CyHz50,,S, mp 139°.
The NMR spectrum shows the presence of two acetyl groups (2.12 and 2.03 ppm), and one
tosyl and one acetonide group (1.556 and 1.28 ppm); the following partial structures can be
proposed. The structure of the de-O-acetonization product (XIV), mp 141°, prepared by

I?:A f[IB I'IIC }IID }iIE I'IIF I'IIB I‘lIc Ilin I'lIE
"—“(l3<1>—' =—C@o)—LCeH—Cw—Cep—n =—Cur—(0)— —Co—Ce—Cw——CeE—

OAc OAc(IO) ((!)) ((I)) He OAc (0) OH OH

acid treatment of the diacetate (XIII), was postulated by the spin decoupling experiments.
Since signals of the two hydroxyl protons appear at 3.76 ppm (J=6.5 cps) and 3.22 ppm

12) J.G. Buchanan, J. Chem. Soc., 1958, 995; F. Nerdel, G. Barth, D. Frank, and P. Weyerstahl, Chem. Ber.,
102, 407 (1969).
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(/=4.3 cps) as a doublet respectively, the
hydroxyl groups must be secondary. Fur-
thermore, the secondary alcohols are found
to be vicinal each other by the results of
decoupling with Hj, (4.12 ppm) and Hy (4.53

ppm).

All other protons, attached to the

carbons bearing oxygen, can be easily as-
signed as shown in Table I, to deduce the

partial structure shown above.

XIV:R=Ac

The bonds of the oxygens at C¢ and C;, should be joined

to form an ether linkage, because the chemical shifts of the protons H., Hy and Hg are too

high for a proton affected by a tosylate.

In addition to the above results, the observation

of nuclear Overhauser effect with H, and H; are consistent with the stereochemical struc-

ture (XV).

Results of the epoxide ring opening reactions agree well with the stereochemical struc-
ture of futoxide.

TasLe I. The NMR Data of Futoxide and Its Derivatives
Ha Hg Hc Hp Hg Hp,c
I 5.73 5.00 3.10 3.44 3.67 4.23, 4.61
: Jaz=9.0 Jec=1.8 Jep=4.0 Jpr=2.7 Jre=12.0
IV 5.71 5.19 5.11 4.78 3.49 4.48, 4.19
Jap=9.0 Jec=10.0 Jop=8.0 Jpe=0.3 Jre=12.2
Vv 5.53 5.10 4.85 5.39 3.72 4.28, 4.59
Jas=5.5 Jre=2.0 Jep=6.5 Jpe=3.0 Jre=12.0
vI 5.47 3.10 3.10 5.34 3.45 4.30, 4.00
Jas=0.7 JBc=0.6 Jep=0.7 Jpe=2.8 Jee=1.4 Jre=12.0
Jac=0.6
VI 4.09 3.19 2.92 3.60 4.82 3.60, 3.68
Jag=2.5 JBc=3.5 Joe=28.2 Jre=10.0
Ja_og=4.5 Jc-om=6.5
IX 3.57 4.0 4.53 4.0 4.61 4.10, 3.86
Ja=9.0 Jec=9.8 Jep=3.2 Jpr=3.2 Jre=9.5
Ja_os=5.0 Je.om=4orl10 Jo_or=100r4
XI 5.60 3.25 3.08 5.19 5.04 3.88, 4.08
Jap=2.5 Jec=3.5 JoE=9.0 Jre=10.0
Jac=1.0
X 5.12 5.55 4.8 4.8 4.8 3.78, 3.98
Ja=9.5 JBc=9.5 m m m Jre=9.5
X1 541 5.12 4.24 4.33 4.94 3.98, 4.33
S JBc=3.5 Joo=1.0 Joe=17.5 Jer=1.5  Jre=8.0
Jep=0.5 :
XIv 545 5.12 4.38 4.12 4.53 F=3.92, G=4.47
s Jec=4.5 J=1.0  Jpe=5.7 Jer=1.5
Jep=1.0 Jp-on=4.3 Je-0om=6.5 Jrc=38.0
Chemical shifts are on the d scale in CDCl,.
s=singlet = m=multiplet
Experimental

Treatment of Futoxide with p-Toluenesulfonic Acid

A solution of 1.0 g of futoxide and 2.0 g of p-

toluenesulfonic acid in 10 ml of acetonitrile was allowed to stand for 4 hr at room temperature. The solution

was poured into H,O and extracted with AcOEt.
over Nay,50, and evaporated to give 0.8 g of an oil.

The extract was washed with aq. Na,CO4 and H,0, dried
The crude oil (300 mg) was acetylated in the usual
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manner using 6 ml of dry pyridine and 3 ml of Ac,0 to furnish 300 mg of an oily substance. Separation
of the oil was effected by a preparative thin-layer chromatography (benzene: AcOEt=4:1) yielding two
components. The first was a crystalline acetate (IV), 90 mg, mp 128—129° (from »-hexane-AcOEt). Anal.
Calcd. for Cy,Hy04,5: C, 56.25; H, 4.90; S, 5.55. Found: C, 55.89; H, 5.01; S, 5.52. IR »yax cm~2: 1750
and 1745 (ester), 1600 (aromatic), 1370 (tosyl).

