Tetrahedron Letters No.16, pp. 2003-2008, 1968, Pergamon Press. Printed in Great Britain.

THE STRUCTURE OF FUTOENONE,
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From the leaves and stem of Piper futokadzura Sieb, et Zucc, we have isolated two new

crystalline compounds designated futoenone, C

CHC1
D

1655, 1622, 1522 cm™, no OH absorption] exhibits in its NMR spectrum

+ o CHC1 o
20H2005 (M 340), m.p. 197, [u]D 3-58,0,

and futoxide, C, H. O_, m. p. 1530, [a] 3 479, 50, respectively,

1871878
nujol

Futoenone (I) [v
max

(Fig. 1) signals (H14, H17, H18’ ng) asgignable to a 3, 4-methylenedioxyphenyl moiety (IA), as

well as low-field absorption from two isolated olefinic protons (HZ‘ Hs). Double resonance

)

experiments show H5, at 5. 49l , to be coupled (J = ca 0, 2)1) to the OMe signal at 3, 63,

2052295’

1650, 1630 cm™] which has only one olefinic proton (H2 at 5. 59) in its NMR

Hydrogenation of futoenone over PtOZ in ethanol affords dihydrofutoenone (II) [C

m. p. 173°; vnu]ol
max

spectrum. The remainder of the spectrum is very similar to that of futoenone, except for the

presence of a new ABX-pattern (64 =3,69, 5 as 2.14, 6_. = 2,27;7J =15,5, J 4,1,

5 5b 4,5a

= 9. 5) from which it may be deduced that futoenone contains a -CH=C(OMe)- grouping.

5a, 5b

T4, 50

Reduction of futoenone with LiAlH 4 g3ve a 60:40 mixture of epimeric alcohols (IIIa, IIIb),
the 100 Mc NMR spectrum of which was assigned in sufficient detail to establish the presence of

part-structure (IIIA) from the chemical shifts of HZ’ H3, H5' and the 4-OMe, and from the

magnitudes of JZ, 3 J3‘ 5 and J5,0Me'

From Varian Associates, presently stationed at Tohoku University,
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IlTa b
J 2 3 1,8 6, 4
H c I35 L0 0.8
H 18
7] i3 I5, OMe cal0,2 ca 0,2
0 e~ H 5, 4, 97 5,12
-0
by 480 ca4d7
(1A) (IB) (I11A)
by 4. 64 4,71
= oxygen or carbon bearing no proton.
64-OMe 3. 61 3.57

Since the infrared spectra of futoenone (I) and dihydrofutoenone (II) show absorption due to a
carbonyl group but no hydroxyl band, whereas those of the alcohols Illa and IIIb show hydroxyl
absorption near 3600 cm™ but no strong band in the 1600-2000 cm™ region, it is apparent that
futoenone contains the part-structure (IB). Oxidation with MnO2 reconverts the epimeric
alcohols IIla and IIIb to futoenone. The UV absorptions in ethanol of futoenone [xmax: 257
(18, 900), 285 (8, 800)], dihydrofutoenone [259 (12, 900), 288 (3, 400)], the mixture of epimeric
alcohols IITa and IITb [233 (6, 000), 288 (4, 500)],and methylenedioxybenzene {232 (2, 900), 283 my
(€e3, 300)]2) are also in accord with the presence of an q, B, o, ﬁ/-dienone moiety and a 3, 5-
methylenedioxyphenyl grouping in futoenone.

Besides signals attributable to part structures IA and IB, the NMR spectrum of futoenone
contains a broad doublet of doublets (H&1 at 5, 01), a three-proton doublet at 0, 59 (secondary
methyl), and a complex group of signals in the L. 5 to 3. 0 ppm region due to six-protons, By
means of double resonance experiments using several different solvents it was possible to un-
ambiguously assign3) all of these proton-signals (see FIG, 1) and to establish which proton is
coupled to which, From the NMR data it is apparent that the structural sequence (IC) must be

present in futoenone,

Tw (T) Tgp Tmp Te
B indicates a
B C& S Saor — San ™
I l , , l carbon bearing no
H7u HBu HQa = Hl la proton,

(IC)
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Iv: R1=R2=Ac
II = 4, 5-dihydro-I V: R1=RZ=H
Illa, b: Rl' R2=H, OH; R3=Me VI: R1=H; R2=CHZPh
XI: R1R2=O; R3=H VII: R1=Tosyl; R2=CHzPh
VIII: R1=Tosy1; R2=H

6 $

0 0
Me0L7d | R o
(0] X: R=CO,Me XIII = Futoenone
IX XII: R=CH2COZMe
52 5. 75 610ﬂ 2,52 J5‘ OMe ca 0, 2 J9a, 98 13,5
65 5. 49 6lla 2,03 J7a,7b 11,5 J9u, 108 11,5
6,0 217 811 Me % 59 Jia.8a 2 0.0 Joe, 108 &0
675 2. 35 614 6, 68 J_,p. 8a 6.0 JlOﬁ, 11a 11, 2
6811 5, 01 617 6,72 J_,p' 9g cal b Jlla, 12 6, 4
69u 1,70 618 6, 63 J8a, 9% ca 0,5 J14. 18 1.8
695 2. 26 619 5, 91 J8a, 98 5.0 J”' 18 8.0
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FIG. 1. 100 Mc NMR spectrum of futoenone (I),
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Decoupling experiments showed H 0

