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The binary mixtures of podophyllotoxin (PT'), desoxypodophyllotoxin (DPT), and epipodophyllotoxin (EPT) form con-

tinuous series of mixed crystals, as shown by the respective phase diagrams.

of both DPT and EPT.

In a preliminary attempt to hydrogenate podo-
phyllotoxin (PT) [I, R = OH, trans-(1:2)]2*
to desoxypodophyllotoxin (DPT) {I, R = H],*5:67
reduction was incomplete. The product, which by
its analysis was a mixture or an addition complex
of PT (m.p. 183~184°8) and DPT (m.p. 167-168°),
was found to melt at 192-194°. The surprisingly
high melting point was confirmed with samples
prepared by mixing the two components or by
crystallizing a mixture from certain solvents. A
similar elevation, rather than depression, of melting
points was observed with mixtures of PT and
epipodophyllotoxin (EPT) [I, R = OH, cis-
(1:2)1%4* (m.p. 157-158°), but not with mixtures of
DPT and EPT. These observations made it desir-
able to study the melting point diagrams of the
binary mixtures of PT, DPT, and EPT.
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The technique employed was the ‘“thaw-melt”
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Admixture of PT raises the melting points

method of Rheinboldt,® 10 .., determination in
capillaries of the temperatures of initial and final
melting. Mixtures of DPT and PT were melted in
test tubes, induced to crystallize by scratching,
and then powdered in a mortar.®® The melts
obtained with mixtures of EPT and PT did not
crystallize readily, especially when the proportion
of PT was low. In this case, it was found preferable
to erystallize a series of mixtures from ethyl acetate—
hexane and to calculate the compositions of the
resulting products from their specific rotations.!t
The latter procedure was the only one applicable
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Fra. 1.—INITiaL AND FINAL MELTING TEMPERATURES OF
MixTUrEs or DESOXYPODOPHYLLOTOXIN (DPT) anDp Pobo-
PHYLLOTOXIN (PT).

(11) The compositions of EPT-PT mixtures, and of
EPT-DPT mixtures, are caleulated with a standard error!?
of about 1 to 1.5%,. Since the specific rotations of DPT
and PT differ only by about 17°, the accuracy of deter-
mining the compositions of their mixtures was much lower
(standard error about 4 to 5%), but the initial and final
melting temperatures of mixtures crystallized from ethyl
acetate-hexane were essentially the same as those of the
melted and resolidified mixtures, With EPT and PT, the
resolidified melts, as compared to the recrystallized mix-
tures, had low initial and final melting points, very likely
because of incomplete crystallization.

(12) We are greatly indebted to Mr. Nathan Mantel for
calculating the standard errors and deviations.
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Fra. 3.—INITiAL AND FiNAL MELTING TEMPERATURES OF
MixTurEs oF EpiroporHYLLOTOXIN (EPT) AnND DEsoxy-
poDOPHYLLOTOXIN (DPT).

to mixtures of EPT and DPT.! The diagrams thus
obtained are shown in Figures 1, 2, and 3.3

It appears from the diagrams that PT,* DPT,
and EPT are isomorphous and that their binary
mixtures form solid solutions in all proportions.
Fig. 3 corresponds to Roozeboom’s type III dia-
gram,®* with the solidus and liquidus curves
passing through a minimum, while Figures 1 and
2 correspond to Roozeboom’s type Il diagram.
The latter can be interpreted by the hypothesis
that the individual components form a compound
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or molecular complex, which in turn forms a series
of mixed crystals with either component,’® or by
assuming that the components form a continuous
series of mixed crystals with one another, without
compound formation.” If the former assumption
were correct, the corresponding compounds could
be 2 PT-DPT (maximum at ca. 65% PT) and
2 PT-EPT or 3 PT-EPT (maximum between 70
and 759, PT). The known ability of PT to form
addition complexés with benzene? and other aro-
matic hydrocarbons!® might seem to favor this
hypothesis; however, no definite choice is possible
on the basis of the available evidence.

Since PT can exist in two unsolvated modifica-
tions (B, m.p. 183-184°; D, m.p. 188-189°),21°
it could be possible, a priori, that DPT and EPT
are isomorphous with form D rather than B. The
shape of the curves seems to exclude this; moreover,
the infrared spectrum in Nujol of a resolidified
mixture of 109, DPT and 909, PT resembles that?
of modification B rather than D.

