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INTRODUCTION

The drug podophyllin, formerly used as a cathartic, is of interest
in damu%legys". It hags been demonstrated that application of podo=
phyilin to normel skin causes severe digturbances in the cell pattern
leading to disintegration of the chromatin mss,and the discovery heas
been made that podophyllotoxin, the most active constituent of the
podophyllin resin, has activity against cancerous tissue. PFurther study
of this substance is indicated,

This research was started with the purpose of determining, if
‘possible, the portiem of the podophyllotoxin molecule which was respon-
sible for the setivity of ‘the drugs It wes also of interest to lower
the toxieity of the molesule ﬁ%&aby rendering it mere useful.

Podephyllotoxin has been transformed into ocertain elosely related
compounds several of which have been submitted for bloleogleal testing
through the National Chemieal and Biolegioal Coordination Centers The
results of the biologieel tests have not yet been made available, but
it is understood from yriw#a communications that at least one of the
csompounds has interesting properties and is worthy of further investi-

gatione
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8.

The Eéﬁnnnoa

The substituted lephenyltetralin strueture is found in podophylle~
toxin®®, conidendrin or "sulfite ligquor lactone", isocolivil, and iselari=
ciresinol. Haworth26 has proposed the name lignan to cover this class of
naturally eccurring ocompounds embracing the lephenyltetralin struoture and
also substituted cyclobutane or butyrolasctone siructures analogous to the
tetralinss The lignans occur principally im the heartwood of coniferae
and in rhizomes and seeds of many plants. In general, the simple le-phenyle
tetralin ring structure is never found as such, for the arometic rings are
substituted by one or more methoxyl or hydroxyl groups or combinations
thereof« The substituents on the maturated portion of the tetralin nuecleus
vary widely and include methyl, hydroxymethyl, carboxyl, and hydroxyl
groups in various eumbinntionii

The selucidation of the structures of these compounds has been e partie
oularly difficult ﬁrablan, inasmuch ae all the cempounds possess three or
more centers of optical activiﬁy. As a result, their gynthegis hes not
besn possible, and in most cases net ettempted; but rather the originsl
material has been degraded by oxidative snd dehydrogenation procedures to
eptically inactivate materiels which were more easily identified. Com~
pounds of the 1-§hany1totrelin‘ﬁypa may be oxidized by potessium permange-
nate to yield substituted ortho-benzoylbensoiec acids, and by alkaline
bromine solution to a benzoylbenzole acid and also a dibasioc seid which
rotaing the lephenyltetralin structure. It is of interest here to note two
very misleeding reactions whieh complicated early work in the lignens,

One is exemplified by the conversion of l-matairesinol dimethyl ether 127
to & mixture of II end III%8 by the sction of lead tetrascetate. The other

is ring eclosure of certain butanes to the l-phenyltetralin strueture under



7

the influence of methyl alcoholic hydrogen chloride, an example of which
is the conversion of larisiresinol IVZ’ to isclariciresinol V. The latter
transformation was not recognized by Murg«r” during his early work on
lariciresinol, and as a resull many of his derivatives of lariciresinol
were actually derivatives of m1;ri.ciru1m129.

C He.
CH30 \QHC::O CH:;O c-f:o
CH0 éu c:fi «©
® Hz_?/ z CHBG C HL
Oc H§ Oc H;
OCHz OC H3
) ¢ I
CH.O NG
C H30 C\Hz. o He —~CH
c'—?o HO 2(.5 é“CHZOH
CH 40 B He—"
OCH, OH
111 v
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CHJO CHZOH
Ho CHzOH
OCHz

OH

v

Isoolivil: Isoolivil has only recently besn found to ocour in nature
when it was isolated by solvent extraction from Qles W’a .
Until this time it was a synthetic product obtained from olivil, a sub-
stance first isolated from the resin of the olive tree by Koerner, et. 51.33’
Koerner established that olivil contained twe phenolie hydroxyl groups, two
methoxyl groups, and that it could be brominated and nitrated. He deter-
mined the moleaular formula to be 6@&2‘,0732 and recognized that acidie
reagents caused the conversion of olivil into s new isomeric substance
which he called iscolivil.,

Later Vansettl carried on the research which led to the establishment
of the structure of iseolivil at the conslusion of which he published an
extensive review of his work>>, Oxidation of olivil dimethyl ether in

# In writing hydroaromatie compounds the hydrogen atems have been omitted
for the sake of convenience. In sll cases the double bonds of the

sromatic rings are shown.
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6]
O )
CH Q. ,  cHp |
3 Z <:{H ,//// C=0
OCHy OCH,
i1 Viii

their intereconversion, (2) the decarboxylstion of the free acid te
diveratryl ketone, (5) the synthesis of the diveratryl ketone, (4) the
conversion of VIII %o 2,3,6,7~tetramethoxyanthraquinone, which was also
synthesised, and (5) analyses and neutral equivalents.

In order to determine the position of the free phenolio groups in
isoolivil, Vanzetti and coworkers prepared, diethyl iscolivil, methyl
ethyl isoclivil by first ethylating and then methylating isoolivil, and
ethyl methyl isoolivil, the ethyl ether from monpomethyl isocolivil,
Diethyl isoolivil was oxidigzed to IX and X corresponding to VII and VIIIX
shove., These campounds were identified in the same manner as their
previous analogse

Similerly, ethyl methyl isocolivil yielded XI, and methyl ethyl
isoolivil yielded XII. From the oxldation products it was concluded that
the first phenolie hydroxyl te etherify was the one on the lephenyl ring

and not on the tetralin nucleus, On this basis, and considering its
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2.

formation from olivil, Vanzetti proposed the formula of isocolivil to be

XIIT+

OH
CHP CH,OH
HO CH,OH
OCH;
-3
OH
XI1x

During the oxidation of isoolivil dimethyl ether there is also
formed a small amount of a dibasie acid, which is still optically sctive,
as is its potassium selt, slthough the latter loses optical mctivity om
standing in solution. For this dibasie aeid Vanzettl proposed the struee
ture, XIV, on the basis of the moleculer weight determination, methoxyl
determination and snalyses. Vanzetti further demonstrated that the di-
basic scid XIV could be degrsded by oxidation to VII and VIII. Structure
XIII for isoolivil was confirmed by P. Dreyfuss®® who isolated compound XV
" after oxidation of isoolivil by ochromic acid. XV was shown by direct com=
parison to be identical with the synthetic lactone of Haworth and Sheldrick®S8,
The synthesis of the lactone XV was best acocomplished by the condensetion of
diveretryl ketone with ethyl sucecinate to give compound XVI, which on reduec-

tion, conversion tec the anhydride, and cyclizstion by alumimm chloride
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In 1937 Haworth® ﬁ@wwdwa&wmwwan the awaﬁwanww of lariciresincl and iso-
larjiciresinol, and stated thab qwcaw of Bamburgers early work was invali-
dated bescsuse vwdwnmwwa ﬁﬁ‘nwommnuwavewwﬁ,abwmwa reagenta converted
larieiresinol, de Haea.wseww&wawWanaawm ﬂg” As a wenﬂwﬁ..@sﬁau&w claims
for exsmple that Bamburger's acetate of lariciresincl mede with acetyl
chloride is really the tetrascetate of isolarieiresinel, snd that on
alkaline hydrolysis it ylelds isolericiresinels Therefore at the risk of
slight discrepencies this review will be confined to the work of Heworth
and his collaborators.

Heworth and Kelly by alksaline treatwent of slcoholis extraets of the
lareh obtalned lariociresinol as the potassium salt and then as the free
substance. Careful aralyses indiceted CyoH, 0, &8 the molecular formula,
end the pressnce of two methoxyl groups wae demonstrated. Zerewitenoff
determinstions showed the presence of three vwmueaww groups, of which two
dru« proven to be phenolics The diethers of lariciresinol asre saturated,
stable to mwwmww- give no reasction with ketone resgents and Grignard
reagenta. THence the sixth oxygen atem muet be ethereal and not of the
ethylene oxide type.

It was then that the transformation of larieiresinol into isolari-
eiresinol was recognized, and simultaneously it was found that the sixth
oxygen atom which was frmerly ethereal was present as an alcoholic hydroxyl
in isolariciresinol. This isomerization was immediately oompared to the
then known transformation of olivil to iscolivile The oyclization to a
tetralin derivative wasg confirmed by oxidation studies, s&mweww it wes
shown thet lericiresinol diethyl ether yielded only 3S-methoxy~4-sthoxye
bentoic acid on permangenate oxidation, whereas the dimethyl and diethyl
ethers of isolericiresinocl yielded respectively the substituted benzoyle

benzeic acide identical with those alresdy discusseds ef, formulas VIII and X.
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The l=phenyltetralin structure was further sstablished by the oxidetion
of isolariciresinol dimethyl ether by sodimm hypobromite to leasonidendrin
dimethyl ether XX, whose proof of structure is yet to be considered. Dehye
drogenation of that produet by iead tetraacetate was aceomplished to yield

& naphthalene derivative XXI which had already bban'aynﬁheaimaﬁaa'S?o

CHO e cH, 0 c=0
/O 3 )
CHO CHe. CHO CH,
CKle CK:Hs
X xx1

Compound, XXI, was synthesized by the condensation of sodium beta=3,4-
dimethoxybentoylpropionate with veratraldehyde in the presence of acetie
anhydride %o yield XXII, which on hydrelysis gave XXIII, Compound XXIII
on eddition of cold alksline formaldehyde gave XXIV, which in the presence
of cold hydroechlorie acid in glecial acetic seid underwent eyclization,
dehydration, and the addition of hydrogen chleride to the methylene group
to give XAV. Alkeline hydrolysis of the latter followed by lactonization

gave the desired compound XXI.
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On this basis, it was proposed that lariciresinol and lsclarisiresinol are
as given in formules IV and V respectively. Anothsr possibility for lari-
ciresinol is compound XXVI, but this was ruled cut, since it was possible
to prepare the trityl ether of lariciresinoel dimethyl sther, thus indica-
ting the presence of a primery hydroxyl gmp”. it was also possible to
prepare from lariciresinol or isolariciresinol an anhydro derivative IXVII
by the action of potassium bisulfate at 180%°. This compound is very stable
to acids, alkalis, acstylating agents and dehydrogenation by palladium
black. Sinoe larisiresinol is transformed inte iselariciresinol and not
into its anhydro derivative, then formula XXVI is improbable, since it was
shown that the anhydro isolariciresinol is not hydrated under the condi-
tions required for the conversion of larisiresinol into isolarieiresinol.

The structure of XXVII was established by dehydrogenstion of its
dimethy)l ether with lead tetraacetate to the corresponding dehydroanhydro-
isclarieciresinol dimethyl ether, which was ayathuiuﬁw’ 39, The oxidation
by alkaline bromine solution of either LV or AIXI yields XXVIII whic¢h on
reduction by sodium amalgam, followed by esterification and a Bouveault-
Blane reduotion yielde XXIX, which is a recemio form of iwlarﬁ.eu«mol.
Compound XXIX on treatment with potessium blsulfate and subseguent dehydro~
genation by lead tetrascetats ylelds the dehydro derivative of the dimethyl
sther of XXVII, identical with that from isclarisiresinel. This evidence
further established the strusture of isolariciresinml.
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Emdte and Schartner?? subgequent to Holmberg's work isclated coniden=
drin directly from spruce shavings by solvent extraction, Thoy repeated
some of Erdtmants work and agreed substantially with his early results.
They have slso confirmed the claim of Xumetsu®D that the tsugaresinol is
identical with conidendrin. The latter investigators also repeated and
confirmed Frdtmen's work using tsugaresinol az starting material. The
name conidendrin sesems to have the widest aceeptence, and as such has
recently been reported in this country as having been isoclated from west-
ern hemlock sswdust46,

An interesting anamoly regarding the dehydrogenation of conidendrin
was reported by Jeaworthd7, Ag already mentioned, conidendrin dimethyl
ather can he dehydrozenated to the naphthalene derivative XXI. “hen this
compound is reduced back to the tetralin by sodium and aleochol, one of
the four theoretiecally possible racemates of conidendrin is obtained; end
when this recemate is subjectsd to dehydrogenation again by leed tetrs-
acetate, there is obtained §,T-dimethoxy~leveratryl=2-methylnaphthalene,
instead of the expected lactome, The ctrugture of the Z=methyl compound
ﬁaa been esteblished by an independent synthesis,

The Peltatinsy Two new components of podophyllin resin have been dig~

covered recentlys Hartwel148,49 5y teolated by chromatographic separa-
tion of the podophyllin resin two new oomponents, which he calls alpha
and beta=peltatine Alpha~peltatin is found in 9% yield and bete~-peltatin
in 4% yleld, Alpha-peltatin by analyeis has the composition, 1193119 »
and contains one methoxyl group per eleven carbon unit, Betampeltatin by
analysis and molecular weight determination has the composition, Cy5Hp50g,
and contains thrse methoxyl groups. Hartwell indicates that these two
peltatins are probably isomeric with Ppodephyllotoxin, except that slpha-

peltatin has one less methoxyl group.
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Dilsosugonols Varlous lavestigators have postulated the formatlon of the
lignanes by the ﬁuﬁﬁémﬁkim af two maimzﬁ%ﬁ of comiferyl alcokols
Tharefore, artifieisl dimorisation of isceugenol by mathyl aleeholie
hydrogen chloride %o yield Ailaceugenol ig of considersble intarest,
Pumerous invegtizators hewe worked om this problem, snd sver 5 period of

years the structure became a cholce of XZXIII®0 or woxwvdl,

CH,0 C H3 CH 0 C, Hs
Ho CHz Ho CHg
OC Hs
OH OCH,
OH
XXX11T RAKIV

The main argwsont in fevor of IXXIIT wes that on dehydrogenation with
seleniun at RE0° Por twestyefour howrs the dimethyl ether of dehydre
4iisceugenol ylelded the dimethyl sther of dehpiroguaiaretis seld, 13XV,
whose chemiatry is yet to be congidereds 1% waz nobed, however, that
from éiimugcmli itaels, Q;Mia% eould net fselate eny products of
dehpirogenation, usllerS! seens to heve fimally comclnded the subjeet
with his synthesis®' of a compound fdentical to the ditsceugsmol dimethyd
ether, snd ths produst hes the formuls XIRIYs |
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CH ;0 CHx
CH40 CHg
OCH3

OCHz

Synthetie Works Related to the foregoing work are the synthesee of

certain key oompounds and intermediates necessary to sstablish struce
turess The most infmreaﬁng and pertinent of these are presented here.

