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Abstract—The !3C NMR spectra of 15 neolignans of several structural types and two lignans were analyzed and
their carbon shifts assigned. The shifts of pyrogallol ether and ethyl phenyl carbinyl ether models were used in
this connection. The stereochemistry, of a dimeric sideproduct in the preparation of the latter models was determined

by !3C NMR analysis.

INTRODUCTION

Recent years have witnessed the isolation of a large
number of C4—C, oxidation dimers of the neolignan
type[2]. In order to facilitate their structure analysis,
several representatives of this proliferating class of natural
substances were submitted to inspection by the new,
powerful *3C NMR analytical method. The present com-
munication describes the first 3C NMR analysis of neo-
lignans and pinpoints carbon shifts characteristic of spe-
cific structural types.

RESULTS AND DISCUSSION

The chemical shift assignment for the structurally un-
usual neolignan aurein (1)[3] is based on that of
1,2,3-trimethoxybenzene (2) and standard chemical shift
theory [4,5].
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For the evaluation of the 2-aryl carbons of the neolig-
nans of the benzofuran type and of their cyclohexa-
dienone equivalents (vide infra) the '3C NMR analysis
of ethylphenylcarbinol (3a)[6], its acetate (3b)[7],
methyl (3c)[8] and ethyl (3d){9] ethers and the ethyl
ethers of 3,4-dimethoxyphenylethylcarbinol (3e) [10] and

* Part 44 of the series entitled “Carbon-13 Nuclear Magne-
tic Spectroscopy of Naturally Occurring Substances”. For part
43 see Ref. [1]. )

1 Present address: Department of Chemistry, Rice Univer-
sity, Houston, TX 77001, U.S.A.

Table 1. Carbon shifts of models 3*

Carbons 3 3bt 3t 3d§ 3687 3§t
1 1443 1403 1420 1428 1353 1369
2 125.7 126.3 126.5 1264 109.0 106.5
3 1280 128.0 1280 1279 148.7 1476
4 1271 127.5 1272 1270 1479 1465
5 1280 1280 1280 1279 1104 1076
6 1257 1263 1265 1264 1188 1200
1 75.6 71 854 834 83.1 832
2 317 29.1 308 311 309 310
¥y 100 97 10.1 102 10.1 102

*The & values are in ppm downfield from TMS;
&TMS) = 8(CDC1;) + 769 ppm. t The acetyl C=O and Me
shifts are 169.9 and 21.0 ppm, respectively. { The OMe shift
is 56.5 ppm. § The ethoxy CH, and Me shifts are 63.7 and
15.2 ppm, respectively. The OMe shift is 55.5 ppm. | The
dioxymethylene shift is 100.7 ppm.

3,4-methylenedioxyphenylethylcarbinol (3f)[11], 3g and
3h, respectively, were undertaken. The synthesis of ethers
3g and 3h is described in the Experimental and the car-
bon shifts are shown in Table 1. As previously
observed [12], the change of a vicinal dimethoxyphenyl
unit to a methylenedioxy moiety causes shielding of the
aromatic oxycarbons and their neighbors by 1-1.5 and
3-4 ppm respectively, and deshielding of the remaining
carbons by 1-2 ppm.

