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The crystal structure of §-peltatin A methyl ether (Cg3H240s), a natural antitumor agent, has been solved by
direct methods with the aid of the combined figure of merit. The space group is C 222;. Cell dimensions are ¢ =
23.670, b = 10.024, ¢ = 17.611 A, and Z = 8. The structure was refined to B = 0.046. The conformation is similar
to that of the 5-demethoxy compound except for the methoxyl groups, which are all rotated differently in the two
compounds. Presumably the favored conformation of other antitumor lignans is similar except for methoxyl rota-

tion.

B-Peltatin A methyl ether (I) and 5'-demethoxy-3-pelta-
tin A methyl ether (II}, both isolated from the Mexican
plant Bursera fagaroides (Burseraceae),! are antitumor
agents of the podophyllotoxin (III) class. An X-ray study
on II? revealed its conformation in the crystalline state. We
have now completed an X-ray study of the former, which
shows some aspects of the conformations of the two sub-
stances to be similar and some different. This is the second
X-ray study of an antitumor lignan; in addition, a deriva-
tive, 2’-bromopodophyllotoxin (IV), was recently studied?
to check the absolute configuration of the compounds of
this series.

HIO
H,~
16-18 21
HJC(() ”

R R/ R// R///
I 05C14H311—l3 HI 08023H3522—24 HIB
I OCH, H H H
II1 H OH OCH; H
v H OH OCH,  Br

Experimental Section

Collection and Reduction of the Data. Oscillation and
Weissenberg photographs of a needle 0.2 X 0.2 X 0.4 mm indicated

space group C222;, The cell parameters were found by least-
squares fitting of the settings for the four angles of eight reflec-
tions on a Picker-FACS-I diffractometer (Cu Ka, A = 1.54178 A,
graphite monochromator) to be @ = 23.670 (9), b = 10.024 (4), ¢ =
17.611 (8) A, pealed = 1.37, pobsa = 1.40 g/ml, and Z = 8, Intensity
data were collected using a scintillation counter with pulse-height
analyzer, —26 scan technique, 2°/min scan rate, 10-sec background
counts, attenuators when the count rate exceeded 10 counts/sec,
and 2° scan range with a dispersion factor allowing for aj—ay split-
ting at large 26 values. Of 1889 independent reflections measured,
1630 > 30(I) were considered observed. Three standard reflections
were monitored every 50 measurements; no decrease in the intensi-
ty of the standards was observed. Lorentz and polarization correc-
tions were applied to the data, but no correction was made for ab-
sorption.

Solution and Refinement. The structure was solved by direct
methods using the MULTAN* program with 308 E’s > 1.4. The cor-
rect solution had the highest combined figure of merit (C), de-
fined as

C = Zo — T, N
ZOgay — z:amin
(Zl)o)ma,‘ — U + Row - R

(wo)max - <Zpo)min Rowx = Boun

where Za (absolute figure of merit), Yo, and R are the usual three
indicators employed in the program. The correct solution was 11th
in Za, 27th in Yo, and 5th in Resid. All the nonhydrogen atoms
were located from the E map. Two cycles of full matrix isotropic
least-squares refinement of nonhydrogen atoms reduced R to
0.145, and then two anisotropic cycles to 0.094. A difference Fouri-
er map showed all the hydrogens except H-16-H-18, whose posi-
tions were calculated. One more cycle of least-squares refinement
in which nonhydrogen atoms were refined anisotropically and hy-
drogen atoms isotropically reduced R to 0.046. Refinement was
terminated at this stage since the average ratio of shifts in parame-
ters to standard deviations was less than 0.3. Unit weights were
used and refinement was based on F, with Z(F, — F.)2 minimized.
The scattering factors used were those of Hanson, et al.® No cor-
rection was applied for extinction. :
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Table I
Fractional Coordinates and Estimated
Standard Deviations