Dehydroguaisretic seid dimethyl ether, XXXV, is important inesmuch

as both iscolivil and iselericiresinol will give 8% yields of this sub-
stance when heated for twenty-four howswith a&hﬁiu& at Sw“'; A good
synthesis of this compound was achieved5? by starting vﬁ.ﬁh 8, 4~dimethoxy=
alpha=~bromopropiophenons; '.‘Braitfkaan‘t of the phonone with copper in xylene
gave XIiXVI, and the latter was reduced reedily to the diol with sodium
ard aloschol, The diel under the influence of methyl alcoholic hydregen
chloride cyclized to XXXVIXI, which on treatment with selenium gave XXXV,

Compound XV A second synthesis which Haworth oonsiders to be of
wide applicationS® leads to compound XV, Nethyl eugencloxide was oonden~
sed with acetoacetic ester to yileld XXXVITI, whose sedio derivative, when
treated with veratroyl chloride followed by ccld alkaline hydrolysis,
yielded XXX1IX,



®)

N=

cHso NcHCH; CcHs
|
CH
CH3O O\‘C/CH 3 C.Hs
OCHx OCHy
OCHS
XAXVI XXXVII
CH50 NCH CH CH0 ?CH C‘Ha
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This latter compound on treatment with methyl alcoholie hydrogen chloride
underwent a rearrangement to give XL, which was dehydrated and dehydro=-
genated to XV. The nature of the conversion of ecompound XXXIX to XL is
not too readily understandable, but the feet that XL is dehydrated end
dehydrogenated to XV geems. to #atahl-iuh the structure of XL, sinece XV was
synthesized by s different praesdm- Buerthﬁs has prcyomd & mechanism

for the fem%ion af XL to hc &s i‘onwss |

CH+ .
CH_0 \cu-cnz_ CH0 C&CH:\OH
N
crp S ok M 1w
c_O &,c HCOOH
|
OCH, OcHsz
OCHy OCH3

XXXIX (XL)
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XL 1LY

The Astien of Permelins™ Compound XVII, previcusly prepared,
rested with formsiin et room tespersturs end in the presente of alkali,
gave riss to what is probedly X113 snd that gompound on further treatment
with ware alikell, lost formsldehyde to yield XLIXs XLY on treatuent with

gine and hpdrochlerie seid gave an i), vhieh on hesting with selsniom
ylolded XLIII,

o
J
CH30 Che CH,0 Z~ X -CHs
CH.O cooH QH,0 \ l A
| )
QCHy e OCH;
OCHy

ALiX LI
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An Anslog of Pleropodephyilini®8 In an attempt to synthesize a simple
pieropodophyllin molegule bengaphenone wae condensed with suceinie aeid to

give the itaconie esid, which was easterified by ethyl slechol and then
hydrolyzed with one mole of alkall to give XLIV. This eompound wus cyclie
tad by sodlium scetate arrl asstic anhydride and then hydrolyzed %o glee XLV,
which after resction with formaldelydée wes lactonized to XLVI by econsentra-
ted hydtochlorie aecid in ssotie avlide Reduetion of this latter cempound
geve & nixture of isevers fromwhich no sompound oould be iscleteds

?Hz_c Oo0OH
€ CO0C,Hg COOH

LIV he* |

OoH

ALVE
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DISCUSBION

Podophyllotoxin and its isomer pilerepodophyllin®8 were the compounds
sub jected to investigetion. Podophylletexin, XLVII, the much more soluble
isomer, has been reported to have wvariocus melting points and to orystal-
lize with & wide combination of solvents of orystallisetion, whereas its
lsomer, picropodophyllin, XLVIII, is obtained free of solvent of orystal-
lization and has s mueh more definite and eonstant melting peint.

OH
CH
/o \02'
QHL /
5 2Te)
CHO OCH;z
OCH;

XLvii XLViII

Attenpts to recrystallise podophyllotoxin by recommended procedures were
unguccessful in that they did not yleld a product which on prolonged
drying would give a correct snalysis. By sublimation end distillation in
high vacuum an snhydrous material was obtained, which was satisfastory for
analysis and optical activity determination. It is noteworthy that the
specific rotations for both the erude material and the purified podophyle
lotoxin were scmewhat higher than reported in the literature; the reported

values are «101° and «108,5°, whereas the wvalue obtained here was =128°.
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andt sodium acetadte, and the other by the action of asetic anhydride on a
sugpension of the sodimm salt of podophyllioc acid in pyridine. The ace~
tate after recrystallizstion from ethyl scetate gave a melting poimt
different from that reported by previous workers and was the same as that
of the acetste of podophylletoxin, Eowever, mixed melting peint determina~
tion and speeific rotations established that these two acotates were dif-
ferent substances. The specific rotation wes in agreement with that
previocusly reported.

Ploropodophyllin itself was prepared many times by the procedure of
Bersche, namely, by refluxing podephyllotoxin with sodium acetate in ethyl
sloohols The product gave the same melting point as that previously
rescorded, but it had a specific rotation of 0% in contrast to reported
values of +5.3° and +9,3%°, This work, slthough slreedy reported, was
nesessarily repeated so that this lsboratory would have a messure of the
propaerties necesgsery to characterize future products.

It is interesting to note that the sodium salt of podophyllic acid,
made by opening the lactone ring with alkali, eould be approached from
either podophylletoxin or pisropodephyllin, amd further that its specifie
rotation is between thet of pa&a’p&ynotnin and pierocpedophyllin. A
sarple of thp sodium salt prepared from podophyllotoxin and reerystallized
had & specific rotatian of ~78° in water, while that from picropodophyllin
by the seme procadure .Ahﬁé a value of -80,5%, However, when the podephyle
lotoxin was dissolved in an alechel, elksli, water mixture and the change
in specific rotation observed over a period of time, it was noted that
when first read, four minutes after mixing, the specific rotation wes ~74°;
over a period of ten minutes the specifliec reotation dropped to a constaney

at -89,9%, The hydrolysis of the lectone was therefore exceedingly fast.
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The result of this trial was the formation of the acetate of pieropodo-
phyllin with no evidence of the formation of a discetate.

On two occasions, by recrystallization of the ascetate of pioropodo-
phyllin from scetic anhydride, there was formed alpha-apopiercpodophyllin
XLIX. This ecmpound itself is of little importance in this research
exeept for itu ultra-violet abgorption spectrum. The melting point and
specifioc rotation were in escellent agreement with that previously re-
pcrwes"ﬁs. Subsequent attempts to repeat the preparation of alphae-
apopieoropodophyllin by the above precedure ylelded its isomer, betaw
apopicropodephyllin, XLIX, which hes also been reported previously. The
yields on this preparation were poor, and when it becamme necgessary to
prepere quantities of the material, a much more satisfactory route was
developed by‘ proceeding to the benzoate of pieropodophyllin with subse~

gquent pyrolysis of that ocompound.

X1LIX, alpha, beta
{The diagonal indicates the presence of an unlocated
doudble bond.)
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The next step to try te determine the seat of blological activity
was to remove the lectone ring, since it was not possible to stabilize
the open acid, This was accomplished by reduction of pedophyllotoxin in
ether solution by lithium alueinum hydride to form the trihydroxy com-
pound, Lge Due to the presence of an aetive hydroxyl hydrogen, the solu~
bility of the starting material in the presence of the redueing reagent
was greatly reduced, and therefore the suspension had to be stirred very
ﬁgﬂrsusl‘y to sttain a satisfectory resetion. This compound yielded a
tri-pars=-nitrobentoats by the sction of para~nitrobenzoyl chloride in
pyridine. The trihydroxy oompound was not accomplished until it was re-
ecognized that the molecule, when in golution, lost the elements of water
to yield the anhydro eompound, 1i,, which was actually isolated in a pure
stats before the trihydroxy compound, Indeed, meryaﬁan;s?tian of L‘_
has never been accomplshed, and it was only by decomposing ;hn reducstion
. mixture by base instead of asid end by the careful concentration of the
ether solution, that L, was obtained dtrpeﬂy in an anelytieally pure
state, The trihydroxy compound, I, i¢ dehydrated to form LI, by treat-

ment with acidie reagents in slechol or benzene.

OH OH
0 CH,0H pe Ci{z
CHz CHp &
\o CHz_OH \O 6‘2
CH;0 OCHy CHO OCH,
OCH3 QH3

"b I‘I.'b
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The structure of LI, was established with a reasonable degree of
ecartainty only after a series of related reactions, but it was early
demonstrated by the preparation of its methyl ether, benzoats, parae
nitrcbenzoate, and the deotermination of its melecular weight by the
Rast method that the compound eontasined only one free hydrexyl, It was
further shown that the compound could not be reduced by palladium at
room temperature, nor by Raney niokel at 80°, Direct chemical proof of
ths existence of the secondary aleohol is lacking, because it was not
possible to oxidize LI, by a theoretical amount of chromie anhydride or
potassium permanganate without causing extensive degradation end recovery
of large amounts of starting material, Surprisingly, the Oppensuer oxiw
dation failed even usimg eyclshexanone as the hydrogen scceptor, but this
reaction aise fails iith piéféﬁoﬁéphyllin. It wae not possible to pre-
pere a halide of either the anhydro esmpound or picropadaphyllin. The
benzoate of the anhydro aamggund proved to be very steble to pyrclysis,
and dehydrogenation attempts using pallsdium-charcoal catalyst gave only
tars and cerbonitations An attempted oxidation by bentoquirnone in supw
11ght57 also falled,

The reduction of picropodophyllin by lithium eluminus hydride to
LI, an isomer of LY,, proved to be quite difficult. It was finally
necessary to dissolve the piorovpodophyllin in dioxane and add that solu~
tion to an ether solution of the hydride. Attempts at a redustion using
the seme proeedure as for podophyllotoxin were successful only on & very
small socsle due to the extreme insolubility of pieropodophyllin in ether.
In eddition, the trihydroxy compound from pleropedophyllin proved to be
very difficult to erystallisze, and 1t was only after several months of

alow evaporstion that seed erystals could be obtaineds Once the seed
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apopicropodophyllin, XLIX, in exeellent ylelds. As a matter of euriesity,
the bsnroate of podophyllotoxin was made and also converted by pyrolysis
to bataﬁupapiarapédaphyllin‘tkﬁhaugh in somewhat poorer yleldss Campound
XLIX proved to be surprisingly resistant to reduction; platimm at roem
temperature failed, and the reduction was finally aceomplished with Raney
nickel at 80°, but a reasstion time of six to seven hours was required.
Borsche and Nieman have reported the reduotion of apopleropodophyllin by
platinum oxide in acetic acid to give a desoxy compound which hed a
melting point of 189=70°, in contrast to the melting point herein obtained
of 199,8+«201°, However, Borsche and Hieman did mot say which isamer of
apopicropodophyllin they started with and did not give their final yleld.

