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ABsTRACT.—Three lignans have been isolated from the roots, stems, and needles
of Taxus wallichiana Zuce. Two of these have been identified as epimers of conidendrin
(la+1b) and hydroxymatairesinol (2a). The structure of the third, a previously un-
known lignan named isoliovil (3a), has been established by 'H and *C nmr and mass
spectrometry.

Lignans have been found in all parts of seed-bearing plants (1). Isolariciresinol,
secoisolariciresinol, isotaxiresinol, and isotaxiresinol-6-methyl ether are found in
several species of Taxus (2). T. cuspidata Sieb. and Zuce. also has lariciresinol
(2), T. baccata L. contains taxiresinol (3), and 7. maire: S. Y. Hu has a-conidendrin
(4). Examination of T. wallichiana Zucc. for cytotoxic substances resulted in the
isolation of three lignans associated with cytotoxic taxane derivatives whose
characterization has been reported (5, 6). Spectral characteristics of these bio-
logically inactive compounds revealed that they were lignans, one of which has
not been reported previously in the literature. This paper desecribes the char-
acterization of these lignans.?

As detailed in earlier papers (5, 6), silica chromatography of the chloroform
solubles from roots, stems, and needles of T. wallichiana extract yielded numerous
fractions; two of these (F207 and F212) were combined, purified by tle, and then
crystallized from ethanol. In the aromatic proton region of the 'H nmr of these
crystals the following ecould be detected: (a) two singlets, indicative of para pro-
tons coupled to no others; (b) a doublet with a coupling of 2 Hz, indicative of
protons meta to each other; (¢) a doublet with /=8 Hz, indicative of protons ortho
to each other; and (d) a doublet of doublets (J=2,8 Hz), indicative of a proton
with ortho and meta couplings. 'H nmr also showed the presence of two methoxyl
groups (at 63.73 and 3.78). 'H nmr of the acetylated product (1e+1d) indicated,
in addition to two methoxyl groups (singlets at §3.70 and 3.77), acetate singlets at
52.18 and 2.26 (table 1). These strong signals were accompanied by satellites
at 62.24, 3.72 and 3.78 with intensities roughly half those of the larger peaks, sug-
gesting that two closely related isomers were present. The stronger signals are
in reasonable agreement with those recorded by Cambie ef al. (8) for a-conidendrin
diacetate (1¢) and the lesser with those of B-conidendrin diacetate (1d). From
these observations, we concluded that our erystals from F207 and F212 are a
mixture of la and 1b in a ratio of about 2:1.

A similar conclusion regarding the structures was reached from “*C nmr data
(table 2), which also indicated the presence of a vy-lactone (6177.1 for 1la and 176.6
for 1¢). The major peaks were in good agreement with those recorded for le by
Cambie el al. (8); in addition, the less intense peaks (at 638.5, 41.0, 46.5, 71.2,
112.9, 113.5, 121.5, 122.8 and 123.1) were characteristic of 1d (8). Furthermore,
eims results for the mixture of 1a+1b agree with literature values for 8-conidendrin
(9); stereoisomeric lignans are not distinguished by ms (10). The largest peak by
far was M+ and this fragmentation behavior is typieal of lignans containing the
1,2,3,4-tetrahydronaphthalene ring system (11).

10n leave from Department of Medicinal Chemistry and Pharmacognosy, School of Phar-
macy and Pharmacal Sciences, Purdue University, 1979-1980.

*The mention of firm names or trade products does not imply that they are endorsed by
the Unitgd States Department of Agriculture over other firms or similar products not
mentioned.