OR

va At ¥ (BaIR =YY" H
2 (3b}R=Ac,Y »Y=H
v A (3c)R =Me,Y = Y'sH
5

(3d)R=Et,Y=Y'=H

(38)R =H,YsY = OMe
(3f)R =H,Y+Y'=OCH,
(3g)R =Ef,Y=Y'sOMe
(3h) R =Et, Y= Y'20,CH,

The 3C NMR data of the models 3 aid in the shift
assignment of the aromatic carbons of licarin A (4a) and
B (4b)[13]. Comparison of the aromatic carbon shifts
of 4a, 4b and 3f differentiates the 2-aryl sidechain from
the dihydrobenzofuran nucleus in the two neolignans
and permits the complete shift designation of the 2-aryl
sidechain of licarin B(4b). The aromatic carbons of the
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fused bicyclics are distinguished on the basis of the fol-
lowing arguments. The oxycarbons are expected to be
downfield of the other non-protonated centers and the
methine ortho to the OMe group upfield of the methine
para to the OMe function, a condition mitigated by a
countering y-effect of the 3-Me group on the latter meth-
ine. Aliphatic proton decoupling differentiates the oxy-
carbons by the methoxylated center being reduced to
a singlet and the other site retaining three-bond coupling
characteristics by interaction with the meta hydro-
gens [12]. The remaining non-protonated centers are dis-
tinguished from each other similarly in view of C(3a)
degenerating into a singlet but C(5) still exhibiting cou-
pling with the neighboring olefinic hydrogens. The mul-
tiplicity of the latter, ie. a triplet, shows this coupling
to be of similar magnitude with both hydrogens. Finally,
the assignment of the 2-aryl shifts of licarin A (4a) is
based on the é values of model 3¢ as well as the differ-
ence of the shifts of 1,2,3-trimethoxybenzene (2) and the
monodemethylated compounds 2,3-dimethoxyphenol (5)
and 2,6-dimethoxyphenol (6).

y o Me o O,R

g’ (4a)R=Me, R'=H
{4b) R+R'=CH,
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While the non-aromatic carbons of licarin A (4a) and
B (4b) are identified readily, differentiation of the Me
groups depends on the larger residual coupling of the
allylic Me function [12]. All chemical shifts of 4a and
4b are listed in Table 2.

The carbon shift data for aurein (1), the licarins (4a
and 4b) and model 3f permit the signal assignment of
the 3C NMR specira of the naturally occurring cyclo-
hexadienones 7a [14] and 7b [15]. The ring carbon shifts

Table 2. Carbon shifts of the licarins, mirandins and the cyclo-
hexadienones 7*

Carbons 4at 4bt Tat 7b§ 9a§ 96§
2 93.3 930 93.7 93.7 94.3 912

3 452 455 426 426 46.9 49.8
3a 1328 1327 1402 140.0 80.9 776

4 112.9 113.0 1341 134.1 1316 1309

5 131.7% 1318 80.8 80.6 1425 1428

6 109.0 109.2 199.3 199.2 1868 186.8

7 1436 143.7 99.5 99.6 104.6 102.7
Ta 146.3 146.2 1720 1719 1726 174.3
3-Me 172 176 16.1 16.3 16.1 6.9
OMe 55.5 557 535 534 503 Si1
1 131.6% 1340 131.4 1332 1355 1327
b4 108.6 106.3 106.1 103.0 102.6 103.5

3 146.1 147.5 148.1 1534 152.8 1533
4 145.3 1472 1481 138.5 137.2 1384

5 113.8 1077 108.2 1534 152.8 153.3
& 119.3 119.7 1200 103.0 102.6 103.5

o 130.5 130.6 450 44.8 332 335

p 122.8 1229 130.7 130.8 134.8 1348
b4 180 181 1190 118.8 116.9 1171

*The & values are in ppm downfield from TMS;
(TMS) = 3(CDCl,) + 769 ppm. 1 6(3-OMe) = 55.5 ppm.
1 (3'4-0,CH,) of 4b and 7a is 100.7 and 101.3 ppm, respect-
ively. § 6(3-OMe) = 56.1 + 0.1 ppm and 6(@'-OMe) = 60.7 +
0.1 ppm. 9 Signals may be interchanged.
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of the cyclohexadienone units are derived from 3-alkoxy-
2-cyclohexenone models [16], while the other non-aro-
matic carbons are assigned by standard chemical shift
theory [4]. The similarity of the C(2), C(3) and 3-Me
shifts of the cyclohexadienones (7a and 7b) and licarins
(4a and 4b) show the four substances to possess the same
furanoid stereochemistry. The shift non-identity of these
centers as well as of C(1') of licarin B (4b) and cyclohexa-
dienone 7a reflects most probably the different electronic
environment of the aromatic and cyclohexadienone nu-
clei. Carbon-1’ of compounds 4 and 7 is at a surprisingly
high field position on comparison with the like centers
in aurein (1) and 3h. The & values of 7a and 7b are
listed in Table 2.
OMme Me OR