The reduction of the desoxy compound, LIX, by lithium aluminum hy~
dride proceeded smoothly to give LIII, and although orystalline material
could not be cbtained, the product was ‘dentified by analysis and the
preparation and analysis of its di-pars-nitrobensoate, Ireatment of the
degoxydihydroxy compound, LIII, with aeid, under the seme conditions as
for Iy, gave the desoxyanhydro compound, LIV, which is a erystalliine
ocompounds

Attempts were made te dehydrogenate compound LIV in the presenee of
palladium charcoesl catalyst, and it is believed that they were partislly
successful, although a definite product was not isclateds The resistance
of this compound %o dehydrogenation is not surprising when it lis compared
to compound XXVII, which Haworth was not able to dehydrogenate by sublimaw
tion from palladium black, At this time the work was conecluded, so that
other investigations were not made, but indicatione are that the eompound
is capabls of dehydrogenation, perheps by the use of lead tetraacetate
with which so much suceess has been hed by other workers in the lignan
field,
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The ultra-violet abaarp%ién spectra of the pﬂmiph compounds
developed have been studied with the hope thet certain changes in the
substituent groups might heve produced a ehangauin the spectra. (bsere
vatione regarding these curves will de diseussed later,

Thus far discussion of the nature of the warious isomerizations and
of the steric arrengement of the groups in podophyllotoxin has been
svoided, since it is believed that this problem can be better disecussed
after a presentation of the experimental evidence., Following the experi-
mental part, pertinent stereocchemieal work regerding other eompounds of
the lignan series will be sonsidered together with information obtained

from this research.
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EXPERIMENTAL

Podophyllotoxin, XIVIIs Podophyllotoxin as obtained from S. B. Penick

and Co, was recrystalliszed from cerbon tetrachleride, end also by dissol-
ving the compound in eh},érofam and edding that solution to a large volume
of petroleum ether. G8everal repetitions of this procedurs gave e material
of inconstent melting point, and which would not give e satisfactory
snalysis even after prolonged &ryln‘g._

A portion of the crude podephyllotoxin was placed in s sublimetion
spparatus, and it mélted and digtilled under a pressure of Os1 to 0.2
microns (Melesod) et a pot temperature of 1&5-116“.. The distillate ery-
s‘ha}.lized on the cold finger and on removal melted at 116,8-116.5%°* with
sintering at 114.5° to form a thick clsar melt. The characteristic fluid
miniscus was not cbtained,

Ansless Caled.. for CpgHlpaOgs C, 85,755 H, 5.35. Foumds C, 63,86,
65055!: H,. 50“. E.44,

(R) gﬁ 2 ~186%; C =z 04897 £./100 mly shloroform.

All optical rotations herein were messured in a two decimeter, semiemicro,
water-jacketed polarimeter tube.

Picropodophyllin, XLVIIIs By the procedure of Borceh-35, 0¢85 ge of

podophyllotoxin was disgolved in a mixture of 10 ml, of ethyl alcohol and
§ ml. of 10% sodium sestate solution and heated under reflux for twenty=-

three hourss At the end of that time the szolution was concentrated to

* All melting points recorded herein have been corrected.
*» All ssmples were dried in en Abderhalden apparatus before analysis.
The writer wishes o exprees his gratitude te Mrs. Wery H. Aldridge

and to Mr. Byron Baer for performing the analyses contained herein.
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8 to 10 ml, cooled, and filtered to yleld 0.38 g. (80X of theoretical) of
very fine, white needles of pleropodophyllin, which melted at 224.0-225,1°
{(d)« Attempts to obtain a seeond crop of crystals resulted in only a very
gummy precipitate contaminated with a considerable samount of sodium acetate,
Several reerystallisations from ethyl alechol vielded a material which had
a melting point of 223,5-224,5° (d4).

Arals Caled. for 622;‘32203i Cs 85.75; ﬁ, 5,56, Founds C, 65'59’ 63.4:31
H, 5.37, 4.99, '

( R) gﬁ 2 0°; ¢ 2 0.449 g£./100ml; chloroform.
A second preparation of pieropodophyllin by the above procedure also gave
a material which had a specifio rotation of 0° at ez 0854 g. per 100 ml,

chloroform.

Preparation of the Agetate of Podophyllotoxin: Following the procedures
of spath35 the acetats was prepared.

{a) The astion of acetie snhyiride on podophylletoxin gave a product
which melted initially st 196-198.6°, and after two recrystallizations
from methyl alcohol melted st 203,8-204,6° with sintering at 203,1%.

Anal, Caleds for Cp,Hpe0gs C, 63.15; B, 5,30s Founds C, 635,19, 62.85)
B, B.34, 5 oh

(<) ag » «»145°; & = 0.?38 g+/100 mly chloroform.

(b) By the sction of a mizture of»autbi#,gahyﬂride‘una pyridino on
podophyllotoxin, the aeétats was obtained in o3% yiild; this semple melted
without reerystallization at 204,1-205.6% with aint;ring at 202,68°, A
mixed aelting point of this product and that of (&) ebove gave no depres-
sion.

Preparation of the Acetate of Picorpodophyllin: 0.8 g. (.0019 mole) of

pioropodophyllin wes heated under reflux for two hours with 18 ml, of

acetic anhydride and Oed go (0.0048 mole) of sodium acetate, and cooled,



whereupon the solution was added slowly to 60 ml., of ¢old water. The
precipitated acetate was filtered off and after drying weighed 0,61 g.,
equivalent to 70% of the theoretieal yield., The melting point of the
orude acetate was 210,8«212,8°, A second erop of amorphous material
weighing O.1 go was obtained from the mother liguore The crude acetate
was divided inte approximately equal portions (a) and {c).

(a) This portion after three recrystallizations from ethyl acetate
melted at 203.,4-204,6°, and a mixed melting point determination with the
analytical sample of the ecetate of pieropodophyllin, dtained below from
the acetylation of the sodium ealt of podophyllic aeid, showed no depres-
gions A mixed melting point determination with the acetats of podophylw
lotoxin showed & mariked depression to 183.92°,

(<) ff =+ 19,2%; 0 = 0,800 go/100 ml., ehloroform.

This speeifie rotatien ie in good sgreement with that of Borsche2d and
Robertson®S,

(b) Preparation of aighsnqgggivrqu@ggﬁyi@jaz Part £, obtained

above by setion of scetic anhyiride and sodium ascetate on pieropodophyliin,
was recrystallised from eacetic anhydride sf'ter evaporation neerly to dryw
ness (of. Spath2f), m product melted at £38,8-285.2° with sintering at
233°. Two further recrystalliszations from sleochol~acetic scid mixture
raised the melting point to 238,4-236.3%,

Anale Caleod. for C sﬁzoﬂ?i C, 68.85; H, 5,08, Foundsy €, 66,38, 66.61;
H. 5’1" s‘ggﬂ

On an identical sample (<) 25 = -18,1°; ¢ = 0.581 £./100 ml.; chloroform.

This rotation is in good agreement with that reported by Robertson, el

though he reports thnt a somewhat higher melting point of 244-5° could be

obtained by repeated recrvstallization of the compound from ethyl acetate,
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Robertson had alsoc noted that with cold concentrated sulfurie acid, alpha-
apopiceropodaphyllin gave a brownish red golution which turns purple,
whereas the beta-isamer gives a coler change of orange to red to purple to
violets This color test has been confirmed on both materials and the
above substeance must be the alphewisomor, As stated previously though,
attempts to repeat this preparstion have invariably lod to the beta-isamer,
and it is probably due to the presemce of small gquentities of sedium sce~
tate, which cause the conversion of the alpha form to the beta?5,58,

Preperation of the Sodium Selt of Podophyllie Aeid:  Podophyllotoxinm

{Ou2z+, 0400048 mole) was dissolved in 3 to 5 ml., of werm slcohol and 0.5
nls of strong alocholic godimm hydroxide added. A gol immediately separa-
ted which dissolved when the solution was warmed to near the boiling point.
After three or four minutes the solution was cocled and a soft white pre-
cipitate formed, which with the addition of a little ether and geratching
ehanged to a fine hard crystalline preeipitate, The yleld was guantite-
tive.

The salt is very aulub‘le‘ in waber, its solutions having a pH of
approximately €, snd it is stable to a pH as low as § without the forma-
tion of an immediate preecipitate unlese the solution is warmed, The come
pound melts at & very high temperature leaving e hard black residue. An
anelyticsl semple was preparsd by disselving the salt in a small smount
of athyl aleohol combaining only o fow drops of water and then sdding .
small qu@ntitiéu ef ether until eryatuuitfkﬁm& starteds Analysis of the
salt proved to be difficult beocause 1t was very resistant to combustien,
with the result that the carbon value fu very low, A satisfactory anely-
#is wes obteined by mixing the sample with venedium pentoxide and increas=-

ing the periocd of ecombustion.
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Tme (min,) Obse rotetion Speeific rotetion

4] -
4 ~1.39 -~74°
8 =]l ¢ 5O
8 -1.81

12 =170 «89,9°

14 «l.72

ie =170

The resdings were very difficult te make in this precedure and beceme
nore S0 4§ tiﬁe progressed due to precipitation of the sodium salt,
Several trials te chtain s more suitable golvent mixturs were unsucoess~
ful.

Acotylation of Sodium Podophyllates 0.75 ge (0.00185 mole) of sodium

podophyllate were suspended in a mixture of 15 ml. of pyridine and 1§ an
of ecetie anhydride and stirred for twenty-four hours by a glass magnetie
stirrer. The salt appeared to dissclve readily, and a thin gel which
formed ocould not be dispersed. Aftesr twenty=four hours the reaction mixe
ture wes poured into a large volume of water, and the graeipitate filtered
and dried, The yleld was 0,72 g. (97% based on the formation of a mono=
acetate), and the subgtance melted at 212.8-214.6%.

A portion of this precipitate after three recrystallizations from
pthyl scetate melted at 202.6=204.6°., A mixed melting point determine~
tion with the scetate of Mop&ynemin showed e marked depression,
When this scetate was m'&xad with the asetate. prepered from pieropodephyle
1in, no depressien of melting point was observed.

Anal. Caled, for CpgHpgOgr €, 63,153 H, 6,80, Fouad:s C, 63,19, 63.01;
K’ ﬁ 140, 5Q4e¢
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Therefore this substance m?ﬂ be the acetate of plercopodophylline

4 second portion of the ecrude acetats above was recrystallized fram
scetic snhydride (the solvent used by Borsche and Nieman)25, It wes
found that the melting point after this treatment remained constant at
212,68+214.,2°, This higher-melting material must also be the acetate of
picropodophyllin as reported by Borscihe end Nieman, Spath, and Hobertson,
but a completely satisfactory analysis wes not obtained om ite A mixed
melting point determination with the mcetate of podophyllotoxin showed a
rerked depression, and therefore the gubstance is probably not the ascetatse
of podophyllotoxine Henece the result of the aecetylation of the sodium
salt of pndaphfllie acid is solely the acebate of pim;cperiiophyllin, with
no eévidence of a dimcetate. Analysis of the higher melting material:

Caled. for CpafipgOgs C, 624183 H, 5.30., Founds C, 62,86, 62.75;
H' 5033’ 503 &

Attempted Trityletiom of Podophylletoxin: (a) 0,186 g. (0.00046 mole) of

pedephyllotoxin was dissolved in 2.5 ml. of dry pyridine and 0.164 g.
(0400070 mole) of trityl chloride was added, The solutien was allowed to
stand protected from the atmosphere for seventy~two hours at room tempers=
ture, and then diluted with 15 ml. of water. An o0il separated which
solidified on cooling and was filtered off., This solid could be separsted
inte pieropodophyllin and triphcnyl cerbinoel, and another substance which
from the results of (b) below is probebly trityl methyl ether,

(b) The same procedure was 'repoated exeept that the solution was
heated under reflux for forty~sight hours, In this ease the third sub~
stence was identified by analysis and melting point as triphenylmethyl
methyl ether. Only a small quantity of produgk which melted at 82.8-83,8°
and gave the following analysis was cbtained.

Anal, Caled, for CapHygO + €, 87.67; H, 6,80. Founmds C, 87.36, 87.22;
H, 6472, 8470
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The literature lists a melting peint of 82° for trityl methyl ether. It
wes not possible to obtain or identify any other substaunce fram the
reaction.

Attempted Egterification of Sodium Podophyllates Using the method of

Shriner and Fuson®8, 0.3 ge (000088 mole) of the sodium salt of podow
phyllic acid wae dissolved in Oed ml, of water and 1 drop of dilute
hydrochlorie meid was added. %Hight ml. of aleohol and 0.3 g. (0.0016
mole) of phenacyl bromide were then added, and the solution was hoeated
under reflux for one and one~half hourss After the mixture hed etcod
overnight, a emall amount of ptaeiyit@t§ (0.2 go) had formeds This sube
stance was identifis& as picrapodophylign;'aithough,a‘aiighé impurity
which could not be removed by crystellisgetion was present. Ain additional
quantity of pieropodophyllin was isolated éram,%ha filtrates There was
no evidence afbany aihar producte

Frmparstima‘of)tha Irihydroxy Compound, las In the fiéat §raparatiaa,

2.0 go (040048 mole) of dry podophyllotoxin was placed in a Sohxlet
extrector and extrasted in%to & solution of 0,22 g (0058 mole) of 1ithive
alumioun hydride in 500 mle of ether in a one=liter flesk, The reactien
mixtore wes stirred and prctaetad.frnm the atmosphere by &rying'buben. At
the end of seven hours all the podephyllotoxin had been extracted into the
reaction; however, stirring and refluxing were continued for one hour
longer. At the end of that Lime the exsess hydride was deecomposed by the
eautious addition of water, and when hydrogen wes neo longer evolwved, 100
ml, of 10% sodium hydroxide waes added, and the mixture stirred until the
ether layer was olears The layers were ssparetod, and the aqueocus layer
wes placed in a liguid~liquid extrestor end the ether in the boiler,

Extraction of the agueous phase was continwed for forty hours during which
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time two substances separated out of the ether solution. One substanee,
eongisting of very fine feathery needles, was later recogniszed ag pierow
podoghyllin resulting from unreduced podophyllotoxine The second substance
separated as hard rectengular plates and was the trihydroxy compound. ?ﬁc
ether solution wae decented from both these substances and conscentrated to
100 mles on cooling thers separated 0.5 ge (25% of theoretical) of hard
reotangular plates of the trihydroxy compound. The compound melted on a
hot-stege under the microscope at 188,5-200.5° and remelted at 198-200%

Anal, Caled. for CppHpgOgs C. 63.12; H, 6425, Pounds C, 62489, 63.20;
K, 6.38' gtggl

(<) 85 2 0°3 & = 04812 £./100 ml.s chloroforme

Subgecuent preparstions were modified to give much improved yields.
10.0 g. (0,024 mole) of podophyllotoxin were placed in & Sohxlet extrestor
on & glass wool plug instead of m conventional thimble, ﬁx§ruct1¢n into a
solution of 3.0 ge (04078 mole) of lithium aluminum hydride in 3000 ml. of
ether required approximetely five hours., Heating and stirring were m;n-
$inued fa? four hours additionals It ie very importent in this reaction
that stirring be very vigorous, At the end éf th; reasction time, excess
hydride was desomposed cautiously by the dropwise addition of water, and
then by the eddition of 400 ml. of 10% sodimm hydroxide. As scon as the
ether layer cleared it was decanted ecarefully, and the alkeline layer
waghed by awirling and decantation with three or four successive 400-ml,
portions of ether, Rapidity in separeting end washing the alkaline layer
is importent since the trihydroxy cempound often crystallises very gquickly.
The eombined ether solutione, after h;ing congentrated to 700 to 800 ml.
end cooled, yielded on filtration end seraping of the sides of all the
vessels 7.54 pe (75%) of the trihydroxy compound, L,, identieal with pre-

vious preparations. By washing the flasks with alcohol and combining the
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washings with the ether filtrate end concentresting them to 15 ml., a
segond crop (8%) of alightly impure materisl of melting point 188-184°
could be obtained, The impurity is undoubtedly the smhydro cempound, LI,
formed by dehydration of ILg, for'thig latter substance is converted very
sasily to the anhydro compounde.