3We have used the numbering system advocated by Gottlieb (7), which emphasizes bio-
genetic relationships.
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TaBLE 1. 'H nmr of Taxus wallichiana lignans.
& in CDCls and J in Hz din CDCL and J in Hz
Protons Protons
on one
la» 1eb 2ad 2be 3b
C-2 6.53 d, J=2 6.628 C-2 6.49 or 6.57 6.69 0or6.73
d, J=2 d, J=2
C-5 6.73d, J=8 6.95d, J=8 C-5 6.68 or 6.75 6.88 or 6.96 6.7-7.0m
d, J=8 d, J=8
C-6 6.58d, J=8 6.71dd, J=2,8 C-6 6.39 or 6.51 6.58 or 6.66
dd, J=2,8 dd, J=2,8
C-7 3.9-42m 3.842m C-7 4.52d, J=6 5.77d, J=6 5.78d, J=10
C-8 2.5m 2.56 br C-8 2.6 br 2.6-3.1m 2.7Tm
C-9 3.9-42m 3.84.2m C-9 3.88d, J=7 3.88d,J="7
4044m 4.01 dd, 3.7-3.9m
J=7,18
Cc-2 —_— _— C-8' 6.3% or 6.51 6.58 or 6.66
dd, /=2, 8 dd, J=2,8
C-3' 6.268 6.47 s C-5' 6.68 or6.75 6.88 or 6.96 6.7-7.0m
d, J=8 d, J=8
C-6' 6.62s 6.748 Cc-2! 6.49 or 6.57 6.69 or6.73
d, J=2 d, J=2
C-7' 2.7-3.1m 283.4m C-7' 2.83 br 2.6-3.1m 2.7m
C-8' 2.5m 2.56 br C-8' 2.6 br
C-9! — C-9' 6.12d, J=7
OMe 3.73s 3.70s OMe 3.70s 3.74s (6H) 3.828
3.78s 3.77s 3.728 3.848
OAc 2.81s OAc f 2.07 s (3H) 1.99s (3H)
2.268 2.25s (6H) 2.058 (3H)
2.308 (6H)

:CD3;0D added to dissolve sample.
of a standard sample of 1a.

v1d Indicated with weak singlets at 2.24 (OAc), 3.72 (OMe), and 3.78 (OMe).

cIn accordance with Gottlieb's rules for numbering lignan skeletons (7), certain aromatic carbons in compounds 2a, 2b
and 8b are numbered differently than those in 1a and 1b. Chemical shifts here presented in the same horizontal row per-

tain to the same carbon, regardless of how it is numbered.

dIsomer indicated with weak singlets at 3.68 (OMe) and 3.69 (OMe).
eIsomer indicated with weak singlets at 2.04 (OAc) and 3.72 (OMe).

fSignals for OH’s at 2.6 (br) and 5.72 (br s).

Also present 1b as indicated by ratio of the two OMe signals compared to those
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TaBLE 2. 13C nmr of Taxus wallichiana lignans.

5 in CDCl; § in CDCl,
Carbon Carbon
number number®
la® leb 2a 2b 3b
1 134.8 140.9 1 133.6 136.1 137.74
2 112.7 112.0 2 108.3 110.7 111.3¢
3 148.6 151.8 3 146.9f 151 .4¢ 151.2¢
4 146.0 139.3 4 145.8¢ 139.9= 139.8
5 115.8 123.3 5 114 .0® 122.8b 123.0
6 121.8 120.7 6 118.9 118.5 120.9
7 48.2 47.6 7 75.4 75.4 76.6
8 42.5 41.7 8 45.2 43 .4 48.2
9 72.9 71.7 9 68.5 67.7 69.9
1! 126.6 133.8 1! 129.5 136.1 137.84
2! 132.4 130.6 6' 122.6 121.7 119.4
3! 116.5 123.8 5! 114 .5k 123 .2k 123.0
4! 145.2 138.6 4! 144 .6¢ 138.8¢ 139.8
5! 147.2 150.0 3! 14681 151.1f 151.3f
6' 111.9 113.1 2! 112.0 113.7 113.1¢
7' 20.6 29.7 7! 35.2 34.9 33.7
8! 50.2 50.0 8! 43.8 43.5 50.0
9! 179.2 176.6 9! 178.9 178.0 102.9
OCH; 56.2 56.0 OCH, 55.9 55.8 56.0
CO.CH; —_ 20.7 CO.,CH; -— 20.5 (2)
20.9 20.7 (4)
C0,CH; — 169.0 C0O,CH; -— 168.7
168.9 169.2 (4)
169.7

sCD;0D added to aid solubility.

bHas less intense peaks at 38.5, 41.0, 46.5, 71.2, 112.9, 113.5, 121.5, 122.8 and 123.1, all indica-
tive of 8-conidendrin diacetate (1d).