= X . (Ta)R+R'=CH,, Y =H

Ao .i-i OR (?®) R=R'=Me, Y =OMe
Y

Cyclohexadienone 7b serves as a model for the assign-
ment of the shifts of eusiderin (8) [17] except those of
the aromatic carbons of the bicycle. The latter were
determined by selective decoupling of proton
regions [12].
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Mirandin A (9a) [18] and B (9b) [18] are angularly
methoxylated cross-conjugated cyclohexadienones. Their
13C NMR analysis depends on compounds 7b and 8
serving as models for the trimethoxylated C¢—C; unit
and dehydrogriseofulvin [16] as a backdrop for the cyc-
lohexadienone moiety. All shifts of the mirandins are in
Table 2.

{9a)3af
OMe 9b)3aa

Burchellin (10a) [19] and other natural. angularlv ally-
lated cyclohexadienones 10b[20] and I [20] can be
analyzed by the utilization of the aromatic carbon shifts
of 7a and 7b for the evaluation of the & values of the
aromatic C¢~C; unit. The shift designation of the cyclo-
hexadienyl C4~C; moiety is based on that of mirandin
B (9b) and 2-methoxy-2-cyclohexenone [21]. Expectedly,
the 3-Me group of compounds 10 is shielded less strongly
than that of mirandin B (9b) in view of the lower y-effect
of the angular allyl group than that of the angular OMe
function. The shifts of burchellin (10a) and its relatives
(10b and 10c) are quoted in Table 3.

k Me OR
MeO : (l0a) R+R'sCH,,Y =H
‘ _ Q o UIOB) R=R'xMe, Y=H
o o’ H {10c)R=R'=Me, Y=OMe
Y
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Table 3. Carbon shifts of natural, angular allyl compounds*

Carbons  10at 106 10ct§ Mt 1b1Y e 12}
2 90.9 910 915 872 871 872 872
3 495 493 496 446 445 445 425
3a 50.9 510 498 539 538 539 502
4 1078 1078 1072 1090 1089 1089 320
5 1533 1533 1527 1527 1526 1526 768
6 1828 1826 1897 1824 1823 1824 1966
7 101.8 1019 1660 1018 1018 1020  100.1
Ta 1814 18L3 1839 1812 1810 1811 1834
3-Me 83 85 85 120 19 120 11§
5-OMe 558 552 553 552 551 552 587
v 1315 1298 1301 1302 1346 1307 1283
Py 106.5 1091 1092 1060 997 1024 1086
¥ 148.1 1496 1495 1477 1489 1532 1483
s 148.1 1492 1492 1471 1310 1321 1485
5 107.8 1109 1109 1081 1434 1532 1109
& 1205 1193 1192 1187 1050 1024 1178
M 366 36.7 367 439 438 439 390
B 1309 1307 1307 1315 1315 1315 1325
7 1200 1199 1198 1200 1200 1201 1197
*The & values are in ppm downfield from TMS;

H(TMS) = 5(CDCl;) + 76.9 ppm. t §(3'.4'-0,CH,) of 10a, 11a
and 11bis 101.2, 101.0 and 101.4ppm, respectively. } (OMe) =
559 ppm. §7-OMe) = 60.4 ppm. 9§ 5(5-OMe) = 56.7 ppm.
| 63'-OMe) = 56.1 and 3(4'-OMe) = 60.7 ppm.

Cyclohexadienone 11a[14] is a stereoisomer of bur-
chellin (10a). The change of stereochemistry is insufficient
to complicate the shift assignment of 11a or its relatives
11b[15] and 11c[15] as well as the natural dihydro
product porosin {12) [22].* The methylenes of the allyl
and cyclohexenone units of the latter are distinguished
by the difference of their residual coupling [12]. All shifts
are listed in Table 3.