Preparation of the Iri~parawnitrobenztmte of Lst D2 g. {00048 mele) of

the trihydroxy cdmp&unﬁ‘disaﬁl#@d in 5'm1aief-dry pyridine wes mixed with
0e5 ge (0+0027 mole) of freshly prepared paraenitrobenzoyl chloride, The
solution wag.allowed to stand for three hours at room temperature and was
then pﬂﬂfﬁé‘in%o 20 ml, of water, coolad, and the soft guamy precipitate
separated by filtration. Reeryatuliisutian of this dérivutiva vias very
diffieult due to the terndency of the ester to separate ss an oil, so that
a measure of the yield could not be made, Two reerystallisations from an
ethyl acetate~alechol nmixture gave s yellow solid which softened and melted
at 130=140° and e;nntéally formed & fluid miniscus at 150° (d). A third
recrystallizsation irom absolute alechol reduced the melting renge to 126
136° {4}, and a fourth reeryntalissation from & benzene alachol mixture
gave a materisl of melting peint 130,6~134.6° (d) which formed a minisous
at 150° (d)., Exeminetion under ths migrésoega failed to show eny bir0~
fringencys.

Anal. Celed. for CygiguOyoNgt €, 59.65; H, 4.08y ¥, 4.85. Founds C,
5@*95, 6&060‘ K' 4‘&7‘ 4‘4’8; g, 5003,' g,gs#

(<) g5'= =~.81%; ¢ ¢ 0,628 g./ 100 ml,; ehloroform.

Preparation of the Anhydro Compound, LIg: 2.0 gs (0.0048 mole) of tri-

hydroxy compound L, were digested in eloohol for one and one~half hours
with 0.05 ge of para-toluenesulfonic acid, whereupon the solution was
coneentreated to 60 ml. and cooled. 146 g of orude anhydro ecompound pre=-

cipitated out. XK seoond srop which weliched 0.2 g+ was eollected after



congentrating the mother liguors to 10 ml, and coolinge. Reerystallization
of the eombined first and sesond srops of crude material from alechel gave

1486 z. (83% of the thoorotieal) of the anhydre compound, LI,, which melted

at 256,3~257.3° with slight sintering at 253°, A second erop of 0.l g« of
impure orystals could be cbtained.

Anal. Celed. for OgpMygOpi C, 65.96) H, 6.04: Founds C, 65.78, 66,91,
H' 6.35‘ 6’1 »

M. Wat Cale'd., 400.4; Found (Rest), 585,409
bﬂgszﬂ?;c:mw$&AWmL;%RM%M¢

Preparation of the Monewpars-nitrobenzoate of the Anhydro Compound, LI.s

043 g+ (0.,00076 mole) of LI, was diesolved in 4 ml, of werm dry pyridine,
and 0.6 g. (0.0032 mole) of parawnitrobenzoyl chloride was added, The
solution was heated under reflux for ten minutes end then poured into 10ml.
of waters The eil which separated solidified on codling to a soft guamy
precipitates The precipitate wes recrystallized from alechol, triturated
with sodium biecarbonate solution and recrystallised again from elcohol,

The melting point of the yellow s0lid obteined was 192,5+94,5° (d). A
qualitative test for nitrogen was positive. After one more recrystalliza-
tion the melting point was 193,1-195,0° (d), end at this point there was
0s2 g of material, so that the initial yield must have been nearly guanti-
tative., One further recrystallization gave pale yellow erystels which
melted at 194,7~198.1° (d), with sintering st 1965,0°,

Anel. Calod. for CggHasOyoNs C, 63.38; H, 4,95, N, 2.55. Found:s ¢,
63,15, 63.46; H, 5.46, 5.14; K, 2,56, 2.56.

(<) gs z =46%°; ¢ g 0,474 2./100 ml.; chloroforme

Preparation of the Hethyl Ether of Anhydro Compound, LI s Q.66 g {0.0014¢

mole) of the anhydre compound was dissolved in 100 ml. of dry refluxing

toluene end stirred by a magnetic stirrer in the presence of a mmsll piece
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of sodium (approximately 0«3 ge, 0,013 mole) for twenty~four hours, A
precipitate graduslly formed in the flasks After the reflux period, the
solution was cooled to approximately 80° and 8 mi. (18.4 g., 0.13 mole) of
methyl iodide was added slowly in twenty ml. of dry benzene as » diluent.
'ﬁﬁa solution was then heated under raflux‘unﬁ stirred for thres hours more,
cooled to 60° qnﬁ,fi;%%yed_fb@m the preeipitated sodium iodide. Concenw
ﬁraﬁ&&n of the solution to a volume of 10 ml, produced ne erystals even on
cocling, therefore, the toluene was stesmwdistilled off; the yellow golid
which remained behind melted at 1B55.68° and was very soluble in most sol~
vontas. Recrystallisstion of the subgtance from a large volume of petwrow
leum ether (90-100°) yielded Oué g+ (72%) of soft yellow crystals of the
rethyl ether. Its melting point was 155-189.5°, Further recrystallize=
tions did not improve the melting peint to any great extent. For analysis,
a sasple was sublimed under a pressure of 0.1 « 0.2 mieron (EaLoad) st a
pot temperature of 150~156%°, The sublimate retained the light yellow
esolor, but the melting point was raised to 167,1-173.,68° with sintering at
183°,

Mﬁln Caled, for 6333260?] C, 65.55; 5' 643ls Found: Q, 86490, 68.89;
- H, 638, 6,45,

(<) §§ =+ 37 ; ¢ w 0,450 g+/100 ml.; chloroform.
Prepsration of the Bensoste of LIst 0s3 g+ (0.00075 mole) of LI, was

dissolved in 2 ml. of dry pyridine aﬁd’&béreﬁk of bonmayl chloride were
sddede The solution was heeted under gentle réfléx‘for ten minutes,
cooled, and 3 ml, of ethyl sleohol added, Addition of this solution to
20 mles of water ceaused an oil to separate, and efter the agquecus solution
was heated to boiling to remove most of the pyridine, the oil solidified.
Recrystallization from alcohol gave 0,32 g. (85%) of white orystals which

molted at 169.6~171,6%, A further reerystallisation gave a produet which
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showed the same melting points A mixed melting point determination with
starting material showed a depression.

Anal, Caled, for CpgHpgOgs C, 69,043 H, 5.60, Foundy C, 69,05, 68.85;
- H, 5,91, 5,87,

(<) 25 = <27°) oz 0,488 £./100 mlij ehloreform.

Hydrolysis of the Benzoate of Ll to Llgs 0.21 ge (0.00042 mole) of the

:Eaazonte‘of the anhydro ocﬁpauad wﬁa dissolved in § to 8 mle of warm ethyl
sloohol, end 0.5 ml. of 6% sodium hydroxide (0.00065 mole) was added, The
solution wes heatsed under reflux for two hours, then added to 10 ml, of
water and cooled. The precipitated white erystals were filtered off, and
there was obtained 0,17 g, (theoretical yield) of the compound Llgs The
melting point was 256.8+58,8°, and a mixed melting peint deterninstion
with the enhydro compound, LI,, showsed no depression.

fyrolynie,af the Benzoate of the Compound LIas The benzoste wes completely

stable to sublimation in vaecuumg therefore, 0,16 g. of the benzeate was
heated under ritrogen to 260-280° for one hour. The cooled melt wae a
yellow glass, but it readily corystellized when aleohol was added. After
one recrystallization from alochol, there was obtained O.11 g« (73%) of
starting material of melting point 172,1-173,1°, There wes no indication
of extensive dehydration.

Attempts to Prove the Pregence of a Sesondary Hydroxyl Group in Pieropodoe

phyllin and in the Anhydro Compound, Ll,s {a) 0.3 g« (0,00075 mole) of

the snhydro compound, LIa, was stirred with 0«4 g. (0.0018 mole) of alumi~
num t-butoxide in S ml. of dry eyclohéxanone80 at 80%, At the end of one
and one~half hours a thiek pas€9 had formed, so that 6 ml. more of eyclow~
hexanone was added end the reaction continued for one and one~half hours
longer. At the end of that time, a smell guantity of water was added, and

the mixture made aecid with sulfuric meid. The oyclcohexanone was then
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romoved by steenm distillation, ard the light e¢olored residue removed by
filtration and dried, By trituration with eleohol, the color was removed,
and there was obtained 0.2 g. of slightly impure sterting material, which
hed 2 melting polnt of 251-284°. Cne reorystallization gave pure materiel
which melted at 254.0-56.3% with sintering at 252,8°. A mized melting
point debermination with uga»bw-,ﬂaﬁau»ww showed no depression.

A repetition of the sbove reaction at a temperature of 60° for one
end one-half hours and them at 100° for two hours produced guantitatively
only slightly impure stariting meterial.

(b) 0.8 g+ (0.0015 mols) of picropodophyllin and 048 g. (0.0032 mele)
of aluminum t~butoxide were heated with stirring in 30 ml. of cyclohexes
none at 60% for five hourss The resction mixture was teken up in chloro=
form, and the inorganic salts were extracted. The organie liquids were
removed by steam distillation, and from the residue after one recrystal-
lization from aloohol there was obtained 0,5 g, of pieropodophyllin,

(¢) 0u3 go of anhydro eompound, LI,, was subjected to hydrogenation
for four hours at 226° usder 5300 .pes.is pressure over copper chromium
oxide eatalysts On working up the reaction, a glass was obtained which
ecould not be caused to orystellize by solvent action or by sublimations
A sample of the sublimate gave the following eanalysis which is not in
 agreement with sny ressonable preduety C, 66.80%; H, 8.66%,

(d) Attempted dehydration by potassium bisulfate was unsuccsssful.
After the compound L]Ig had been mixed intimately with the bisulfate, an
attempt was made to sublime out the organic material under high vacuum.
The mixture became a ter at 280°, and no appreciable sublimation occcurred.

{e) 045 g« (040013 mole) of the anhydro eompound, LI,, was placed in

an open beaksr together with 1.5 g. A.a..oum mole) of bensogquinone in fresh
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and which gave a positive qualitative snalysis for sulfur and halogen.
However, the analysis was not reconcilsble with that caloulated for the
chlorosulfinic ester, the alkyl halide, or the sulfite esater.

(8) The setion of phosphorous pentachloride in pyridine was
also investigated, but the only produste obtained were very water scluble
and judged to be phosphoriec esters. Hone were obtained sufficiently pure
to warrant snalysise

The Toregoing experiments serve %o further illustrate the extracrdie
nary stabllity of the alkyl oxygen bond of this supposedly bengyl-type
aleochel,.

The FPreparation of Trihydroxy Campound, l;, and the Anhydro Compound, Llys

540 go (0.012 mole) of pieropodephyllin were dissolved in 250 ml., of diow
xane (the dioxaene had been purified and dried for hydrogenations, and was
distilled directly from lithium alumimum hydride) and added over the course
of forty~five minutes to a vigorously stirred sclution of 1.5 g. (0.039
mole) of lithiwmm hydride in two liters of ether boiling under reflux.
Refluxing and stirring were continued for several hours, at which time the
excese hydride was decomposed by the mutious addition of waters 200 nl.
of 10¥ sodiwm hydroxide was then sdded, snd astirring continued until the
ether layer wes clear. The ether was immediately deeanted, snd the alkaw
line layer washed by swirling and desantation by two 800-ml. portions of
ethers The combined ether solutions, which had a volume of 5,000 ml,,
were stored under nitrogen for further treatment as deseribed below.

{a) 360 ml. of the above solution were evaporated to a volume of 100
mle under nitrogens The specific rotation was determined on this solution
to be () 25 5 «-66°; o z 0.557 g./100 ml. of solution.

