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XlfBODOmOi

The drug podophyllin, formerly used as a cathartic, Is of interest 
in dermatology®^# It has teen demonstrated that application of podo- 
phyllln to normal skin causes severe disturbances in the ©ell pattern 
leading to disintegration of the chromatin masŝ  and the discovery has 
been made that podophyilotoxin, the most active constituent of the 
podophyliin resin, has nativity against cancerous tissue* Further study 
of this substance is indicated*

this research was started with the purpose of determining, if 
possible, the portion of the podophyllotoxln molecule which was reopen* 
eible for the activity of the drug* It was also of interest to lower 
the toxicity of the molecule thereby rendering it mere useful*

Podophyllotoxin has been transformed Into certain closely related 

compounds several of which have been submitted for biological testing 
through the national Chemical and Biological Coordination Center* The 
results of the biological tests have not yet been made available, but 
it is understood from private communication® that at least one of the 
compounds has interesting properties and is worthy of further investi
gation*
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The Lignanea

The substituted 1-phenyltetralin structure is found in podophyllo- 
toxin25, conidendrin or "sulfite liquor lactone** isoolivil* and lsolari- 
eireeinol* Haworth2® has proposed the name lignan to cover this class of 
naturally occurring compounds embracing the 1-phenyltetralin structure and 
also substituted eyclobutane or butyrolactone structures analogous to the 
tetralins* The lignans occur principally in the heartwood of eoniferae 
and in rhi semes and seeds of many plants* In general* the simple 1-phenyl* 
tetralln ring structure is never found as such* for the aromatic rings are 

substituted by one or more methoxyl or hydroxyl groups or combinations 
thereof* The substituents on the saturated portion of the tetralln nucleus 
vary widely and include methyl* hydr oxymethy 1 * carboxyl* and hydroxyl 
groups in various combinations*

The elucidation of the structures of these compounds has been a parti* 
eislarly difficult problem* inasmuch as all the compounds possess three or 
more centers of optical activity* As a result* their synthesis has not 
been possible* and in most eases not attemptedi but rather the original 
material has been degraded by oxidative and dehydrogenation procedures to 
optically inactivate materials which were more easily identified* Com* 
pounds of the 1-phenyltetralin %pe may be oxidised by potassium permanga
nate to yield substituted ortho-hensoylbensole acids* and by alkaline 
bromine solution to a bensoylbensoie acid and also a dibasic acid which 
retains the l-phenyltetralln structure# It is of interest here to note two 
very misleading reactions which complicated early work in the lignans#
One ie exemplified by the oonverelon of l-a*teireeinol dimethyl ether I2’ 
to e mixture of II cuid III®8 by the motion of lead tetraacetate. Ihe other 
is ring closure of certain butanes to the 1-phenyl tetralln structure under
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the influence of aethyl alcoholic hydrogen chloride, an example of which 
i« the conversion of larieirealaol i?29 to IseXaricireslnol ?• the latter 
tranaf oraation was not recognised by Baaburger during his early work on 
larielreslitol, and as a result aany of his derivatives of lariciresinol 
were aetuaXXy derivatives of iselarleireslxsel •
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a.

H O

O C  H

OH

Iaoollvllt laoolivil has only recently bean found to occur in nature
when it was isolated by solvent extraction from Qlea Qunnlnghaa&l^®*
Until this tine it was a synthetic product obtained from ollvil, a sub-*
stance first isolated from the resin of the olive tree by Koerner, et* al*^
Koerner established that ©livtl contained tee phenolic hydroxyl groups, teo
methoxyl groups, and that it could be brcninated and nitrated* He deter*

32mined the molecular formula to be C2q82107 and recognised that acidic 
reagents caused the conversion of ollvil into a new Isomeric substance 
which he called iseolivil*

later Vsnsetti carried ea the research which led to the establishment 
of the structure of iseolivil at the conclusion of which he published an 
extensive review of his wortc^. Oxidation of ollvil dimethyl ether in

* In writing hydroaromatlc compounds the hydrogen atoms have been omitted 
for the sake of convenience* In all cases the double bonds of the 
aromatic rings are shown*
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10.

_CO O H

A
OCH3

T O  Till
their intereonveraton, (Z) the decarboxylation of the free acid to 
diveratryl ketone, (I) the synthesis of the diveratryl ketone, (4) the 
conversion of Till to Z,5, 6, 7~tetr amethoxyanthraquinone, which m s  els® 
synthesised, end (i) analyse# and neutral equivalents* ^

In order to determine the position of the free phenolic groups la 
iSoelSvil, Vansebtt and coworkers prepared, diethyl iseolivil, methyl 
ethyl isoolivil by first ethyl at ing and then nethylatlng iseolivil, and 
ethyl methyl iseolivil, the ethyl ether fro® monomethyl isoolivil,
Plethyl isoolivil was oxidised to IX and X corresponding to Til and Till 
shoT., th.se compounds war. identified iarthe same Manner as their 
previous analogs*

Similarly, ethyl methyl Iseolivil yielded XI, and methyl ethyl 
iseolivil yielded XII* '.Fro® the oxidation product# it was concluded that 
the first phenolic hydroxyl to etherify was the one on the 1-phenyl ring 
and not on the tetralln nucleus* On this basis, and considering its

C H

CHp-
CH^D.

OCH
OCH,

J
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Itm

formation from olivil, Vansetti proposed the formula of isoolivil to bo 
XIII#

OH

OH

XIII
During tho oxidation of isoeXtvil dimethyl other there is also 

formed a small amount of a dibasic acid, which is still optically active, 
as Is its pebassiiaa salt, although the latter loses optical activity on 
standing in solution* For this dibasic aeld Yansetti proposed the struc
ture, XIV, on the basis of the molecular weight de temination, methoxyl 
determination and analyses* Vansetti further demonstrated that the di
basic acid XIV could be degraded by oxidation to VII and VIII* Structure 
XIII for iseolivil was confirmed by P* Dreyfus a34 who isolated compound XV 
after oxidation of isoeltvll by chromic acid. XV was shown by direct com
parison to be identical with the synthetic lactone of Haworth and Sholdrick28. 
The synthesis of the lactone XV was best accomplished by the condensation of 
diveratryl ketone with ethyl succinate to give compound XVI, which on reduc

tion, conversion to the anhydride, and eyeliRation by aluminum chloride
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oŝ

p 
£f*

*.x
x« 

©so
if̂
. 
qq.
?© 

x«
®1̂

«®
P"
5 

»P
|0
» 

©f
®a
n#
q ©

«
®

oHj
f*

§
M

ft

I
W
0**
a

$

H*

• a
©

I

d
©

0»
9
f t
m
P

p
«u

d

S'

M

O,
a*I*0d
Sf

«<

ft
*
d

gH*
©tr©
©

§

©

*

a
£
©

©H*Or

*  

i  r
©d*sr

f
I

§
1

e»
IH*
9

I
1
<5

H*
d

0

$

H*to
O
t-»

■•' 
if 
3

*  §O
M 
*

RH* M

I

§
0
*%

aH*
M*

S-

tf

3
O
H*
I*

*

*

0

P
m

5 -
H*

tf
»

*f
©
#!

ff
a

♦i

i
©

«

*S3

0os
**
d

i
«

O

dXf
9d
00

W
$

Md
4s
$'©ts
dtr0<*

®
sr
§n
o

ft
§

o
H

H*
8p.
a*■*

it©

QM

©dsr«4M

O
&a.

**#0
©It
*
£$S
O
0

4cm
§

8

U

£d
O’©

Ii0H*
1  0»

l

O►*

0

a

S'H*0
d©

SH*

I

O
**00©d*M*©»

IS0
*1©0
»d«•

g

Q

S

ftA<

*ft©
IV

&
9

mtr
§h #
M*©*

?

f3ti

|  l  
*  8

©

©M***
3
ffaM
01
&

m
9cf
6
»

OJ*
q 

qo
pq
a 

jo 
*»
dx
uM
# 

x&
fe
sp
At
 

jo 
©o
ao
ao
ax
i 

©q%
 
p©
Mo
qs
 
au
o

jj
ou
oq
pa
io
ji
©̂
 

aw 
»4
no
j^
 

x̂
ac
oî
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The l~ph®ayltetralln structure m s  further established by the oxidation 
of isolarielresinol dimethyl other by sodium hypobromibe to l«*eonidendrin 
dimethyl ether XX* •whose proof of structure is yet to be considered* Dehy- 
drogenation of that produet by load tetraacetate was accomplished to yield 

a naphthalan® derivative XXI which had already been synthesised^*^*

OCH
OCH

C M

O C H
O C H

XX XXI
Compound, XXI* m s  synthesised by the condensation of sodium heb&*3i4* 
dijRiethoxybenzoylpropionate with wratraidehyde tm the presence of acetie 
anhydride to yield XXXI* which on hydrolysis gam XXXII* Compound XXIXI 
on addition of eeld a ik&line formaldehyde gam XXX?* which in the presence 
of cold hydrochloric acid in glacial acetic acid underwent eyolisati on* 
dehydration* and the addition of hydrogen chloride to the methylene group 
to gim XX?* Alkaline hydrolysis of the latter followed by lactonination 
gave the desired compound XXI*
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la.
On this ba$i«} It was proposed that larlelreslaol and isolarieiresinol are 
as given in formulas If and f respectively. Another possibility for lari- 
eireainol is compound Xlfl, but this was ruled oat, sines It was possible 
to prepare the trityl ether of lariolresiiiol dimethyl ether, thus iadiea- 
ting the presence of & primary hydroxyl group^. It was also possible to 
prepare from l&rieireslnol or isolarieiresinol am anhydro derivative XXWII 
by the action of potassium bisulf&te at ISO0. This; coaspound is very stable 
to aside, alkalis, acetylating agents and dchy dregenat ion by palladium 
blank• Since larlelresinol is transformed into isel&rieiresinol and not 
into its anhydro derivative, then formula XXVI is i^probsble, since it mas 
shewn that the anhydro 1 solaric ires inol is not hydrated under the condi
tions required for the eonverslon of larisiresinol into isolarlelresinol* 

the structure of XXVII was established by dehydrogenation of Its 
dimethyl ether with lead tetraacetate to the corresponding dehydroanhydro- 
isolarleircslnol dimethyl ether, which was synthesised^* The oxidation 
by alkaline bromine solution of either If or ill yields XXVIXI which on 
reduction by sodium amalgam, followed by ester if ieat ion and a Bouveault- 
Blanc reduction yields XXIX, which is a raeemio form of isolarleiresinol« 
Compound X1H on treatment with potassium bisulfate and subsequent dehydro- 
genatioa by lead tetraacetate yields the dehydro derivative of the dimethyl 
ether of X X flX ,  Identical with that from isolarleiresinol • This evidence 
further established the structure of isolarleiresinol.
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Stedts and Schartner^ subsequent to Kolmberg** work isolated coniden- 
drin directly fro® spruce shearings by solvent extraction* They repeated 
some of Erdtaan* s work and agreed substantially with his early results* 
They have also confirmed the claim of Kuaatsu*® that the teugaresinol Is 
identical with eonldendrin* The latter investigators also repeated and 
confirmed Krdtman’s work using tsugareslnol as starting material* The 
name eonldendrin seems to have the widest acceptance* and as such has 
recently been reported in this country as having been Isolated from west** 
era hesalcck sawdust^®*