(11a) R+R'=CHa, Y =H
(1tb) R+R'=CH,,Y =OMe
(i) R=R'=Me , Y= OMe

Me OR
MeO
ealas
0
0 Y

(12)

The *3C NMR data reveal much about the configur-
ation and some information about the conformation of
the neolignans. The 3-Me shift especially is of diagnostic
importance. Its similarity in the licarins (4) and the cyclo-
hexadienones 7, both types of substances containing
nearly planar benzofuranoid rings in which only C(2)
can be non-coplanar, shows the aryl group to contribute
no significant y-effect on the Me unit. While the reported
H(2}-H(3) coupling constants of 9Hz[13] and
3Hz[14,15] reflect the adoption of predominantly the
conformation 13a and 13b by the licarins (4) and the
cyclohexadienones 7, respectively, the pseudo-equatorial

* The structure of porosin had been considered earlier to
be the 4,5-dehydro-7,7a-dihydro form of 12 {23]. The revision
was necessitated initially by the '*C NMR analysis of the
natural product.

+ Pluviatolide (18a) and hinokinin (18c) were isolated
recently from the heartwood of Libocedrus formosana Florin
(E. Wenkert and N. C. Franca, unpublished observations).
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Me group of compounds 4 must be mostly beyond non-
bonded interaction range of the neighboring aryl side-
chain. The identity of the 3-Me shift of mirandin A (9a)
with that of compounds 7 shows this angularly methoxy-
lated substance to possess a conformation related to 13b,
ie. a conformer like 14 in which the 1,3-diaxial interac-
tion of the OMe and the aryl groups is relieved (see
arrow on 14), in conformity with the known small
H(2}-H(3) coupling constant (less than 0.5 Hz) [18]. Con-
trastingly, mirandin B (9b) reveals its Me group over
9ppm upfield of that of its isomer A (9a) and its
H(2)-H(3) coupling to be large (9.5Hz)[18]. A relaxed
version of conformer 15 (see arrow) can account for these
facts, especially in view of its support of the presence
of at least two y-effects on the Me group exerted by
its neighbors. The non-bonded interaction of the C(2)
and C(3) substituents is shown also by the shielded pos-
ition of C(1') in 9b vs 9a. The !3C NMR analysis of
the mirandins identifies them clearly as 3a-epimers.

H A MeO  Ar H
e ” H \ ve
= H H
0 Ar o T 0 Ar
H ‘Ae Me OMe H /‘
{a) {b)

us) (14) (18)

Burchellin (10a) and its relatives 10b and 10c¢ possess
the same relative configuration of the substituents of the
furanoid ring as mirandin B and hence would be
expected to prefer a conformation as in 15. In accord
therewith the three substances were shown to exhibit
9.5 Hz H(2)-H(3) coupling {19,20] and an upfield 3-Me
signal. The ca 1.5 ppm decrease of shielding of the 3-Me
group of compounds 10 vs that of mirandin B may be
due mostly to the known higher y-shift by alkoxy over
alkyl groups. In view of the reciprocity of the y-effect
the a-methylene of the allyl group of substances 10 is
shielded by ca 7 ppm contrasted with this subunit in the
3-epimer (11). The cyclohexadienones 11, confined to
conformation 16 with a flattened five-membered ring (see
arrow), cause their 3-Me group to feel one less y-effect
than the C(3) substituent in substances 10 and hence to
be deshielded (ca 3.5 ppm). Having the furanoid substi-
tuents in the same relative configuration as the C(2), C(3)
and C(3a) substituents of compounds 11, porosin (12)
is restricted to conformation 17. In view of this con-
straint and the reported PMR data revealing the axiality
of H(5) (J = 5 and 12 Hz) [22,23] the C(5) stereochemis-
try is as depicted in 12 and 17. This feature is confirmed
by the shielding of the a-methylene of the angular allyl
group of porosin (12) with respect to the field position
of this subunit in cyclohexadienones 11, induced by a
y-effect from H(5).

e

Ar }E‘ l/| Ar
Me ‘ H

{{)] um)

In the absence of many '3C NMR facts on lig-
nans [24-26] the following carbon shift assignment of
pluviatolide (18a)[27], its acetate (18b) and hinokinin
(18¢) [28]7 represents an early 13C NMR analysis in this
field of natural products. The non-aromatic carbon sig-
nals were distributed on the basis of standard shift