*See footnote ‘‘¢’’ to Table 1.

4-bSignals may be interchanged.

Fraction P5 from countercurrent distribution (CCD) of F214 and F215 (5)
yielded an amorphous solid (2a) which also appeared to be a lignan judged by its
spectral characteristics. The presence of a y-lactone was suggested by a *C nmr
shift at 6178.9 for 2a and 178.0 for 2b. The 'H nmr spectrum of 2a showed strong
singlets at 63.70 and 3.72 associated with aromatic methoxyl groups; in addition,
there was a satellite pair of singlets at §3.68 and 3.69, about one-third as intense as
the dominant pair, apparently due to a closely related isomer. 'H nmr also in-
dicated a doublet at 64.52 for 2a which moved downfield to 85.77 when 2a was
acetylated. Three acetate singlets were revealed for 2b indicative of two aro-
matic acetates (62.25) and one nonaromatic acetate (62.07). The latter had a
satellite peak about one-third as intense—another indication of the presence of a
closely related isomer. Mass spectrometry of lignans containing substituted 3,4-
dibenzyl 2-tetrahydrofuranones exhibits easily identifiable molecular ions and
prominent fragment peaks arising from benzylic cleavage of the molecular ion (11).
Eims of 2a showed a base peak of m/z 153 (indicating the presence of an a-hydro-
xyvanillyl ion); the second most intense peak was at m/z 137 (indicating a vanillyl
ion), and a molecular ion at m/z 374. Eims of 2¢ matched values reported by
Ekman (10), and high resolution eims of the triacetate of 2a gave mass values
consistent with 2b. The 'H and ®C nmr of 2a and 2b were consistent with
literature values for derivatives of 2a (12). All of these observations indicate
that this mixture of epimers is hydroxymatairesinol [whose configuration at C-7
is R, according to Nishibe e al. (12)] and allohydroxymatairesinol {C-7 configura-
tion is S (12)] in about a 3:1 ratio.

Column chromatography of F216 (6) gave a fraction that yielded crystals of a
new lignan (3a) which we have named isoliovil. The '*H nmr of the acetate (3b)
(table 1) indieated two aromatic methoxyl groups (singlets at 3.82 and 3.84),
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two aromatic acetate groups (a six-proton singlet at §2.30), two aliphatic acetate
groups (singlets at 61.99 and 2.05), a one-proton doublet at 5.78 with a coupling
of 10 Hz, a one-proton doublet at 86.12 (/=7 Hz) and several multiplets: 62.7
(four protons), 3.7-3.9 (two protons) and 6.7-7.0 (six aromatic protons). This
spectrum suggests a lignan containing four hydroxyl and two methoxyl groups,
isomeric with liovil (13). The only reported 'H nmr of liovil (14) was done in
DMSO-ds and is of limited value for comparisons. However, this spectrum does
show that liovil contains no hydroxyl groups on the tetrahydrofuran ring; in con-
trast, the 'H nmr of 3b does indicate the presence of one hydroxyl group on this
ring since there is a doublet at 66.12 due to the methine proton attached to C-9'.
Allowing for the downfield shift due to acetate, this doublet (/=7 Hz) can be
compared to the doublet at 65.22 (J =4 Hz) of R-CH(OH)-O-R' of cubebin (15),
although the coupling constant would suggest a different configuration at C-9'
and ‘or C-8' for the two compounds. The other doublet of 3b (85.78, J =10 Hz)
is quite similar to the doublet (65.79, J=9.6 Hz) occurring for R-CH(OAc)-R'
in the tetraacetate of compound I reported by Andersson ef al. (16).

The BC nmr of 3b (table 2) is very similar to that of 2b except that the ~-
lactone carbonyl at §178.0 was absent in 3b and was replaced with a signal at
8102.9 suggesting the presence of the grouping R~-CH(OA¢)-O-R'. The grouping
R-CH(OAe)-R' was indicated by §76.6 in 3b (75.4 in 2b).