An interesting anamoly regarding the dehydrogenation of eonldendrin 
was reported by Haworth^7* As already mentioned* eonldendrin dimethyl 
ether can be d©hydrogenated to the naphthalene derivative XXI* ""hen this 
compound is reduced back to the tetralin by sodium and alcohol* one of 
the four theoretically possible raeemates of eonldendrin is obtained! and 
when this racemate is subjected to dehydrogenation again by lead tetra
acetate* there is obtained 0,7-dimethoxy-1-ver atr yl-2-me thy Inaphih alen©* 
instead of the expected lactone* The structure of the E-methyl ccompound 
has been established by an Independent synthesis*
The jPeltatinsi Two new components of podophyllin resin have been dis
covered recently* Hartwell^®has isolated by chromatographic separa
tion of the podophyllin resin two new components* which he calls alpha 
and beta-peItatin# Alpha-oeltatin is found in 9% yield and beta-peltatin 
in &% yield* Alpha-peltatln by analysis has the composition* cl 1^11^4 * 
and contains one methoxyl group per eleven carbon unit* Beta-peltatin by 
analysis and molecular weight determination has the composition* CggHggOg* 
and contains three methoxyl groups* Hartwell Indicates that these two 
peltatins are probably Isomeric with $>odophylletoxin* except that alpha- 
peltatin has one less methoxyl group*
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OCH3

xxx?
Ifortet Related to the for ©going work air© the syntheses of

certain key compounds and intermediates necessary to establish striae- 
twos# The most interesting and pertinent of those are presented here*

as both isoolivil and isolaricireslnol will give &% yields of this sub- 
stance shea heated for twenty-four hours with selenliw at t80°» A good 
synthesis of this compound was aehieved5̂  by starting with S#4-dimethoxy- 
alpha-bromopropiophenonei treatment of the phenon* with copper in xylene 
gave XXXfl# and the latter was reduced readily to the diol with sodium 
and alcohol# The dial under the influence of methyl alcoholic hydrogen 
chloride eyelised to XXXTIX# which on treatment with selenium gave XXX?# 

Compound XVt A second synthesis which Haworth considers to be of 
wide application5  ̂leads to ©cmtpound X?# Methyl ©ugenoloxide was conden
sed with acet©acetic ester to yield XXXTIII# whose sodio derivative, when 
treated with vsratroyl chloride followed by cold alkaline hydrolysis# 
yielded XXXIX#

sold dimethyl ether# XXX?, is important inasmuch
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23*

this latter compound on treatment with methyl alcoholic hydrogen chloride 
underwent a rearrangement to giro XL, which was dehydrated and dehydro- 
gesated to XT'# She nature of the comrersion of compound XXXXX to XL la 
not too readily understandab 1 © , hot the feet that XL i« dehydrated and 
dehydrogenated to XT seems to establish the atnehr# of XL, since Xf was 
synthesized hy a different procedure# Haworth63 has proposed a mechanism 
for the formation of XL to he as fellows*

V*s,C^\p H

HO \ yCH^  n ^ C H C O O  H

o c h 3 O C H 3

XXXIX (XL)
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An Analog pf tn an aitompfc to â rmthoaito * els^l*
plor ogMMlophyl 11a KoItMlt hmrnogkmmm wmm eoadoaood with ouootxklo acid to 
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DISCUSSION

Podophyllotoxin mad its isomer pieropodophyllin^® were the compounds 
subjected to investigation# Podophylletoxinp XVfll, the much more solvable 
isomer* has been reported to here various melting points end to crystal
lize with e wide combination of solvents of crystal11Eation, whereas its 

Isomer* picropodophyllin* X£fIII* is obtained free of solvent of crystal
lization and has ft much more definite and constant melting point#

OH
c H

C— O

OCH

CH,

‘OCH
OCH;

XLTL1 x v n u

Attempts to reerystalllse pod ophyllo toxin by reeosBnended procedures were 
unsuccessful in that they did not yield a product which on prolonged 
drying would give a correct analysis# By sublimation and distillation la 
high vacuum an anhydrous material was obtained* which was satisfactory for 
analyst s and optical activity determination# It is noteworthy that the 
specific rotations for both the crude material and the purified podophyl- 
lotoxin were somewhat higher than reported in the literatures the reported 
values are -101° and -108*5°, whereas the value obtained here was -186°♦
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S3*

and sodium acetate* and the other by the action of acetic anhydride on s 
suspension of the sodim salt of podophyllie acid in pyridine* fhe see* 
tate after reerygtallisation fro® ethyl acetate gave a melting point 
different from that reported by previous workers and was the same as that 
of the acetate of podophy11 ©toxin• However, mixed melting point determina
tion and specific rotations established that these two acetates were dif
ferent substances* fhe speciflo rotation was in agreement with .-that 
previously reported*

Pionopodophyllin Itself was prepared many times by the procedure of 
Borsek©, namely, fey refluxlng podephyllotoxin with sodium acetate in ethyl 
alcohol* %e product gave the same melting point as that previously 
recorded, but It had a specific rotation of 0® in contrast to reported 
values of +5.3° and +9*S°* this work, although already reported, was 
necessarily repeated so that this laboratory would have a measure of the 
properties necessary to characterise future products*

It is interesting to note that the sodium salt of podophyllie acid, 
mad# fey opening the lactone ring with alkali, could fee approached from 
either podophyllotoxin or pi oropodephy1 lin, and further that its specific 
rotation is between that of podophyllotoxin and pieropodophy 11 in, A 
sample of the sodium salt prepared from podophyl 1 otoxla and reerystalli zed 
had a specific rotation of -78° in watery 'while that from pier opod ophyl lin 
fey the same procedure had a value of -90*5°* However, when the podophyl- 
Istomin was dissolved, in an alcohol, alkali, 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 was -74°* 
over a period of ten minutes Hie specific rotation dropped to a constancy 
at -89*9°* The hydrolysis of the lactone was therefore exceedingly fast*
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The result of this trial was the formation of the acetate of pieropodo- 
phyXilm with no evidence of the formation of a diacetate.

On two occasions, by roerystallization of the aeetate of picropodo- 
phyllin from acetic anhydride, there was formed alpha-apopieropodophyllin 
XLIX* This compound itself Is of little importance In this research 
except for its ultra-violet ah sorption spectrisB* The melting point and 
specific rotation were in enoel lent agreement with that previously re- 
ported^®* Subsequent attempts to repeat the preparation of alpha-
apoplcropo&ophylltn by the shows procedure yielded its isomer, beta* 
apopicropodophyllin, XLIX, which has also been reported previously. The 
yields on this preparation were poor, and when it became necessary to 
prepare quantities of the material, a much more satisfactory route was

3

developed byf proceeding to the benzoate of pieropodophyllia with subse
quent pyrolysis of that compound.

‘OC H
OCH

XOX, alpha, beta 
(The diagonal indicates the presence of an unlocated

double bond.)
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Hi# next step to try to determine the seat of biologies! activity 
was to remove the lactone ring, sine# it was not possible t© stabilize 

the open acid* this was accomplished by reduction of podophylletoxin in 
ether solution by lithium aliasinuen hydride to form the trihydroxy com
pound, 1^0 Due to the presence of an active hydroxyl hydrogen, the solu
bility of the starting material in the presence of the reducing reagent 
mas greatly reduced, and therefore the suspension had to be stirred very 

rigorously to attain a satisfactory reaction* this compound yielded a 
tri-para-nitrobemoate by the action of para-nitrobenzoyl chloride in 
pyridine* The trihydroxy oampeumd was not accomplished until it was re
cognised that the molecule, when in solution, lost the elements of water 
to yield the anhydro compound, which was actually isolated in a pure
state before the trihydroxy compound• Indeed, recrystal 11 cation Of L« a
has never been accomplished, and it was only by decomposing the reduction 
mixture by base Instead of acid and by the careful concentration of the 
ether solution, that was' obtained directly in an analytically pure 
state* Hie trihydroxy compound, 1̂ , is dehydrated to form LIft by treat
ment with acidic reagents in alcohol or benseae.

OH OH
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She structure of £Xft was established with a reasonable degree of 
certainty only after a series of related react Ions, but it was early 
demonstrated by *$ie preparation of its methyl ether, ben so ate, para* 
nitrcbeasoate, and the deter&dm&tlon of Its molecular weight by the 
Hast method that the compound, contained only on® free hydroxyl* It was 
further shown that the compound could not be reduced by palladium at 

roots temperature, nor by Raney nickel at 80® • Direct chemical proof of 
the existence of the secondary alcohol is lacking* because it was not 
possible to oxidise LIa by a theoretical amount of chromic anhydride or 
potassium permanganate without causing extensive degradation and recovery 
of large amounts of starting material# Surprisingly, the Cjppanauar oxi
dation failed even using cyclchexanone as the hydrogen acceptor, but this 
reaction also fails with pieropodophyl1in* It was not possible to pre
pare a halide of either the anhydro compound or pior©podophyllin* The 
beneoate of the anhydro compound proved to be very stable to pyrolysis, 
and dehydrogenation attempts using palladiun-charcoal catalyst gave only 
tars and carbonisation# An attempted oxidation by bensoquinon® in sun- 
light®7 also failed#

The reduction of picropodophyllin by lithium aluxalntaa hydride to 
an isomer of U a, proved to be quite difficult# It was finally 

necessary to dissolve the pier©podophyllin in dloxans and add that solu
tion to an ether solution of the hydride# Attempts at a reduction using 
the same procedure as for podophylletoxin were successful only cm a very 
small seal® due to the extreme insolubility of pieropodophyl lin in ether# 
In addition, the trihydroxy compound from pleropodophyllin proved to be 
very difficult to crystallise, and It was only after several months of 
slew evaporation that seed crystals could be obtained# Once the seed
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apopieropodophyllin, X1IX, la exeellent yields* As m t t i r  of cariosity, 
tli® beneoate of podophyllotoxin was mad® and also converted by pyrolysis 
to beta-apopicropodophyllia although in somewhat poorer yields# Compound 
XLIX proved to b® surprisingly resistant to roduetionj pla timet at room 
temperature failed, and the r©duotion was finally accomplished with Haney 
nickel at 60®, but a reaction time of six to itvts hours was required# 
Borsch® and Ml ©man haws reported Mi® reduotion of apopieropodophyllin by 
platinum oxide in aoetio sold to give a dosoxy compound which had a 
melting point of 169-70®, In contrast to the melting point herein obtained 
of 199*8—201®• However, %rsehe and Mleatan did net say which isomer of 
apopieropodophyllin they started with and did not give their final yield#

t

the reduction of the desoxy compound, UX, by lithium aluminum hy
dride proceeded smoothly to give 11IX, and although crystalline material 
eould not be obtained, the produet was Identified by analysis and the 
preparation and analysis of its di-para-mitrobensoate# Treatment of the 
dosoxydihydroxy compound, LUX, with aeid, under the same conditions as 
for 1%, gave the d©soxyanhydro compound, LI?, which is a crystalline 
compound*