The second was an oily acetate (V), 70 mg, showing one spot on TLC (benzene:AcOEt 2:1). IR ¥max
cm~t: 1750 (ester), 1600 and 1370 (tosyl). ‘

Futoxide from Monotosylates (II and III) A solution of 30 mg of the tosylates (I and III) in a small
amount of AcOEt was placed onto a column of 10 g of basic alumina (Woelm). After standing for 3 hr,
the column was eluted with AcOEt. Recrystallization of the product from AcOEt gave crystals, mp 145—
151°, which were identified as futoxide by mixed mp, and IR spectra. '

Hydrolysis of Futoxide A solution of catalytic amount of MeONa in 100 ml of MeOH was added to a
solution of 2.0 g of futoxide in 100 ml of MeOH. After standing for 4 hr at room temperature, the solution
was concentrated and diluted with H,0. The aqueous solution was eluted through a column of Dowex
50 W (H* type). After extraction with ether to remove benzoic acid, the eluent was evaporated to give
1.0 g of an oily triol (VI) which showed one spot on TLC (CHCl;:MeOH=5:1). The triol (VI) was acetylated
as usual by using 10 ml of pyridine and 2 ml of Ac,O to afford the triacetate (VII), which was recrystallized
from n-hexane—-AcOEt to give 0.9 g of crystals, mp 67°. Anal. Calcd. for C,3H;404: C, 52.00; H, 5.37. Found:
C, 51.97; H, 5.24.

Treatment of Triol (VI) with p-Toluenesulfonic Acid A solution of 700 mg of the triol (VI) and 1.0 g
of p-toluenesulfonic acid in 100 ml of dry acetone was refluxed for 3 days. The resulting solution was con-
centrated, diluted with H,O and extracted with AcOEt. After washing with aq. NaHCO, and H,0, AcOEt
layer was dried over Na,50, and evaporated to yield a crystalline mass. Recrystallization from AcOEt
gave 100 mg of the acetonide (VIII), mp 185—187°. Anal. Caled. for C;;H,,045: C, 52.85; H, 5.74; S, 8.29.
Found: C, 52.72; H, 5.76; S, 7.99. IR wmx cm~!: 3500 and 3450 (hydroxyl), 1600 and 1375 (tosyl). The
mother liquors were chromatographed on 50 g of silica gel. Elution with benzene—AcOEt (2:1) gave 100 mg
of the tosylate (VII). Further elution with benzene-AcOEt (1:1) gave 100 mg of a solid which was recrys-
tallized from #n-hexane—AcOEt giving the second acetonide (IX), mp 174°. Awnal. Calcd. for Cy,H;,0,,S,:
C, 51.61; H, 5.38; S, 11.47. Found: C, 51.20; H, 5.51; S, 11.27. IR vmax cm~*: 3430 (hydroxyl), 1600, 1380
and 1355 (tosyl).

Further elution gave a crystalline substance, mp 160—170°, which was found to be a mixture of the
acetonides IX and X,

Acetylation of Tosylate (VIII) To a solution of 70 mg of the tosylate (VIII) in 2 ml of dry pyridine
was added 200 mg of Ac,O and the solution was allowed to stand overnight. Working—up as usual gave
70 mg of the diacetate (XI) which was recrystallized from #n-hexane—-AcOEt to furnish crystals, mp 113—115°.
Amnal. Caled. for CyH,;04,S: C, 53.61; H, 5.57; S, 6.80. Found: C, 53.75; H, 5.69; S, 6.76. IR ymax cm~':
1755 and 1740 (ester), 1600 and 1375 (tosyl).

Acetylation of the Second Tosylate (IX) One hundred mg of the second tosylate (IX) was acetylated
by the same method mentioned above. The oily acetate revealed one spot on TLC (benzene:AcOEt=4:1).

Acetylation of the Third Tesylate (X) One hundred mg of the third tosylate (X), containing the
second tosylate (IX 309%,), was acetylated by the same method mentioned above. The crude acetate was
recrystallized from #-hexane—AcOEt to give the diacetate (XIII), mp 1838—139°. Awnal. Caled. for CoH -
0,63: C, 53.61; H, 5.57; S, 6.80. Found: C, 53.49; H, 5.53; S, 6.76. IR vmax cm~1: 1760 (ester), 1600, 1380
and 1360 (tosyl).

Hydrolysis of the Diacetate (XIII) A solution of 200 mg of diacetate (XIII) in 10 ml of 509, acetic
acid was heated for 4 hr. The resulting solution was diluted with H,0 and extracted with AcOEt. After
washing with aq. NaHCO, and H,0, the AcOEt solution was dried over Na,SO, and evaporated yielding a
crystalline mass. Recrystallization from #-hexane-AcOEt gave 100 mg of de-O-acetonide (XIV), mp 141°.
Anal. Caled. for CgH,,0,0S: C, 51.58; H, 4.98; S, 7.24. Found: C, 50.00; H, 5.30; S, 7.46. IR ymx cm:
3450 (hydroxyl), 1760—1750 (ester), 1600, 1380 and 1360 (tosyl).
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