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FOE0ND

Part 1 of this thesls deals with the synthesis of
hydrastie acid and deterainstion of some of 1its physical
constants, The preparation of the intermediates involved
in the synithesals are also described. Hydrastlilc acid was
prepared for use as an Intermediate in the ayntheslis of
3,4=~nethylensdioxy-8«-(3,4,5-trime thoxybenzoyl)benzole acide.

FPart IT econcerns some Jdegreadstlon studies carried out
on pleropodophyllin that were desi ned to jaln more conclusive
evidence concerning the poaltion of the free hyiroxyl sroup.

Part I17 deals wiih the stteupted synthesis of podophyll-
otoxin. Heactions lesadin: to the preparation of C,7-methylene-
dioxy=de{3,4,5=trine thoxyphenyl) =S=carbomne thoxynaphthol=1
(an intermediste in the proposed synthesis) are describhed,

Further resctions of the naphthol-)l ester asre also included.



PART I

THE SYNTHESIS OF
HYDRASTIC ACID
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The purpose of this phage ol the regvarch was Lo cevelop
& method of preperin: hysrmstic ascid (1) and hydirastic

anhydride (Li) in overall vyislus large encugh tu ensable itheir

uss &g an interwsdlate In the prepsration of 4,5=msthylonew

dloxy-Z=(3,4,5=trime thoxyranzoyl) denzoie acid (11l).
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An earlisr stieupt by ﬁterllngxg to prepasre compound I17
falled, later, Karmakaanﬁ did prepare suall smounta by the
oxiaetion of a disubsiituted dinydrolsogqinoline. Utilizatlion
of hydrasile snhydride (11} in the aynthesis of iIl would
involve & ‘riedel-Cralts condensation with compound 1V to

yield 4,5-methylenedioxy~2«{J,b~dlume thoxy=-4d-hydronybengoyl)~-
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benzoie mcid (IV)e. A subseguent methylation of the {ree

phenolic group should then yleld the keto acid (Iil)
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The main objective has been realized althouzh the sube
ssquent use of hydrastic scid (I) and hydrsstlc anhydride (II1)
to prepare the keto acld (V) has ween dropped in favor of
snother saspproach desceribed in a latier seotlion of this thesis.

Hydrastie acid (I) was Tirst obitained by Freund and
Lachnann? by the oxidation of hydrastine with potassium
permanganate. Subsequent treatment of hydrastic acid (I)
with phosphorous pentachloride followed by an agqueous

hyGarolysis produced a compound that was 1dentified as



normetansmininie acid® (vIi); the latter beling obtained from
metahemipinic acid (VII) by treatment with hydriodic ael
and red phasyhorouslﬁ; The structure of metahemlplinic aclid

as _iven in figure VII was hased by goldschuiedt® on 1ts

o COok
5 C/ 1._@,,»{:1‘3
& B f;.“}{ ey
) .
z HO C OOl
HO COoH
Hl
- 4y {; i ) mg
‘.:1536 [ i,}{}i; ( & -® E‘.‘i 4
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relationship to hemipinle acid (VIII)s the latter having been
previously Jdetermined by Wegschneidargl Both on potassium
nydroxide fusion give probtocatachule acid (Ix)e. This could
only nave occurred 1f the two were positional isonors,
vezschneiderts proof of structure for hemipiniec ascid (VIII)
was based on the nuabsr of lgomers possible for the mono-
methyl ester. A8 can e ssen, there 1s only one half ester
possiile for [i:ure VIT bult tws pozasible for fipure VIIii.
Both halfl eaters of Nenlpiniec ucld were prepeved with the
result thet structure VIII wse assi ned., The alpha ester (X)
was obiamined by the oxldation of the methyl ester of oplanic

scla (Z11), wnlle the heta ester (XI) was foraed by treating



< 20§ fusion

ViI Ciiz0 COOl
(1 C
Nt
CH, 0
1%
CH.0 CO0H

o fusion

nenipinie acid in sabsolute rethanol wlth anhydrous hydro.en
chlorides The two halfl esters nsve il[lerent crystal forms,
melting points and wator solubllitles. In this round sbout
manner, the siructure for hyirasiiec acld (I) was assigned
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he following year, Ferkinl? obtmined a dibasic meld
with properties simliliar bto those advancsd by Freund for
hydrastic meid {I) Yy the oxidstion of Berberine with
potassiun permangenate. Be subsequently prepsred hydrastiic
sacld (1) sthrough 8 four step procedure that utilized

piperonal (XI71.) &s the starting matarialiﬁ.

v CHOD o) CHECHCOOR
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Since that tlme, hydrastiec acid (I) has been obtained

P

from the netursl slkaslold Tazctiine Ly Spgth and rahovee™™s



from alpha methylprotopin by hanekwmrttdg from podophyllotoxin
Dy Bpath17 and synthetically prepared by Fonek and Janavicglo

11, and Ltevens and Eabertsanﬁo. Xonek and

¥

Dertly and Pletet
Jenovicsl?® followed Egrkins'ls procedure to compound XVI and
then oxidized ithe oxime of this with niiric acld to give
hydrastic scid (I) in unstated yield. An alkaline potassiunm
permangenuate oxldatlon of 4,5-methylenedloxyphthalide (XVII)
enabled Stevens and Hobertson® to obtein small emounts of

hydrastic acld (I)e Compound XVI11 was obtained by a neutral

7Y -
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ii;ﬁ{l‘ N /0 [12(& N
¥ Cﬁﬁ O
AVIL XVIIL

potassiunm pernanganate oxidation of a lactone formed by the
action of formsldehyde on homopiperonylic acid (XVIiI).

Oertly and Pletetl! used a six atep procedure starting with
piperonal (XIII) that reguired an oxidation to piperonylic
acid followed by nltration to G-nitropiperonyllic aclid; 1ts
subsequent reduction to the aminej conversion to the nitrile
through the dlazo reaction and cuprous cyanide; end then &

two step hydrolysis to the end product. Ho yield is given for
one critlical step, which suggests that the oversll yield is

small.



DISCUSSION

The initiel atteapt to synthesize hydrastic acid (1)
involved the prepsration of 5,5-methylenedioxyhydrindencne-1
{(XIX}) by the cyclization of J,4-methylenedioxycinnamic acid

(XIv). Oxidatlon of compound XIX would then give hydrastic

cay

acide The cyclization wss stiempted ny using an sxcess of
stannice chloride as the Priedel-Creaft catalysi on the acid
cnleride of compound XIV. Although & tin conmplex was formed,
ag eviienced by the formation of a yellowe-brown precipliste,
only 3,4-anethylenedioxyeinnamlc vcid was isoclated upon its
deconmpositions If compound XIV had & cls conflguration, or
if 1t had a trans configursation and the double bond was
suf{iently polarized by the excess stannle chloride, the
cyelization should have been sucessful. Its fsllure indicates
that 1live einnamic acld, the zethylenedloxy analosue has a
trans structure of comparadle stability.

Of the methods previously used for the prepsration of
hydrastic acld, the four step scheme of Perkin and aubinaanlg
appeured to be the mpsi promlsing for izprovement even though

the overall yield from pliperonal (XIIT) was £ to 3 percent.



in the present work, these steps heve veen carried ocul Oy
dlfferent wmeans wlth the result that hyurastle mecid has been
obstained in an overall yield of E5 to Z7 percent and hydrestic
anhyiride in an overall yield of 20 to 23 percent. The
preatest inprovement has bDeen realized in the oxidation stlep
which wes effected in 45 percent vield in contrsst with less
than 10 percent by the o0ld aethod.

The 3,4=-methylenedioxycinnamic acid (XIV) was better
preparsed by the Uoebner wnodificaetlon of ithe Periin resctlion
t.en by the Clsisen condenseiion of »iperonal (XIII) and
ethyl scetantel® ms used by Perkin. This procedure .ave less
than 50 percent yield, while the resction ms carried out by
the methold of Haweorth et al? nroceeded smoothly to zive the
degired product in ylelds of 5 percent and of sufficlent
purity for use in thne next step.