Eims of 3a and its derivatives 3b and 3¢ support the proposed structure of
isoliovil but cannot unequivoeally distinguish it from its isomers (10, 14, 16).

'H and ®C nmr define the presence of 2-tetrahydrofurano! and confirm the
rest of the proposed structure for isoliovil (3a). The stereochemistry of the four
asymmetric centers (C-7, C-8, C-8' and C-9') is not known. The 3,4-dibenzyl-
2-tetrahydrofuranols are relatively uncommon as only five others have been re-
ported: cubebin (13), 3,4-dimethoxy-3,4-desmethylenedioxycubebin (17), kusuno-
kinol (18), acanthotoxin (19) and podotoxin (20).

EXPERIMENTAL*

(GENERAL PROCEDURES.—Fractionation of the ethanol extract of Taxus wallickiana Zuee.
needles, roots and stems has been described in detail previously (5, 6).

ISOLATION AND IDENTIFICATION OF CONIDENDRIN (la).—Because of similar tle patterns,
fractions F207 and F212 (fig. 1, ref. 5) were combined, and 209 mg of the mixture was separated
by tle (5% methanol in chloroform) on 2 mm preparative silica gel plates, yielding 115 mg of
erude conidendrin. The last-named compound was separated preparatively on 0.25 mm silica
gel plates (109, methanol in chloroform) to yield 59 mg which was recrystallized from 959,
ethanol, mp 230-237°C, [«]?®D—57.9° (¢c. 0.14, acetone). Literature: a-conidendrin, mp 255-256°,
[a]p—53.7 (acetone); B-conidendrin, mp 210-212°, [«]p+28° (acetone) (21). 'H nmr, table 1;
13C nmr, table 2. Eims, m/z (relative intensity, ¢ ): 356 (M=, 100), 271 (9), 259 (7), 255 (11),
241 (23), 137 (14) and 135 (17).

~ Acetylation of la+1b (acetic anhydride/pyridine at room temperature) gave conidendrin
dl?cegated(éc+ld) as an amorphous solid. !'H nmr, table 1; 13C nmr, table 2. Literature, see
refs. 8 and 9.

ISOLATION AND IDENTIFICATION OF HYDROXYMATAIRESINOL (2a).—Upon evaporation, transfers
551-559 from countercurrent fraction P5 (fig. 3, ref. 5) yielded 560 mg of amorphous solid;
217 mg of this solid was applied to a preparative tle plate and developed with chloroform-
methanol (9:1). The major tle band provided 202 mg of an amorphous solid, 2a; [«]?*p—0.95°
(c. 1.27, ethanol), literature: hydroxymatairesinol, [a]®p—11.0° (¢. 4.0, tetrahydrofuran) and
—6.3° (¢. 4, ethanol); allohydroxymatairesinol, [«]*p—9.8° (c. 4.0, tetrahydrofuran) and
+4.9° (c. 4, ethanol) (13). 'H nmr, table 1; literature values for the dimethyl ethers (12).

‘Melting points were determined on a Fisher-Johns apparatus and are uncorrected. 'H
and *C nmr spectra were recorded in deuterochloroform (except as noted) on a Bruker WH-90
instrument with tetramethylsilane as the internal reference (90 MHz for 'H and 22.63 MHz for
13C). Eims were obtained with a Kratos MS-30 spectrometer at 70 eV. Nominal mass scans
were done at a resolution of 1000 (low resolution ms), and accurate mass measurements {called
high resolution in this paper) were made at a resolution of 3000 on the double beam instrument
with PFK as a reference in beam 2. Optical rotations were determined on a Perkin-Elmer
model 241 Polarimeter. Tle¢ was accomplished with silica gel 60 F254 plates, both 0.25 mm
and 2 mm (E. Merck) with various mixtures of chloroform-methanol as developing solvent.
For preparative use, the plates were viewed under uv light; for analytical purposes, the plates
were charred after spraying with 197 K,Cr;0; in 409, H,SO,.
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13C nmr, table 2; literature values are similar (12). Eims, m/5 (rel. intensity, %): 374 (M-, 40),
356 (M*—H.0, 5), 153 (100), 137 (67) and 93 (28).