.~ (b) A portion of the above solutien fram (a) was set aside at room
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temperature in an Erlermmeyer flask stoppered with a slotted cork so thet
8 slow rate of evaporation was smchieved, Asg the ethereal solution evapo~
rated to near dryness, more other was added and the eveporation allowed
to repeat itself, This procedure was continued for avﬁaath, and at the
end of that time no orystals had sppsared, Therefore, the sclution wes
then allowed ‘o evaporate to drynese, and the residue wes sllowed to sgtand
for three weeks, At the end of that time the orystals had appeared., The
solid was then muddled with ether amd removed by filtration to yield fine
white needles, which melted with ebbulition st 134,4-141.4°,

Ansl, Calcd. for OpglpgOgs ©s 63,125 M, 86435, Founds C, 85.25, 63.14;
H, 8,39, 6.34. . :

{) gg - ﬁ?ﬁ ° : 0.389 g./100ml.; chleroform.

(e) 600 mls of i;ho origin@l solution from the lithiwm sluminum hyd=
ride reduction was concentrated to 40 ml., and then 180 ml. of benzene
was added and the mixtwre distilled fractionally up to the boiliing point
of bensene., After the addition of 0,05 g of par«toluenuzilfanic acid,
the solution was hiated under reflux for itwenty~eight hours with the ree
turning solvent paseing through a tube of Drierite, Concentration of the
resulting sclution after the period of heating yielded no e,rysiah, there-
fore, the mixture was evaporated to é’rmss under vacmum and yielded a
8lightly colored oil which could not be orystallized from a varisty of
solvents. The 0il was heated umder reflux for ten minutes with alecholicw
aqueous sodium hydroxide and myoraﬁed again to dryness. The residue was
taken up in ether, filtered from inorganiec materiesls, and many attempts
were mede to effect erystallizetion. It wes not possible to erystallize
this compound; anslyses run on the glassy product demonstrated that the
gsompound was the expeeted anhydro empouné, LIye The yield was 0,85 g.

{86% over all), and the glasay substence melted to a elear thick melt st



85,0-95.0° with sintering at 86°.

Anals Caled. for CggHgaOps C, 65.98; W, 6.04, Founds C, 65,39, 66417
H, 643, 6,26,

(=) 25 =+ 75%°; ¢ = 0,463 g./100ml.; chloroform.
Molecular weight determinetions by the Rast method gave values of 454 and
458, which thiough not as close as desirsble to the tho&rctigal value of
40044, clearly demonstrate that the compound is not dimerics Examination
of the eompauné'unﬁvr the microscope failed to give any indieation of
birefringencys A repetition of the ebove preparation of the enhydro come
pound failed to give a erystalline produet, although an anniytieally pure
'u&mpio wes obtained.,. o

A Second Preparation of the Trihydroxy Compound, Ly: 10.8 ge (0,026 mole)

of pieropodophyllin was dissolved in 500 ml. of dry purified dioxane and
added slowly over the course of forty-fiwe minutes to a vigorously stirred
solution of 3.0 gz (0.078 mole} of lithius aluminum hydride in 3500 mle of
ether boiling under reflux. Rafluxiag and stirring were continued for
‘seven hours. Exocess hjdriéé'ans ﬁoeampasud as before withviaa'ml. of 10%
sodium hydroxide; the volume of the combined ether solution and weshings
totalled 4600 ml, Two-thirds of this solution (equivalent to 7.2 g. of
pieropodophyllin) was concentrated to a volume of 350 ml., cooled, end
seeded with the trihydrexy compound previously obtained., Crystallizetion
did net take place then or on further concentration, presumably due to the
presence of the dloxane, Therefore, the solution was evaporated to dryness
in vacuo and at a temperature of 50° to yield a slightly eolered glassy
regidues The residue was taken up in ether, end the resulting solution was
concentrated to 2850 ml. and seeded with the trihydroxy compound, iq,. Cry-
gtallization took place immediately, and after filtration there was obtained

3.8 g+ {53%) of white orystals which melted at 160.2-162.2°,
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Anals Caleds for CpoHagOgy C, 63.12) H, 6,26. Pounds C, 63.01, 62.84;
T H, 6.51, 6.44. ea)ﬁ5 = -670; e= 0,347 g./100 ml,.; chloroform

Preparation of the triepars~Nitrobenzoste of Cempound lLys 1.0 ge (0,0024

mole) of picropodophyllin was dissolved in 100 ml, of dry tetrehydrofuran
and added slowly over e psiied; of forty minutes to a mll‘s‘ti;rred solution
of 044 ge (0.0104 mole) of lithium aluminum hydride in 250 ml, of tetrs~
hydrofuran boiling under reflux« The reaction was continued for one and
one~half hours, whereupon exsess hydride was decomposed by 2 ml, of water
and the solution wasg separated from the inorganioc preeipitate by filtra~
tions When the filtrate was concentrated under vacuum, 3 mls of an oil
rempined from which erystals could not be obtained, The oil was dissolved
in 20 ml. of pyridine, 2,5 g. (0.013 mole) of para-nitrobenzoyl chloride
was added, and the mixture was allowed to stend for one hour, At the end
of one hour 6 mles of ethyl alc¢ohol were added, and the mixture was poured
into 80 ml. of water, cooled, and filtered, The soft gummy precipitate
was reerystallized by dissolving it in e small guantity of benzene and
adding that solution to a large volume of boiling alechol, Concentration
of the alecohel removed most of the bentene, and when cleudiness appeared,
the solution was chilled rapidly to produce a soft yellow preecipitate of
the tri-pera-nitrobenzoate which melted at 110-120° to a thiek glassy
mass, A gsecond recrystallization ylelded 0,25 ge of the ester, which
melted at 118,5«25,5° to e thick glessy mass, This melting range was
eongstant after two further recrystaliizations. Exemination of the solid
under the microscope gave only slight indications of birefringeney,

Anals Csled. for C4usfyp0y7Hgs C, 59.,68; H, 4.08; ¥, 4,85, Founds ¢,
58,77, 68.60; H, 4,59, 4.30; N, 5.08, 4,83,

(‘)?ﬁ z =29%; ¢ w 0,942 £./100 ml.; ehloroform,

(*)%5 = =27%; ¢ 3 0377 £¢/100 ml.; chloroform.
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Preparation of the MonowpsrasNitrobenzoate of the Anhydre Compound, Il
0.25 g, (0.30952 ﬁal;) of the snhydro compound, 1I,, was dissolved in § ml.
of dry pyridine, and 0,6 g« (0.,0032 mole) of para=nitrobentoyl chleride wes
sddeds The reaction mixture was allowed to stand overnight and was then
poured into 20 ml, of water, cocled, and filtered. The precipitate was
triturated 'ﬁ'f;th sodiuwm bicarbonate solution, filtered off, and dried to
give 0+48 g, of the erude paraenitrobenzoate which melbed at 80° to a
thick melts Recrystallization was effected from aleohol by cooling a dile
ute solution of the ester very slowly to room temperature and then chil-
ling; Two such treatments geve a material which melted to a clear thick
0il at S0=64,8°, Examination of this ecompound under the mleroscope failed
to reveal any 1nﬂioatien‘nf s orystalline nature., The reerystallization
process was such that only a emall amount of pure material aeﬁid be obtained,
go that a meusura of the yiozd was not p@suiblow

Anals Calod for gagﬂa'fal ¥ C, 550&3’ H, 4,953 H, 2,58, Found, ¢, 83.80,
83.395 E, 5433 51 H, 2081. 2480,

(<) gs =z +66°; o 3 0.197 £./100 ml.; chloroform,

Properation of the Bentoate of Pieropedophyllin, XLVIII: 6.3 g (0.012

mole) of picropodophyllin was dissolved in 70 ml, of dry pyridine and 4 ml,
of benzoyl chloride (0,034 mole) was addeds The solution was heated on the
steam bath for one hour and then concentrated to 30 to 40 m1, This solution
was added to 200 ml. of water, cooled, end filterede The oruﬂe benzoate
after drying smounted to 845 g (98% of theoretical) and melted at 185-92°,
Two reorystallizations from ethyl acetate raised the melting point to a
eonstant vnluo of RQG‘1~$01.6°y

Anale Onled. for Ggsﬁzg&g: £, 67,17; H, 5405. Foundy C, 66,99, 66,68;
Hy 5.32, 5.31. :

(ecags z +18%; ¢ » 0,569 £./100 ml.; chloroform.
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Preparstions of the Benzoats of Pedophyllotoxin, XLVIIy 2.0 ge (040048

mole of podophyllotoxin was dissolved in 20 ml. of pyridine end 1.6 ml,
of benzoyl chloride (0.014 mole) was sdded. The solution wes allewed %o
stand for fifteen minutes at roas temperature snd then poured into 80 ml.
of water and cooled; the oil which formed was separated. Two reerystal-
lizationa from alechol, in which the ester is guite soluble, gave 1.76 g
(71%) of fine white nesdles which melted at 90-100°, Two further recry=-
stallizations yielded 1,10 gs of the benzoate which sintered at 109° and
melted at 112,8~116,6° with the f;raatian of a miniscus at 146°, Further
recrystallization did not raise the melting point,

H' 5011. 5015‘

(<) 25 2 =118°; o « 0,486 g./100 ml,s chloroform.
S§inoe this compound was not of preparative importance, no attempt was made
to improve the yield, which probably eould be done by sllowing e longer
reaction period, and perhaps by using a different solvent for reerystale
iisation,

Preparstion of beta-Apopisropodophyliin, XLIX: This compound was prepared

in three ways, (a) by the decomposition of the acetate of picropodophyllin,
{b) by the pyrolysis of the benzoste of piercpodephyliin, anmd {(e) by the
pyrolysis of the bentoate of podophyllotoxin. Nethod (b) was found to be
very convenient and to give consistently zood yields, in contrast to (a)
and is, therefore, the preferred method of preparation., Xethod (¢) wes
developed when & compsrison of the steability of the bentostes of podophyl-
lotoxin and pieropodophyllin was made.

(a) In a prosess anslogous to that of Spath25, 8.9 g, of pieropodophy-
1lin was dissolved in 5O ml. of acetie hydride together with 3.5 g. of

fused sodium acetate, and the mixture wss heated under reflux for two hours.
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20 mle of acetic scid was then added, and the mixture was diluted with a
large volume of water. The crude acetate was filtered off (87%). Attem~
pts to obtain e& secend erop of scetate ylelded only slizht amounts of
smorphous impure productiss

The erude acstate was recrystallized from ascetie anhydride with
svaporsation of the solution to a viscous oil which was heated cautiously
until ready bubbling ceased., The o0il was taken up in & small smount of
acotic anhydride and erystallised to give orude bete~apopicropodophyllin
which sintered at 210° and melted at 211°, Two further recrystallizations
from scetic anhydride gave pure betiuapopicragodophyllin which had & con-
stant melting point of 212,6+214,6° with sintering et 212°, 2 yiald was
only 5;9‘g. (46%); second crops of very impure material totalling 9% ecould
be obtained, This eampaana &iaaevad ig eai& acaaautrmt@é sulfuric acid
with produetion of & eolor which ranged from orange to red=brown to violet
as desoribed by Robertsons

Anal, Caled. for CpaHpaOps C, 66.86; H, 6.08, Founds C, 66.48, 68.24;
H’ 5&16’ 5‘03.

(<) 55 = +103°; ¢ @ 0.466 g,/100 ml.; chloroform.
Robertson has reported a specifie rotetion of +118° in chloroform; Spath
reported +75° in acetone; and Borgeche and Fieman reported a rotation of
0° in chloroform, all at_aémparﬁble esnaentratiénu.

(b) 449 ge of the crude benszoate of pie#epn&oghyilin were heated
under nitrogen, At a pot bemperature of 210° the mass melted, and the
temperature wl¢ thon raised te 346° for twnnty,mﬁhates.A During this time
a sublimate, subsequently identifled as benzole acid, sppearsd above the
melt. The tube was ecoled tc foam temperature, washed with thres Seml
pertions of 5% sodium bicarbonate, then with copious smounts of water,

and finally with one small portion of alecohels By the amddition of ethyl
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acetate to the cake asnd seratching, orystallisation was induced, Digestion
of the produet with 280 ml. of ethyl astetate for 3 hours, followed by cone
centration to 40 ml. and cooling, caused the precipitetion of 3.2 g. (85%)
of pure bete~apopieropodophyllin, The filtrate was concentrated to 10 ml.,
and CeB ge of additional material obtained, Reorystallization of the
second crop meterial from ethyl acetate yielded 0.4 g. (10.5%) of white
fine needles of betawapopicropodophylline The totsl yleld of good material
by thie procedure was ln excess of 98%& A semple of the compound after
being sublimed for analysis m§1t¢d at 214.0~215.4° with sintering at 212,8%,

Anel, Calod. for CpoHpnOps C, 664665 H, 5,08, Founds C, 66,45, 66.32;
H, 5.17, 5.2is

Subsequent preparations on larger smounts of meterial slways gave ylelds
in excess of 80%. The temperature should not exceed 250°, and the period
of hesting should not be in exoess of twenty minutes.