Perkin's reduction of the cinnanmic scid oy sodium
anal am whiich was adequate only when carried out in sumell
smounts has been replaced by the catalytic reduction of an
agueous slurry of 1ts sodium sslt over Haney nickel. At s
teuperature of 1500, and with en initial hydrogen pressure
of Z00 satmospheres, the theoretical amount of hydrogen was
taken up 1n one hour, resulting in & 30 percent yleld of &,4-
me thylenedlioxydihydrocinnemic seid (XV)e. Longer reaciion
timea, were found to slightly Jdecresse the yleld,

The preparation of 5,6-methylenedloxyhydrindone-1 (XV1)
had been previously effected by Peruin and Kobinsoni® by the

cyelization of the dihydroelnnamic seld wlth phosphorus
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pentoxide, esnd 1n small ylelds, ithrough the asecld ehloride
using phosphorus oxychloride and aluminum chloride. It was
also prepered on & suall acale by Jorsche and nherleint Ly
distillation of the acld chloride witer £H @mme. sressure. Of
these methods, none proved to e satlsfactorys On Tollowing
the phosphorus pentoxide procsdure, a yellowlsh material wss
obtained in yields of less than 40 percent of the theoreticel
amounts. Hepeated recrystalliizations of (his crude material
from ethanol using activated carbon falled to produce & white
producte The vield of crude hydrindone was increased to
approxima tely 50 percent by usling an inverse procedure, l.e.,
addin, a venzene solutlion of the scid to & meechanically
stirred and refluxing slurry of phosphorus pentoxide in
venzene., However, the crude material was stlll incapspls of
of decoloration.

The hydrindone was finaslly prepared satisfactorily by
converting the cinnamie acid to the acid chloride with
phosphorus pentachloride and then closing the ring with
anhydrous stannic chloride utilizlng an inverse addition. In
this nanner, a tan material was obitained in yields of 48 to
25 percent, depending on the magnitude of the experliment.
This material was decolorized to a snow white product through
oneé recrystallizaiion from ethanol with msectivated carbdon,

The verious phsses of the reaction; the formatlon of the
acid chloride, the formation of the tin complex, and the
decomposition of the complex were separately investigated.

Tre acld chloride was formed using both phosphorus pentachloride
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gnd thionyl chiloride. %quiv&ieﬁt results were obisined when
an equianolar ratio of phosphorus pesntachloride and aclid were
reac wed, nowever, 1t was found that Iincreasing ine guanitily
of phosphorus penitschloride decreased the yleld of Lydr

the excess phosphorus pentacikloride attacking the metoylene-
aioxy 3?&@@@5. The tin complex was lformed by using both &
direct and inverse addltlon of snhydrous stannic cialoride in
benzene. ‘The latter methnd proved to be wmore satisfaciory
#iving a 10 percent betitter yileld. The usual melhod of decome-
poging the tin complex wiih ice snd concentrated hydrochlorice
acii pave in low ylelds & slightly tarry product wilth a heavy
hydrochloric acld odor that reguired a recrysimllization from
etineanol Lefore obiaining material sultable for the next step.
A far superlor decomposition was effected by adding the
reaction mlxture to & mixture of ice and aguous sodlum hydrox-
idey the tin dissolving in the aguous alksline layer as
sodlum stsnnate. Howover, due tc the limlted solubllity of
the hyirindone 1n venzene, 2 Lhree phase system resulied with
the undisseclved hyerindone centaining e varying guantity of
machanically occluded salts Thls lnorzaniec mmtsriel was
elenimnsted oLy dissolving the hydrindone 1a vollin: benzene
after isoletlon by flliration.

The C,6-methylenedioxy=Z=benzylidenehyirindone~1 (¥X)
was prepared as a derivitive according to the directions of
Perkins and Kobinsonl® by condensing the hydrindone with
benzaldehyde in the presence of concentrated agquous potassiun

hydroxide &8 a catalyst. The melting point ovtained agreed
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with that slven by Perkins. & gimillear derivitive, & ,0-mathy-

lenediony~S-{ trimethylesllylidene)hydrindone-1 (XXI) was
attempied using trimethylgsllaldehyde, however, only g amall

aacunt of @material, insufficlent for analysls was obtalned.
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ine preparstion of hydrasile seid (I) frou 5,6-mebhylene-
Glomyhyarindone=l (XVI) involved a two=-fold problem; that of

Pinding & sulteble oxidizin. sygsnt with appropriste cond! tions
ans secondly, deterwnining 2 satlsfacteory isolatlon snd purie
fication procedure. The Initisl oxidetion was carried out
with nitric scild in the manner orizinally prescribed by Perkins
snd Robinaonl®., A yellow tarry maberisl was obitalned that
7islded crude crystalline hydrastic secld (I) after recrvetale

1

o

2ing from water. IHowever, the guuentity was less than 10
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parcent of the theoretical wileld thereby makling the step
infeasible for our use.

As 8 result, other oxidizing sgenis were Investlijgated.
Ingold and ?1@gnttﬁ had moderats succese in oxidizing the
S-nitrohydrindone-l to the corresponding phthalic acid with
sotasalun permangansate ai room tempersture. ith §,8-methylene-
dloxyhiydrindone~1 (XVI), under the ssms conditions, the theo-
retical anount of potassium permanssnate was consumed Wt no
acid whatsoever was isolated., Apparently, this type of oxida-
tion ruptured the Lridge before the f(ive-membered ring and
nenee destroyed the molsecule or formed nonescidle materials,

Jegative results were also odianined usioy

s
R

nitric acld
with csmiuwn tetrasoxide 83 catalystes tiere a small amount of
agclidic material, Aifficultly soluble in Dolling waler and
meltlnz over 235° was isolated. It may have been homohydrastie
acid which 1s reported to welt at ﬁﬁﬁg, hut because the
propertles were so unlike hydrastlc acid, the compound held

ne interest and 1t was not investiated.

Tne addition of vanadium pentoxlde to the nitric acid
oxidation procedure Incremssd the yleld of crude mmierial
from less than 10 percent Lo over 55 percent, thus siving a
satisfactory procedure for the prepsratlon of hydrastic acld
(I}e Imring the course of investigating the reasction, the
nitric acld concentration was kept constant 8t 5 percent, but
the molar ratio of hwywdrindone to vanadium pentoxide was varled
fromn 3 to 1 o 30 to 1 and the reactlon time from 20 minutes

t0 4 hours. It wes found thet with the 5 percent nitriec secid
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concentration, the best conditions were & 30 to 1 mole ratio
of hydrindone bto vanedlum pentozlie and a 2 hour reaction
tinee The use of zmore vanadlum pentoxide than that was
superfluous. Other rsactlon periods resulted in decreased
vields.

Perkins' isolstion procedure consleted in neutralising
the reactlion mixture, then scldifying 1t to congo red paper
anG evaporaiing to dryness. ILxtraction of the residue with
ether in a Joxlet apparatus for 43 hours followed by evapora-
tion of the solvent ylelded the crude aclid. Thls mrocedurs
proved to be unwieldy. It reguired the use of & highly
volatlile and flammable solvent over an extended period of
tioee In 1%s place, a comparatively short and simple means
of i1sclation was developeds The acid was removed from the
rosetion mixture by precipitation as the leed salt; the f[ree
acld helny recovered as yellow crystals by dlssolving the

precipitate in hot 10 percent nitric scld snd cooling in an

ice-=bDathe The renovel ls slmost quantitative., Txperiments
heve shown that preclpltiation occurs with as 1little 83 0.3 n.
of aecid pesr ml., HNHevertheless, it waa not possible to use the
welgzht of the preciplitate as a means of guantitatively
sstimating Lhe amount of hydrastic acld obis ned, for exper-
iments carrlied out on the compositlon of the lead hyirasiate
indicoated thaet 1t was not preclpiinted in 8 constm t manner
and carried a varylng amount of coprecipitated vanadlume The
structure of lead hydrastate 1s given as in figure XXII.

Lead snalysis of samples precipilasted from pure hyurestlc ascid

with an exceas of lead scetate ghowed & varying composition of



around a 4« to 1 ratlc of lead hydrastslie to lead acelate.

iHowever, by Jdlssolving ithe lead hydrastete in hoi dilute nltiric
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acld and repreciplitsting by the dropwise addition of slkall,
an analyslis closely aporoximating the theoretical for fizure
X¥Ii was obtained Indlcating the assumed siructure Lo be
correctl,.

The purification of hydreatic scld to a pure wnite so0lid
was sccompilshed through three precipltations as the lead
salt followed by iwo recrystallizations from water in the
presence of activated carbon. However, to obtain meteriel
suliadble for use in the next step, only one recrystalllzatlion
froum water was necessary.

