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Abstract—From the bark of Virola carinata two neolignans have been isolated: (—)-carcinatone, [(25)-1-(3',4'-
dimethoxyphenyl)-2-(3"-allyl-5"-methoxy-6"-hydroxyphenyl)propanone] and carinatin, [S-allyl-7-methoxy-3-

methyl-2-(3',4'-dimethoxyphenyl)benzofuran].

INTRODUCTION
Gottlieb et al. [1] have reported that the wood of
Virola carinata (Benth.) Warburg contains (+)-guai-
acin, (—)-galcatin and (—)-iso-otobaphenol, whereas
we have recently found dehydrodieugenol and
monomethy! dehydrodieugenol in the bark [2]. Two
neolignans have now been isolated from bark and are
the subject of the present paper.

RESULTS AND DISCUSSION

From high resolution mass spectrometry, com-
pound 1 was estimated as C,;H,40;s. Since it gave a
bluish colour with FeCl;/K;Fe(CN)¢ and no colour
with Gibbs reagent, it appeared to be a phenolic com-
pound with a para substituent. The presence of the
hydroxyl group was identified from IR »X2 3350 cm™
and '"HNMR & 5.92 ppm. By IR (vmax 1665 cm™) and
BC NMR (8 199.61 ppm) the presence of a carbonyl
group was proved. '"H NMR spectral measurements
by decoupling technique supported the assignment of
a secondary methyl adjacent to the carbonyl and an
allyl group as follows: the former, methyl protons at 8
1.46(d, J = 6.8 Hz) and methine proton at & 5.03(g,
J =6.8 Hz) and the latter, CH,-CH=CH, at § 3.22(dt,
J=6.7 and 1.6 Hz), CH,-CH=CH, at § 5.86(ddt, J =
17.0, 9.2 and 6.7Hz), CH,~-CH=CH)(cis) at &
499(ddt, J=9.2, 2.0 and 1.6) and CH,-CH=CH,