Acetylation of 2a (acetic anyhydride/pyridine at room temperature) gave the triacetate,
2b. 'H nmr, table 1, 13C nmr, table 2; literature values for the acetylated dimethyl ethers
compare favorably (12). High resolution eims of 2b /5 (rel. intensity, & ): 500.1831 (M*, 6),
caled. for CyH,50,, 500.1661; 458.1613 (M+—H,C=C=0, 57}, caled. for CpH,Qs 458.1576;
416.1777 (M*—=2 H,C=C=0, 26), caled. for CpH.0s 416.1471; 398.1412 M+*—H,C=C=0-
CH:COOH, 14), caled. for CaH0; 398.1365; 356.1181 (M~—2 H,C=C=0—CH,;COOH, 24),
caled. for CyHaOe 356.1260; 177.0592 (47), caled. for CycHsOs 177.0552; 153.0546 (42), caled.
for CsHO; 153.0552; 137.0620 (100), caled. for CsHsO. 137.0602; and 43.0203 (63), caled. for
C.H;0 43.0184.

Compound 2¢ was prepared by reacting a 2:1 mixture of hexamethyldisilazane and tri-
methylchlorosilane with 2a in pyridine for 15 minutes at room temperature (22). High resolu-
tion eims m/z (rel. intensity, %): 590.2776 (M™, 16), caled. for CyH4O0:Si;5 590.2817; 500.2025
(BI——TI\ISOH, 6), calcd. fOI‘ CzeHseOsSig 5002227, 2971363 (100), calcd. fOI‘ CHHzaOgSiz 2971519,
and 209.0954 (12), caled. for C1H ;0,81 209.1086. For literature values, see ref. 10.

IDENTIFICATION OF ISOLIOVIL (3a).—Separation of F216 (7.539 g) by column chromatography
on silica was described previously (6); 72 fractions of 100 ml each were collected using an
ethyl acetate-benzene step gradient. Evaporation of fractions 33-36 yielded a crystalline
solid (0.835 g) (3a) which was triturated with ethy! acetate and recrystallized from methanol;
mp 170-172°, {a]?®p—47.9 (c. 0.22, ethanol); eims, m/z (rel. intensity, 7 ): 376 (M, 34), 358
(M*-H,0, 28), 340 (M2 H,0, 7), 206 (41), 153 (66), 138 (51) and 137 (100).

Acetylation of 3a (acetic anhydride/pyridine at room temperature) gave isoliovil tetra-
acetate (3b) as an amorphous solid. 'H nmr, table 1; 13C nmr, table 2; eims, m /s (rel. intensity,
T): 424 (M7-2 AcOH, 62), 382 (M™-2 AcOH-H,C=C=0, 83), 340 (M2 AcOH-2 H,C=C=0,
38), 247 (12), 216 (19}, 203 (26), 1533 (52) and 137 (100). High resolution ms, #/z 424.1545,
caled. for Cy:H4.0+, 424.1522; 382.1455, caled. for CopH 200 382.1416; 340.1321, caled. for CaH20s,
340.1311; 247.0981, caled. for CiH::04, 247.0970; 195.0661, caled. for CicH1;,0, 195.0657; 153.0569,
caled. for CsH,0;, 153.0552; and 137.0605, ecaled. for CsH:O,, 137.0603.

Isoliovil was silyvlated as described for 2e. Eims of 3¢ gave m/z (rel. intensity, 9): 644
(M-, 36), 649 (M*-CHj;, 25), 592 (M*~H-TMS, 5), 574 (M~—TMSOH, 9), 599 M*—TMSOH-
CH;, 8), 486 (M~*+2H-2TMSOH, 19), 485 (M~+H-2TMSOH, 46), 484 (MT—2TMSOH, 93),
456 (30), 411 (12), 339 (34), 324 (35), 298 (71), 297 (100), 260 (10), 247 (17), 234 (14), 225 (16),
210 (47), 209 (75), 179 (16), 171 (20, 157 (32) and 73 (73).
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