Verious melting points renglng from 172 to 135° &,iE’
have been reported for hydrastie scids It has besen noted
thwt hydrastic ecld loses water so raplidly that the reported
melting polints represented nothing more than the melting
point of the porticulsr anhydride-acld mixture at the time of
meltinge The melting point is greatly dependent upon the
rate al whicn the tempersture of the melting point bath is
ratsed, since this Jetermines the coupositlion of the mixture.

Lf hydrasitlc eacld can be saeid to have & true melting polint,
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1t 1s spproximately 22857 as shown in Irsph I where the time
necegsary for & semple to moelt albl any flixed temperabure is
plotied ezainet the teampsrature (iable 1). These duia were
determined by placin: sanples of pure hydrastiec acld in the
usizal melting point tubes and nlascing these In a meliing point
beth held at & fixed temperature, The stralzht lline A3
represents the time requlired for the heat to [low through the
class caplillary tube and the smanple. If sllowance is xmaede for
this, then the temperature where limmediate meltin, ovccurs ls
about 225%.

In view of the unsultabllily of the welting polni as a
measure of purlty, the solublllity lemperature was debermineal?
and found to bve 98,5° at a 12:1 ratio of water to hydrestic
scldes The solublllity tewpecrature st other rstlos were also
deternined (Table 1II) giving rise to the curve in Creph 1T
wiere the logarithm of the solublliity in jrams per liter 1is
ploited againsi ithe temperalures. From thls dats the following

solubility equation was calculated.

-
loz S = 0.2079 + 0.01384t + 5.82 x 10°t°
S = solublliliy in ysrams per liter of weater

t = temperaliure in Jegrees centisrade

The maximum deviation tslween the observed and the cale-
culsted solubility data using the above egquation is £ percent,
By differentiation of the above equstion and subsiitutlion of

the eppropriate constantes, 1t cen Le shown that the aclubllity
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temperature is lowered 6;180 for eagh percent of soluble ime
purity. Some solublilitiy asta celculated from the equation
are glven in Table IlI.

The conversion of hydrastic acla to the enhydride (I
was effected by heating to a temperature of 190% The small
smount of acid that remalned was seperated by recrystallizing
the anhydiride from bengens in which the scid has a3 limited
solublility. In this menner, hydrastle anhydride was obtalined

as pure white needles,
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The Heltling Time of Hydrastic Acid

with Varsying Teuperatures

Tenperature °C. Time (seconds)
14955 124
1835 a0
197.5 58
20445 o4
£13.0 23
215.5 15
22060 ) ;3
283.5 7
220.5 &
23140 &6
240.5 5
£51.0 e



TABLE 11X

Experimentally Determined Solubllities

of Hydrastile Acld In Water

Grazs 3o0lid per
1000 Grame Vater

8343
40,0

2040
10.0
667

TABLE IIIX
Solubllity of Hydrastic

Temperature

emperature °C
86 .5
738
58.7
42,8
33«9

Acid in Yiater

ge/l. water
SeB
846
213
57.0
1300

19
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A11 melting pointe are corrected.

Preparation of 3, 4-Yethylensdioxyeinnanic Acid {(2IV).

. ; NPT AN
sfife procedure 1s the same &s that outlined by jHaworth' »nut

o

on & larger scale. Six hundrel and seventy~five raus (4
mole) piperonal, 900 grauas (U.65 mole) malonic aecid, 1700
mle Gry pyridine snd 45 ml. piperidine were used ziving e
vield of 723 srams (44 per cent of the theoretical auncunt)
of & 1li_nt yellow product zelting 8t £32.5=-240% The

recorded meliing polint is variously reported tc he from

Attempted Gyelization of JS.4-lethylenadloxyecinnaaie

Acld (¥IV). 1In preparing the acid ehloride of 3,4-net

lenedloxyeinnamic acld (XIV), 7.3 zrams (0.037 mole) of
pnosonorus pentachloride was added in inerenents Lo a
mechanically stirred and chllled solutlon of b _rams
{Ce025 mole) of aeld in 200 ml. anhydrous benzene. Ihe
reacitlon mixture wes then stirred at room lteuperaiure for
S houre in attempt Lo drive 1t to completion. However
& small guantlity of material falled to dissolve. Thise
was [lltered off, and on recrystallizing from ethyl
alcohiol, & white meterial, m.p. £34-235° was obtained.
ine residue was shown to be the cinnamic acld since the
mg terial showed no depression in the meltin: point when
aixed with an suthentic sampla,

E Tt

The ecyclization was atteupted by adding 22 srans



-
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(O.uuH mole) of anhydrous stannic echloride in 50 zl. dry
Jenzene to the chilled filtrste and mechanicslly stirred

for 15 minutes. A brown tin complex was forued salmost
imsedintely. ‘The complex was decomposed with lce and 7S

mle of concentrated hydrochlorie acid to jlve a three

phase systen; an acldle aqueocus layer, & benzene phase and
an inscluble residue. The residue proved to be a tinsalt of
the clinnanie acld for after {treating 1t with sodium
nydroxide, scidifying snd recrystallizing the precipitate
from ethyl aleohol, no depression in the melting polnt was
obtained when mizxed wiih an suthentlc sample. The benzene
was separated from the ajgueous layer asnu wesahed with 10

per cent aguecus sodiun hydroxlde., Acldification of the
alikal ine washings produced & msterial that s sin .ave no
depression in the melting point when mixed with & pure
saple of the starting materisl. Ivaporation of the

hengene layer after washing with water gsave only a slizht
tarry residue from which nothinyg was obtained. In summary,
there was no evidence thet any O,¢-methylenedioxyhydrindenone-~
1 {(%X3i%) was formed.

Preparation of 3,4-Methylenedioxydihydroclinnemice 4cid

(X¥)e A& slurry of the sodium salt of 3,4-methylenedioxy-
cinnamic scid (X1IV), prepared by adding 380 zrams (1.98
mole) of the scid to 1300 ml. distilled wester contsining
80 grams (2.00 mole) sodium hydroxide, was placed Iin a
steel hydrosenation vessel slon; with 50 . rems of ianey

nickel catalyst. Hydrogen was asdmitted antil s pressure



B
&

of 2000 pounds per sgusre inch was reachel. e vesesl
was shaken and heated to 130°. ihe rsaction started st
130%, and the theoretical smount of hydrogen was absorbed
in 80 minutes. (he vessel was washed oul with Jdilst’ lled
wa ter an. the eatﬁlgsf filtered offs (he filirate was
acldified with concentrated hydrochloric acii to congo
red paper. Uater wss addeld as necessary to thin the thicik
slurry of the insoluble acid wnich preciplteated. After
filterinyg and air-drying, 345 grams (30 per cent of the
theoretical amount) wes obisl ned meliing at 3=-34°, ‘e
literature reports & m.pe of 37-352.18 1t lisht tan
colored uaterlial was sstisf{actory for the next step. A
pure white product, me.p. 3?-3%9, wes obtained alter two
recrystallizations from water using 2 srems scid and O.4
gramg Larco G-00 per 100 ml. water. ithe yisld after two
recrystalllizaetions was l.4  rams.

Preparation of &,d=iethvlenedioxyhvdrindone-1 (“VI).

P} Cyelization with Anhvirous Ctannle Chiloride.

The scid chloride of the dihydrocinnanic acid (XV) was
prepared oy adding 208 grams (1 mole; of phosphorus penta-
cizloride in small Iincrenents to a e¢hllled and m&ch&micaily
stirred solution of 134 grame (1 mole) of the crude I,4=
me thylenedlioxydihydrocinnanic acld, dissolved in 1500 =l.
of dry, thiophene free benzene. After the adldiltlon was
complete, the resctlion mixture was stirred for l.& hours
at roca temperature.