Attempts were made to d©hydrogenate ecmpouad LIV in the presence of 
palladium charcoal catalyst, and it is believed that they were partially 
successful, although a definite product was not isolated# the resistance 
of this compound to dehydrogenation is not surprising when it is compared 
to cexpound XXYII, which Haworth was not able to dehydrogenate by sublima
tion from palladia black# At this time the work was concluded, so that 

other investigations were not made, bjat indications are that the compound 

is capable of dehydrogenation, perhaps by the use ®f lead tetraacetate 
with which so much success has been had by other workers in the lignan 
field.
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fhm ultraviolet absorption spectra of the principle compound * 
developed have boon studied with the hop# that cartain changes in the 
substituent groups wight hare produced a change in the spectra* Obser- 
-ration® regarding these curves will be discussed later*

thus far discussion of the nature of the sari sue i sosneri zationa and 
of the aterio arrangement of groups in podophyllotoxia has been 
avoided, since it is be 11 e-red that this problem can be better discussed 
after a presentation of the experimental evidence# Following the expert* 
mental part, pertinent storeochmm&oal work regarding other compounds of 
the lignan series will be considered together with information obtained 
from this research#
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Podophyllotoxina XLVI11 Podophyllotoxln as obtained from S# B, Penick 
and Co#, was recrystallised from carbon tetrachloride, and also by diesol- 
wing the compound in chloroform and adding that solution to a large volume 
of petroleum ether# Several repetitions of this procedure gave a material 
©f inconstant melting point# and which would not give a satisfactory 
analysis even after prolonged drying*

A portion of the ©rude podophyllotoxin was placed in a sublimation 
apparatus#, and it melted and distilled under a pressure of 0*1 to 0*2 
microne (McLeod) at a pot temperature of 106*110®* the distillate cry
stallised on the ©old finger and on removal melted at 116*8*119*6®♦ with 
sintering at 114,f0 to form a thick clear melt*. The characteristic fluid 
mini sens was not obtained*
Anal#** Oaled* for CggHgg€|g«. C# 35*7§j H, 5 *$5*, Found* C# 62#8£*.

69*55 «.- H# §*44# 6*44*
{<*.) s *126® i C 3 0*S97 g,/lO0 mlj chloroform*

All optical rotations herein were measured in a two decimeter# eemi-micro, 
watar-Jacketed polarimeter tube*
Pier©podophyllin# XlfflXIi By the procedure of Borsohe^®# 0*4§ g* of 
podophy11ctoxln was dissolved in a mixture of 10 ml, of ethyl alcohol and 
§ ml* of 10% sodim acetate solution and heated under reflux for twenty* 
three hours* At the end of that time the solution was concentrated to

• All melting points recorded herein have been corrected*

*♦ All samples were dried in an Abdorhalden apparatus before analysis* 
The writer wishes to ©sprees his gratitude to fstrs* Wary H* Aldridge
and to Mr* Byron Baer for performing the analyses contained herein#



8 to 10 ml, ©ooled, and filtered to yield Q.36 g* (BQ% of theoretical) of 
vory fine, white needles of pi ©roped©phyl 1 in , which salted at 224*0-225*1° 
(d)* Attempts to obtain a second crop of crystals resulted in only a wry 
gtmtmy precipitate contaminated with a considerable amount of soditm acetate* 
Several reerysbaIllsatiems from ethyl alcohol yielded a material which had 
a melting point of 8gS.§-824.6° (d).
Anal* Cslcd* for C^HggOg* C, 63.75, W, S.SS. Found* 0, 65.39, 63.46,

H, 5.37, 4.99.
( &) s 0°, 6 * 0*449 g./lOOml j chloroform*

A second preparation of pieropodophyllin by the above procedure also gave 
a material which had a specifio rotation of 0° at e« 0*694 g. per 100 ml. 
chloroform*
.Preparation of the Acetate of Podophy 1 lotoxin* Following the procedures

of Spath2® the acetate was prepared.
'(*) The action of aeette anhydride on podophyllotoxin gave a product

which melted initially at 196** 196# 6°, and after two recrystal 1 i £ at ions
from siethyl alcohol melted at 203.8-204*6° with sintering at 203.1°.
Anal. Calcd. for Cg4nu 09i C, 63.16, H, 5*30* Found* C, 63.19, 62.85,

H, 6.54, 5*8®.
Coc) ®* m -145°I © * 0.786 g./lOO ml, ©hlerofona.

(b) %  the action of a mixture of aeetie anhydride and pyridine on 
podophyllotoxin, the acetate was obtained in 9 0  yield, this sample melted
without reerystalllsabiem at 204*1-206.6° with sintering at 202.6°. A
mixed melting point of this product and that of (a) above gave no depres
sion.
Preparation of the Acetate of Floor podophyllin* 0.8 g* (.0019 mole) of 
pieropodophyllin was heated under reflux for two hours with 16 ml* of 
acetic anhydride and 0.4 g. (0.0048 mole) of sodium acetate, and cooled,
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•whereupon the solution was added * lowly to 60 ml# of ©old water# The 
precipitated acetate was filtered off and after drying weighed 0.61 g#, 
equivalent to 70^ of the theoretical yield# The melting point of the 
©rude acetate was 210#8-212#6®. A second crop of amorphous material 
weighing 0*1 g# was obtained from the mother liquor. The crude acetate 
was divided into approximately equal portions (a) and {©)#

(a) This portion after three recrystallisations from ethyl acetate 
melted at 205.4-204.6°, and a mixed melting point determination with the 
analytical sample of the acetate ©f pieropodophyllin, obtained below from 
the acetylation of the sodium salt of podophyllie acid, showed no depres
sion. A mixed melting point determination with the acetate of podophyl- 
lotoxin showed a marked depression to 183-92°#

(<c) - 4* 19.2°§ c m 0.000 g#/l00 ml., chloroform#
This speeifle rotation is in good agreement wi-$i that of Borsch©26 and 
Robertson&6.

(b) Preparation of alpha-apopler opo&ophyllint part C, obtained
abore by action of acetic anhydride and sodium acetate on pieropodophyllin, 
was r©crystalUsed from acetic anhydride after evaporation nearly to dry
ness (of# Spath2®). The product melted at 233#$-255#2* with sintering at 
233°* Two further reerystallisations from aleohol-aceti© acid mixture 
raised the melting point to 235.4-236.5°»

f C, 66.65j I, 5.08. Found* C, 66#39, 6f#6i,

This rotation is In good agreement wiHi that reported by Robertson, al

though he reports thnt a somewhat higher melting point of 244-5° eould be 
obtained by repeated recrystallisation of the compound from ethyl acetate#

On an identical sample («0 * -18*1°* c » 0.581 g*/lO0 ml.f chloroform.
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Robertson had also noted that with cold concentrated sulfuric acid, alpha- 
apoplcropodophy 11 in gats a brownish rad solution which turn* purple, 

whereas the beta*isomer gives a color change of orange to red to purple to 
violet# this eolor test has been confirmed on both Materials and the 
above substanee met be the alpha-isomer* 4* stated previously though, 
attempts to repeat this preparation have invariably led to the beta-i saner, 
and it is probably due to the presence of small quantities of sodium ace
tate, which cause the conversion of the alpha form to the betag^»ss* 
Preparation of the Sodiua gait of Podophyllie Aeldt , Podophyllotoxin 
(0*2g., 0*00048 mole) was dissolved in 3 to 6 ml# of warm alcohol and 0*5 

ml# of strong alcoholic sedlma hydroxide added# A gel immediately separa
ted which dissolved when the solution m s  warmed to near the belling point* 
After three or four minutes the solution was cooled and a soft white pre
cipitate formed, which with the addition of a little ether and scratching 
changed to a fine hard crystalline precipitate* the yield was quantita
tive*

the salt is very soluble in water. Its solutions having & pH of 
approximately 9, and it is stable to a pi as low as i without the forma
tion of an Immediate precipitate unless the solution- la wanted# The com
pound melts at a very high temperature leaving a hard black residue* An 
analytical sample was prepared by dissolving the salt in a small amount 
of ethyl alcohol containing only a few drops of water and then, adding. 
small quantities of ether until crystallisation started* Analysis of the 
salt proved to be difficult because it Was very resistant to combustion, 

with the result that the carbonvalue was very low* A satisfactory analy
sis was obtained by mixing the sample with vanadim pent ox ids and increas
ing the period of combustion*
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(mln# ) Obe* rotation Specific rotation

0 -
4 -1*36 -74°

6 —1 * 50
§ -1*61

12 -1*70 -89*9°

14 -1.78
16 -1*70

The readings were very difficult t© make in this procedure end became 
mere sc as time progressed due to precipitation of the sodium salt*
Several trials to obtain a more suitable solvent mixture were unsuccess
ful*
Acetylation of Sodium Podophyllatei 0#7§ g* (0*00166 mole) of sodium 
podophyllate were suspended in a mixture of IS ml* of pyridine and IS ml* 
of acetic anhydride and stirred for twenty-four hours by a glass magnetic 
stirrer* the salt appeared to dissolve readily* and a thin gel which 
formed could not be dispersed* After twenty-four hours the reaction mix
ture was peered into a large volume of water* and the precipitate filtered 
and dried* The yield was 0*72 g* (97# based on the formation of a mono- 
acetate)* and the substance melted at 212*3-214*6°*

A portion of this precipitate after three reefyetallications from 
ethyl acetate melted at 202*6-204*6°♦ A mixed melting point determina
tion with the acetate of podophy 11 otox 1 n showed a marked depression*
Hhsa this acetate was mixed with the acetate prepared tram pioropodophyl- 

lin, no depression of melting point was observed*
Anal* Celod* for dgaHgaOut 0# 63*15$ ..If* 6*90* Foundi C* 63*19# 62*011 

H, S.40, 5*40#
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fherefore this substance must be the acetate of picropodophyllin#
\

A second portion of the crude acetate above was r ©crystallised frcan
acetic anhydride (the solvent used by Borsch© and UiemanJ^S, It was

found that the melting point after this treatment remained constant at
212*6-214,2°# Ihis higher-m© 1 ting material must also be the acetate of
picropodophy11in as reported by Sorsche and Niemaa* Spath, and Hobertson#
but a completely satisfactory analysis was not obtained on it# A mixed
melting point determination with the acetate of podophyllotoxin showed a
marked depression, and therefore the substance is probably not the acetate
of podophyllotoxin# Hence the result of the acetyiation of the sodium
salt of podophyllle acid is solely the acetate of picropodophyllin, with
no Evidence of a diacetate# Analysis of the higher melting materialt