(c) 05 g of the bDenzoate of pedophylletoxin was heated rapidly under
nitrogen up to s temperature of 150°, and then over the course of the next
fifteen minutes the temperature was ralsed to 240°, ¥No appreciable emount
of sublimation was noticed below 230%, but as the temperature reached 240°
sublimation was guite evident, The temperature was held at the higher
level for seven minutes, end then the tube was cooled to room tempersature,
The sublimate was identified es benzolo acids following the same procedure
as in (b) sbove the product was worked up to yfeld 0.18 z. (85%) of betm
apopioropodophyllin which melted at 211.2-214,.1% with sintering at 210°,
One reorystallization tram‘e%hyl scetate gave pure beta-apopiercpodophyllin
which with the pfeparati@nﬁféaa (b) abeve gaQu no mglting point depression.

The Preparation of Demoxypicropodophyllin, LIIs (a) 3.2 ga of betswepopie

cropodophyllin were added t0o a suspension of 0.2 g. of reduced Adems cate~

lyet in 125 ml. of ethyl acetate, and attached to a guantitative hydrogenator.
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Reduction fajiled to take plece even after rumninmg eizght hours. The reac~
tion mixture was filtered to remove the cetalyst, pleced in s high pres~
gsure bomb with Raney nickel and hested to 80° at 1500 pes.i. pressure for
one snd one-half hours. The reasction was stopped, snd after remeval of
the catalyst the filtrete was concentrated to 30 ml. and cooled, whereupon
262 ge of white erystalline material erystallized. This substance melted
at 173~86° with sintering at 165°, A second eérop of meteriel was lost by
sccidents Judging from the melting point of 189-70° reperted for desoxy=
plaraybéaphyiliﬁ by ﬁarsahé and xi«&un, the above material was not fully
redueed, therefores, the 2.2 g. of crude substance were redused further
for five hours in léa ml, éf abﬂoiuic aleohol over Raney nickel at 60°
and 18500 pessis The catalyst wes filtered off, and the filtrate ecoled
to obtain a precipitate of 1.4 g. of fine white needles which melted ab
198,1-200,0%, & mixed melting point with starting material gave & marked
depression. Reerystallization from ethyl slechol gave 1.2 g. of the
desoxypicropodophyllin which melted at 199.6-200.8°. One further recry-
stallization to obtein an analvtical sample raised the melting point to
199;§v291,0°. Attempts to obtain e second orop of material fyom the
mother liquors yielded only = glassy substance,

Anal, Cdlode fOr Cpolp,Opt C, 664303 H, 5467+ Founds C, 66425, 66,39
H’ 5.?2,‘ 5‘6 » !

(<) &5 = «114°; o 3 0.498 g./100m1.; chloroform. -
{t) The yield of desoxypicropodophyllin was considerably improved
by the following proesdure. 5.8 g. of beta-apopioropedophyllin werse
reduced in 500 ml, of sbgolute sleohel at 60° over Reney niskel for eight .
hours at 1600 ps.s«is  The solutien and washings wers filtered fres of
RanoyAnickel and concentrated to 200 ml, and caoled, whereupon fine white

needlee of desoxyplcropodophyllin separated. The yield was 4.3 g. (77%)



67,

of a produot which melted at 200,0-201.4° and was identical with the pre~
viously prepared semples The filtrate was concentrated to 50 ml, and
cocled to vield a small quantity {.15g.) of impure desoxypieropodephyllin
which melted at 182,7~191,.5° with sintering =t 180°.

Preperation of the Dihydroxy Compound, LIIX1 1.0 g. (0.0025 mole) of

degoxypieropodophyllin was placed in a Sohxlet extractor and extracted
into & wellegtirred solution of 0,80 g. (0.013 mole) of lithium aluminum
hydride in F0O0 ml., of ether, After six hours the exeess hydride was de-
composed first by the dropwise addition of water followed by the addition
of 70 ml. of 15% sodium hydroxide. The ether layer was decanted, and the
alkaline solution waghed by decantation with four 150wml. vor‘ions of
ether. The combined etheresl solutions were conmeentrated to 400 ml., but
oryatallization could not be indusced, Further soncentration o 15 ml.
d1d not cause orystallization, 80 the solution was evaporated to dryness
in vecuo to give s white glsscy residue which melted at 60=-70° to & clear
thick oils The yield wes Gf&ﬁ_g.‘(?ﬁﬂa. A&ta@gta to erystallisze this
glassy material were ﬂnaémﬁa%dfulp’ | -

Ansl, Caled. for ngﬁg@ﬁqg C, 88.85; H, 6.5l Foundy C, 85,58, 65,38
H, 8.77, 8,79,

(=) ag = 4 120°%; e = 0,884 £./100 ml.; chloroforms

Preparation of the Di-para-Fitrobenzoate of the Dihydroxy Compound, LIIIs

0.20 go (0.005 mole) of compourid ILIIT wss dissolved in 4 ml, of dry pyrie
dine, and 0.5 g« {0.,0027 mole) of pars~nitrobensoyl echloride was added,
After standing overnighi, the resetion mixturs was poured into 20 ml, of
cold water, enoled, and filtered, There was cbtained a soft bright yellew
s0lid, which after recrysballization from slcohol retained its color and
smounted to 030 go (867%)s The melting point was 92-103° at which tempera=

ture the thiek glassy melt was clear, but a miniscus did not sppear until
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135°, In order to effect recrystallization, it was necessary to dissolve
the compournd in benzene and add that solution to boiling alechols Cone-
eentration of that solution removed the benzene, and on the aprearance of
eloudiness the solution was cooled slowly. One more recrystallization
gave the di-ester which melted at 97-107° to form the thick clear melt,
which in turn gave a fluid miniscus et 117°.

Anels Caled, for CWH‘;ﬁzol ﬁ s  C, 61-73; H, 4.80; K, 4.00, Found, c,
81,77, 61,973 H, 4;%53 *.35! Hy 4,09, 4410,

(<) _%5 z +69°; o & 0.478 £./100 ml.; chloreform,

Preparation of ?hp Dummhz&ro Gompound, LIV: 0,29 g. (0,00072 mole)

of LIIX ﬁs dissolved in 50 ml, of’dry benzene and 0,02 g« (0,00011 mole)
of pera~tolusnesulfonic was edded. The solution was h?ﬂwd under reflux
for twenty-four hours with '!siw returning solvent passing through e tuba
of Drierite. After ooeliag, the solution was washed by three Ewm] par—-
tions of 5% sodium hydrom.cta, and then by water until the washings were
neutrals The bentene was dried by Drierite, filtered, and __;mporﬁtcd to
near dryness, When almost éil af?the bmm was inmmv#& arygﬁh
sppeered and repidly feormed into fine white needles which melted at 162,7-
154.15 with sintering at 180%, The y&al&;vm; 9;21 e (75%}. The desoxy-
anhydro compound was very soluble in mest solvents, but it could be reery~
stallized from methyl alechol-water mixtures, or cyeclohemane. Recrystal-
lization of -the ahove prodnét from a methyl aleohol-water mixture gave
pure desoxyanhydro compound which melted eonstantly at 162,7-183,7° with
sintering at 161.7°,

Anml, {Caled. for C 2 24@ﬁ£ C 531751 ﬂ, 5.30, Foundt G, 39008 68,88;
K' 3*41’ 5;4?

(<) 52 +64°; o = 0.497 £./100 ml.; chloroform.
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Sublimation of this materlal was attended by a largs amount of decomposie
ion of the rasidue, bubt a small sount of sublimate was sbtaired which
melted at 1680-78°% with sinterinz from 145°, A mixed melting point of
this maeterial and starting waterial gave a depression to 140-50°, Suf=
ficient material for further werk was not obtained.

Ultre-Violet Absorption “nectra: The ultra-violet absorption spectre of

the principle compounds obtained were determined, The curves were very
similer execept in the cass of alpha-spopicropodophyllin where a merked
shift of the maxima toward the visible occurred; there wss anlso preosent

in this ourve a much greater degree of fine structure than in any of the
other eurves. It was necessary to use alechol asz the zolvent in order to
obtain & sufficlent concentration of material, snd therefore, the lower
limit of observation was 229 millimicrons. The extinction coefficients
were caleulated and are presented in the following peges of this sectlon.
The respective graphs of each of the compounds are also included es a group

after the experimental data.
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PODOPHYLLOTOXIN, XLVIZ
Cell thickness » 1,000 em t = 28° ¢ =z 1.01 x 10™%molar
Wave length Extinetion Wave length “Extinetion
millimicrons coefficjent | 4n millimierons __ seoeffieient

380 0.000x10%
360 0,000 278 0.299 x10%
350 0,000 274 0,269
340 0.000 278 0. 243
330 0,004 270 0.218
320 04007 268 0,182
318 0,009 ! 266 0.164
510 0.013 285 0.188
305 0.062 264 0s145
504 0+031 263 0.138
302 0,178 | 262 04133
301 0.241 261 0.129
300 0,294 260 0.127
299 0339 2695 0.126
298 04366 259 0.127
297 0,384 258 0,133
296 0.408 257 04148
295 0.422 256 0,186
294 0,441 | 255 0.196
293} D448 254 0.234
2938 0,488 253 0,287
252 04457 , 252 0.850
291 0,454 261 0,419
290 04451 260 0.503
289 0,451 248 - 04672
288 0.449 246 0.822
287 O.444 244 0857
286 04485 242 1,02
288 0,417 240 1410
284 O«406 238 1.18
283 0.394 236 1.22
282 0.384 234 1,30
281 04375 282 1.38
280 04357 230 1,482
278 0,527 228 1.46
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PYCROPODOPEYLLIN XLVIIT

Cell thicknees w 1,000 cm. t s 27° conce g 104 x 10°% molar

“Vieve length ~ Bxtinction ¥Wave length "~ Extinetion

An millimierons cosfficient in millimierons __eoceffiejent
400 0.000x19% 278 04349 x10%
880 0,000 276 0u318
360 0a000 274 Q283
380 0,000 ‘ 272 04255
540 04000 270 O.224
530 04000 268 04180
820 0,000 i 2686 04187
510 0.0086 265 0s181
305 0,041 264 0.145
304 0,060 1 =es 04186
302 04128 - 262 0+123
%00 04210 E61 0121
268 04253 . 260 0.118
297 04852 269 0.114
298 0,369 g5s 0,118
285 04385 ~ 257 0a127
204 OsdO4 - : 256 . Q137
295 0.421 256 04160
292 0,480 254 0.18%
291 OuddS ; 253 0.239
290 Oe8d9 i 252 0.251
289 04458 281 - 0862
288 o482 : 250 O.444
287 04448 249 G535
288 OeddS 248 0.810
288 Ou487 _ 247 - 0e887
284 0,432 ] 246 0765
283 0,418 245 0827
282 0,408 240 1,08
281 0599 238 '1.20
280 04381 230 1433
279 0,370 229 1,89
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TRIHYDROXY COMPOURD, I,

Cell thickness w 1,000 eme & g 28% e x +976 x 104 molar
Wave length '  Extinetion . ﬁuva, lemgth “Bxtinction
in millfmisrons geoefficient | in willimiorons _eeefficient
400 0,000 x10% 278 04308 x10¢
380 0.000 276 04276
360 04000 274 0,254
340 0,000 ‘ 272 0.217
833 Q'W' ‘ i 290 De202
320 04000 268 0.173
310 02008 - 246 04156
808 0,074 268 0,144
303 Ou154 264 0.132
308 . 0200 . 263 0.126
501 - 0,269 ze2 0.120
300 0,308 261 0,115
99 04388 260 0111
298 04862 269 04110
297 04878 258 04115
206 0a598 267 0.120
285 04417 256 04138
204 0488 255 04166
293 0.439 254 0+186
292.8 044389 253 Q227
292 04489 282 Oe284
201 0.438 251 0. 868
290 04387 250 0,458
289 0.454 248 0.621
288 O.429 248 0,794
287 04420 244 04917
286 0.407 242 11,00
288 0391 240 1s311
284 0.388 236 1.2
282 04361 230 1,39
280 04337 229 1.43
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" TRIAYDROXY COMPOUND, Iy

Cell thiockness = 1.000 om t e 27 o » 1,04 x 10"*molar

Viave length Extinetion Wave length ~ Bxtinetion

in millimiorons _voefficient in millimiorons cosfficient
400 0.000x10% 279 Oa322x10%
380 0,000 278 04307
360 04000 276 0,283
340 0,000 274 0253
530 0,003 2712 04231
520 0,003 270 0.208
310 0,008 268 0.180
306 0,054 266 0.157
3082 00188 245 0.147
300 0,258 284 04137
299 04307 | 263 0.128
298 04338 282 0.122
297 04381 z81 04113
296 0,359 280 0.108
298 0. 388 259 0103
294 - 04404 258 0.104
298 0.422 257 0.106
282 0,423 2586 - 0sl16
291 04,432 2885 0.131
200 04413 254 0.183
288 0.417 263 0,183
288 Dedl8 252 04249
287 .41 250 04400
288 0,402 248 0. 608
288 04388 246 0778
284 04375 244 0,938
282 04389 240 1.10
281 04349 235 1.0
280 0,836 - 230 187