MeO

OMe

(trans) at & 4.99(ddt, J=17.0, 2.0 and 1.6 Hz).
'H NMR [6 3.853H, s) and 3.88 (6H, s)] and
BCNMR [8 55.93(3C, q)] showed the presence of
three methoxyl groups on the aromatic rings. The
orientation of protons on two aromatic rings was
estimated by spin coupling constants. Two protons on
the ring, & 6.53 and 6.55 (J = 2.0, each) were related
to a meta orientation for C-2” and C-4". Three protons
on the other ring & 6.80(d, J =8.6 Hz), 7.61 (d, J =
1.9Hz) and 7.72 (dd, J =8.6 and 1.9 Hz) were an
ABX system for C-5', C-2' and C-6' protons respec-
tively. The above data could be accommodated by
structure 1 which was based upon biogenetic con-
siderations [3]. The base ion, CsHsO;, is compatible
with one of the proposed constitutions by the a-
cleavage of the ketone of structure 1. Acetylation of 1
yielded a monoacetate, 1a, C;3H,,0s, IR and 'H NMR
of which revealed an acetyl group at vy., 1760 and
1185 cm™ and acetyl protons at 8 2.35 ppm respec-
tively. By Wolff-Kishner reduction [4], 1 gave a
resinous compound, 1b, C,;H»s0,, which indicated
that an allyl group was hydrogenated as well as the
carbonyl ketone. Based on decoupling techniques from
'"HNMR, it was found that the carbonyl group was
reduced to methylene, whose protons appeared at &
2.67 (dd, J =13.5 and 8.7Hz) and 2.98(dd, J=13.5
and 6.2 Hz). A methyl proton of the secondary methyl
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group was observed at § 1.20(d, J=7.0Hz) and a
methine proton at & 3.39(m, J =8.7, 7.0 and 6.2 Hz)
which was shown to be adjacent to the new methy-
lene group by decoupling technique. "H NMR showed
that the allyl group was hydrogenated to n-propyl,
with 6 0933H, J=73Hz), 1.582H, m) and
2482 H, J=78Hz). The molecular ion, 344.196,
C51H20, (calc. 344.199) and base ion, 193.125,
Ci-H;0, (calc. 193.125) were calculated to be of
propyl grouping rather than allyl by mass spec-
trometry. It is assumed that a reacting hydrazine
generates a di-imide to hydrogenate a carbon-carbon
double bond. Compound 1 was reduced with sodium
borohydrate to give diastereoisomers of alcohols, 1c,
C,1H2¢0s, of which the major one showed the AMX;
system on 'H NMR, the methyl protons (X;) at 8 1.05
(d, J = 7.0 Hz), the methine proton (M) on the carbon-
bearing methyl group at 8§ 3.41 (dq, J=9.4 and
7.0 Hz) and the other methine proton (A) on a carbon
bearing a hydroxyl group at § 4.75(d, J =9.4 Hz).
Two methine carbons, those bearing a methyl and a
hydroxy! group appeared at § 42.03 and 78.94 respec-
tively on “C NMR. Compound 1lc was condensed
with HsPO, to produce a 2,3-dihydrobenzofuran (2)
[51, C21H2,0,4, which had no hydroxyl group detectable
by IR. The AMX; system was analysed by '"H NMR,
(A): 8 5.10(d, J=9.7Hz), M): 3.45(dq, J =9.7 and
6.7Hz), (X3): 1.37(d, J=6.7Hz). An aromatic
hydroxyl group must be at C-6" in 1¢, since a dehy-
dration from the 1,4-dihydroxy groups can be regar-
ded as a part of structure le. A trans-2,3-dihy-
drobenzofuran structure was suggested by coupling
constants of the proton (A) at C-2 and the methyl
protons (X;) at C-3 by 'H NMR [6]. The 2S,3S
configuration of this compound was confirmed by the
similarity of the ORD curve of (—)-melanoxin
(25,3S), as opposed to the antipodal curve of (+)-
obtusafuran (2R, 3R) [7]. The absolute stereochemis-
try of 1 ([a]} — 108.7°) was established to be of the S
configuration since 2 had an S configuration at C-3
and the ORD curve of 1 was similar to S-(+)-hydra-
tropic acid [8]. Thus 1 must be (25) - 1 - (3’4 -
dimethoxyphenyl) - 2 - (3" - allyl - 5” - methoxy - 6" -
hydroxyphenyl)propanone; named (—)-carinatone.
Compound 3, C;;H»,0,4, determined by high resolu-
tion mass spectrometry, contained a furan group from
the IR (880 cm™"). Compound 3 has three methoxyl
groups and an allyl group, from NMR studies. The
substitution of these groups on the rings was deter-
mined as being the same as in 1 from the coupling
constants in 'H NMR. The methy! group at § 2.42
(3H, 5) on '"HNMR could be located on the un-
saturated carbon. From spectral data and biogenetic
considerations, structure 3 is proposed for this neol-
ignan. The dihydrobenzofuran (2) was dehydrogenated
to a benzofuran with Pd-C in decalin [6]. The furan
ring was also directly synthesized from 1 by dehy-
dration with stannous chloride in acetic and hydro-
chloric acids [9]. Thus the 4-keto butyl alcohol, grou-
ping of 1 might be enolated in acid solution to
butadien-1,4-dialcohol from which the elimination of
water would be facilitated The synthetic products
were identical with the natural one by mmp, IR and
TLC respectively. Thus 3 is identified as 5 - allyl - 7 -
methoxy - 3 - methyl - 2 - (3’4 - dimethoxy-
phenyl)benzofuran. It is named carinatin.