Calcci. for C^H^Oft C* 82*18f H* 5*30* Found* C, 62*@$# 62.75* 
H, S.32* 5*38*

Attempted Tritylation of Podophyllotoxlm (a) 0*186 g# (0*00045 mole) of 
podophyllotoxin was dissolved in 2*6 ml* of dry pyridine and 0*194 g# 
(0*00070 mole) of trityl chloride was added* The solution was allowed to 
stand protected from the atmosphere for seventy*two hours at room tempera
ture, and then diluted with 15 ml* of water* An oil separated which 
solidified on cooling and was filtered off# This solid could be separated 
into picropodophyllin and triphenyl carbinol, and another substance which 
from the results of (b) below Is probably trityl methyl ether#

(b) the same procedure was repented except that the solution was 
heated under reflux for forty-eight hours* In this ease the third sub

stance was identified by analysis and melting point as triphenylmethyl 
methyl ether# Only a small quantity of product which melted at @2*8-83*2° 
and gave the following analysis was obtained#
Anal* Calcd* for « C* 87*57* H, 6*80. Foundt C, 87*38, @7*22i

H, 6*72, 8*70*
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the literature list® a melting feint of 82° for trityl methyl ether# It 
was mot possible to obtain or identify any other substance fro®, the 
reaction.
Attempted Esterification of Sodium Podophyllatef Using the method of 
Shrlmrr and Fasea^®# 0*3 g# (0#00066 sole) . of the sodim salt of podo- 
phy 1 lie acid was dissolved in 0*4 ml* of water and. 1 drop, of dilute 
hy&ro&hlorie sold was added* Bight ml# of alcohol and 0*3 g#.(0*0016 
mole) of phenacyl bromide were them added, and the solution was heated 
under reflux for one and one-half hours* After the mixture had stood 
overnight, a -small., amount of precipitate (0.3 g#) had-formed* this sub-* 
stance was identified as picropodophyllin, although a slight impurity 
whieh could not be removed by crystallisation was present* An additional 
quantity of pierepedepJiylliia was isolated from the filtrate* fhere was 
no evidence of any other product#

2#0 g* (0*0048 mole) of dry potlophyllotoxin was placed in a Sohxlet 
extractor and extracted into a solution of 0*22 g# ^>0058 mole) of lithium 
aluminum hydride in 500 ml* of ether in a one*liter flask* the reaction 
mixture was stirred and protected fro® the atmosphere by drying tubes* At 
the end of seven hours all the p od ophy 11 ot ox in had been extracted into the 
reaction* however, stirring and refluxing were continued for one hour 
longer* At the end of that time the excess hydride was decomposed by the 
cautious addition of water, and when hydrogen was no longer evolved, 100 
ml* of 10$ sodium hydroxide was added.* and the mixture stirred until the 
ether layer was clear* the layers were separated, and the aqueous layer 
was placed in a liquid-liquid extractor and the ether in the boiler# 
Extraction of the aqueous phase was continued for forty hours during which

on of the Trihydroxy Com] Lpj In the first preparation*
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time two substances separated out of th© ether solution* One substance*
consisting of ’Tory fin©' feathery needles, m s  later recognised as piere-

podophyllin resulting from unreduced podophyllotoxia* fhe second substance
separated as hard rectangular plates and was the trihydroxy compound* the
ether solution was decanted from both these substances and concentrated to
100 ml*j on cooling there separated 0*5 g# (ZS% of theoretical) of hard
rectangular plates of the trihydroxy compound* Th© compound melted on a
hot-stag© under the microscope at 198.5-200*®° and ramelted at 108-200°.
Anal* Calcd* for CooHggOgs C, 63*12 I B* 6.25* founds G* 62*39* 63*20j 

H* 6.28, 6.28.
* Q#f e -0*311 g./lOO ml*§ chloroform.

Subsequent preparations were modified to give much improved yields* 
10.O g* (0*024 mole) of podophyllotoxin were placed in a Sohxlet extractor 
on a glass wool plug instead of a conventional thimble. Extraction into a 
solution of 3*0 g* (0*078 mole) of lithiua aluminum hydride in 3000 ml* of 
ether required approximately five hours* Heating and stirring were con
tinued for four hour# additional* It is very important in this reaction 
that stirring be very vigorous* At the end of the reaction time* excess 
hydride was decomposed cautiously by the dropwlse addition of water* and 
then by the addition of 400 ml* of 10^ sodium hydroxide* As soon as the 
ether layer cleared it was decanted carefully* and the alkaline layer 
washed by swirling and decantation with three or four successive 400-ml • 
portions of ether* Rapidity in separating and washing the alkaline layer 
is important since the trihydroxy compound often crystal11see very quickly* 
the combined ©ther solutions* after being concentrated to 700 to 800 ml* 
and cooled* yielded on filtration and scraping of the sides of all the 
vessels 7*54 g* (7̂ C) of the trlhydroxy compound* L̂ * identical with pre
vious preparations* By washing the flasks with alcohol and combining the



51#

washings with th© other filtrate and concentrating them to 15 ml#* a 

s«MMa& crop (i$E) of siigMsly laaptif# material of molting point 188-194° 
could ho obtained# fh® impurity is undoubtedly th© anhydro compound* “ *.
formed by dehydration of 1̂ , for this latter substance is .©©averted very 
easily to the anhydro compound#
Preparation of th© Tri~par&-njtrobenzfrst© of h^t 0#t g* ■ {#00048 'mala) of 
the trihydroxy compound' 'dis.®olv©d in 5 ml# of dry pyridine was mixed with 
0#5 g# (G#002? mol©) of freshly prepared para-nitrobenzoyl chloride# The 
solution wa®. allowed to stand for three hours at room temperature ̂ and. was 
then poured into 20 ml# of water# cooled* and th® soft gmamy precipitate 
separated by filtration# Heeryarfcalli nation of this derivative was very 
difficult due to th© tendency of the ester to separate as an oil# so that 
a measure of th© yield could not b© made# fw© reerystaHisation® from an 
ethyl aeetate-alcohol mixture gav© a yellow solid which softened and melted 
at 150-140° and eventually formed a fluid mini sc ua at 180° (d) • A third 
recrystftllisation from absolute alcohol reduced the melting range to 126- 
138° (d), and a fourth recrystallisation from a ben sen® alcohol mixture 
gave a material of melting point ISO# 6-134*6° (d) which formed a mini sc us 
at ISO® (d)« Examination under the microscope failed to show any bir®- 
fri agency*
Anal* Oaled# f ©r C* seH« kO’*< # j C* S0#6§| H# 4-*08j 8# 4*85 « Foundt C#
"*” * 59*95* 60*00# H* 4*l7, 4.46,- 8# 5*08, 4.85*

(<<) ^  - - 51°| e s 0*829 g*/ 100 ml*j chloroform#
Preparation of th©' Anhydro Compound, LIai 8*0 g# (0*0048 mole) of tri- 
hy&roxy compound La were digested in alcohol for on© and one-half hours 
with 0*05 g« of par a-to luen® sulfonic acid, whereupon the solution was 
concentrated to 50 ml# and cooled* 1*6 g* of crude aahyd.r© compound pre
cipitated out# & second crop which weighed 0*2 g* was collected after



concentrating the mother liquors to 10 ml, and cooling* Heeryst&lliz&tion 
of the combined first and second crops of crude material from alcohol gore 
1*65 g* (85^ of th© theoretical) of the anhydro compound, LIa, which melted 
at 286*5-257*3° with slight sintering at 253°* A second crop of 0*1 g* of 
impure crystals could be obtained*
Anal* Caled. for 022H24O7i C, 65.98} S, 0*04* Found* C, 68*76, 68*91}

H, 0*28, 6.if*
If* W.i Calc'd., 400*4} P©wnd (last), if5,406 
( <*) J® - *18% e * 0*489 g*/l0O ml* § chloroform*

Preparation of the Mono-para-nitrobenz o ate of the Anhydro Compound, Id. *
0*5 g* (0*00078 mole) of tla was dissolved in 4 ml# of warm dry pyridine, 
and 0*0 g# (0*0032 mole) of para-nltrobenzoyl chloride was added* The 
solution was heated under reflux for ten minutes and then poured into 10ml* 
of water* The ell which separated solidified on cooling to a soft gummy 
precipitate* The precipitate was r©crystalUsed from alcohol, triturated 
with sodiuR bicarbonate solution and r©crystal 11 sed again from alcohol* 
fh© melting point of the yellow solid obtained was 162*5-84*5° -(d)* A
qualitative test for nitrogen was positive* After one more recrystallisa
tion the melting point was 193*1-195*0® (d), end at this point there was 
0*2 g* of material, so that the initial yield must have been nearly quanti
tative. One further recrystallisation gave pale yellow crystals which 
melted at 194.7-198.1° (d), with sintering at 198*0%
Anal* Calcd. for C29H27010N* 0, 63.38; H, 4*05, 6, 2*55* Found* C,

@8*18, 63*46« H, 8*46, 5.14; E, 2*88, 2*58*

< - )  * •  »  - 4 * > ,  *  .  0 .4 7 4  g . / l 0 0  * 1 . ,

Preparation of the Methyl Ether of Anhydro Compound, LÎ i 0*58 g* (0*0014
mole) of the anhydro compound was dissolved in 100 ml* of dry refluxing
toluene and stirred by a magnetic stirrer in the presence of a small piece



5S*

ef eodlm ( proximal?#ly 0*3 g*# 0*013 mole) for twenty-four hours# & 
precipitate gradually formed in the flask# After the reflux period, the 
solution wee cooled to approximately 80* and $ ml* (18*4 g#* 0*13 mole) of 
methyl iodide wee added slowly in twenty ml* ef dry beasene as a diluent* 
the solution wee them heated under reflux and stirred for three hours more, 
cooled to 60* and; filtered from the precipitated sodium iodide* Concen
tration of th© solution to a volua© of 10 ml* produced no crystals even on 
cooling# therefore* the toluene wae steam-distilled off* the yellow solid 
which remained behind melted at 155-66° and wae very soluble in moat sol- 
vents* Reeryetal li a at ion of th© substance from a large volume of petro
leum ether (90-100°) yielded 0*4 g# (?$$) of soft yellow crystal® of the 
methyl ether# Its melting point was 155-189*5°. Further r©crystalli*a- 
tions did not improve th® melting point to any great extent# For analysis, 
a sample was sublimed under a pressure of 0.1 - 0*i micron (McLeod) at a 
pot temperature of 150-158°* fhe sublimate retained the light yellow 
color# but the melting point was raised to 187* 1-173*6° with sintering at 
183° #
Anal* Calcd. for C* 86*6$$ H* 8*31* Found* C# 86*90# 66*89*