09
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Table 4. Carbon shifts of lignans 18*

Carbons 18at 18b1¢ I8ch
1 1295 136.7 131.2¢
2 110.9 1125 108.4
3 1461 1510 1474
4 1442 1384 145.8
5 1143 1204 107.8
6 121.0 1227 1211
@ 346 344 344
B 463 465 461
¥ 17182 1780 1779
r 1311 1311 13109
2 109.2 109.3 1090
¥ 147.5 1477 1474
e 1464 146.3 1460
5 107.9 108.1 1078
¢ 120 1221 1218
« 38.1 385 179
g 412 4.0 410
v 70 7m0 70.7

0,CH; 100.8 100.9 1006

*The & values are in ppm downfield from TMS;
3(TMS) = S(CDCly) + 76.9 ppm. +5HOMe) = 55.7 ppm. | &%
(C=0) = 168.7 ppm and &*° (Me) = 20.6 ppm. §5(0,CH;) =
100.6 ppm. ¥ Signals may be interchanged.

theory [4], while the aromatic carbons could be dis-
tinguished by the three compounds acting as models of
each other. All shifts are shown in Table 4.

(i18a) R=Me,R'sH
{i81) R=Me, R’ Ac
{18¢) R+R'=CH,

Styrenes or alkyl aryl carbinols are known to give
dimers of the l-arylindane type on exposure to acid
[29-34]. This facile reaction was encountered also in the
preparation of carbinols 3e and 3f on route to the model
ethers 3g and 3h, respectively (vide supra). As a conse-
quence it was of interest to check the stereochemistry
of the indane isomer, the a-isomer 19 derived from
3e {331, by **C NMR analysis. Stereostructure 20 had
been suggested for this compound on the basis of an
exhaustive PMR determination [34].

ra* ke

558 H
MeO MeO >
MeO ¢
Lo Me0 ( H
OMe
{20)

The carbon shifts depicted on formula 19 were estab-
lished in the following fashion. The dimethoxyphenyl
shifts are based on those of 3g and the remaining aro-
matic carbon and OMe shifts by différence. The methy-
lene part of the Et group is unique, while the Me part
can be differentiated from the other Me group by taking
cognizance of the known 12.1 ppm shift of the Me func-
tion of ethylcyclohexane [4]. The benzylic methines can

E. WENKERT et al.

be distinguished from the remaining cyclopentane carbon
by the difference of their residual coupling [12], while
the distinction of the benzyl carbons themselves is
founded on the fact of the arylated center being de-
shielded by an added f-effect not experienced by the
ethiated site.

In order to assess the relative configuration of the Et,
Me and 3,4-dimethoxyphenyl groups of 19, several points
need to be recognized. Firstly, as a comparison of the
Me shifts of methylcyclopentane {20.1 ppm), cis-1,2-
dimethylcyclopentane (14.8 ppm) and trans-1,2-dimethyl-
cyclopentane (18.4 ppm) [35] indicates, the y-effect of a
Me group on its Me neighbor in a cyclopentane system
is normal in a cis relationship but very low in a trans
case. Secondly, comparison of the Me shift of the
1,3-dimethylindane (19.9 ppm) [4] and 1,3-dimethylcyclo-
pentane systems {ca 21 ppm)[35] reveals the benzene
ring to offer only a minimal peri effect, ie. a y-effect
of ca 1 ppm. Thirdly, as the 3-Me shift of the licarins
(4) (174 ppm), a dihydrobenzofuran system structurally
related to the indane moiety, indicates, the y-effect of
a vicinal aryl group on a Me substituent is similar in
magnitude to that of a Me group. Finally, the methylene
of an Et group thus can be expected also to induce a
y-shift of a similar size on its neighboring Me sidechain
in the five-membered ring of the substituted indane. Cal-
culation of the benzylic Me shift for a compound like
19 in which the Et group is replaced by a Me function,
using the known AJ value of 7.2 ppm for the carbon
directly attached to the ring in a ethylcyclohexane —
methylcyclohexane change {4], leads to a & value of
150 ppm, in accord only with a cis-1,2-diMe arrange-
ment. As a consequence the Et and Me groups of 19
must be cis to each other. Since the latter is shielded
only by ca 1 ppm, when compared with the Me groups
of cis-1.2-dimethylcyclopentane (vide supra), it possesses
a trans relationship to its aryl neighbor. The stereostruc-
ture 20 is in full agreement with the **C NMR analysis.