. 2ze 144
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ANHYDRO COMPOUND,
Cell thiockness 3 1,000 em, t » 25° ¢ g 1,19 x 10€ polar
Wave length T Extinetion Wave length Extinetion
in »illimiorons Loefficiont in milidimiorons soefficient
400 0,000 x10% 288 0,462 x10%
580 0,000 287 0,442
360 0,000 288 0,427
3 04000 284 0,889
345 0,008 g82 0,363
340 04002 280 0,583
536 06003 278 04304
324 0,008 276 0a269
325 0,008 274 De241
380 0,008 278 04220
818 0,008 270 0,196
310 04036 268 04177
308 0087 266 0,158
306 04117 264 0,148
806 0.181 g6s 0,146
304 0.214 262 Oeld0
303 04277 281 0.154
308 0,328 260 04170
801 04370 258 0.222
300 0. 554 256 De314
2908 0,487 264 Ou427
297 0,483 252 0e543
2568 D487 250 04656
296 04486 248 0778
20¢ 0, 501 245 0,924
293 0,801 240 1,09
292 0,499 235 1.22
291 0,496 230 1433
290 0,487 228 139
289 Oud?8
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ANHYDRO COMPQUND, m.uv

Cell thickness m 1.000 em. t = 26° ¢ u 1.08 x 10°¢ moler

Wave lenmgth Extinction Wave length ~ Extinetion

in millimicrons soefficient in millimicrons _coefficient
400 0.000 x 10% 292 0,512 x 10%
80 0,000 290 D802
&70 0.000 288 Ce486
360 0,000 286 Q859
350 0,003 284 Os4é 32
340 04,004 282 Oekl3
348 0,008 280 0.383
830 0,030 278 0.853
3256 0,087 276 0.319
320 0,086 274 04293
3is 0,050 272 0.268
816 0.085 270 04245
314 0,087 268 0.2168
312 0,108 288 0.194
310 QoMH@ - 264 0.177
308 - D.183 262 0172
306 0.168 280 0,176
304 0.236 258 0.214
302 0. 327 256 04280
300 0. 398 254 0,398
298 Ov848 282 0,524
296 0.484 280 0,887
2%4 0,812 245 1.02
293 0517 240 120

256 1,38
230 1460




JB=-APOPICROPODOPHYLLIN, XLIX (beta)

774

Cell thickness = 1.000 cm. t x 28° 6 = 1.03 x 10~%molar

Wave length Extinotion viave length Extinetion

in millimierons coefficient in millimierons eoefficient
400 0,000 x 10% 284 0.428 x 10%
380 04000 283 0.417
3680 0.000 282 0.407
355 0.008 281 03986
340 0,002 280 0,384
330 0,008 279 0.369
328 0,003 278 Q3857
320 0.007 276 0,341
315 0.011 274 0.32}
310 0,035 272 0.308
308 0,070 270 0.294
3086 0.187 269 0,289
304 0.216 268 06283
03 Q. 268 267 06287
302 0,312 266 0.289
301 O.348 288 04280
300 0372 264 0,297
299 De 3091 283 0.303
298 0,410 282 0,818
297 0,430 280 0,332
2886 Q447 2568 0.356
295 0,486 254 O.434
294 D.4868 252 04452
293 O+488 2860 0.5689
292 0.488 248 0,859
291 O+466 246 0787
290 04466 244 0,868
289 0.462 240 1.09
288 0,456 235 1,34
287 0.447 230 1,686
286 O.441 228 1,84
285 04434
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DESOXYPICROPODOPHYLLIN, LII

Cell thickness z 1,000 cm. t = 26° ¢ z 1,0 x 10~% molar
Wave length Extinction VYiqve length Extinetion
in millimicrong coefficient 4in millimicrens cosfficient

400 0,000 x 0% 288 0.456 x 10%

380 0.000 286 0e469

280 04000 284 D+445

382 0.000 282 0418

340 0,000 280 0.376

350 0,000 278 04387

320 0.000 278 0,299

315 0,002 274 0.268

310 0.018 272 0.257

308 04048 270 0.204

308 0.089 268 0,177

308 D.128 266 0.152

804 04187 264 0,183

308 C.221 242 Cell8

20 0,278 26860 0.112

301 Cu 327 258 O.122

300 0.568 256 0.154

298 0.426 . 264 Qowww..

268 0.481 252 . 0.328

295 04495 250 Oed5E

264 0810 245 1% 1.1,

. 89% 04517 240 0.960

292 0.818 238 1.08

261 0,520 R 230 1+256

290 0.517 . 228 1436

289 0.807 ‘
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DESOXYDIHYDROXY COMPOUND, LIIIX

Cell thicikness = 1,000 em. t = 27° e w 1,15 x 10~¢ molar

Wave length Extinotion ¥ave length Extinetion

in millimierons eoefficlent in millimierons goofficient
400 04,000 x10% 276 0.251 x10%
380 04,000 274 Q224
360 0000 272 04,203
340 04000 270 04178
320 Q«000 | g268 04155
317 04002 287 0.148
515 04005 _ 266 0.133
310 0,041 ‘ 2858 0.124
308 04098 264 04118
306 0.182 283 04107
305 0e241 262 0,102
304 Oe289 281 0,084
308 0.541 260 0,082
&3 0867 289 0.080
301 0,391 258 0,088
300 Os411 257 0,092
299 O+4 87 258 0,087
298 0utH8 258 0.111
297 04476 . 254 0e127
296 04484 253 0.180
295 04489 252 0.197
204 0+489 £81 0.246
293 04487 2850 0. 304
292 0.4E5 ' 2495 0,393
2 91 '01&?3 248 05&38
290 04464 247 0,569
289 Ced47 246 0,864
288 0,428 245 0,752
287 Cuidls 244 OeT8Y
286 O+402 : . 242 0,886
288 0,388 240 0,888
284 Ou372 238 1,08
283 Q. 368 285 1.13
282 04361 234 1,18
281 e 358 252 1.28
280 0312 . 2%0 1,32
278 04277 229 1,37
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DESQXYANHYDRO COMPOURD, LIV

Cell thickness = 1,000 eme t s 27° ¢z 1,08 x 104 molar

Wave length Extinction Tiave lengtn Extinction

in millimicrons coefficient in milliimicrons eoefficient
400 0,000 x 10% 278 0.298 x 10%
380 0.000 276 04267
360 0,000 274 0228
340 0,000 272 0.204
820 0.000 . 270 0,180
315 0,002 268 04159
310 0.027 ) 268 mwl..wmqw‘
307 0,078 265 C.128
305 0.15% 264 0.118
304 0.208 263 0,108
302 0,259 262 D00
301 04337 261 04046
300 0,362 260 0,093
299 Q4395 259 0,088
298 0u419 258 0,087
297 0,448 257 0,090
296 0,461 | 256 0,094
298 Oud74 265 04108
264 (1,470 254 0.131
298 0481 , 258 0160
252 CuhT78 252 04200
291 0,478 251 0,262
290 0.471 250 0,323
289 04462 249 0,393
238 0.448 248 04263
287 0.431 246 0,800
286 0,413 244 0,731
2885 0.358 242 0.838
284 0,381 240 0,935
283% 0,368 _ 235 1.08
282 0.358 230 1.2
280 0,321 229 1.28
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OBSERVATIONS ARD CONCLUSIONS

This research has produced the first evidence that there is some
change within the molecule of podophyllotoxin, XIVII, when it is trane~
formed inte picropodophyllin, XIVIII, other than merely a structural

resrrangement of the lactone ring, as has been heretofore assumed.

OH .
. H&
/ q&)
CHz /
\0 Ccz=0O
CHy0 OCHz
OCHx

XIVIiI XLVIII

Indeed, in view of the pyrolysis of the benzoate of podophyllotoxin to
yleld bets=apopioropodophyllin, it might even be postulated that both
podophyllictoxin and pioropodophyllin have the same lectone arrangement,

Considering the evidence stepwise, there is the indisputeble fact
that the two trihydroxy compounds, Iy and lp, derived by the lithium
aluminum hydride reduction are different, They can only be different in
the configuration of one or more of the carbon stoms in the tetralin
ring. For convenienee the carbon atoms in the tetralin ring will be
referred to as 1,2,3, and 4 proeceeding clockwise from top to bottom of
the struoture XIVII, The stereochemical difference is also born out by

the two anhydro compounds, LIq and Llp.
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o
H OH
¢ HzOH

4 g <

2 ‘ o
3 OoH CH

CH CH
% off OCH CH O OCH;
3 OcCHs
La,b L;a,b

The structure pregented for the anhydre compounds is substentiated by

the following faots, (1) The desoxyanhydro compound, LIV, could be made.

/p Qi*a
(He c:/t-l(J
o) 2
CHz0 OCH,4
OCHz
LIv

(2) 1f either Cy or Cy epimerized when podophyllotoxin was converted into
pileropodophyllin, then on subsequent reduction and treatment with acid,
the €] hydroxyl could not enter into an ether formation with the Cq
hydroxymethyl groupe (3) An examination of the molecular model indicated

that there would be some greater degree of strain present if the ether
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imvolved the C; hydroxyl, than if it were between the two hydroxymethyl
groups. (4) As noted in the historical review, it was possible to pre=
pare an anhydro derivative, compound XXVII, of isclarieireainol., It is
true that a direct chemicel proof of the existence of the Cy hydroxyl is
lacking; however, so is it lacking for ploropodophyllin itself, PFPurther-
more, VanzettiSl hes stated that he was unable to prove by chemical means
the position of the secondary hydroxyl group in isoolivil, He stated
that his results along that line although interesting were not decisive
due to the sensitivity of the derivatives to acids, which converted them
to amorphous substancess By the esction of thionyl ehloride, Vansetti
was able to obtain a dichloride and two monochlorc derivatives of isooli-
vils One would assume that the ohlorination reaction involves the
hyédroxylmethyl group onlye.

Regarding the conversion of podophyllotexin to pieropodophyllin, it
ean be said that either cl or es inverts during the conversion, because
of the established differences of their respective reduction products.
That GI or C5 recemizes during the conversion is extremely unlikely,
inesmuch as the yleld from the conversion end from the reductions strongly
indicate the presence of only one substance, with the possibility of a low
percentage of isomers. Hence, the difference in the two trihydroxy com-
pounds lies in either Cj or Cg.

The coanversion of podeophyllotoxin to pleropedophyllin by alkali
involves first the hydrelysie of sn ester; assuming the strueture XLVII,
there are two poesible points of ettack for the hydrolyslise Either the
alkyleoxygen bond or the seylwoxygen bond may be attacked, and there is
evidence for the possible cccurrence of either type of cleavaze in a

compound of this type. Normal asylwoxygen hydrolysis is known to be one
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of second order, and all proofs sre congistent with a bimolecular mechan-
165® a8 in {a) below,

-

~ OH
(a) RICOR + CH=Z=R'CQ = <= jico0m + -

Another possible system is aveileble if the atteck is on the alkyl
oxygen bond, as ie shown in ()« This system is characteristic of a
first order reaction, since the first step is rate determining.

(b) ROOCH? ;,L;T. B* + "pocrt

®* + Hp0 —% Romg*
ROE} + ~COCR'—= ROH + RYCOCH

Bechenism (b) is common with esters of an aleohol which hes a labile
alkylroxygen bond, Belfe and his collaborators in a series of articles83,64
have investigated this mechanism using esters of optically sstive allyl
tlaohgla, benzyl sleohols, and berthydroles The general rule wes that
the more activated the alecholic hydroxyl, the greater the degree of
racemization during hydrelyais, end the leses concentrated the alkali,
the greater the racemization. The degree, of course, varied, but en
interesting comparison is afforded by his results with an sster of phenyl
methyl carbinol, in which he found that even sodium carbonate gave very
8light racemization. However, the optically aetive scdium salt of the
mono~phthalate of 3,4-methylenedioxyphenyl methyl carbinol in e slight
excess of asodium ﬁydrex£da containing sedium para~toluenesulfinate, yielded
45% of the racemic para-tolyl sulfens of the cerbinol, In cases when the
hydroxyl group was very setive, ﬁt was peossible to obtain the sulfone by
the action of sodium para~tolusnesulfinate on the aleohol,

The literature evidenoce lseaves little to choose from in regard to the
podophyllotoxin moleculs. It ig unfortunate that no work was performed

uaing tetrelols, However, it is of importance that the alkyl~oxygen split
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is attended by racemization of the alecohols. The argument just presented
8t111 holds ¢true; it is unlikely that racemisation of the ci heas taken
plece, In support of the soylwoxygen split are the following pleces of
evidence., (1) The experimental evidence presented in the research re-
garding the hydrolysis, with & slight exeess of alkesli in ean aleohole
water mixture, of the bentoats of the anhydro compound, LI, , to yield
quantitatively the anhydro compound and not an isomer thereof, (2) The
failure of the anhyédro compauné ef picropodophyllin to yleld & halide is
convincing evidence thet this hydroxyl is not like an ordinary bensyl
asleohol, and (3) The established arrival at an identical sodium salt of
podophylliec acid when approached from either pieropodophyllin of pedow
phyllotoxine The conclusion {& then that C) is not epimerized or race-
mized, and that Cg is epiﬁarized when podophyllotoxin ie converted te
pieropodophyllin. Then the difference between the two trihydroxy come
pounds and the two anhydre compounds lies in the configuration around
the Cg atom.