H, 6*38# 8*45#

( " C )  -  +  »?  J o a  0 .4 8 0  * . / l 0 0  a d . j  o h lo p o fo rm .&
Preparation of the Benzoate of LI«,t 0#3 g* (0*00078 mole) of LIa was 
dissolved la t ml* ef dry pyridine and 6 drops of benioyl chloride were 
added* the solution was heated under gentle reflux for tea minutes* 
cooled# and S ml# of ethyl alcohol added* Addition of this solution to 
£0 ml. of water caused an oil to separate# and after the aqueous solution 
was heated to boiling to remove most of the pyridine# the oil solidified* 
Hecrystal 11 cation from alcohol gave 0*38 g# (85̂ ) of white crystals which 

melted at 169*6-171*6°. A further retry stallisation gave a product which



84*

shewed th® same point* A mixed melting .point determination with
start tag material showed a depress ion*
Anal* Caled* for ©£§H2&0$* C, 69*04# !, 5*60* Found# 6, 6i*05, 68*85# 

H, 5.91* 8.87*
(oo.) 25 ̂  -27°# os 0*498 g*/l00 ml*# eh lor of arm*

D

ben* oat a of the anhydro compound was dissolved in 5 to 8 ml* of war® ethyl 
alcohol, and 0*5 ml* of %% sodium hydroxide (0*00065 mole) was added * The 
solution was heated under reflux for two hours, then added to 10 ®1* of 
water and cooled* the precipitated white crystals were filtered off, and 
there was. obtained 0*17 g# .(theoretical yield) of the compound IX** the 
melting point was 256.8-68*8°, and a mixed melting point determination 
with the anhydro compound* LIa, showed no depression*
Pyrolysis of the Bcmsoate of the Compound U fti The benzoate was completely 
stable to sublimation in vaetuaa# therefore* 0*15 g* of the benzoate was 
heated under nitrogen to 250-260° for one hour* The cooled melt was a 
yellow glass* but it readily crystal11zed when alcohol was added* After 
one recrystallisation from alcohol* there was obtained 0*11 g# (75̂ ) of 
starting material of melting point 172*1-175.1°. There was no indication 
ef extensive dehydration*

the anhydro compound, LIa, was stirred with 0*4 g# (0*0016 mole) of alumi
num t-butoxide in 5 ml* of dry eyclahex*none§© at 80°. At the end of one 
and one-half hours a thick paste had formed, so that 5 ml* more of cycle- 
hexanone was added and the reaction continued for one and one-half hours 
longer* At the end of that time, a small quantity of water was added, and 
the mixture made acid with sulfuric acid* The eyelohexuione was then

a tf the lensoate of LI& to ,Ua» ©*21 g* (©*©©042 mole) of the

to Prove the Presence of a Secondary Hydroxyl ©roup in Picropodo-
U * t (a) 0.5 g. (0.0OO78 mole) of
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and which g«v© ft. positive qualitative analysis for sulfur and halogen# 
However* the analysis was not reconcilable with that calculated for the 
chlorosulflnic ester# the alkyl halide# or the sulfite ester#

(5) The action of phosphorous pentaehloride in pyridine was 
also investigated# hut the only products obtained were very water soluble 
and judged t© be phosphoric eatera# lone were obtained sufficiently pure 
to warrant analysis#

Th© foregoing ©xperimenta serve to further illustrate the ®*ir©ordi
nary stability of the alkyl oxygen bond of this supposedly benzyl-type 
alcohol#
the Preparation of frihydroxy Compound# L̂ # and the ^ahydr© Compound# Ll^t 
5*0 g# (0.012 mole) of pioropodophyllin were dissolved in 880 ml# of die- 
sans (the dioxane had been purified and dried for hydrogenations# and was 
distilled directly from lithium aluminum hydride) and added over the course 
of forty-five minutes to a vigorously stirred solution of 1*8 g* (0*039 

mole) of lithiiaft hydride in two liters of ether boiling under reflux* 
Sefluxtng and stirring were continued for several hours* at which time the 
excess hydride was decomposed by the cautious addition of water* 800 ml# 
of 10̂  sodium hydroxide was then added# and stirring continued until the 
ether layer was clear# The ether was immediately decanted* and th® alka
line layer washed by swirling and dec an tat ion by two 800-ml * pert ions of 
ether# The combined ether solutions* which had a voliaae of 3,000 ml#* 
were stored under nitrogen for further treatment as described below*

(a) 360 ml# of the above solution were evaporated to a volume of 100 

ml# under nitrogen* The specific rotation was determined on this solution 
to be (*C) 20 £ «*66°j e g 0*03? g#/lO0 ml# of solution#

; (b) X portion of the above solution from (a) was set aside at room



temperature In an Wtlmmmyer flask stoppered with a slotted eork so that 
a slow rate of evaporation was achieved* As the ethereal solution evapo
rated to near dryness, more ether was added and the evaporation allowed 
to repeat itself* ^his procedure was continued, for a month, and at the 
end of that time no crystals had appeared* Therefor®, the solution was 
then allowed to evaporate to dryness, and the residue was allowed to stand 
for three weeks* At the end of that time the crystals had appeared* The 
solid was then muddled with ether and removed by filtration to yield fine 
white needles, which melted with ebbulition at 134*4-141*4°•
Anal, ea lo d * for M.lf| « ,  --f e t t *  Found* C, 65*23, 63*14j

H, 6*30, 6*M«
(«c) 5 «?T*j e - 0.389 g./l00ml*j chloroform.

(e) 600 ml* of th# original eolation from the lithium aluminum hyd
ride reduction was concentrated to 40 ml*, and then IfO ml* Of benzene 
was added and the mixture distilled fractionally up to the boiling point 
of bensene# After the addition of 0*05 g* of para-toluenesulfonic a#id, 
the solution was hbated under reflux for twenty-eight hours with the re
turning solvent passing through a tube ©f Drierit©. Concentration of the 
resulting solution after the period of heating yielded no crystals, there
fore, the mixture was evaporated to dryness under vacuum and yielded a 
slightly colored oil which could not be crystallised frc® a variety of 
solvents* The oil was heated under reflux for ten minutes with alooholie- 
aqueous sodiwa hydroxide and evaporated again to dryness* The residue was 
taken up in ether, filtered from inorganic materials, and many attempts 
were made to effect crystallisation* It was not possible to crystallise 
this compound; analyse# run on the glassy product demonstrated that the 
compound was the expected anhydro compound, Life* The yield was 0*63 g, 
(65% over all), and the glassy substance melted to a clear thick melt at



60#

89*0-95*0® with, sintering at 86°*
Anal* Caled# for CggHgg©ft C* SS.tSj H, 6*04* ^oun&i C* 65*89* 66*17j

H, 6*46, 6*26.

( 33̂  © 2 0*466 g*/lOOml.j chloroform*
Molecular weight determinations by th® last method gat® values of 4§4 and 
469, which itough not as close a® desirable to th® theoretical value of 
400*4* clearly demonstrate that the compound la not dimeric* Examination 
of the ©cmpewiid under the mi©roseepe failed to give any indication of 
birefringency* A repetition of the above preparation of the auahydro ecsa- 
pound failed to give a crystalline product, although an analytically pure 
sample was obtained*
A Second Preparation of the, Trjhydrsacy Compound, L^t 10*8 g* (0*026 mole) 
of picropodophy 11 in was dissolved in 600 ml# of dry purified dioxane and 
added slowly over the course of forty-five minutes to a vigorously stirred 
solution of 3*0 g* (0*078 mole) of lithiua alianinum hydride in 3600 ml* of 
ether boiling under reflux# Re fluxing and stirring were continued for 
seven hours* Excess hydride was decomposed as before with 400 ml* of 10$ 
sodium hydroxide j the volume of the combined ether solution and washings 
totalled 4600 ml* fwo-thirds of this solution (equivalent to 7*2 g* of 
pieropodophyl1in) was concentrated to a volume of 660 ml., cooled* and 
seeded with the trihydroxy compound previously obtained. Crystal11sation 
did not tale place then or m  further ©oneentratien* presumably due to the 
presence of the dioxane* Therefore, the solution was evaporated to dryness
in vacuo and at a temperature of 60® to yield a slightly colored glassy
residue* The residue was taken up in ether, and the resulting solution m s  
concentrated t© 2SO ml. and seeded with the trihydroxy compound, Cry
stallisation took place immediately* and after filtration there was obtained
6*8 g* (66$) of white crystals which melted at 160*2-162*2®.



61.

*0*1. Caled. for CggHagOgi C, 68.12 j H .  6.26. Foundt C, 63.01. 62.84) 
H ,  6.61, 6,44. (<e)§5 « -67®} C “  0.3V7 g./lOO ml.} chloroform

Preparation of the trl.par»-Kltrob«n»9»t* of Compound Lm  1.0 g. (0,0024
mole) of picropedephyllin was dissolved is 100 ml* of dry tetrahydrofuran 
and added slowly over a period of forty minutes to a well stirred solution
of 0*4 g« (0*0104 mole) of lithlua aluminum hydride in 260 ml* ef tetra-
hydrcfnran 'boiling under refills* Ihe reaction was continued for one and 
one-half hours* whereupon excess hydride was decomposed by 2 ml* of water 
and the solution was separated from the inorganic precipitate by filtra
tion*. Whoa the filtrate was concentrated under vacuum* $ ml* of an oil 
remained fro® which crystals could not be obtained* The oil was dissolved 
in 20 ml* of pyridine, 2*6 g# (0*013 mole) of par a-nitrob onsoyl chloride 
was added, and the mixture was allowed to stand for one hour* At the end 
of one hour 5 ml* of ethyl alcohol were added, and the mixture was poured 
into 80 ml* of water, cooled, and filtered* The soft gummy precipitate 
was reerystallised by dissolving it in a wall quantity of bensene and 
adding that solution to a large volume of boiling alcohol* Concentration 
of th© alcohol removed most of the bensene, and when cloudiness appeared, 
the solution was chilled rapidly to produce a soft yellow precipitate of 
the tri-para-nibrobeasoat© which melted at 110-120® to a thick glassy 
mass* A second r©crystallisation yielded 0*28 g* of the ester, which 
melted at 118*5-26*8° to a thick glassy mass* This melting range was 
constant after two further r©crystallisations* Ixsminatien of the solid 
under the microscope gave only slight indications of birefringency*
Anal* Calcd* for S4# S 8®!7%* C, §2*68f H, 4.08j W, 4*85* Found* C, 

59*77, 89*60| H, 4.59, 4.5Q* If, 8.08, 4.88.
(*c)|b c —89*f © - 0*942 g*/l©0 ml.j chloroform.