The present findings render a re-examination of
some previously published data desirable. Since
the melting points of DPT and of EPT are raised
by admixture of small amounts of PT, they are not
necessarily the best criteria of purity. The prepara-
tion of DPT by hydrogenolysis of PT chloride
(I, R = Cl) gave originally® a product, m.p. 167.8-
168.8°. Repeating this procedure (with careful
exclusion of moisture, which might hydrolyze part
of the chloride) yielded, after several recrystalliza-
tions to constant melting point, & sample, m.p.
167.4-168.3°. Hydrogenolysis of EPT also led to
material with a constant m.p. of 167.4-168.3°,
while PT similarly gave a product, m.p. 168.4-
169.4°. The lower melting point seems to denote a
higher degree of purity, since traces of EPT are
removed more readily by recrystallization from
methanol than traces of PT. High melting points of
DPT isolated from some natural sources may be
explained by the presence of PT. Thus DPT from
Podophyllum peltatum melted at 170-172° (cor.).”
DPT (silicicolin) isolated from Juniperus silici-
cola®? had melting points varying from 171-172°%
to 173.9-175.5°.2 PT is known to be present in
other Juniperus species.?! Both PT?! and DPT?
have been isolated from J. sabina var. tamariscifolia,
the former from the male, the latter from the female
plant.

EPT, prepared by hydrolysis of PT chloride or
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bromide, was reported to have m.p. 159.4-161.2°.3
This melting point was the highest obtained in a
series of runs. Repeating the procedure, starting
with freshly prepared and highly purified PT
bromide, gave EPT with a constant m.p. of 157.0-
158.3°, reproduced in several experiments. In
view of the present findings, this lower m.p. prob-
ably represents a purer sample.

Isomorphism similar to that described in this
paper has also been observed with other lignans,
but their melting point diagrams have not been
studied. Examples of compounds which do not de-
press the melting points of one another are - and
B-peltatin,?® and also guaiaretic acid dimethyl ether
and its dihydro derivative.?*

EXPERIMENTAL?,26

Podophyllotoxin (PT) and epipodophyllotorin (EPT) (I,
R = OH, trans-(1:2) and cis-(1:2), respectively). Previ-
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(26) Optical rotations were determined on 1% solutions
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ously isolated PT was rechromatographed,? crystallized from
ethanol-benzene-water, dried at 110° ¢n vacuo, recrystallized
from benzene-hexane, and redried; m.p. 183.3-184.0°,
[«l3d —132.7°.% EPT, prepared from PT bromide® and
recrystallized from 309, ethanol, then from 509, methanol
to constant melting point, had m.p. 157.0-158.3° and [«]?%)
—73.8°.%

Desoxypodophyllotoxin (DPT) (I, R = H). Prepared by
hydrogenolysis of PT chloride, using twice the reporteds
amount of catalyst and with special care to eliminate mois-
ture, it had m.p. 167.4-168.3° and [a]% —115.7°.% It was
also obtained by hydrogenating 2 g. of EPT with 2 g. of
109%, palladium-on-charcoal in 20 ml. of glacial acetic acid
at 75-80° and atmospherie pressure for 5.5 hours, at which
time uptake had ceased. The catalyst was removed (Celite),
waghed with hot acetic acid, and the filtrate was evaporated
in vacuo. The residue was treated with water, extracted with
chloroform, and the resulting solution was dried over mag-
nesium sulfate, concentrated, and chromatographed on
alumina. Elution with chloroform and crystallization from
509, ethanol gave 1.12 g. (589%) of colorless prismatic
needles, m.p. 166.6-168.0°. Recrystallized twice from meth-
anol, the product had m.p. 167.4-168.3° and {a]%y
~116.1°.2% PT gave analogously 679% DPT, m.p. 166-
168.5° and 168.4-169.4° before and after recrystallizations,
respectively, [a] —116.4°.2

Preparation of miztures. Mixtures of DPT and PT (Fig.
1) were melted in small Pyrex test tubes (oil-bath) and the
solidified (scratching) melt was powdered in an agate mor-
tar.? 1® Mixtures of EPT and PT (Fig. 2), and of EPT and
DPT (Fig. 3), were crystallized from ethyl acetate-hexane
(2:3 and 1:3, respectively, recoveries 70-859%) and the
produets were powdered and intimately mixed. The per-
centage compositions were calculated from the specific
rotations. ™!
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