Atom x/a y/b z/lc
0-1 —0.2411(2) 0.6094 (5) 0.2454 (3)
0-2 -0.1525 (2) 0.6941 (4) 0.2508 (3)
0-3 —0.0638(2) 0.1530 (5) 0.5647 (3)
0-4 -0.1521(2) 0.0825 (5) 0.6005 (2)
0-5 —0.2591 (2) 0.1926 (5) 0.5215 (2)
0-6 —-0.0938 (2) 0.0379 (3) 0.2111(2)
0-7 —0.0385 (2) 0.1902 (4) 0.0946 (2)
0-8 —0.0292 (2) 0.4520 (4) 0.1104 (2)
Cc-1 —-0.2483(3) 0.3599 (7) 0.4025 (4)
Cc-2 -0.2321(2) 0.4267 (6) 0.3283 (3)
Cc-3 —0.1840(2) 0.5207 (6) 0.3407 (3)
C-4 ~0.1290 (2) 0.4449 (5) 0.3563 (3)
C-5 —0.0935 (3) 0.3028 (6) 0.4619 (3)
C-6 —0.1037 (3) 0.2139 (6) 0.5201 (3)
Cc-17 —0.1567 (3) 0.1731 (7) 0.5409 (3)
C-8 —0.2034 (3) 0.2211 (7) 0.5056 (4)
C-9 —0.1952 (2) 0.3111 (6) 0.4428 (3)
c-10 -0.1412(3) 0.3494 (5) 0.4232 (3)
Cc-11 —0.2764 (3) 0.5152 (7) 0.2910(4)
Cc-12 —0.1880(3) 0.6190 (7) 0.2745 (4)
C-13 —0.0951 (4) 0.0774 (8) 0.6178 (4)
C-14 —0.2710 (4) 0.1129 (8) 0.5872 (4)
C-15 —0.1056 (2) 0.3749 (4) 0.2870 (3)
C-16 ~0.1105 (2) 0.2360 (4) 0.2774 (3)
C-17 ~0.0873 (2) 0.1774 (5) 0.2138(3)
C-18 —0.0617 (2) 0.2482 (5) 0.1581 (3)
Cc-19 —0.0561(2) 0.3885 (5) 0.1690 (3)
C-20 —0.0774(2) 0.4459 (5) 0.2311 (3)
Cc-21 —0.0671 (9) —0.0417 (10) 0.1680(7)
C-22 —0.0747 (8) 0.1881 (12) 0.0338 (6)
C-23 —0.0259 (3) 0.5927 (7) 0.1143 (5)
H-1 —0.279 (2) 0.417 (4) 0.443 (2)
H-2 ~0.276 (2) 0.292 (5) 0.386 (3)
H-3 -0.219(2) 0.371 (4) 0.289 (2)
H-4 —0.194 (2) 0.575 (4) 0.389 (2)
H-5 —0.,096 (2) 0.497 (5) 0.376 (2)
H-6 —0.050 (2) 0.315(5) 0.449 (2)
H-7 -0.307 (2) 0.587 (5) 0.339(3)
H-8 —-0.314(2) 0.496 (5) 0.252 (3)
H-9 —0.091 (2) 0.125 (8) 0.670(3)
H-10 —0.068 (2) 0.021 (6) 0.645 (3)
H-11 -0.322 (2) 0.127 (5) 0.598 (3)
H-12 —-0.272 (2) 0.166 (6) 0.637 (3)
H-13 —0.244 (2) 0.022 (6) 0.587 (3)
H-14 -0.137(2) 0.192 (4) 0.314 (2)
H-15 —0.075 (2) 0.518 (5) 0.254 (3)
H-16 —-0.038 (2) —0.042 (5) 0.128 (3)
H-17 —0.045 (3) —0.089 (8) 0.204 (4)
H-18 -0.021(3) —0.025(8) 0.190 (4)
H-19 -0.111 (2) 0.128 (6) 0.052 (3)
H-20 —0.048 (2) 0.147 (8) —0.002 (3)
H-21 —0.108 (2) 0.242 (7) 0.029 (4)
H-22 —0.068 (2) 0.637 (6) 0.102 (3)
H-23 —0.007 (2) 0.633 (5) 0.060 (3)
H-24 0.009 (2) 0.622 (6) 0.165 (3)