The eyelization was csrried out Ly the dropwlse

additlon over & 3 hour period of the above benzene solutlon



to & chnilled and stirred solutlon of BZ1 grans {(Z.0 aocle)

of arhydrous stannic chloeride dligsolved in 20U zl, of dry
thiophene fres Denzene. A brown insoluble tin complex
foraned almost lmrmedlately. After the aliition was complete,
the stirring was continued for 15 minutes, end then I00 ml.
of ordinary ether was aided, This changed theo sollid tin
complex to g liguld, althouzh 1t wae 28111 insoluble in
benzene. The complex was Jdecomposed by pouring this re-
ection mixture Into & alxture of 4 1l. of € if 2odium hydroxide
ard £ to & litere of chopped lce and stirring for 185 ainutes.
This Jave & three phase systen consisting of a benzene sol-
utlon of the hydrindone and & suspenslon of the hydrindone
in the alkaline ajgueocus layer. TIhe Lenzene layer was
separated, eand the hydrindone suspended in the slkaline
solution &llowed (o stand overnight. 1t was then filtered,
washed wl th tap water, thorouphly sir-dried, dissolved in

& liters of toiling benzene to remwove the inorgsnic salts,
and filtered while hot. The benzene solutions were com-
pined and steam distilled to remove Lhe Denzene, aod Lhe
resulting insoluble hydrindone filtered and washed wiilh
water. A light yellow meterial of 143 grams (43 per cent
of the theoretical smount) melting at 159-104° was obe
teined which wes pure enoush for the nexti step. A pure

-

wilte produet was obtained oy cerystalllizing 10 grass of

xy

the hydrindone from 150 mle. of a 211 ethsnol-water mixtbure

in the presence of 3.5 .raus of sctivated carbvon. The
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was obtained 8.8 grans, mepe 102-154%. ihe previously
reported val ues were 1209% ana 151°%.

The sbove inverse addltion procedure when applied
onn & 20 . ram (0.1l mole) scale ;ave @ yield of 24.0 per cent
of the theoretical amount. A slightly lower yield of 4:4.5
ner cent was obtained W en the direct asddition of anhydrous
stannle ciiloride in benzene to the benzene solutlion of the
acid chloride was used on a comparatiive scsale,

The acid chloride of Z,4~methylenedioxydihyiro-
cinnanliec acld was alsec grepared using thionyl chloride.

o & cnilled solution of 50 ml. of dry ether contelning
3 drops pyridine, 10 ml. (0.1285 mole) commercial thionyl
chloride end 20.0 grams (0.11 mole) of the acld wae sdded.
The reaction was sllowed to proceed wi th periodic swirling
unntll the s0lid hed pgone into solution and then swirled

occeasionally at room temperature for 15 minutes, The

yellow ligquid that was dissolved in 100 ml. of anhydrous
thiophene free DLenzene and chilled. Cyelization was
effected by edding to this solution, at one time, €5 grama
(0.25 mole) =m hydrous stannic chloride in 50 ml. ary
benzene with mechsnlical stirring. The remainder of the
reaction and lsolation procedure was carried out as pre-
viously described ylelding 1¢.1l gram (33 per cent of the
theoretical amount) of & pale yellow product meltiing et
155«161°,

£2) Cyelizatlion with Phosphorus Pentoxide, The




vy
-3

.

procedure of Periin md %@ﬁinsonla was used in thls
preparazion. (ne hwundred jrams (0.7 mole) of phosphorus
pentoxide was adlded cver & one hour period to s mechanlically
stirred and refluxing molution of 20 yrawus (0O.11 mole) of
3,4~methylenedloxydihydrocinnenliec acid (XV) in 100 ml. of
anhydrous senzene, The zolution wes refluxed for I hours
during whiceh: time 8 red purple complex was formed, lLew
composition of thile complex was effecied Ly the addition
of ice and resulted in a 5 phase system, sn acldle agueous
layer, a benzene layer and & brown Iinsoluble msterlal.
The preclpitete was filtered off and the sjueous and Len-
zene leyers separsted. Sy washing the benzene layer with
500 mle of & per cent polassiuws hydroxide followed by 250
ml. of water end evaporating to dryness, 2.5 grams of a
sellow materisl melting at 155-161° was obtained. An
additional 3,5 grams of a brown product melting at 158«
150° was isolated from the insoluble uaterial by washing
with 3 per cent potessium hydroxide until the washin. s
were colorless, followed by weaning with water snd alre-
drying. dhls gave a total of 3.5 yrams (31.3 per cent
of the theoretical amount) of the erude hydrindone-~l.

Zy using an inverse procedure, 1. e., adding
& benzene solution of the scid to & refluxing and
mechsanlecally atirred suspenslion of the phosphorus pente-
oxide In venzene, & yield of 442.5 per cent of the theo-

&

retical smount wag obtained.



Condensation of &,l~lethvlenedloxyhyérindone-1 (XVI).

1) ©ith Zenzaldehyde, The directions of Perkins
15

and lobinson ware [{ollowed in this preparation. Iwo
srams (0.0114 mole) of b,0=methylenedioxyhydrindone-1 (XVI)
and 3 crams (0.023 mole) of freshly distilled benzaldehyde
were dissolved in 25 ml., of ethyl alcohol v th zentle hestin..
Three drops of concentirsted potassium hyiroxide was added
srnd the mixture warmed for & minutes. A yellow solid erys-
talliged out alnost immediastely. This was flltered off,
wagsheld with 50 per ecent ethyl aleochol mmd alir-dried giving
Z2e zrams (36.5 per cent of the theoretiesl amount) of
erude 5,0=-methylened!oxy-2«-benzylidenehydrindone-1 (%X)
mepe 199-201°%. Crystallizatlon of the crude material

«8ve & pale yellow produci, meDe £01-202°.

2) Vith Triaethylzallaldehyde., In & similar

manner 1 ;ras {0.006 mole) hydrindone-1 (XVii) and Z.9
cram (0.075 mole) trimethylzallsldenyde was rescted in the
presence of 3 drops concentrated potassium hydroxide.
dowever, only O.1 zran (5.1 per cent of the theoretical
amount) of crude 5,0-methylenedloxy Z-trimethyl sllylidene

nydrindone (X»I), meltin. at £14~-220°

wag obteineld., Cryva-
tallizetion from nenzene ;ave & yellow powder, m.p. Z£13-
z20°.

Preperation of uydresilie fceid (I1).

1) Oxmidation w th Hitrle Acid and Vanadiunm

Pentoxide, A mixture of 100 grams (0,57 mole) of 5,0=



nethylenedioxyhydrindone~1 (XVI), ¢ grams (0.03 mole)
vanadliun pentoxide, 1200 xl1, dlstiiled water, and 300 =l.
concentrated nltric acid was heated in a 5 liter flask
under reflux until the reaction started, and then for 1.5
hourg with occasional swirling, after the violent phese of
the reactlion had subsided. The hot reaction aixture wss
guliekly filtered throu h asbestos Lo rexnove the vanadium
pentoxlide before socuze of the hydrastlice aclid orystellized.
The filtrate wes neubrd iged to litmus paper with 15 per
cent sodius hydrozide solution, acldified with gleaclal
acoeblic seld to a congo red end~-polnt, and then heated Lo
bolling. Lead acetate solution (500 wml. of a 10 per cent
golution) was adied unill the lead asslt of hydrastic =acid
wes conpletely preclplilteted, the mixiure allowed to cowl,
filtered and the yellowishewhite precipltate washed with
three 100 =l., portions of 3 per cent acetic ecid.

The lead salt was converted to crude hydrastic
acld by msklng a slurry with 900 ml. of tap water, heating
to boiling, and adding concentrated nitric scid (75 =al.)
dropwise from s burette until solution was effected, The
hot solution was fliltered by srasvity lhrouzgh & heated
funnel, and the filtrete coclaed slowly to lce-hath temper-
ature. The resulting cryastals were {lltered, washed with

two 75 ml. portions of lce-water, and slr-dried viving 68
zrand of & yellow product. An addiclongl 17 :rams of

crude hydrastic acld was obtained froan the [{iltrste and



washings by neutrallizing as belore to precipltate the
hydrastic selid as lead hydrastate, filtering, washing, snd
converting this to the crude hydrsstic scid ass above., The
crude materials obtained in this manner were often contane-
inated with small sazounts of lead hydrastatle.