EXPERIMENTAL

IR spectra were recorded as films and PMR spectra of
CDCl; solns containing TMS (6 = Oppm) at 60 MHz. 3C
NMR spectra were obtained at 25.2 MHz in the Fourier trans-
form mode. The shifts denoted on formulas 1, 2, §, 6, 8 and
19 are from CDCl; solns; 3{TMS) = §(CDCl;) + 76.9 ppm.
The stars on formulas 1, 8 and 19 indicate permissible signal
reversals,

1-(3,4-Dimethox yphenyl-)1-ethoxypropane (3g). A mixture of
7.32 g of alcobol 3e and 0.85 g of Na in 15ml of toluene was
refluxed under N, for 4 hr. After cooling, a soln of 34.8 g EtI
in 20 mi of toluene was added and the mixture refluxed under
N; for an additional 4 hr. It was then poured into H,O and
extracted with Et;O. The extract was washed with H,O, dried
and evaporated. Residue was chromatographed on Si gel and
eluted with C¢H,—CHCI; (1:1), Distillation of the eluate
yielded 5.32 g of ether 3g: bp 115°/18 Torr. (Found: C,69.39;
H,881; C,3H,,0; requires: C,69.91; H,899%) vicm™!)
1605, 1595 (C=C); 6 0.84 (¢, 3, J 7THz, Me), 1.13 {1, 3, J THz,
ethoxy Me), 1.4-20 (m, 2, CH,), 332 (q, 2, J 7Hz, ethoxy
CH;), 3.90 [5, 6, (OMe),], 401 {t, 1, J 6Hz, CH), 6.7-69
{m, 3, aromatic Hs).

1-(3,4-Methylenedioxyphenyl-)1-ethoxypropane (3h). A mix-
ture of 5.12 g of alcohol 3f and 0.65 g of Na in 20m! of toluene
was refluxed under N, for 7 hr. After cooling a soln of 264 ¢
of Etl in 10 ml of toluene was added and the mixture refluxed
under N, for 4hr. After work-up the product was distilled
yielding 4.20 g of ether 3h: bp 82°/1 Torr. (Found: C, 68.98;
H, 765; C;;H40; requires: C, 69.21; H, 7.74%.) v{cm™1)
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1630, 1610 (C=C); 6 084 (¢, 3, J 7 Hz, Me), 1.13 (¢, 3, J 7
Hz, ethoxy Me), 1.4-2.0 (m, 2, CH,), 3.32 (g, 2, J 7 Hz, ethoxy
CH,), 401 (¢, 1, J 6 Hz, CH), 592 (s, 2, OCH,0), 6.7-6.9
(m, 3, aromatic Hs).

REFERENCES

1. Rolland, Y., Kunesch, N., Poisson, J., Hagaman, E. W,
Schell, F. M. and Wenkert, E. (1976) J. Org. Chem. 41,
(in press).

. Gottlieb, O. R. (1975) Rev. Latinoamer. Quim. 5, 1.

. Gottlieb, O. R., Maia, J. G. S. and Mourido, J. C. (1976)
Phytochemistry 15, (in press).

4. Stothers, J. B. (1972) Carbon-13 NMR Spectroscopy. Aca-
demic Press, New York.

. Ernst, L. (1974) Tetrahedron Letters 3079.

. Schorigin, P. (1908) Chem. Ber. 41, 2717.

. Levene, P. A. and Marker, R. E. (1932) J. Biol. Chem.
97, 379.

8. Straus, F. and Berkow, A. (1913) Ann. 401, 121.
9. Nelson, J. M. and Collins, A. M. (1924) J. Am. Chem.
Soc. 46, 2256.