Results and Discussion

Table I shows the observed atomic coordinates. Figure 1
shows the bond lengths in I and, in parentheses, the corre-
sponding bond lengths in I1.2 There appears to be some dis-
ordering of the C-21 methoxyl carbon. As can be seen in the
ORTEP® drawing in Figure 2, this study confirms the con-
stitution and relative configurations proposed for 1!
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Figure 1. Bond lengths (plcometers) in the molecule compared
with bond lengths (picometers) in 5’-demethoxy-g-peltatin A
methyl ether (in parentheses). The average o values are 8 and 5
pm, respectively.

Figure 3 compares the conformations of I and II, after
least-squares overlapping of the A rings via the BMFIT pro-
gram of Nyburg.” The conformations are quite similar to
one another—and presumably to the other antitumor lig-
nans—except for the orientations of the methoxyl groups,
which are rotated very differently. The angle between the
aromatic rings is 81.7° in I and 88.8° in II; similar angles
were observed in the two crystallographically independent
molecules of the bromide IV,? as expected with the 2/-
bromo group. The B ring is in the usual cyclohexene half-
chair conformation, as evidenced by torsion angles, starting
from the C-9-C-10 bond and proceeding clockwise around
the ring, of —1.3, 13.7, —46.4, 71.1, —54.1 and 20.5° in L
The v-lactone ring approximates an envelope conformation
with C-2 at the point, opposite the ring from the C-12-0-1
partial double bond; the torsion angles in this ring, clock-
wise starting from the C-12-0-1 bond, are —3.6, —18.4,
32.1, —33.7, and 23.8°. The other five-membered ring is a
nearly flat envelope with C-13 at the point; torsion angles
clockwise from the C-6-C-7 bond are 0.3, 3.3, —5.8, 6.0, and
3.9°.

In the absence of ortho substituents on both sides, the
methoxyl carbon in a methoxybenzene generally prefers to
lie nearly in the plane of the benzene ring, permitting (with
sp? hybridization of the ether oxygen) resonance interac-
tion between the oxygen and the ring.® This is the situation
in I for C-23 (torsion angle of 3.5° between the C-23-0-8-
C-19 plane and plane of the adjacent aromatic ring), and in
II for C-21 (torsion angle 4.3°) and C-22 (torsion angle
5.8°). Surprisingly, C-21 in I is not similarly found pointing
away from its ortho substituent, but toward it, with a tor-
sion angle of 15.2°. This is very likely the result of packing
forces, since the 3- and 5-methoxyls in the 3,4,5-trimethox-
yphenyl group of reserpine® adopt the usual conformation,
and it can be seen from Figure 4 that the usual conforma-
tion is precluded since it would put the C-21 methyl group
too close to C-13 and O-4 in an adjacent molecule: The C-
22 methoxyl, flanked by two ortho methoxyls, expectedly
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Figure 2. Stereoscopic view of 8-peltatin A methyl ether. Hydrogen atoms are shown as spheres, and other atoms as 50% probability ellip-

soids.

Figure 4. Stereoscopic view of a unit cell, b axis projection, with the ¢ axis vertical and a axis horizontal.

has a torsion angle (87.6°) close to 90°.2 The C-14 methox-
yls in I and II provide a surprise: their torsion angles are 5.2
and 80.2°, respectively. The large difference is almost sure-
ly due to packing forces. Unfortunately, since packing in I
appears to preclude the conformation adopted in II and
vice versa, it does not seem possible at this time to say
which conformation is preferred in the absence of packing
forces.