There are several auulﬁgia& to this isomerization in the eompounds
related to podophyllotoxine Haworth®3 has shown thet l-matairesinol

dimethyl ether, I, by treatment with sodiun ethoxide is converted to a

C
CH30 d{cH c_\':o
] ©
CH30 /CHCHZ_
CHy,
<)Ck§
OCHz



88

mixture of hydroxy acids, which on being lactonized give rise to two
isomeric substances which he called d-iso and lematairesinol. d=-1s0~
Matairesinol on treatment with sodium hydroxide at 180° will give scme
of the l-form. His conclusion was that it could only be a c¢ass of invere
sion around the oarbon etom alphe to the earbonyls An even closer
snalogy is the alreedy cited report of Holmberg that l=conidendrin
changes its rotation on treatment with alkali, In this case it wags
possible to prepara'tho isomeric free mcids.

The cis and trans forms of tetralin- 2,3-dicarboxylie moid have
been prepared85, and it was found that the cie form on treatment of its
methyl ester with sodium methoxide gave rige to the trens ester. Sur~
prieingly, when the anhydrides were reduced to the lectonses, it was found
that the lactcone could be oponed and closed without causing any isomeri-
gations The investigation was then advasnced to the forms possible in the
l-phenyltetralin-2,3-dicarboxylic acids. The four possible racemates
were isolated and it was found the the cis (2:3) anhydride waa the most
stables All possible formg of the diesters wher treated with sq&ium
hydroxide gave rise to a single recemate, which by comparison toc the
simple tetralin dicarboxylic acids above was judged to be CpiCz trans.

It wag further concluded that when the esters were subjected to alkaline
treetment so that a rearrangement could take place, that the repulsion
of ﬁhmilar groups should result in e C3=Cy trans, Co=Cy trans system.
This was supported by the demenstration that one form which wes Cy-Cg
trans waa very unsteble and was probably the C1=Cy cis C,=Cg trans form.
This latter work suffices to prove that the stereochemistry of a l-
phenyltetralin system is much more complicated than the simple tetralin
gystem, and that apparently the phenyl group exerts a strong influence

on the arrangement of the most stable form.
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The above observations aid little in definitely establishing the
configuretion of cerbon atoms 1,2,3, and 4 in podophyllotoxin. The
starting essumption must be that the €y hydroxyl and the Cz earboxyl
groups are cis in podephyllotoxine This resesrch has shown that the Cgx
atom inverts whem pileropodophyllin is formed, and therefore in that
molecule the C; hydroxyl snd Cz carboxyl are trans., The high stability
of pieropodophyllin as compared to that of podophyllotoxin, and the fact
that it occurs in nature alsogvsuggectl that its oconfiguration is pre=-
dominantly trans in so far es possible. Therefore, in podophyllotoxin
the C; hydroxyl eand C4 phenyl are probably els, a fact which would fur-
ther aid the epimerigetion of Cgz in the conversion to picropodophyllin
because of the repulsion of the phenyl and ecarboxyl groupss Nothing can
be determined about the configuration around Cp, but based on the repule-
sion of similar groups, it is likely that the C; hydroxyl and the Cp
hydroxymethyl are trans in both podophyllotoxin end pieropodophyllin.

It sppears most probable then thet the srrangement of the groups in

podophyllotoxin are as given below,.

"'H
H
/0-—_ N O ""C'H&O H
C\Hz_ o=C
o— ! - H
» €, Hy(0CHs),

AN
LR WasIa Y
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The determination of the ultra~violet absorption spectra was of
little aid in the determination of strueture. It was reedily apparent
from the marked -imilmrity of the ecurves that the carbonyl group of
pedophyllotoxin or p&arepééhphyllia wes of littia import in the spectra,
& fact which is in agreement with a report by Prdtman6, who eaméarod
the curves of the open chain snelogs suah:aa matairesinol, ete., to those
of conidendrin and isoolivile He also found that the open chain compounds
gave s maximum st 280 millimiorons and at 230 millimierons, but when ring
elosure took place to form the tetralin derivatives, the intensity of
sbsorption inereased and the maximum st 230 millimicrons was changed to
an infleetion pointe I% was net possible in the present work to detest
a maximum at 230 millimicrons, but some indication of an inflection peint
was founde Of special interest is the similarity of the curves for
podophyllotoxin and pieropodophyllin, which indicates a very close rela-
tionship in their structures.

‘The deviation of the curve of alpha~apopieropodophyllin from all the
others is noteworthy, but it ean not be interpreted beyond saying that
there has been a change within the melecule which has increassed the
lability of the electron gystem which is reaponsible for the absorption

meximum at 298 millimicrons,.

CH
c';ioa \02
/,
\o C=0
CH;0 OC H3

OCHz
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At the same time there hes been an appesrance of fine structure to a
degree which is lacking in sll the other curvess An interpretation of
this, on the basisg thet fine structure ls 1ndieét1ve of gtrain within e
molecule, would plece the double bond of alpha~apopicropodophyllin in
the Cg=~C3 position. It has been established98 that alkali will cause
the isumerizatien‘of the alpha~igsomer to the beta=isomer, but that both
forms yield the same acid which on heating gives only the alpha«form.
O that basis it is very unlikely thet the double bond of the alpha~ or
the beta~form is in the Cg«C4 position, because then it would be conju=
gated with both the carbonyl and the phenyl ringz end should be quite
stebles It is probable that the double bond in the beba form is in the
Cy=Cp position, a fact which ia supported by the pyrolysis of the bene
zoate of pieropodophyllin to betawapopicropodophylline

There has been presented herein e discussion of the chemistry of
podophyllotoxin in an attempt to integrate the results of this r eseerch
with the facts already known about the compound. In general the results
of this research sunport very well the accepted strueture for podophyle

lotoxine



102.
BIBLIOGRAPHY

1. Welss, R., Orge Syn., 24, B84~7 (1944)

2. Bradsher, C. K. and Bs S. Smith, J. Am, Chem. 3o0c., 65, 1643-5 (1943)
3+ Bradsher, C. K. and L. Reapaport, J. Am. Chem. Soe., 66, 1281-2 (1844)
4, Smith, L. I, end H, He Hoehn, Jo Ame Chem, Soc., 63, 1175-6 (1941)
8. Price, C. Cs, et al., Jo Am. Chem. Soe., 83, 1867-61 (1841)

8+ Crewford, He M., Jo Ams Chem. Soc., 63, 10703 (1841)

7e Smith, L. I. and H, He Hoehn, J. Am, Chem. Sos., 61, 261924 (1939)
8, Newman, Ms 8. and L. ¥, Joshel, Jo Ams Cheme Soc,, 62, 972~4 (1940)

9, Bruson, H. A. and J. %, Kroeger, Je Ame Chem, Soce, 68, 36-44 (1540)

10, Franssen, A., Bull, Soo. Chim., 37, 902-13 (1625)

11, Crawford, He ¥, Jo Am, Chem. Soc., 61, 3810-1¢ (1839)

12, Crewford, He ., Jo Am. Cheme Soc., 61, 608-10 (1939)

13. Wagner, T. and Jauregg, Ann., 481, 1-13 (1931)

l4. Bergmann and Fwecker, Ann., 487, 156-63 (1981)

15, Howsll, W, ¥, and A. Hoberteon, J« Cheme Socs, 587=9 (1936)

16, Hewstt, Co L., Jo Chems Soc., 596~9 (1936)

17+ Stoermer, R., Fr. Schenk, and M. Buschmenn, Ber. £1, 2312-23 (1928)

18. Sgn, Re Ne and Js Le Eamii, Je Indiane Chem, 3060, ﬁ, £91-8 (1951)

19, Breun, J. V., G. Menz and E, Reinsch, Ann., 468, 227-303 (192%)
20. €lar, 5. end J. Engler, Ber., 64, 1597-602 (1931)

21, Franssen, A., Bull. Soc. Chim., 45, 1030-44 (1929)

22. Crewford, He W., J. Am. Chems Soc., 57, 2000~4 (1935)

23. Schlenk, ., et al., Ann., 463, 1-97 (1928)

24, Hata, C., J, Chem. Soce Japan, 63, 1540«-4 (1942)

25, Borsche, W. and J. Nieman, Ann., 494., 128 (1952); Speth, E., F.
Wessely, and L. Kornfeld, Ber., 65, 1536 (1982)



28,
27,
284
2%,
3
31,

32.
338.

34,
384

56,
37+

58e
35
40,
41.
42
43.
4ée

45

46,
47,
48,

49&

10¢&.

Haworth, H. De, Je Chems Soc., 181, 448-56 (1942)

Haworth, Re Du, and T. Richerdson, J. Chem. Soc., 147, 633«6 (1935)

Haworth, Re De,and G, Sheldriek, J, Chem. Sce,, 147, 636-44 (1936)

Heworth, Re D., and Wm, Kelly, Ju Chem, Sce., 161, 364-81 (1937)

Briggs, Le e, and As G Frioborg,lgy Cheme Soce, 18l, 271-3 (1987)

Koerner, C., "Atti., R. Institutu hﬂmbaréo a3 Seiaﬁsa e Lattre”
series aavggk £ XIX (1882); idbid., XXI, £ XIIT (1888)

Koerner, C, and B L. Vanzetti, Rend. della R, Academia dei lencel
XI1, 1st semester, p. 122 (19007y ibid., anne. “OC Vill (1011

Vansetti, 8¢ L., ¥em, Acced. Italie Classe Sci. Firs. Yat., Hat., 8,
£411~48 {1937}

Preyfuss, P., Guss., Chim, Itali., 66, 96«9 (1938)

Bamburger, et sl,, Nonatsh, 38, 457 (1517)

Heyer, Victor end P. Jacobson, "lehrbueh der Orge Chemie", 411, 186
(1922) I

Baworth, R, D., 7o Richardeon, and Gs Sheldrick, Je Chem, swﬁ. 147,
1578-81 (1935)

Haworth, Rs Ds and "m, Kelly, Je Chems Socs, 151, 1645-9 (1937)

Heaworth, Rs Ps, and D, %Oodcoek,iﬂﬁ Chem. Soce, 165, 123741 (1939)

Folmberg, Bror, Ber., 54, 2885-2408 (1521)

Holmberg, B, ena . Bjoberg, BSar., 54, 2306-17 (1921)
Prdtman, Y., Anne, 513, 229-39 (1984)

Heworth, %, Ds and C, K, Vavin, J. Cham.. Soc., 13388 (1531)

Bede, He and H, Schartner, Helv, Chiw, Acte., 18, 344-52 (1938)

Kumatsu, 3., Te Is Shiguro, and G. Yamemto, Je ?harm. Soce Japan,
5a, 381e92 (1935)) Ce A. Bl ?4594

Brauns, Fe Ei. .‘3.' ‘3?&- Cheme _}9_3 215-18 {1%5)

Neworth, R De, and De Woodooek, Jo Chems Soc., 158, 808-13 (1938)

Hartwell, Je Ls, Jo Ame Chem, Soc., 69, 2918 (1947)

Hartwell, Ju L., and Y, E, Detty, Jo Ams Chem, Soc., 70, 2833 (1948)



50,
Ble.
58,
53.
54.
88,

564

574

EB8s

659,
680

8le

62,

83,
644
65,
88,
67

68

1532 I

706

104,

Cliverio, A., Gazz, Chem. Iteli, 73, 270-6 (1943)

¥ueller, As, end Ge Gal, Ber., 77, 33z (1944)

Heworth, Re D., and Jo R. Atkinson, J. Chem, Soc., 153, 1681-5 (1938)

Haworth, R, D., and J. Re Atkinson, J. Chem. Soc., 153, 797-808 (1938)

Heworth, Re D., end G. Sheldrick, Je Chems Soc., 159, 28891 (1941)

Borsche, W, Ann., 526, 1~22 (1936)
Robertson, A., and R. B, Waters, J. Chem. Soc., 83~8 (1833)

Cismiecian, G., and P, Silbor, Ber., 34, 1530 (1501)

Shriner, Re Le, and R. Ce Fuson, The $¥atematie Identification of
ey

Organic Compounds, Few York Johm ¥ % Sons, IncCs, 2nd ed. (1540)
P

liebermann, D., Nature, 160, 908 (1947)

Ad¥ins, H., and Re C. Franklin, J. fm, Chem. Soc., 85, 2381 (1941)

Vanzetti, B. L., Atti. Aced, Gecenim Sci, Hat, Catania, (6) B
Mem. 22, (1939)

Day, Jo Ne E,, and C. K. Ingold, Mech, and Chem, Kinetics. of Orgenie
Systems in Li;uid Systems « Gurney and Jackson, London, ‘nglsnd.

Qalfe, ES! P’, Ot ﬂ}.’ gt Ghm‘ 5%0, 605 (1942)
Ralfe, ¥, P., ot nl, J» Chem, Soc., 796, 803, 807 (1946)

E!&mrth, R, Z}.‘ and. F, H, s‘?—lingar, io Chem . SOQQ, 157, 1321-7 (1946)

Prdtwan, 0. A., and H. Erdtmen, Svensk Papherstidn., 47, 22-8 (1944)

Kinz, L. Se, and ¥. Sullivan, Science, 104, 2445 (1946)

Sterling, John D., Jr. ':‘ﬂm synthesis of intermediates leading to anti=
cercinogenic compounds. Thesis, University of Maryland, College Psrk,
aryland (19489)

Baddar, F. @,, S. lenson, end ¥. Girdy, Jv Cham. Soe,, 12702 (1848)

Crewford, He M., J. Am. Chem. Soc., 70, 1081-¢ (1948)