EXPERIMENTAL

Isolation of 1. Eluted fraction (2.64g) with gradient
solvents of C¢Hg and CHCl; (0-100%), to which were added
CHCl; and MeOH (0-100%) on a Si gel column, were
re-chromatographed on Si gel (100 g) with gradient solvents
of C¢H¢ and MeOH (0-100%). Elution of 10% MeOH in
C¢H, gave a mixture (three spots on TLC), (2.5 g) which was
chromatographed on another column with C¢Hg and Me,CO.
Compound 1 (1.0 g) was eluted with 5% Me,CO in C¢Hg, mp
103° (recrystallized from CgHg and petrol). CyH»,05 (found
356.161 for 356.162 by MS); [a]§ =—108.7° in CHCly; UV
ACHCE b (log €): 304(4.093), 277(4.021), 243(3.944); 'H NMR
(200 MHz)(CDCl) 6 1.46 (3H, d, J=6.8,Hz, H-3), 3.22
(2H, dt, J=6.7 and 1.6 Hz, CH~CH=CH,), 3853 H, s,
OMe), 3.88(6 H, s, OMe), 4.99[1 H, ddt, J=17.0, 2.0 and
1.6 Hz, CH,~-CH=CH, (trans)], 499[1 H, ddt, J =92, 2.0
and 1.6 Hz, CH,~-CH=CH;(cis)], 5.03 (1H, q, J=68Hz,
H-2), 5.86(1 H, ddt, J =17.0,9.2 and 6.7 Hz, CH,-CH=CH,),
5.92(1H, s, OH), 6.53(1H, d, J=2.0Hz, H-2" or H-4"),
6.55(1H, d, J =2.0Hz, H-4" or H-2"), 6.80 (1 H, d =8.6 Hz,
H-5"), 7.61(1H, d, J=19Hz, H-2), 7.72 (1H, dd, J=8.6
and 1.9 Hz, H-6"); ®CNMR (50 MHz)(CDCl3) & 17.89 (q,
C-3), 39.80(d, C-2), 39.98(t, CH,-CH=CH};), 55.93(q, OMe x
3), 109.50 (d, C-2), 110.21(d, C-4"), 111.22(d, C-2"), 115.62(t,
CH,-CH=CH,), 120.04(d, C-5), 123.25(d, C-6'), 127.58(s, C-
1", 129.69(s, C-3"), 131.91(s, C-1"), 137.64(d, CH,~-CH=CH),
140.44(s, C-5"), 146.61(s, C-4"), 148.82(s, C-3), 153.03(s, C-
61, 199.61(s, C-1): MS m/z: 356[M]* (22.3%), 191(2.2),
165(100); ORD [dioxane; ¢ 0.00055 (600-230 nm)] [ Jgo0 — 65,
[blaoo — 647, [blaso ~ 1553, [dlaz — 2654, [dlai0— 3236, [dlaos —
2719, [¢dls— 129, [@lye 0, [Plass+6214, [Plen+ 12233,
[blasi + 15534, [Ploaa+ 10227, [dlasg + 8673.

Isolation of 3. Eluents of 1% Me,CO in C¢H¢ from a Si
gel column (80 mg) gave crystals, mp 88-91° (ex. EtOH).
C,1H»04 (found 338.148 for 338.152 by MS); UV A nm
(log €): 307(4.428), 244(4.100): 'H NMR (CDCly) & 2.42(3H,
s, Mex3), 34802 H, dt, J =6.7 and 1.6 Hz, CH,-CH=CH,),
3.93(3 H, s, OMe), 3.97(3 H, s, OMe), 4.02(3 H, s, OMe), 5.09
[1H, ddt, J =108, 2.0 and 1.6 Hz, CH,-CH=CH,(cis)}, 5.12
[1H, ddt, J=17.0, 2.0 and 1.6 Hz, CH,-CH=CH2(trans)],
6.05(1 H, ddt, J=17.0, 10.8 and 6.7 Hz, CH,-CH=CH,),
6.63(1H, d, J=1.4Hz, H-6), 6.93(1H, d, J=14Hz, H-4),
6.94(1 H, d, J =9.0Hz, H-5), 7.33(1 H, dd, J =9.0 and 2.2,
H-6)7.33(1 H, d,J = 2.2 Hz, H-2'); BC NMR (CDCl;) 8 9.64(q,
Me x3), 40.64(t, CH,-CH=CH,), 55.93(q, OMe), 56.04(q,
OMe), 56.10(g, OMe), 107.57(d, C-2'), 110.05 (d, C-6), 110.25(s,
C-3), 111.01(d, C-4), 111.10(d, C-5", 115.58(t, CH,-CH=CH,),
119.89(d, C-6"), 124.29(s, C-3a), 133.03(s, C-1"), 135.16(s, C-5),
138.01(d, CH,-CH=CH,), 141.48(s, C-7), 144.71(s, C-4),
148.94(s, C-2 and C-3'), 151.24(s, C-7a); MS m/z: 338{M]"
(100), 323(9.8), 254 (6.0).