The conbined erude fractlons of hydrsstic acld
were purified by btwo precipitations as the lead salt and a
recryatallization from wsbter., This was done Uy dissolving
the materiml in 400 ml. bolling tap water (addin: s l1little
nltric acid If an appreclable azount of the insoluble lead
hydrastate was present) and preelipitating the lead hydrastate
wlth 500 ml. ften per cent lead acetate solution. 7The lead
salt wae filtered, dissolved mpgaln In dilute nliric acldd,
filtered, neubtrslized to llimus paper wiltith sodlum hydroxide
solution, acidified to congzo red pearer wiih acetic acid as
before, and the lead hydrssiaste then converted to hydrastilc
scid a8 before. The yleld was 57 grams of 8 pale yellow
product with a solubility temperature of £8.1° at 1£;1
ratio {(correspondin: to & purlty of (8 per cent). An
sdditional & grams was recovered from i(he filirate Dy
precipltating the lead =2alt, etec., &8 previounsly described.
“he combined 8& zrame of hydrastic scid was recrystallized
From 620 mle of distilled water, uslng ¢ grams of larco
=80 to remove the color. In thls =manner, 53 :rams
(445 per cent of the theoretical amount) of an sluocst

whilte product with a solubllity temperature of 36.5° at



1£31 was obtained. iz wmaterlisl was used Lo pregare the
anhyarid

A pare white product, having the sase solubility
tenperature, was obtanined after ilhree ore recrystalilizsi ons

from water with acitivated carbon.

Analyses Calculated for C,is0g Found
Carbon 51.445% 51.38%
£1.42%

Hydrogsen ZelE o G40
Ze i"%

Heutrallzation egulvalents o 104.7 and 104.48
{ Theory, 1@3.0) were obiained by dissolvinz the hydrsstic
acid in hot aistil el water and tlitrating whille Lot # th
& standard seolution of scdium hydroxide usling the usual
precautionary measures to elenlnate the inlerflerence of
carvon dlioxide,

£) Oxzidedion With Mitric Acid with no Cetslyat.

ihe methol of Perkin snd ﬁebinsanlg wae used in this pro-

cedure. Five _rams {(C.022 mole) of &,6-methylenedioxy-
hydrindone=1 (XVi) was digested with 15 ml. of concentrated
nltric acld in 60 mle of distilled water for four hours
Guring which time the solid coumpletely dissclived zlving a
yellow solution. The reactlion mixlure was cooled, neut
lized with 10 per cent scilum hydroxide, ascidifled to

cong o red paper with & per cent hydrochloric acid and

evaporated to dryness. TIThe resultinz resijue was
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sxtracted in a Soxlet apparatus for four days with diethyl
ether. Fvaporatlion of the ether on & stean bath ylelded

2.5 prams of vrown tarry resldue. Three recrysitallizsitlions
of thia resaidue froxm water in the presence of larco 5=00
resulted in 0.5 grams (2.4 per cent of the theoretical amount)
of & white product melting at 171.5=-172.0% Various melting
points ranglng from 172° to 13399539 yere previously re-
ported for hydrastle acid.

3) Oxidation with fotassiun Permenssnsite., 5S5ix

hundred milliliters of & 5 per cent poimssliwa perman anate
solution was added dropwise to & mechsnically stirred sus-
pension of 5 gzrams (0,023 mole) of &,6-methylenedioxy-
hydrindons«l (AVi) in 350 mle of €& ¥ sodlum hydroxide at
room temperature. Ihe voluminous guantity of manganese
dloxide formed was {iltered off and washed with ot weter,
The comosined filtirate end weshings was acidifled to congo
red with dilute hydrochloric aseid snd evaporated to dryness.
A two day ether extraction of inhis residue emploving a
Soxlet apparatus gave only & slizht vellow residues on
evaporation of the solvent.

4) Oxidation with Hitric Acid end Osmlum

Tetroxldes Five urams (0.023 mole} of 5,b6e-methylenedloxy-

hydrindone-1 (XVi) was Jg1cested for Iour hours with 15 ml,
concentrated niirlice scid in 50 ml. dlstilled weter and
Vel e oOsmium tetroxide in 10 xl, distilled water. ‘[he
reaction solution was c¢nllled, neutralized wiih 10U per

cent sodium hydroxide, acllified to congo red naper with
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5 per cent hydroechloric acid and then evaporated ic dryness.
The residue was Jdiested wi th four 25 »l. portions of
boiling dloxane to separate the orgenic from the Inorganic
materisl. oOn evsporation of the dioxane to Jdryness, T.35H
crams of zmaterial with a =melting point preater than 250°
ai1d only sliphtly soluble in water was obtal ned. [hese
properties did not correspond to hydrasgtic acld.

rreparation of iiydrastic Anhyvdride (Ii). Fifty

srams (0.24 mole) of hydrastic acid (I) was pleced in a

1 liter weaker and hested with hand silirring in an oil
bath malntd ned at 130° for five minutes after the entire
maes hed melted. The Deaker was then removed and the nelt
was allowed to slowly solidify with constant stirring by
nend. In this manner, 44.l1 prams (94.6 per cent of the
theoretiecal amount) of a light ten product, cepe 173.5-
151° was obtained. The llteraturse reports the nelting
point as 175°1,

The crude hydrastic anhyiride was purified by
recrystallizeting from 1 liter of Dbenzene in the presence
of ? zraums of Lerco G-080, This ylelded EU.2 yrams of a
pure white product, with & melting point 178-18°. An
adiltional & ,rams of white material, mepe 177.5=179.5°

was lsoclated by concentrating the filtrate to 200 =1,

Analysls Calculated for Cgiy0y Found
Carbon 5C.59% 566543

B85 2485
Hiydrogen £2.11% 26315

2,208
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Part 11

Stuales on the Degredation of
Picropodophyllin



IRTROLUCTION

The early work on podophylloboxin, 1ts chemistry and
its relationship to plicropodophyllin that have led to the
postulated siructures gilven in figures I and IA has Dbeen
reviswed in the Hritish Annual Heporte on the Progress of

Gh&miaﬁryaﬁg IV'

snd more recently by Sterling

Conseguently

% g
{.}Ll{i"?,
Ve

no expansive review on thls early work wilill be attempted in
this thesnls.

fecently, podophyllotoxin was found to possess anti-
carcinogenle activiﬁy4a5:10 with the result that interest in
its structure was reovived., Conslderabdble douvt has now heen
cast upon the position of the lactone ring as pilctured in
figure I for podophyllotoxin, Ericell, st this institution,
has succeeded In obilalining two different trilhydroxy compounds
ny the 1ithiws aluminum hydride reduction of podophvyllotoxin
an. pilerorodophylline. If the structures a3 prezenteld were
correct, aszuming Soth podophyllotoxin and pilcropodophyllin

Lo huve the same sterlc confligsuration ai cerbon 5, then the
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same trihydroxy compound should have been obtained from noth
sources. In adiition, Hartwell and Schrecker' have obtained
acetylpicropodophylllin and benzoylpicropodophyllin 4in good
yields by refluxin; the corresponding derivatives of podo-
phyllotoxin with sodius acetste 1ln varlious solvents., Thesre
reactions can only be satisfactorily explained by 1nversion

of the carosoxyl group through enolizatione It is now believed
that podophyllotoxin send plcropodophyllin sre not structural
isomers but disstereolisomers represented by IA and differing

only Iln the confil uraetion around carbon 3.



DISCUSBION

The s8iruc ture of polophyllotoxin, as 1t ls bDellisved Lo
be ot this time {(IA), econtains a free nydroxyl _roup sl the
C, positions 1%t has Leen placec there by virtus of ellning te
Ing the otlwer popslble poslitions rather then by direct
evidence, Attempts to date %o oxidize or dehydrogenate ihe
hydroxyl sroup to a «e tone have failed. Pouophyllotoxin and

plecropodophyliin were —oth oxidized to trimethylzallle secid

(i1} with hot potassius permanzenats solution®s 1%, Hydrastic
CO0il
R Co0kH
gt
ClizO OCHz 0 CooH
OCUg,
11 ITI

scid (Ii1) was obtained by the oxidation of podopnhyllotoxin
with alkaline potsssiua perman anste solutionl®, iy more
careful oxldation of pleropodophylliin with alkasline potassium
permangnte at 50“, Spgthle was able to isolate the keto seld
Iv. Tnils showed that the hydroxyl group wasg not on carbon 4.
¥Numerous attenpts were also made by Price’ to oxicize plero=
podophyllin and the anhydro compound V by usin. potassiuam
Glehrome te and chromic oxids in glescisl acetic scld and in
acetone, by using aluminum tertisry butoxide and cyclohexanone,

and with wenzoguinone unaer ultra-violet irradistion. In
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most cases, 8 theoretical sumount of (e oxldizing agent was
consumed, however, as much as €0 percent of the stertiing

material was recoverecd aiter 8ll the oxldlizing agent was con-
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sunedes This Ffact inalcsted extensive de radation, and that
the tetramlone flrst formed (assuming 8 Becondary alcohol) weas
more easlly oxidized than the aleohol iftself, Lehydrogenatlion
attempta by Spathl? using both podophyllotoxin snd plero-

(paﬁophyllin with palledium at 230° ylelded only the lactone VIi.

