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Experiments on this system and related systems
are being continued and will be reported in greater
detail later.
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COMPONENTS OF PODOPHYLLIN. IV. THE
S CONSTITUTION OF PODOPHYLLOTOXIN?
i
Certain aspects of the chemistry of the peltatins
(B-peltatin = I)? indicated that the accepted
formula for podophyllotoxin (II)® might require
revision. Like the two peltatins,® podophyllo-
toxin forms* an isomeric product (picropodophyl-
lin, IIT) when treated with basic reagents; and,
when acetylated with acetic anhydride containing
sodium acetate, it yields an acetate differing from
the acetate obtained with acetic anhydride alone.
The peltatin acetates of one series were readily
converted into those of the other series by reflux-
ing with sodium acetate in ethanol.? These
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mers but diastereoisomers represented by III and
differing only in configuration about Cs.

Proof of the attachment of the lactone ring at
C,:C;s as in ITI has been afforded® by the synthesis
of a compound represented by partial formula IV
and by its identification with dehydroanhydropic-
ropodophyllin, prepared by dehydration and de-
hydrogenation of picropodophyllin (III).”

The following evidence is presented for the as-
signment of the hydroxyl group at C,. The loca-
tion of the hydroxyl group at C, has been elimi-
nated?® by the production of the lactone, V, by per-
manganate oxidation

N CH;0 /o\ /ce
HC O
/S "N\ o/
IV
CcH,0” | NOCH;
OCH,
v

results could be explained only by epimerization of podophyllic acid (partial formulas VI). The
OH y
NN ) —cm, /cmoH C/o\ /K CH,O
S K CO0O
No/ ST co— o/
cH:0” Y NocH, CH,o/ /ocH, cH:0” Y NocH,
OCH; OCH;, OCH;,
I II III

through enolization at the carbon atom o to the
carbonyl group. The same explanation had to be
considered for podophyllotoxin, and it appears
from the present work to be correct. When
acetylpedophyllotoxin or benzoylpodophyllo-
toxin® was refluxed with sodium acetate in various
solvents, the corresponding derivative of picropo-
dophyllin was obtained in good yield. These re-
actions can likewise be satisfactorily explained
only by inversion through enolization, and dem-
onstrate that podophyllotoxin and picropodo-
phyllin are Cs-epimers. It is proposed, therefore,
that these two compounds are not structural iso-

(1) This paper was presented before the Medicinal Chemistry Di-
vision of the American Chemical Society, in Philadelphia, April 10,
(1950).

(2) Paper III, Hartwell and Detty, Tris JourNaL, 73, 248 (1950).

(3) Borsche and Niemann, 4xnn., 489, 59 (1932); Ber., 65, 1833,
1790 (1932); Spith, Wessely and Nadler, sbid., 68, 1773 (1932).

(4) Podwyssotzki, Arch. exp. Path., 18, 20 (1881); Borsche and
Niemann, Ann., 494, 126 (1932); Robertson and Waters, J. Chem.
Soc., 83 (1983).

(6) ‘The preparation of the benzoates of podophyllotoxin and picro-
podophyllin was according to Edward H. Price, Ph.D. thesis, 1949,

University of Maryland, which wes kindly made available by Profes-
89t Nathaa L. Denks,

necessity*for the presence of an enolizable hydro-
gen atom at C; eliminates this position from con-
sideration. Since periodate oxidation of podo-
phyllic acid was found to yield no formaldehyde, a
1,2-glycol structure (VIa, hydroxyl group at C,) is
ruled out. There remains the only other alterna-

tive, VIb (and hence, III).
CHzOH CHzOH
COOH COOH
The actxon of acetyl chloride or phosphorus tri-
chloride on podophyllotoxin yielded a crystalline
chloride, m. p. 190-191° (t), which was readily
hydrolyzed in aqueous acetone to a new stereoiso-
mer of podophyllotoxin, m. p. 159-161°, [alp

—75° (chloroform). Since the latter product on

(6) Haworth and Richardson, J. Chem. Soc., 348 (1936).

(7) Spith, Wessely and Kornfeld, Ber., 68, 1536 (1932).

(8) Borsche and Niemann, Ann., 499, 59 (1932); Spith, Wessely
and Nadler. Bsr., 66. 125 (1933),
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treatment with piperidine, yielded a second new
stereoisomer, m. p. 155-157°, [a]p +84° (chloro-
form), it must have the same configuration around
C; as podophyllotoxin and the second new stereo-
isomer must have the same configuration around
C; as picropodophyllin. The stereoisomer melt-
ing at 159-161° is therefore the C;-epimer of podo-
phyllotoxin and is named epipodophyllotoxin,
while the diastereoisomer melting at 155-157° is
the Ci-epimer of picropodophyllin and is named
epipicropodophyllin. The conversion of podo-
phyllotoxin to epipodophyllotoxin through the
halide represents a Walden inversion, an impossi-
bility with the Borsche-Spith formula, II. Fur-
thermore, production of the chloride by means of
acetyl chloride is unexpected of a primary alcohol,
I1, and its ready hydrolysis by water is not typical
of primary chlorides. Finally, the existence of
four diastereoisomers differing only in configura-
tion around the carbon atom bearing the hydroxyl
group and the carbon atom « to the carbonyl
group is compatible only with ITI.