( *c)|8 » -27°I o a 0.677 g./lOO ml.j chloroform.
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Preparation of th# Mono-p&fa-lfitrobeBfeoats of -&t» Anhydro Compound, U h$
0*2© g* (0*00099 mole) of the anhydro compound, 1*%, «&« dissolved in © ml* 
of dry pyridine, and 0*6 g* (0*0032 mole) of para-nitrofeenzoyl chloride was 
added* the reaction mixture was allowed to stand overnight and was then 
poured into 20 ml* of water, cooled, and filtered* The precipitate was 
triturated with sodium bicarbonate solution, filtered off, and dried to 
give 0*46 g* of the crude para-miirobeasoate which melted at 60* t© a 
thick melt* Recrystall!sation was effected from alcohol by cooling a dil- 
ube solution ©f the ester very slowly to room temperature and then chil
ling* Two such treatments gave a material which melted to a clear thick 
oil at 9©-8i.8° * Examination ©f this compound under the microscope failed 
t© reveal any indication of a crystalline nature* the re©rystal1ization 
process was such H^t only a small amount of pure material could be obtained, 
so that a measure of the yield was not possible*
Anal* Caled* for C, 63.5t| H, 4.96* W, 2.55* Foxmdt C, 63*60,

63*39) H, 5?I©; 5;15| N, 2.81, 2*80.
( «c) *5 s 4*66°j e 2 0*197 g./lOO ml*j chloroform*

Preparation of the Benzoate of Ficropodophy 111 n, XLYIIIs 5*3 g* (0.012
mole) of pieropodophyllin was dissolved in 70 ml* of dry pyridine and 4 ml*
of benzoyl chloride (0*034 mole) was added* The solution was heated on the
steam bath for one hour and then concentrated to 30 to 4© ml* This solution

was added to 200 ml* of water, cooled, and filtered* The crude bensoate
after drying amounted to 9*5 g* ($B% of theoretical) and melted at 185-92° •
Two recrystal lisations from ethyl acetate raised the melting point-to a
constant value of 20©*1-201*6°,
Anal* Calcd, for CggĤ fiOgi 0, 67*17) H, 5*05* Foundt C, 66*99, 86.88|

11, 5.32, 5.31*
( 3 4-18°j c » 0.569 g./lOO ml.) chloroform*P
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Freparatlons of the Benzoate of Podophyliotoxlnf XLTIXt 2*0 g* (0*0046 
®el© of pod ophyll ©toxin was dissolved in 20 ml* of pyridine and 1*6 ml* 
of bensoyl chloride (0*014 mole) was added* The solution was allowed to 
stand for fifteen minutes at room temperature and than poured into 80 ml* 
of water and eooled$ the oil which formed was separated* Two recrystal- 
lization# from alcohol* in which the ester is quite soluble* gave 1*75 g* 
(71%) of fine white needles which melted at 90-100°« fwo furltier reery- 
stallisations yielded 1*10 g* of th© benzoate which sintered at 109° and 
melted at 112*8-116*6° with the formation of a minisous at 143°« Further 
reerystallisation did not raise the melting point*
Anal* Caled* for C.gSggOgt C* 67*17* H* 6*08* Foundi C, 67*88* 67*40$

H* 5.11* 5*10*

(°̂ ) m -116° § o • 0*486 g./lOO ml«i chloroform*
Since this compound was not of preparative Importance* no attempt was made 
to improve the yield* which probably could be done by allowing a longer 
reaction period* and perhaps by using a different solvent for r©crystal
lisation*
Preparation of beta-Apopicropodophyllin, XLXXi This compound was prepared 
in three ways* (a) by th© decomposition of the acetate of pieropodophyllin* 
(b) by the pyrolysis of the ben so at© of pieropodophyllin* and (e) by the 
pyrolysis of the bensoate of podophyllotoxin* Method (b) was found to be 
very convenient and to give consistently good yields* is contrast to (a) 
and is* therefore* th© preferred method of preparation* Method (c) was 
developed when a comparison of the stability of the bensoates of podophyl- 
1 ©toxin and pieropodophyllin was made*

(a) In a process analogous to that of Spath®5# 8.9 g* of pieropodophy
llin was dissolved in 50 ml* of acetic hydride together with 3*5 g* of 
fused sodium acetate* and the mixture was heated under reflux for two hours•



10 ml* of acetic acid was then added, and the mixture was diluted with a 
large telm# of water* th® crude acetate was flitted off (87/S)* Attest* 
pts to obtain a second crop of acetate yielded only slight amounts of 
amorphous impure products#

The erode acetate was reerystallised from acetic anhydride with 
evaporation of the so lution to a viscous oil which was heated cautiously 
until ready bubbling ceased* The oil was taken up In a small amount of 
acetic anhydride and crystal!! sod to give crude beta-apopicropodophyllln 
which sl&teFed at 210° and melted at 111®* Two further recrygtalli sat ions 
from acetic anhydride gave pure beta^apopicropodophyllin which had a con* 
stant melting point of 212*6*214*6° with sintering at 212°# Ex# yield was 
only 5*0 g* (46#) j second crops of very impure material totalling ®% could 
be obtained* This compound dissolved in cold concentrated sulfuric acid 
with production of a color which ranged from orange to red*brown to violet 
as described by Robertson*
Anal* Calcd* for 0«g|II«̂ 0yt 6* 80*8Sf H, S#08* ^©nmdi 0, 66*48, 06*84j

H, 8*10, 5*08*
( °̂ ) |S * +103° j c 9 0*486 g*/l00 ml•| chloroform*

Robertson has reported a specific rotation of +118° in chloroformj Spath 
reported +78® in acetone; and Borsch® and Pieman reported a rotation of 
0® in chloroform, all at comparable concent rati on a*

(b) 4*9 g* of the crude benzoate of pieropodophyllin were heated 
under nitrogen* At a pot temperature of 210° the mass, melted, and the 
temperature was Hien raised te 240° for twenty minutes* During this time 
a sublimate, subsequently Identified as benzole acid, appeared above the 

melt* The tube was seeled, to foam temperature, washed with three §*®1 
portions of 8% sodium bicarbonate, then with copious amounts of water, 
and finally with one small portion of alcohol* By the addition of ethyl
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acetate to the cake and scratching, crystallisation was induced# Digestion
of th© product with 1§0 ml# of ethyl acetate for 5 hours, followed by eon*
centration to 40 ml# and cooling, caused the precipitation of 3*2 g* (86 )̂
of pur© beta-apopieropo&ophyllin* the filtrate m s  concentrated to 10 ml#,
and 0*5 g. of additional material obtained# Reerystallls&tian of the
second crop material from ethyl acetate yielded 0*4 g* (10*5/1) of whit©
fine needle® ef bet *»apopicropodophyi 1 in# the total yield of good material
by this procedure was in excess of A sample of the compound after
being sublimed for analysis melted at 214*0-215*4° with sintering at 212*8° •
Anal. Calcd. for C, 66*65| H, i*0®. Found* 0, 86*46, 66.3£,

H, 5.17, 5*21*
Subsequent preparations on larger amounts of material always gave yields 
in excess of 80?l# The temperature should not exceed 260®, and the period 
of heating should not be in exesss of twenty minutes*

(e) 0*5 g* of the benzoate of pod©phylletoxim was heated rapidly under 
nitrogen up to a temperature of 150°, and then over the course of th© next 
fifteen minutes the temperature was raised to 240®* lo appreciable amount 
of sublimation was noticed below 250®, but as the temperature reached 240® 
sublimation was quite evident# The temperature was held at the higher 
level for seven minutes, and then th© tube was cooled to rocs* temperature*
Hie sublimate was identified as bensol© soldi following the same procedure 
as in (b) above the product was worked up to yield 0*16 g# (88̂ ) of beta- 
apopicropodophyllin which melted at 211*2-214*1® with sintering at 210®*
One recryatallisation trm ethyl acetate gave pure bata-apopieropodophyllia 
which with the preparation frote (b) above gave no melting point depression# 

the Preparation of Dcsoxypicropodophy 11 In, hlli (a) 3*2 g* of beta-apopi- 
cropodophy 11 in were added to a suspension of 0*2 g* of reduced Adams cata
lyst in 125 ml* of ethyl acetate, and attached to a quantitative hydrogenator*
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Reduction failed to take place ©Ten after running eight hours* The reac
tion mixture was filtered to remove the catalyst* placed in a high pres
sure bomb with Raney nickel and heated to SO® at 1800 p.s.i* pressure for 
one and one-half hours# % ©  reaction was stopped* and after removal of 
the catalyst the filtrate was concentrated to SO ml# and cooled, whereupon 
2*2 g* of whit© crystalline material crystallised# This substance melted 
at 173-86° with sintering at 168°* 4 second crop of material was lost by
accident* Judging fro® the melting point ©f l®9-70° reported for desoxy- 
pi eroped ophyllin by Borsch© and the abovematerial was not fully
reduced, therefore* th© 2*2 g# of crude substance were reduced further 
for five hours in 160 ml# of absolute alcohol over Barney nickel at 60° 
end 1600 p*s*i* The catalyst was filtered off* and th© filtrate cooled 
to obtain a precipitate of 1*4 g* of fine whit© needles which melted at 
198*1-200*0°* A mixed melting -point with starting material gave a marked 
depression* Roerystall!nation from ethyl alcohol gave 1*2 g* ©f th© 
desoxypicropodophyllin which melted at 199*6-200*8°. On© further recry- 
stallization to obtain an analytical sample raised th© melting point to 
199*6**201.Q°. Attempts to obtain a second crop of material fro® the 
mother liquors yielded only a glassy substance*

I 6* 66*30| H* 5.57* Foundt C, 66.25, 66.39,

(*C) I6 3 -U4*i a S 0.488 g./lOQ*l.» ohl*ref©rai.
(b) Tho yield of deaoxypioropodophyllln w>» ooneiderebly improved

by the following preeedure* 5*6 g* of beta—apopleropcdophyliin were 
reduced in 800 ml# of absolute alcohol at 60° over Raney nickel for eight 
hours at 1600 p*s*i* The solution and washings were filtered free of 
Raney nickel and concentrated to 200 ml* and cooled* whereupon fin© white 
needles of desoxypicropodophyllin separated* The yield was 4*3 g* (77$)
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of « prod not which me 1 tad at 200,0-201 *4° and was identical with th© pre
viously prepared sample* The filtrate was concentrated to SO ml* and 
cooled to yield a small quantity (#18g#) of impure desoxypicropodcphyllia 
which melted at 16£«7~191*8? with sintering at 180®#
^reparation of th© Pjhydroxy Compound, 11lit 1«0 g# (0*0028 mole) of 
desoxyplcropodophyllin was placed in a Sohxlet extractor and extracted 
into a well* stirred solution of O*80 g# (0*©1S mole) of lithium alimimum 
hydride in 600 ml# of ether* After six hours the excess hydride was de
composed first by th® dropwis© addition of water followed by the addition 
of 70 ml. of 18^ sodiiei hydroxide# Th© ether layer was decanted, and the 
alkaline solution washed by deoantation with four ISO-ml# per‘■ions of 
ether* The ©smbined ethereal solutions were concentrated to 400 ml*, but 
cry a tal 11 * at i on could act be induced* further concentration to 18 ml# 
did not cause crystallization, s© the solution was evaporated to dryness 
la vacuo to give a white glassy residue Which melted at 60-70° t© a clear 
thick oil# the yield was 0*80 g# (79%) * Attempts to crystallize ibis 
glassy material were unsuccessful#
Anal# Caled* for % t3fas0?i G, 6S.6S* H, 6*81# Found| C, 88*88, §8.89*

H, 8.77, 6.79.
(oC) s ♦ 180*® j e a 0*844 g#/l0O ml*| chloroform*

Preparation of the M-para-Rltrobensoate of th® Pjhydroxy Compound, UIXi 
0.20 g* (0#005 mol©) of compound 1111 was dissolved in 4 ml# of dry pyri
dine, and O.S g* (0*0027 mole) of para-nitrebsnseyl chloride was added* 
After standing overnight, th© reaction mixture was poured into 20 ml# of 
©old water, cooled, and filtered* There was obtained a soft bright yellow 
solid, which after recrystallization from alcohol retained its color and 
amounted to 0.30 g# (§6%) • Th© molting point was 98-101® at which tempera
ture th© thick glassy melt was clear, but a mtnlscms did not- appear until
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1311®, In order to effect recrystal 11 Rati on, it was necessary to dissolve 
the compound in -beastsene and add that solution to boiling alcohol* Con
centration of that solution removed-the-bensene* and on th© appearance of 
cloudiness the solution was cooled slowly* da© more recrystalIIration 
gave the di-ester which melted at 97-107® to fora th© thick clear melt* 

which in turn gave a fluid mini ecus at 117° •

Anal* Caled. for ^S6^3E^1S^2 * 1 3 81*78j I f ,  4 • 60j H, 4*00# ^oimd t C t
~ 61*77, 61.97j H, 4.73, 4.69* %  4.09, 4.10.