Derivatives of 1. The acetate was a resin (1a), Cy;H04
(found 398.170 for 398.173); '"H NMR (CDCl;) 6§ 1.43(3H, d,
J=6.9Hz, H-3), 2.353H, s, OCOMe), 3.27(2H, dt, J =6.7
and 1.6 Hz, CH~CH=CH,), 3.793 H, s, OMe), 3.88(3 H, s,
OMe), 3.89(3 H, s, OMe), 4.64 (1 H, ¢, J = 6.6 Hz, H-2), 5.01
[1H, ddt, J=17.9, 2.0 and 1.6 Hz, CH»-CH=CH,(trans)),
5.02[1 H, ddt, J=9.3, 2.0 and 1.6 Hz, CH-CH=CH(cis)},
5.87 (1H, ddt, J=179, 9.3 and 6.7Hz, CH,~-CH=CH,),
6.57(1H, d, J=1.7Hz, H-2" or H-4"), 6.63(1H, d, J=
1.7Hz, H-4" or H-2"), 6.79(1 H, d, J = 8.2 Hz, H-5"), 7.52(1 H,
J=2.0Hz, H-2'), 7.55(1 H, dd, J = 8.2 and 2.0 Hz, H-6); MS
mfz: 398 [M]* (9.6), 356(6.7), 338(4.5), 165(100). Woiff-
Kishner reduction of 1 gave a resinous product, C,Hy0,
(found 344.196 for 344.199); UV ASHC: nm  (loge):
282(3.663), 243(3.625); 'HNMR (CDCly) 8 0.933H, ¢, J =
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7.3 Hz, CH,CH,CH,), 1.203 H, d, J=7.0Hz, H-3), 1.58
(2H, m, CH,-CH,-Me), 2.48Q2H, t, J=7.8 Hz, CH-CH,-
Me), 2.67(1H, dd, J=13.5 and 8.7 Hz, H-1), 2.98(1 H, dd,
J=13.5 and 6.2Hz, H-1), 3.39(1H, m, J=8.7, 7.0 and
6.2 Hz, H-2), 3.803 H, s, OMe), 3.843 H, s, OMe), 3.86(1 H,
s, OMe), 5.56(1 H, s, OH), 6.55(1H, d, J =2.0Hz, H-2" or
H-4"), 6.59(1 H, d, J=2.0Hz, H-4" or H-2"), 6.64(1H, d,
J=16Hz, H-2), 6.70(1H, dd, J=1.6 and 8.0Hz, H-6"),
72801 H, d, J=8.0Hz, H-5); MS m/z: 344 [M]* (27.6),
193(100). NaBH, reduction of 1 gave a mixture of major and
minor alcohol products, 1b inseparable by TLC, CyHyOs
(found 358.177 for 358.178), '"H NMR (CDCl;) (major one) &
1.05 BH, d, J=7.0Hz, H-3), 3.32 2H, dt, J=7.0 and
1.6 Hz, CH~CH=CH,), 3.41(1H, dgq, J=9.4 and 7.0Hz,
H-2), 3.873 H, s, OMe), 3.88 3H, s, OMe), 3.89 (3H, s,
OMe), 4.75(1H, d, J=9.4Hz, H-1), 5.07[1 H, ddt, ] =10.4,
2.0 and 1.6 Hz, CH,~-CH=CHy(cis)], 5.08 [(1H, ddt, J=
17.0, 2.0 and 1.6 Hz, CH,-CH=CH,(trans)), 5.95(1 H, ddt,
J=17.0, 10.4 and 7.0 Hz, CH,-CH=CH,), 6.00(1H, s, OH),
6.62(1H, d, J=18Hz, H-2" or H-4"), 6.64(1H, d, J=
1.8 Hz, H-4" or H-2"), 6.84(1H, d, J=86Hz, H-5), 693
(1H, dd, J=8.6 and 2.0Hz, H-6'), 6.93(1H, d, J=20,
H-2), ®C NMR (CDCl;) (major one) & 17.07 (g, C-3), 40.11
(t, CH,-CH=CH}), 42.03(d, C-2), 55.84(q, OMe x 3), 78.94(d,
C-1), 109.44(d, C-2'), 109.73(d, C-4"), 110.69(d, C-2),
115.58(t, CH,-CH=CH,), 119.49(d, C-5"), 120.45(d, C-6"),
129.04(s, C-1'), 131.58 (s, C-3"), 135.68(s, C-1"), 137.78(d,
CH,CH=CH,;), 142.12 (s, C-5"), 146.75 (s, C-4"), 148.50(s,
C-3), 148.91(s, C-6"); MS m/z: 358 [M]* /6.5), 340(46.2),
192(100), 167(90.7). Dehydration with H;PO,4 of 1b gave a
resinous product 2 which was purified by CC with C¢Hg and
MeOH. C;H404 (found 340.169 for 340.168), UV ASHs nm
(log €): 286(3.859), 282(3.866), 246(4.083); '"H NMR (CDCL;) &
1.373H, d, J=6.7Hz, Mex3), 3.352H, dt, J=6.8 and
1.9Hz, CH,-CH=CH,), 3.45(1H, dg, J=9.7 and 6.7Hz,
H-3), 3.873 H, s, OMe), 3.88(6 H, s, OMe), 5.05[1 H, ddt,
J=17.0, 2.0 and 1.6 Hz, CH,-CH=CH,(trans)}, 5.10(1 H, d,
J=9.7Hz, H-2), 5.10[1H, ddt, J=10.2, 2.0 and 1.6 Hz,
CH,-CH=CH,(cis)], 5.98(1 H, ddt, J =17.0, 10.2 and 6.8 Hz,
CH,CH=CH,), 6.60(1H, d, J=2.0Hz, H-2" or H-4"),
6.62(1H, d, J=2.0Hz, H4" or H-2"), 683(1H, d, J=
8.0Hz, H-5'), 696(1H, dd, J=80 and 2.0Hz, H-6),
6.99(1H, d, J=2.0Hz, H-2), 3C NMR (CDCls)  17.48 (q,
Me x 3), 40.20(t, CH~CH=CH,), 45.75(d, C-3), 5591(q,
OMe x 3), 93.58(d, C-2), 109.55(d, C-2"), 110.81(d, C-6),