10. Norcross, G. and Openshaw, H. T. (1949) J. Chem. Soc.
1174,

11. Mameli, E. (1904) Gazz. Chim. Ital. 3411, 413.

12. Wenkert, W., Buckwalter, B. L., Burfitt, I. R., Gasi¢, M.
J., Gottlieb, H. E., Hagaman, E. W, Schell, F. M. and
Wovkulich, P. M. (1976) Topics in Carbon-13 NMR Spec-
troscopy (Levy, G. C,, ed.), Vol. 2. Wiley-Interscience, New
York.

13. Aiba, C. J, Corréa, R. G. C. and Gottlieb, O. R. (1973)
Phytochemistry 12, 1163.

14. Gottlieb, O. R., da Silva, M. L. and Ferreira, Z. S. (1975)
Phytochemistry 14, 1825.

15. Aiba, C. J.,, Fernandes, J. B,, Gottlieb, O. R. and Maia,
J. G. S. (1975) Phytochemistry 14, 1597.

16. Levine, S. G., Hicks, R. E., Gottlieb, H. E. and Wenkert,

" E. (1975) J. Org. Chem. 40, 2540.

w N

~ O\

1551

17. Braz Fo., R., Mourio, J. C, Gottlieb, O. R. and Maia,
J. G. S. (1976) Tetrahedron Letters (in press).

18. Aiba, C. J, Gottlieb, O. R., Pagliosa, F. M., Yoshida, M,,
Magalhies, M. T., Rosenstein, R. D., Mascarenhas, Y. and
Tomita, K. (1976) Phytochemistry 15, (in press).

19. Lima, O. A, Gottlieb, O. R. and Magalhdes, M. T. (1972)
Phytochemistry 11, 2031,

20. Fernandes, J. B., Gottlieb, O. R. and Maia, J. G. S. (1976)
Phytochemistry 185, 1033.

21. Polonsky, J., Baskévitch, Z., Gottlieb, H. E, Hagaman,
E. W. and Wenkert, E. (1975) J. Org. Chem. 40, 2499.

22. Aiba, C. J, Gottlieb, O. R., Yoshida, M., Mourdo, J. C.
and Gottlieb, H. E. (1976) Phytochemistry 15, 1031.

23. Aiba, C. J,, Braz Fo,, R. and Gottlieb, O. R. (1973) Phyto-
chemistry 12, 413.

24, Lidemann, H. D. and Nimz, H. (1973) Biochem. Biophys
Res. Commun. 52, 1162.

25. Anjaneyulu, A. S. R, Rao, A. M,, Rao, V. K, Row, L.
R, Pelter, A. and Ward, R. S. (1975) Tetrahedron Letters
1803.

26. Anjaneyulu, A. S. R, Ramaiah, P. A. and Row, L. R. (1975)
Tetrahedron Letters 2961,

27. Corrie, J. E. T, Green, G. H, Ritchie, E. and Taylor,
W. C. (1970) Australian J. Chem. 23, 133.

28. Haworth, R. D. and Wilson, L. (1950) J. Chem. Soc. 71.

29. Doering, W. von E. and Berson, J. A. (1950) J. Am. Chem.
Soc. 72, 1118, '

30. Miiller, A., Mészdros, M., Kérmendy, K. and Kucsman, A.
(1952) J. Org. Chem. 17, 787 (and refs contained therein).

31. Baker, W, Haksar, C. N., McOmie, J. F. W. and Ulbricht,
T. L. V. (1952) J. Chem. Soc. 4310.

32. Van der Zanden, J. M. and de Vries, G. (1955) Rec. Trav.
Chim. Pays-Bas 74, 52 (and refs contained therein).

33. Clark-Lewis, J. W. and Nair, V. (1967) Australian J. Chem.
20, 2137.

34. MacMillan, J., Martin, L. L. and Morris, D. J. (1969) Tetra-
hedron 25, 905.

35. Christl, M., Reich, H. J. and Roberts, J. D. (1971) J. Am.
Chem. Soc. 93, 3463.