The shortest intermolecular distance between hydrogens
is H-19-H-10 of 2.24 A. The shortest intermolecular dis-
tances between nonhydrogen atoms are 0-6-C-11 (3.082
X), 0-6-C-13 (3.228 A), 0-3-C-23 (3.431 A), 0-4-0-2
(3.443 A), 0-5-C-7 (3.468 A), and 0-1-C-2 (3.492 &).
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The epimeric products of the borohydride reduction and of the methyllithium reaction of the C-6 ketone of na-
loxone were isolated. The stereochemistry of the products was assigned on the basis of nmr evidence, which indi-
cates that in each case the major product has the 8a-hydroxy orientation.

The retention of varying degrees of agonist character in
virtually all of the presently known narcotic antagonists
serves to limit their clinical utility. Striking exceptions are
the structurally related compounds naloxone (Ia) and nal-
trexone (Ib) which exhibit minimal agonist activity. This

0

fa, R = CH,CH=CH,
b, R = CH,~<

has led to the clinical use of naloxone for the reversal of
narcotic-induced effects and to the present clinical evalua-
tion of naltrexone as a potential prophylactic agent in nar-
cotic addiction,! In the course of their clinical evaluation,
the metabolism of these compounds in man has been inves-
tigated and it showed that their principal transformation
in vivo is the reduction of the 6-ketone group.2 The report
that naltrexone, unlike naloxone, gives rise to a reduced
metabolite with the C-6 isomorphine configuration,® and
that this metabolite may be responsible for its long dura-
tion of action in man,*® has aroused our interest in the
stereochemistry of reactions at that functional center since
the epimeric relationship of their metabolites may have
bearing on the difference in properties of the two drugs.

A structural feature common to both naloxone and nal-
trexone is the 143-hydroxyl group which may influence the
course of reaction at the C-6 position and give products
with an orientation different from those obtained from the
more common morphine and codeine derivatives contain-
ing a hydrogen at the C-14 position.

Sodium borohydride reduction of the C-6 carbonyl group
of Ia has been previously reported on by Dayton and
Blumberg,® and the product was identified as the 6-hy-
droxy compound Ila which was shown to be identical with
the principal metabolite of naloxone obtained in vivo.?2
The orientation of the 6-hydroxy group in IIa was assigned

HO O
i

R
IIa, R = H; R' = OH
b, R=0H; R =H

NCH,CH==CH,

as «a by analogy to reductions of the 6-ketone in other moz-
phine derivatives. There have been a number of other re-
ports on the sodium borohydride reduction of the 6-ketone
in 14-hydroxy morphine and codeine derivatives in which
the orientation of the products was similarly assigned by
analogy to 14-hydrogen compounds. These reactions in-
cluded reduction of 14-hydroxycodeinone by Sargent, et
al.,7 and Currie, et al.,® and the reduction of 14-hydroxy-
dihydromorphinone by Weiss and Daum.? Conclusive evi-
dence for the stereochemistry of reduction in the model
14-hydrogen series has only recently been provided by Sar-
gent and Jacobson.’® They compared the nmr spectra of
codeine and isocodeine and noted differences in the chemi-
cal shift of the 14-proton. In isocodeine it was deshielded
by the 3-hydroxyl group at C-6 because of its 1,4-diaxial re-
lationship and appeared at § 3.08. In the spectrum of co-
deine, where the C-6a-hydroxyl group is equatorially ori-
ented, the 14-hydrogen resonance was at § 2.66. The above
nmr evidence of the interaction of the C-6 and C-14 sub-
stituent suggests that the presence of a 143-hydroxyl group
makes such an analogy to the 14-hydrogen series suspect as
far as the C-6 ketone reduction products are concerned,
and therefore the assigned stereochemistry of Ila and the
other reduced products cannot be considered secure.
Naloxone was reduced quantitatively with borchydride
and gave a mixture which by tlc analysis consisted of two
compounds. The less polar Ila was the major product and
was estimated to be nine times greater than the yield of the
lesser and more polar product IIb. Preparative tlc permit-
ted the isolation of a small quantity of each of the two com-
ponents of the mixture. Oxidation of either Ila or IIb re-