( |® s *S9® I c s 0*478 g./lOO ml* * oh lor ©for®,
Preparation of the Peaoxyanhydr© Qmpmmi, HTt 0,89 g* (0*00078 mol©} 
of LIU was dissolved in 60 ml* of dry benzene and 0*02 g, (0*00011 mole) 
of para-toluem© aul f oni c was added* the solution was heated under ref lust 
for twenty-four hours with th# returning solvent passing through a tube 
of Drierits. After cooling, the solution was washed by three &*otl por
tions of 0> sodium hydroxide, and then by water until the washings were 
neutral. The bensene was dried by Brierite, filtered, and evaporated to 
near dryness. When almost all of the ben sen# was removed,- crystals 
appeared and rapidly formed into fine white needles which melted at 162*7- 
164*1® with sintering at 160®. . The yield was 0*21 g# (76#)'* The des©3cy- 
anhydro compound was very soluble in most solvents, but it could b© re cry
stal 11 a©d from methyl' alcohol-w&ter mixtures, or eye 1 oh ©wane* Beerystal- 
11 sat ion of-the above product from a methyl ale oho 1-water mixture gave 
pure desoxyanhydr® compound which melted constantly at 162.'7-183*7® with. 
Sintering at 161*7®,

Anal* Calcd* for C22H24°6* C, S8.?3j H, 6*30. Foundi C, 69*08, 68«98|
H, 6*41, 6.4K
(oC) ¥ z  +64° * © * 0.497 g*/lOO ml* j chloroform*
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Sublimation of this material was attended by a large, amount of deeomposl- 
tier of the residue, but a small amount of sublimate was obtained which 
melted at 160-78° with sintering from 145°• A.mixed molting point of 
this material and starting material.gar© a depression to 140-50°* Suf
ficient material for further work was not obtained*
TTltra-YioIet Absorption fpectra? The ultra-violet absorption spectra of 
the principle compounds obtained were determined* The curves were wry 
similar except in the case of alpha-apopicropodophyllin where a marked 
shift of the maxima toward the id.sib1© occurredi there was also present 
in this ourv© a much greater degree of f in e  structure than in any of the 
other curves* It was necessary to use alcohol as the solvent in order to 
obtain a sufficient concentration of material, and therefore, the lower 
limit of observation was 229 Millimicrons* The extinction coefficients 
were calculated and are presented in the, following pages of this section* 
'She respective graphs of each of th® compounds are also included as a group 

after th# experimental data*
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FicEopoBom m m x x

c»ll thiekmee* » 1*000 cm. t « 87• ©erne* * 1*04 x iO*4  moler
Kf4r length 
In millimicrons

ibeti action 
coefficient

We-re length 
in millimicron* coefficient

40© O.OOOkIÔ 273 ©#543 xlO*680 0,000 276 0*316S60 0*000 274 0*833
330 0,000 872 0*355
340 0.000 870 0.224
330 0,000 263 0*130
330 0.000 236 0*26781© o,ooe 266 0*262808 0.041 364 0*145304 0.060 .. 263 0*266802 0.128 262 0.125
800 0*810 261 0.121
29 8 0,89* 2®0 0*116tm 0.852 263 0*214tm 0,869 tm 0.218
tm 0*888 mt 0.187tm 0.404 866 0.237283 0.421 266 0*26©292 0.440 254 0*233
m 0.448 265 0*359
280 0.449 262 0.891tm 0.468 251 0*368tm 0.488 250 0.444tm 0.448 249 0.533286 0.448 243 0*620
233 0.4S7 847 0.637
234 0.4*8 346 0*765
283 0,416 245 0.887232 0.408 240 2.0#
231 0.899 855 2.80230 0.981 250 2*53279 0,970 tm 1*39



miHTDEQKT COMPOSED * ^

0*11 thleltt*** m 1.000 c®. t - 28* e m *870 x 10**4 molar
Wt&e 'ieâ S' * ix M n e  tioa'’ fteir® l**gth 'ix&ati®*!
in milllmicrcms .. eo©fflol«sat is mlllimioroni o®«ffIciont

40C) tiO®0 3tl# 878 0.309 xl04
100 0.00O 870 0.276
$60 0.000 874 0,254
340 0.000 272 0.817
$30 0.000 870 0.202
$00 0.000 268 0,173
$10 0.000 200 0.166
$0$ 0.074 205 0.144
303 0.154 264 0.132
$01 0.200 26$ 0.126
$01 0.208 262 0.120
*00 0.309 861 0,116
$99 0.338 260 0,111
200 Ovist' 268 0,110
t m 0,376 236 0.116
t m ' 0»39S 257 0,180
t m ©•417 856 - 0,136
t m 0.408 t m 0,156
$8$ 0,459 254 0,166
202.8 0*4$# 253 0.287
282 0*430 232 0,264281 0.4$$ 851 0,36$280 o*4r? ■/ 850 0.438
280 0.404 246 0,621288 0*429 846 0,794287 0.42O 244 0,917
t m 0.407 242 1,00

' 288 0.S81 240 1,11204 0.36$ 235 1.21
m t 0.381 230 1,39280 0.3S7 229 1.43
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7&IBYDK0XY COMPOfJHD,

Cell thickness - 1*000 <m t • 27* o * 1*04 x X0~4is©l**r
“Wave length 
in millimicrons

Extinction
coefficient

Wave length 
in roilliniorone

Extinction
coefficient

400 0.O00X104 279 0.328x10*
380 0*000 278 0.307
880 0*000 276 0.283
340 0.000 874 0.235
380 0*003 272 0*231
380 0.003 270 0.208
S10 0.008 268 0.180
SOS 0*054 268 0.137
308 0.166 265 0.147
300 0.858 864 0.157
899 0.307 265 0.128
298 0.533 262 0.122
897 0.381 261 0.113■298 0.559 280 0.108
296 0.386 259 0.105
294 - 0 . 404 258 0.104
293 0*422 257 0.106
292 ' 0*42 3 236 0*116
291 0.422 855 0*151
290 0*413 264 0.165
289 0.417 263 0.195
288 0.416 252 0.249
287 ' 0.412 850 0.4OO
286 0.402 243 0.606
266 0.389 246 0.776
284 0.375 244 0.338
283 0*386 842 1*04
282 0*369 240 1.10
281 0*349 255 1.80
280 0.336 250 1.87

889 1*44



jurarmo cmpcm®, u ,

«*U thlcknog* a 1*000 e». t g *8® e g  1*19 * 10* moitr
W&W l«33fth
in wllllmlQromm

Extinction "Wfcir# length 
in mllliminron«

B&Mnoiien 
. e®®ff lelem't

4m ®*ao® xi®4 fit 0*463 mm4380 0.000 ft? 0*442860 0*000 tm 0*42786® 0.000 334 o*stiM S 0*008 fit 0*S6SMO Omom 360 0*333336 0*003 m 0*904324 ®*®03 ft# 0*269325 0*003 274 0*242mo o.oos tm 0*220515 0*OO« tm ®*2t#32® 0*03# tm 0*17?308 0.0S7 tm 0.156
m$ 0*22? i§4 0*14#
BOB 0.262 f#S 0*14#304 0*324 tit 0*149303 0*3ff 262 0.264302 O.Sfi tm ®#i?0SOI 0*370 tm 0*222so® 0*364 tm 0*324fit 0#4tf? 264 0*43?
nm 0*463 tit 0*343
zm 0*411? ISO 0.656
tm 0.496 34# ®*??Stm 0* t®3 34# 0*924
tm 0.S02 240 2*0#
t m ®*4it its 2*23
tn 0*4#t tm 2*33290 0*4#? it# I. 39
tm 0*4?#
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so*

vmmwiKtmmj cmmm, nix

Cell thickness 3 1 * 0 0 0  < M «  t g 27° e » 1.15 x 10*4 molar
Wave length Extinction Wave iengtS Extinction
In millimicrons coefficient In siillimlerone coefficient

400 0*000 xlO4 276 0.261 xlO4380 0*000 274 0*224380 0*000 272 0*203340 0 * 0 0 0 170 0.178
320 0*000 288 0*165
317 0*002 267 0*143815 0*005 268 0*133310 0*041 266 0.124
308 0*093 264 0*116
808 0*182 263 0*10780S 0.241 282 0*108304 0*899 881 0.004308 0*341 260 0*092
302 0*887 259 0*090301 0.391 258 0.088300 0*411 257 0*092
t m 0*487 t m 0.097
228 0*459 t m 0*111if? 0*473 254 0*187
223 0*484 853 0.160235 0*489 258 0.197
t m 0*469 251 0.246
223 0.487 250 0*304292 0.483 249 0.393
291 0*478 848 0*488290 0*464 247 0*669289 0*447 246 0 *864288 0.418 245 0*732297 0.416 244 0*717
283 0*402 242 0.196
m $ 0*395 240 0.983
284 0.372 2S8 1*05
293 0*355 tm 1*13291 0*361 t m 1*18281 0*338 m t 1,28
280 0*312 230 1*32278 0*277 229 1.57
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03SERTATI0MS AM) CONCLUSIONS

This research has produced the first evidence that there Is some 
change within the molecule of pedophyllotoxin, XLVIX, when it is trens* 
fenced into pic roped ophyllin, XLTIIX, other than merely a structural 
rearrangement of the lactone ring, as has been heretofore assumed*

OCH.