O the other hanu, attempts to prove the exisitance of a
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tertisry alcohol (le.e., the opurox;l _roup st the Cg or Cg
F el

rosition) have slso felled. Hartwell snd Lchrecier”

stlsmpted Lo culdize plerosoloqhyllin »2iih sevliollie soell,

If o tertiary slechol wero rozenb, ten Jormaldehrde oould

have Leern liversled oy Lhe pesetion. Hone was Jdelecisd.
nls phase of the rezesren represents snollsr olieupt to

obiali Wirecl ev.dence ag o the posillon of the free Ly-
aroxyl groups Thne pleropedophyllin used in thisz work was

vepared from podophyllotoxin in three ways: Trestment with
aodwn acatatﬁl Siving a 85 perecent yield of crude picro-
podophnylling treatment with aodium carbonatel slving a 91
percent yield of crude meterisl and trestment wiih 9iperidin813
giving a 20 percent yield of crude material. Of the tlirae
methods, the use of sodiun ncetate proved to be est [or the

produc t obzained had 8 nhiszher melting

&

polut and was nore
casily purified then thoss obitained by the other msthoda.
Considerable difficulty was encountered in obtaining a wethod
for satisfacltorlly purifyinz the picropodophylline. A white
product melting at 2292 was finally lsclated oy recrystal-
lizing the crude uaterial from 80 percent ethanol followed
by & slow recrystallization from ethyl acetate. This melting
polnt was sllphtly higher than those reported by other
iﬂveatigatorsllsltls.

The puriiied plcropodophyllin was shaken with a copper
chromite catalyst in an ethylene atmosphere of 150 psi. atb
£30° for two hours (the ethylene acting ss a hyarogen

acceptor) in an attempt to dehydroienate the compound to a
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ketone. heeve and ﬁdkin812 have successfully used ihis wethod
in preparing eliphatic aldenydes andi ketones from the corres-
ponding primary and secondary aleohols. In thls case, the
erude material obtal ned from the resction appesred Lo de &
mixture of two producits, By utilizing s frectional crys-
talligzation from agueocus ethanol, & white go0lld melting at
270-271° wes 1solated. This corresponded falrly closely

tc the melting peoint of dehydroanhyiropleropodophylliin

(Vi) previocusly obtained by &pa@hlﬁ oy the Jdehydrocenstion
of picropodophyllin wi th palladiune The carbon, hydrogen
and mebhoxyl analysls obtalned differed slightly {rom the
theoretical values {or coapound VI but were cleose enocuyh
to enable one to assume the two to be ldentiesl. 4 srnall
anmount of & second suvstance melting at 254-255% with
deccaposi tion was also lsolsted, However its purity was
unknown, and there was noit enough material for an analysis.
wualitatively, i1t appeared to fora 8 2,4-dinltrophenyl-
hydrazone that melted wl th decomposition at £34°%,  Tut
agesin there was no absolute proof for the hydrazone
formatlion. In short, a ketone might have been formed

in the reactlone. If 1t was formed, 1t was lasolateld in

too small an saocunt Lo peranit obtaining sany conclusive
evidence., A& further investigetion into this resction
would necessitate the use of a8 larger guantity of

starting meterial md the development of a more satise

factory means of l1solation and purification.
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ihe remalnder of the degradstion work comprlsed the
oxidation of pleropodephyllin in Sifferent solvents using
lesd teltraacetate. his was another atitempt Lo hreak off
formallienhyde 1if a textlary slecohol was present. Ihere was
also the poasibility that with a secondary alcohol, a
denhydro enation might occur to [ lve a napnhthol-l derivative.
Lrdtmann® dlscovered thet the tetralin derivatlve Y11 wea

smoothly denyirogenmsied into a nsphthalene lerivatlve,

Fleropodophyllin was {(resied wiith lead tetrascetate using
Luth bDenzene and glaclal acetic acid as solvents. In both
cases, more Lhan S0 per cent of the startin: meterisl was
regcovered. in aldition, no trace of formsldehyde was de=-
tected using dimedone and Z,4=-dini trophenylhydrazine ss
resgente. Slmilar results were obtalnel when sodluws podoe-
phyllate wss suvjlectel Lo the lesd tetrascetsite treatment
In dllute acetle aclde These ne;ative results are incon-

Y

cluaive In respect that they Udo not entirely eliminste th

>’Q'

L4

posslibllity of a tertiary alcohol. Under the condltions



imposed, the cﬁ mebhylol roup may nave been in the lactone
fori mawing oxidatlion (o the forualdehyde difficult. A much
zore sstisfaciory compound for use would have Deen the tri-
hodrory coempound from which the anhydro compound V wss Jerived.
Agaln further investigation into ithis possibvlliity was left

for the [uture.
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A1) melting points are corrected.

Preparation of Ileropodophyllin (Ii).

1) %ith Sodiun Acetate. The methol of dJorsche

and ﬁi@m&ﬂﬁl wag {ollowed in this preparation. Fifteen prans

(0.0363 mole) of podophyllotoxin (JIA) as obialned from J. e
Penlck Company, 335 ml. 95 per cent ethanol end 170 m1. 5 per
cent sodium acetate solutlion were refliuxed for ZI hours. At
the end of this perliod, 200 al. of solvent was distilled off,
and remainder being fi{ltered and c¢hilled in an ice-hath,

Iin this manner, $.05 grams (54 per cent of the theoreticsl
anount}) of crude material was obtained. 7The product hed a
melting point of 210-223° after drying under 1 mu. pressure
at 116°,

2) %ith Sodiun Ceardbonate. In the xsnner of

Horsche and ﬁiem&nnl, 10 srame (0.0145 mole) podophyllotoxin
{Ia) thet nad heen dried at 100° for 3 hours, 250 ml.

me thanol and 100 ml. €N sodius carbonate were refluxed for

S hours. The reactlon mizbture was then acidifled to conpo
red paper with 2N hydrochlceric acldé and 100 ml. of solvent
distilled off. ?he'remainﬁer was filtered and chilled

in an lce-bath ziving €.9 grams of product after drying

at 1159 for 3 hours under 1 mm. pressure. inis uelted

at 218-287°, An additional 2,20 grams melting at 202-

2089 was obtained Ly concentrating the fllirate to

100 =ml. A total of 9.1 zrams (81 per cent of the theorstical
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ancunt) of crude matcorial thus was obhisined.

3) With Piperidine. Ten grams (0.0145 mole) of

podophyllotoxin (IA) that had previously been recrystallized
fros 50 per cent sthanol and dried under 1 mm. pressure
at 115° was refluxed with 800 aml. 60 per cent ethanol and
© mle piperidine as preseribed by lipbertson ani taters. 1o
The reactlion mixture was then filltered and chilled in an
ice-bath.,. 1he regulting orystale were filtered off and
dried ylieldinz 2.0 srasns (20 per cent of the theoretical
amount) meltin; at 220-223°,

The crude usterial in s#ll cases was purified by
recryatallizing from 50 per cent ethanol followed by a
slow recrystallizstion from ethyl scetate. A 60 per cent
overall recrystallization yleld was obtained wlth the
crude material from the z2odiuvn scetate and plperidine con-
versions but less than 30 per cent was obtalned froa the
sodiuwn carbonete conversion. The material oltained thusly,
meltel st 228.5-2299, Previously reported values ranzed
from 2z3-227°,11,1,13

Iwe to the tendsney bo decompose at the mﬁ&ting
point, & sealed evacuated tudbe was used to determine this
physical econstant for gpleropodophyllin.