PHYTO Vol. 21, No. 4—H

111.90(d, C-4), 115.55(t, CH,-CH=CH,), 115.61 (d, C-5", 119.
23(d, C-6"), 132.76(s, C-1"), 133.16(s, C-5), 133.53(s, C-3a and
C-7), 137.88(d, CH~-CH=CH,), 144.04(s, C-4"), 149.13(s, C-3'
and C-7a); MS m/z: 340 [M]* (100); ORD [dioxane; ¢ 0.0008
(600-241 nm) and 0.0004(241-222 nm)][pleo — 43, [Placo—
43, [¢laso— 595, [dloas — 1063, [ 11382 0, {blass ¢ + 1190, [las +
2465, [¢las + 1742, [l + 1318.

Dehydrogenation of 2. Pd-C (10% 3 mg) was added to 2
(51 mg) in 5Sml decalin and the mixture refluxed for 24 hr.
The product was chromatographed on Si gel in n-hexane
and CgH,, crystallized and confirmed to be identical with 3
by means of mmp, IR and TLC. .

Condensation of 1. A mixture of 0.2ml HOAc, and
0.2 ml. conc HCl was heated to boiling, into which SnCl,
(110 mg) and 1 (30 mg) in HOAc (0.1 ml) were added. After
cooling the solution was diluted with 0.4 ml H,0O, extracted
with CHC]l,, purified by TLC, crystallized from EtOH and
identified as 3 by means of mmp, IR and TLC.
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