O H

o c h 5
O C H

O C H

x m i  x w i u

Iiideed, in view of the pyrolysis of the benaoate of podophyllotoxin to 
yield beta-apopicropodophyllin, it might even be postulated that both 
podophyllotoxin and pleropodophyllin have the same lactone arrangement. 

Considering the evidence stepwise, there is the indisputable fact 
that the two trihydroxy compounds, and L&, derived by the lithium 
almtnum hydride reduction are different# They can only be different in 
the configuration of one or more of the carbon atoms in the betralim 
ring* For convenience the carbon atoms in the tetralin ring will be 

referred to as 1,2,3, and 4 proceeding clockwise from top to bottom of 
the structure Xi.flI# The stereochemical difference is also born out by 
the two anhydro compounds, LI* and U^*
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OH

OCH;

OH

CHi
C.H.

OCH;

V a,b
Th© structure presented for the anhydro compounds Is substantiated by 
the following fasts* (1) Th© de s oxyanhydro compound, LIV, could b© mad©*

C H *

O C H

OCH

hV?

(Z) If either or Cg epixaerized when podophyllotoxin was converted into 
picropodophyllin, then on subsequent reduction and treatment with acid, 
the Ci hydroxyl could not enter into an ether formation with the 
hydroxymethyl group# (5) An examination of the molecular model indicated, 
that there would be some greater degree of strain present if th© ether



involved th# Ci hydroxyl, than if it were between the taro hydroxymethyl 
groups* (4) A* noted in the historical review, it wee possible to pro* 
pare an anhydro derivative, compound 3DCVII, of ifelarieiresinol* It la 
true that a direct chemical proof of the existence of the hydroxyl is 
lac kings however, so Is it lacking for picropodophyllin itself* Further
more, Vansetti6* has 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 substances* By the action of thionyl chloride, Yansetti 
was able to obtain a dichloride and two monochloro derivatives of isooli
vil* One would assume that the chlorination reaction Involves the 
hydroxy lmothyl group only*

Hegarding the conversion of podophyllotoxin to picropodophyllin, it 
««n b. ..id that .ith.r Cj or Cg invert. d«rla5 the eonror.ion, booou.o 
of the established differences of their respective reduction products* 
that Cj or raeemises during the conversion is extremely unlikely, 
i m  touch as the yield from the conversion and from the reductions strongly 
indicate the presence of only one substance, with the possibility of a low 
percentage of isomers* Heme, the difference in the two trihydroxy com
pounds lies In either or Cg*

Th© conversion of podophyllotoxin to pleropodophyllin by alkali 

Involves first the hydrolysis of an ester $ assuming th© structure XLYZX, 
there are two possible points of attack for the hydrolysis* Hither the 

alky 1-oxygen bond or the acyl-oxygen bond may be attacked, and there is 
evidence for the possible occurrence of either type of cleavage in a 
compound of this type* Normal acyl-oxygen hydrolysis Is known to be one



£6.

of second ardor* and all proofs are consistent with a bimolecular mechan
ism6̂  as in (a) below*

( » )  R ' G O O R  +  « - ^ i * R * c o 'F ^ C R  "g H’COOH ♦ or

toother possible system is available if the attack is on the alkyl 
oxygen bond* as is shown ia fr)* this system is characteristic of a 
first order reaction,, since the first step is rate determining*

(b) roocs* r+ + ieoes*F
* HgO -̂ =± ROHg*

e«J * ~ m m ' ~ ► n m  ♦

Kechanism (b) is eemmon with eaters of an alcohol which has a labile 
alkyl*-oxygen bond* Balf© and hie collaborators in a series of article#63* 
hare investigated this mechanism using esters of optically active ally! 
alcohols, benzyl alcohols* and berthydrols. general rule was that
the more motivated th© aleoholio hydroxyl, the greater the degree of 
racemizatlon during hydro lysis, and the less concentrated the alkali, 
the greater the raecmlsation* the degree, of course, varied, but an 
inter eating comparison is afforded by his results with an aster ©f phenyl 
methyl earbinol, In which he found that even sodium carbonate gave very 
slight racemization. However, the optically active sodium salt of the 
mono-phthalat© of 3,d-methylenedi oxyphonyl methyl earbinol in a slight 
excess of sodium hydroxide containing sodium para-tolueneaulfinate, yielded 
4B% of the raoemic p&ra-tolyl sulfone of the earbinol* In eases when the 
hydroxyl group was very active, it was possible to obtain the sulfone by 
the action of sodiua par a-to luenesulfinate on the alcohol*

The literature evidence leaves little to choose from in regard to the 
podophy 11 otoxin molecule* It is unfortunate that no work was performed 
using tetralols* However, it is of importance that the alkyl-oxygen split



is attended by raeemiKation ©f the alcohol. The argment just presented 
•till hold, tru., it 1. cutely th.t rM o«l..tl«a of th. C% ho. t»J»» 
place. In support of the acyl-oxygen split are the following pieces of 
evidence* (I) Th© experimental evidence presented in the research re
garding th© hydro lysis, with a slight excess of alkali in an alcohol- 
water mixture, of the benzoate of the anhydro compound, LIa# to yield 
quantitatively the anhydro compound and not an isomer thereof# {%) The 
failure of the anhydro cexpound ©f picropodophy1lin to yield a halide is 
eonvlneing evidence that this hydroxyl is not like an ordinary bensyl 
alcohol# and (5) The established arrival at an identical sodium salt of 
podophyllic acid when approached from either pieropodophyllia of podo- 
phyllotoxia. The collusion is then that C\ is not epimorizod or race- 
sliced# and that Cg Is epimerieed when podophy1 lotoxin is converted to 
pieropodophyl lin# Then the difference between the two trihydroxy com
pounds and the two anhydro compounds lies In the configuration around 
the Cg atom*

There are several .analogies to this isomerization in the compounds 
related to podophyllotoxin* Haworth^® has shown that 1-matairesinol 
dimethyl ether# 1# by treatment with sodium ©thoxide is converted to a

OCH



mixture of hydroxy acids, which oh being laetonised give rise to two 
isomeric substances which he called d-iso and l-mataireslnol* d-iso- 
Efataireeinol on treatment with sodiua hydroxide at ISO0 trill give some 
of the I-forau His conclusion was that it could only be a case of inver
sion around the carbon atom alpha to the carbonyl# An even closer 
analogy is the already cited report of Hohnberg that 1-eonidendrin 
changes its rotation on treatment with alkali* in this case it was 
possible to prepare the isomeric free acids*

The cis and trans forms of tetralin- 2,S~diearboxylie acid have 
been prepared®**, and it was found that the cis form on treatment of its 
methyl ester with sodium methoxide gave rise to the trans ester. Sur
prisingly, when the anhydrides were reduced to the lactones, it was found 
that the lactone could be opened and closed without causing any 1 someri- 
cation* The investigation was then advanced to the forms possible in the 
l-phenyltetralin-2,5-dicarboxylie acids* Th© four possible raeemates 
were isolated and it was found the the cis (2*3) anhydride was the most 
stable* All possible forms of the diesters when treated with sodlra 
hydroxide gave rise to a single raeemate, which by comparison to the 
simple tetralin dicarboxylie acids above was Judged to be CgiCg trans*
It was further eoneluded that when the esters were subjected to alkaline 
treatment so that a rearrangement could take plaee, that the repulsion 
of similar groups should result in a Cj-Cg trans, Cg-C3 trans system*
This was supported by the demonstration that one fora which was Cg-Cj 
trans was very unstable and was probably the Cj-Gg cis Cg-Gg trans form* 
This latter work suffloes to prove that the stereochemistry of a 1- 
phenyltetralin system is much more complicated than the simple tetralin 
system, and that apparently the phenyl group exerts a strong influence 
on the arrangement of the most stable form*
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Th© above observations aid little in definitely establishing the 
configuration of carbon atoms 1*2,3, and 4 in podophyllotoxin* The 
starting assumption must be that the hydroxyl and the Cg carboxyl 
groups are cis in podophyllotexin# This research has shown that the Cg 
atom inverts when pieropodophyllin is formed, and therefore in that 
molecule the C\ hydroxyl and Cg carboxyl are trans. The high stability 
of pieropodophyllin as compared to that of podophyllotoxin, and th© faet 
that it occurs in nature also, suggests that its configuration is pre
dominantly trans in so far as possible. Therefore, in podophyllotoxin 
the hydroxyl and phenyl are probably cis, a faet which would fur
ther aid the epimerisation of Cg in the conversion to pieropodophyllin 
because of the repulsion of the phenyl and carboxyl groups, lothing can 
be determined about the configuration around Cg, but based on the repul
sion of similar groups, it is likely that th® Cj hydroxyl and the Cg 
hydrexynethyl are trans in both podophyllotoxin and pieropodophyllin.
It appears most probable then that the arrangement of the groups in 
podophyllotoxin are as given below.

— C H p O H

CH

'1.i.xJ 4 Kji.j 4
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The detensiiiatioa of the ultra-violet absorption speetra was of 
little aid in the determination of structure• It #aa readily apparent 
from the marked similarity of the curves that the carbonyl group of 
podophyllotoxin or pi or opodephy 11 in was of little import in the spectra, 
a faet which is in agreement with a report by £rdtman$6* who compared 
the curves of the open chain analogs such, as matairesinol* etc*, to those 
of conidendrin and iaoolivil* He also found that the open chain compounds 
game a maximum at 280 millimicrons and at 250 millimicrons, but when ring 
closure took place to form the tetralin derivatives, the intensity of 
absorption increased and the maximum at 230 millimicrons was changed to 
an Inflection point* It was not possible in the present work to detest 
a maximum at 230 millimicrons* but some indication of an inflection point 
was found* 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-apopicropodophyllin from all the 
others is noteworthy* but it ean sot be Interpreted beyond saying that 
there has been a change within the molecule which has Increased the 
lability of the electron system which is responsible for the absorption 
maximum at 295 millimicrons*

CHiO 'OCH

x u x



At th# same time there has been an appearance of fine structure to a 

degree which is lacking in all the other curves* M  interpretation of 

this* on the basis that fine structure is indicative of strain within a 

molecule* would place th© double bond of alpha-apopicropodophyllin in 

th© Cg~C3 position. It has been established®® that alkali will cause 
the isomerization of the alpha-!ssmer to the beta-isomer* but that both 

forms yield the same acid which on heating gives only the alpha-form*

On that basis it is very unlikely that th© double bond of the alpha- or 

the beta-form is in the C3-C4 position* because then it would b© conju

gated with both the carbonyl and the phenyl ring and should be quit© 

©table* It is probable that the double bond in the beta form is in the 

Cq-Cg position* a fact which is supported by the pyrolysis of th© ben

zoate of pieropodophyllin to beta-apopicropodophyl 1121*

fhere has been presented herein a discussion of the chemistry of 

podophyllotoxin in an attempt to integrate the results of this research 

with the facts already known about the compound• In general the results 

of this research support very well the accepted structure for podophyl

lotoxin*
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