6\11: = 0

¢ ® 1,038 ze / 100 wml. ehloroform
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Preparstion of Sodlun Fodophyllate. ihe method of

Borsche and &imﬁunnz was [ollowed., ‘Three gramns (0,007

mole) of pleropodophyllin {(IA) melting at 2832207, 45

mle. mDsclute ethanol and 9 ml. satursted smleoholice sodlun
nvdroxide sclution were hesited on a water bath for 15 ainutes.
A white solid precipitated almost immediately. 4t the end

of the reaction period, the mixture was coolsd to rooxm
temperaiure and 10 ml, ether sdded to decrease the solubllley
of the sodliun podophyllate. The resulting white precipitate
was {llteredd off, washed wilth ether and dried in vacuo at
room tempersture. In this manner, 3.1 grams (99 psr cent

of the theorstical amount) was obtained.

iehydrosenation of pPieropodophyllin (IA), Taree .rams

(0.0072 mole) of pleropodophyllin (IA) melting at 283-229°
and 0.2 gram copper chromite catalyst was placed in a 100

mle steel resctiion vessel, ILthylene was introduced to a
pressure of 150 psi. The vessel was then shaken ot 230% for
Z hours. A7 the snd of thiis time, the vessel was cooled Lo
room temperature, the contents washed out with five 30 :al.
portiocns of chlorofora @1 d the cabtalyst flltered off. Addltlion
of an equal volume of perrolewa ether to the filtraie pre-
cipitated a ten colored amaterial, This materlel was purifled
by dissolving in 100 ml. abzolute ethanol and then sdding
enouzh distilled water to mske a 70 per cent ethamol solution.
Upon refri eration, & white nsterisl cryatallized out that

was separslted with a centrifuse, Ihe supernatent liguid
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was {urither diluted to 40 per cent sthanol with adlitional
water and another fraction was obitained. his puriflication
procedure was repested twice more on esch fracitlon. ag a

result, a white materisl was lsolated from the 70 per cent
slcolhol that melted at £71-272°. S@athlé reported 266°¢ for

denydroanuydropleropedophyliin (Vi).

Analysis Calculated for Cooiyaly Found
Carbon 6700 66 o 390
K’: : .;}&;:;
Hvdresen 44850 4,797
vethoxyl £22.08% 23.14%
EQ.;‘P‘&

A gmall guantliy of white material was also lsolated
fros the 40 per cent ethanol fraction thet melted at Z55-25G°
with decomposi tion., Ihe amount, however, was too smsll for
an element analysis but i1t d4id eppear Lo ~ive & guallitsilve
g,4=~dind trophenylhydrazine test. iere agaln, the results
were inconclusive,.

Oxidation of Pleropodophyllin (IA) wlth Leald Tetrsacetute.

1) In Jenzene. One _raxn (0.0034 mole) pilcroe

podophyilin (IA) and 2.5 ycrams (0,008 mole) lead ieirascetste
were dissolved in 900 ml. hot anhydrous bhenzens, The solution
wae refluxed for # hour, st which time, it was cooled Lo

room tespsrature by standing overni:ht. buring this perioed,
an orange=brown s01lid appesred that was {lltered off. he
residue appeared Lo be entirely inorgsanle for it .sve no

carbonlzgation on i nition. ‘he Lenzens filirate was
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washed wiih five 100 @ml.e portions of water and evaporated to
aryness ivin o O.7 ram of & 8olid vellow residue. 1The aguecus
layer _ave & posiilve test lor leau, . ne silve test lor Lthe
phenclic .roup uslng ferric chloride sud & ne atlve Lest [or
formaldehyde using “oth dimedone and Z,4-dinltrophenylhyira-
zine, e reslidue obtalned Ly Lthe evaporation of ithe Tenzene
was wissolved in £5 wml. 95 per cent ethanocl. on chilling

a white neteriel crystallized out that welshed 0.4 ;ram and
melted at 205-210% afder Iilterin: and dryln  in vecuoc. d-
lution of the [iltrate with an egual volune of water -ave

an additional 9.2 .raaqs of msterial meltin, st 103-2020.

soth solids _ave no depression Iin the meltin. point when
aixed with a pure sanple of picropodophylline.

2} In laclal Acetic Acld. To 1 rzram (0.0024

mole) pleropodophyllin dissolved in 80 nl. of lacial seceb?
acid, 2.0 . rea (0.0055 mole) lead tetrascelate in 70 al,
~laclel scetic =eld wae sdied and mechenically stirred for
20 sinutes at 70=75% AL the end of thls time, the rescilon
mixture was poured into 400 ml. distllled weater snd allowed
to stend overni nt. Lurin. {his time, a tan insoluble
meterial appeared that was {iltered off., On dryin: in
vacuo, U.C ygram of material was obtained that unelted af
£04-218% A mixture of this product with pure plcrono-
dononyllin melted atb 210-223°%, The filtrate save s ne - atlve
test Jor the phenolic [ roup using ferric chloride, and

alao mve a necative test Tor formaldehryie uain. Iilmeiome
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and 2,4-dinitrophenylhydrazines.
Trestment of Sodium Fé&apggllaga with lsad Tetrsacetate.

A solution of 3.5 gram (0,009 mole) lead tetrascetate in
50 ml., warm glacial acetic acid was added dropwise over a
one hour period to & mechanlcally stirred solution of 3,3
grems (0,0072 mole) of sodium paéophyllata in 100 ml. water
meintelined at 30-35% An orange~red color developed, On

s tanding overnight, a white solid appesared. After filtering
and drying in vacuo, the msterial welghed 0.5 grams and
melted at 218-£19°, The filtrate was diluted with I00 ml.
of water producing an additional quantity of & light tan
80114 that weighed 2.8 grams and melted at 200-204°, SHeth
solids isoleted gave no depression in the melting point
when mixed with pure picrapodephyllin. Agaln no trace of
formaldehyde was detected.
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Part [13

Studies on the Synthesis of
Podophyllotoxin



LDIGCUSBION

The attempted synthesis of podophyllotoxlin (I) was
carried on with two purposeg 1in mind: & proof of struc ture
throuzh syntheslis and a development of 8 jeneral method [for
obitainin: compounde of similar siructure. ~Podophyllotoxin
{I) has been shown o have tunor daue:ing ac%ivityg’g’lv
hut has proved to be too toxiec Tor the hﬁmﬁm nystem. Conse-
guently, 1t would be of interest Lo synthesige similar
struc tures with the hope of obtalning: one with the same:
activity but wlth none of the toxicity of podophyllotoxin (i)

Lesplte the fact that the exact position of the hydroxyl
oroup in ring 2 has never heen deflinltely estabhlished, the
evidence accumulated so stronzly indicates the linksgce to
e at carbon 1 that the synthecls has DHeoen developed along

lines leading to fi ure I.

»

N

4
C: O

-
4

The followin; is the proposed synthesis.
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XII Saponification

£) HcHo
1) Heduction XIixrz
2) SappAification
s) tonization
Reduction
A 4

CHO

COOCHg

I
(Or one of the eight
isomers of podophyllotoxin)

Compound XII has been prepared and attempts have been
made toward both compounds XIII and X1V,

Until very recently, the attempts to develop & satis~
fac tory praeedﬁra for the prepsration of the keto acid (X)
had been only partislly aueaesirul. Layrlier attempts to
prepare this keto scid by the oxidation of XV, prepared by a

Friedel~Crafts condensation of J,4~-methylenedioxytoluene and
3,4,5~trimethOXybensoyl chloride were failuresi®, Attespts



Ly

to prepare coumpounds sinilar to XV but with a Cﬁzﬂﬁﬁcﬁ$,

CudtgHy, CH{OCglg)g, CHO and CigCliCig sroup in the one

T He
)
i C/
2 \Q
Sy
PN - R
G ‘50 D s

e VI

wnen thie approach falleda, other means were attempted by
ereckson-. e tried to prepere compound XVI wlthiout succees.