108 to be weakly coupled to H. , and H_, (J =ca 0, 1;

14 18 14, 108

=ca 0 2), which means that C in IC must be joined to C of the aromatic ring (IA),

JlOﬁ, 18 (10) (13)

Since partial structures IA, IB, and IC, together account for all twenty protons, all five
oxygens, and nineteen of the twenty carbons present in the futoenone molecule, this means that

and C must be connected to one and the same carbon atom (C6), which leads

Cay ey Ca (1)

immediately to the full structure (I) for futoenone {(cf, Stereostructure XIII), The oxygen bridge

can only be across C( to C(l)' The relative stereochemistry follows from the magnitudes of

8)

J”a, 108’ JIOB, 9a (both about 11,5 cps) and from the presence of the oxygen-bridge, the other

coupling constants being in complete accord with the proposed stereochemistry, An alternative
possible stereochemistry in which the six-membered carbocyclic-ring is constrained to a boat
form, with quasi-equatorial methyl and aromatic groups (i. e., inverted configurations at C10

and C 1 l)’ is rejected for two reasons (1) J ca 2 cps which is in accord with the coupling

78,98
frequently observed4) across four-bonds in a W-arrangement, as occurs in I but not in the

alternative boat-shaped six-membered ring, and (2) interaction between the quasi-axial protons
C(7) and C(IO) in a boat form would be expected to reduce the values of JIO, 11 and J9' 10 below

that of the observed values of 11. 5 cps.

J2’5=ca0.2, J27 =¢ca 0.1 JZ,’lb:caO'l’ J5,OM =ca 0. 2; J5,7 0.8
T 755 0-85 Jg 25,7805 Jg 0 =885 Jo gy 71855 Jg g 73025 Jg g, =95
Tga, 0p= 1355 Jgu 1971155 Ty 7355 Tyg 117905 Ty 1576
T10,147C8 0175 T g g=ca 0.2 Ty, g L6 Ty, 1g=78
2 * ! OMe OAc OAc |
| 11-Me
17 X = impurity
’lllss
| 8 7a
13 ’ ; u ; lD
II h ‘ g‘ %
! X | /X \ ’ v
" L\M/u\}U VW )
7.0 ' 60 ' 50 ' 40 ) 30 ' 20 10

“1G, 2, 100 Mc NMR spectrum of the diacetate IV in 87% CéD -CDCl3

6
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Confirmation of the presence of a spiro-ring junction and a bridged oxygen ring in futoenone
is pratided by the following reactions.
Treatment of futoenone with acetic anhydride in the presence of HZSO4 or BF3 furnished the
o _nujol

gHCl3 -1377, v 1710, 1755 em™, xEtOH 232

(o)
m. p. 110-1127, [a] max max

diacetate (IV) [C24H2608'
(9, 400), 292 mu (£7,300). The 100 Mc spectrum (Fig. 2) of IV has been completely assigned3),
and deduction of structure IV from the NMR data (Fig. 2) is straightforward; in particular, the

J =0,8, and J

presence of the following small couplings, 5,7a " 5, 7b

=ca0.2,J

T5, OMe 2,78

= JZ, 7 L2 0. 1 cps, establishes the structure of the aromatic ring bearing the methoxyl group
and provides good evidence for the presence of an oxygen bridge between C(l) and C(S) and for
the part structure IB,

Hydrolysis of the diacetate IV and benzylation of the resulting diol V, followed by treatment
of the benzyl ether VI with tosyl chloride in pyridine, afforded a mixture of futoenone (I) and the
tosylate VIL  Hydrogenolysis of VII gave the corresponding phenol VIII which cyclized under
basic conditions to afford futoenone (I) through Ar 1-6 participations), (Fig. 3).

The conversion of futoenone (I) into the diacetate (IV) can be considered to proceed via a

dienone-phenol type rearrangement involving fission of the C,, ,— C bondé). (See Fig. 3).
(&)~ “( &

se e 1

A 0 — = [V — 0 —s
e e
MeCO MeO
o) 0
M e vim e
FIG, 3

Finally, Lemijeux oxidation of futoenone and methylation of the product gave the unsaturated

nujol

1735, 1700, 1660 cm™] and the y-lactone X
max

o
5-lactone IX [C20H2007, m.p. 246, v
m.p. 125-126°, yPudol

max 1795, 1700 cm™], whereas oxidation of the demethyl deriva-

[C17H 160
tive (XI) with alkaline peroxide afforded, after methylation, the y-lactone XII [C18H2006’ m, p.

1400, vnuJOI 1765, 1730 cm™]. The 100 Mc spectrum of the y-lactone XII (Fig. 4), which has
been unambiguously assigned3) in some detail by the use of double resonance techniques3), is in

complete accord with the proposed structure and stereochemistry of futoenone.
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1))

2)
3)
4)
5)
6)

= . =6 = . = '6- =1, 9;
Isa,50" 167 Jog 8705 Jgg, 8,768 005 Jpy 7p= 1165 Jog gg

a1 =1- = 14: = 11, 5; =11, 5;
80,98 % 80,901 Toq,087 1% Jop, 1087 % Joq, 10p 5 J10p, 11a
Jllu., 12=6.3; JlOﬁ, 14 =ca 0, 1; JlOﬁ, 18=ca0.3
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FIG, 4. 100 Mc NMR spectrum of the y-lactone XII
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