Detailed experimental results and discussion
will be presented in a later paper.
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THE ACID-CATALYZED REACTION OF STYRENE
OXIDE AND ALLYL ALCOHOL
Sir:

The concern of Guss over ‘‘the present dif-
ficulties in the interpretation of the ring opening
reactions of olefin oxides’’! is shared by many
investigators in this field.

These reactions may be interpreted as concerted
displacements from such evidence as stereo-
chemical inversion of the reacting carbon atom,?
the kinetic order dependence on oxide and
attacking reagent,® and the nmnecessity for
solvolysis. Unsymmetrical 1,2-epoxides provide
the added complication of a competition reaction
wherein the efficiency of the solvolysis of the
oxygen atom and the electronic and steric dis-
position of the displacing group and of the
reacting carbon atoms assume dominant roles.

Two publications®® provide experimental evi-
dence which contradicts the generality of this
theory. The specific cases involve acid-catalyzed
reactions of styrene oxide with alcohols, which are
claimed to produce 2-allyloxy-l-phenylethanols.
The earlier work of Emerson® has been corrected
by Reeve and Christoffel’ for the case, methanol.

(1) Guss, THis JoUurRNAL, T1, 3460 (1949).

(2) Grigsby, Hind, Chanley and Westheimer, sbid,, 64, 2606 (1042).

(3) Bransted, Kilpatrick and Kilpatrick, ibid., 51, 446 (1929),

(4) Kusner, Ukrain. Khem. Zhur,, T, Wiss. Abt. 179 (1932),

(8) Emerson, Tais JOURNAL, 67, 516 (1945).

(8) Swern, Billen and Knight, sb4d., T1, 1152 (1949).
(7) Reeve and Christoffel, idid., 78, 1480 (1950).
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We have evidence which contradicts the con-
clusion of Swern, Billen and Knight® that styrene
oxide reacts with allyl alcohol in the presence of
sulfuric acid to give 2-allyloxy-1-phenylethanol.

The alleged ‘‘2-allyloxy-1-phenylethanol” was
synthesized by the prescribed method® and then
treated with p-toluenesulfonyl chloride in pyri-
dine. The product was heated with dry pyridine
for twenty hours to give an ether-insoluble oil,
which was converted to a crystalline iodide salt
with sodium iodide in acetone. Analysis showed
it to be a phenylallyloxyethylpyridinium iodide,
m. p. 155-156°; Anal. Caled. for C;H1sONI: C,
52.33; H, 4.94; N, 3.81. Found: C, 52.22; H,
5.20; N, 4.03. The exact identity of the salt was
determined by heating it for three minutes in boil-
ing 479, hydriodic acid. This gave allyl iodide
and the known 1-(2-phenyl-2-hydroxyethyl)-
pyridinium iodide,® m. p. 256-258°. An over-all
yield of 709, was realized.

It is extremely improbable that any rearrange-
ment has occurred. Bartlett and Lewis® have
emphasized the non-participation of ether groups
in replacement reactions. If the reaction with
pyridine had involved the participation of the
allyloxy group to form the intermediate styrene
allyloxonium ion, then a large yield of 1-(1-
phenyl-2-allyloxyethyl)-pyridinium p-toluenesul-
fonate should have been formed. This argument
is strictly in agreement with the results of the
pyridine reaction with styrene oxonium ion.®
To supply additional evidence on this point, a
sample of the major product of the base-catalyzed
reaction of styrene oxide and allyl alcohol® was
put through the same first three reactions as
above. A  different phenylallyloxyethylpyri-
dinium iodide was obtained. This removes the
possibility that both p-toluenesulfonate esters
react by way of the same styrene allyloxonium
ion intermediate.

From these considerations we conclude that the
product of the acid-catalyzed reaction of styrene
oxide with allyl alcohol is actually 2-allyloxy-2-
phenylethanol. The evidence then fits the theory
that displacement reactions involving the styrene
oxonium ion should be favored at the benzyl
carbon, due to resonance stabilization of the
transition state.

(8) King, Berst and Hayes, ¢bid., T1, 3498 (1949).

(9) Bartlett and Lewis, sbid., 72, 406 (1950).
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ELECTRON MICROSCOPE OBSERVATIONS OF CER-
TAIN FIBROUS STRUCTURES OBTAINED FROM
S; CONNECTIVE TISSUE EXTRACTS

e

Orekhovich, et ol.,! have described a protein
which they obtained from macerated, phosphate

(1) V. N. Orekhovich, A. A. Tustanovskii, X, I). Qrekhovich and
N. E. Plotnikove, Biokhimsya, 18, 56 (1048).