Oxication of (nls compound would -ive the keto acld K. ‘e
succeecad in obiginin: small auwvunts of A by the oxidative
degredetion of compound VIii and a ssries of derlvatives of
this onslie structiure. necently, &ensler? prepgred the 4“eto
acid in o0l yilelus by & Hoffman de.radstlion of VII followed
oy an oxldation of the resultln, unssiurated ketons (Viil).
ine keto seld (i) prepared in this phase of the rsesesrch
nas involved the work of hareckson® in obtalnin, the subsii-
tuted dihyurolsoqulinoline (VIil) and a variation of the
Jenslerv reaction to reach ithe keto acid (X). Plperonal (I171)

was hydro_enated to piperonyl alconol (I11) usin, copper

chroanlte as catalyst and dioxsne a8 solvent. ‘Tlreamtuent of



the alcohol with concentrated hydrochlorie acld produced

the chloride which was reacted withoutl isclation wlth sodium
cyanide in the presence of mercuric cysnide to yisld the
nitrile {IvV). Heduction of the niitrile to the amine (V) by
hydro_ enation over laney cobalt followed by a modified
Schostenw 3aunen resctlon with trimethylzalloyl chloride (XIX)
in the presence of celeium oxide zave the amide (VI). The
trimethylialloyl chloride (XIX) wasm prepared by methylating
z8llie scld (XVI1) with dimethyl sulfate and sodlum hydroxide

and converting to the acld chloride with thionyl chloride.

oo CO0H
(CHz) 550,
KaOH '
40 oH CHzgO OCHg
oif OCHx
AVII AVIIX
S0C1e
CoCL
Clig O OCHg,
OCiig
XIX

Crelization of the mazlde (VI) to the dihydreolsoguinoline

(Vii) was effected wlth phosphorus oxyehloride in toluene.
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sbriwn with the amnino ketone (Xi¥}. In the presence of

dine shyl sulfete and alxall, the guatsrnary ammonlum compound
(X)) would be formeld and then Jdecomposed to the vinyl compound
{Viii) in & nor=ml loffmen exhaustive methylation process,.

7

Gensler’ used ethyl alcohol as the solveni and obtained

the keto styrene {(Viil) in 30«35 per cent yield. Iy changing
the solvent to dloxane, the yleld was increased to 97-93

ner cent. Ihis inereased yleld 1s proumbly ithe result of
elinineting the alde resction belwesen dimethyl sulfate and
ethanol and ilnersessing the reaction temperature.

IThe Xeto acid (X) was obtaineld by oxidizing the keto
styrene (Vili) in 1:1 tertiary butyl aleohol-water with
poiasssium permanganste, Uhen the theoretical amount of
potassium perman_.ante was used, an egqusl guentlty of the
keto aldehyde (IX) was also formed. Increaeing the wmole
ratio of potassium permaengsnate to kelto styrene decreassed
the amount of sldehyde formed but also decressed the yield
of the keto mcid. At & 1031 ratio, the guantity of aldehyde
recovered was snall but (he yileld of keto ecid was only 29
per cent. 1t 1s apparent that the potaessium permanganste
attacke some other psrit of the molecule caunsing extensive
de radatlion slon. with rupiturin: the double Sond. A coxn-
promise 5:1 mole ratioc was {inally useli wlth the recovered
aldehyie belng reoxidized In @ simllar manner. In ithis
way, an overall conversion of {U per ceni was obtalned.

e scid () was converted Lo the methyl ester (X71)

with dlazounethane I1n meithylene dichloride. 4he resction



nrogeeded smonthly te ive an almost quantitative yield of
the ester, The use of nefhylene dichloride s&s solvent had

two adventa,es over diethyl ether, Hoth the scid and the

oz ter were soluble in methylene dichloride bul nelther ahowed
mach s80lubllisy in ether. Az & result, the rescition proceeded
more renidly in the first cess, In addition, the hazard of
fire, which too often occurs Iin the preparation of diazomethens
wnen ether 1s used as ihe solvent, was elimins ted.

A B result of this series of resctions, the keto ester
(x1) was obimined in an overall yield of 24 per cent,

The naphihoel-l ester (Xii) was obtained by =esns of a
modified 2tobbe condensation of the keto ester (XI) and dle
methyl succinste with sodium hydride as the basia catalyat.
he compound was white when pure snd meltsd at 204-205°,
it was only Sifficultly seoluible in hot 93 per cent ethanol,
ethyl acetate, and benzene butl gulte golulle in chloroforn,
hot dioxune and placial acetlec mcid. The Waest recrystalll-
gation medlum was found to be the latiers. 1t was alsc noted
that 145 alkall saltis were rather Insoluble in water. ine
frea cnrpon £ posltion was lemonstrated qualitatively by 1lts
coupling reactlon with diezoctized p=toluldine producin: an
oran 8 colored dye.

The alkoxide catslyzed aldol condensstion of szueccinice
ester with a ketone (or aldenyle} was d{iscovered by Stobhe
1n 1303. Orizinally sodius ethoxlde was used as the cnia-
lyst, W»ul Johnson haeg found that the use of potessium tertiary

11

butozxide or sodium hgdrié&ﬁ renerally -ave Micher yields



and purer products durin, shorter resctlon perlods.

@ = o A £ .
Jahn$anl“'é was able to condense a Xxeto=-nidrile with diethy
succinate to form & six membered ring. In the resciion

T

carried out in thias resesrch, both a Stobbe and a Clalisen
condensation have occurred to yield a naphthol-l derivative
(Ai1)e Omly one other such condensation hms been reporied.
Eurnarga has isolztel & cycliciged half-eszter froz the Stobbe
condensation wilth methyl Y -snisoyl butyrate In yields of
about 1 per cent.

In studying this reaction, both potassiwa tertiary
butoxide and sodlum hydéride were used as catalysis with ben-
zone and toluene as solvents. Potassium tertiary butoxide
yielded none of the dJdesired compound wnile the hicher resction
tempersture obltalned with toluene jasve a sli htly hi_.her
yield in one=tenth of the reaction tlme required when uven-
rene was used,

Two routes are possible in this reaction. 7Tilther a
Stobbe condensatlon pecurs firsl followed Dy a Clalsen or
the Claisen condensotion ocoure first followed %y u Liovbe.
it sppesars from the evidence that both of these posasinilitles
ere in competitlion wlth each other in the initlal stazes,
wiltn the velocity of the Stobbe condensation veln: sorcwhat
sreater than that of the Clalsen. 4As evlidence for the
Clalsen condensation occurring first, we have the isolatlon
of the naphthol=-l derivative (¥I.)}. fhls could only have
occurred Lf compound XKI was formed Inltially. Cyeclization

of this via the StoiLbe condensation would then lve
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compound XAiII which would decarboxylate to the compound XII
that was obtalned. The decarboxylation probably occurs
durin; the reaction, for when the resction mixture was

acidified In the 1solstion procedure, no svolutlion ofcarbon



dloxide waa noted.

If the Stobbe had occurred firast, then the end prodiuct
would not have bteen the naphthol-l derivative (2ii). Instead
compound XXIII would have formed inftlally snd the reectlion
would himve stonped at this polnt.

Agcordingly, there 18 evidence for the Stobbe condensa-
tion oecurring first. The itsconic acld derivative {X)V) was
isolated from the sodlunm bicarbonate fraction. This would
have been formed, 1f alfter the initial Stobbe condensetion,

saponification nad ocecurred., The evidence obtalned for this

cO0H
Vad |
1267 G000
0 ci1coooH
Ciig0 OCHz
OCHy,
Y5V

struc ture is ss follows: a carbon, hydrogen and wmethoxyl
analyela that checks the theorstical falrly well, & posie-
tive gquelitative teat for the =methylenedloxy tridge and

the piperonyliec seid g roup, & positive potassium permen.en-
ate tesit for the double bond, san effsrvescence at the
melting polnt that would e accounted for by sanhyiride
forzation and 8 neutrsel eguivelent indicative of 8 trie

hasiec acid,.
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A statement was zade in a previcus para raph that the
velocity of the ‘touvbe condensation was hellsved o e renter
tharn that of the (lalsen reaction. inis was basod on the
feet that in all ecapes, the wel:ht of the material obteined
from the sodium bicerbonate freaction wes twice thet of the
naphthol=) (XIi) fsolated. 1t 18 believed that the .reater
part of this welgoht mas due to compound XXV, Only one other
product has been 1solsted from this fractlon end that in
only small amounts. There was a ;ood possitlllity that others
rezeined unisolated. This other product was & wihite sz0lids
melting above 275%, siving a brillisnt emerald sreen color
wlin ferric ehloride and & nezative methylenedloxy bridre
test and methoxyl tests Its element analysis fiited thet
of a composition of 04.s0.. This GLd not agree with any of
the possible degradation preoducts thati could e visuslized.

i self-conliensation product (XAVI) of Simethyl succinate
was also lsolsted, The ethyl ester of this compound had

been previously reported by Jehnamn‘lﬁ

O
"
-0 CHC OO Hey
| |
Cﬂﬁﬂ%ﬁc\ P Gﬁg
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™e remsinder of this research has beaen dlrecbed towsrd
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putting a methylol or aldehyde sroup Into the two poslition
of the naphthol-l derivative (XIi). The first attempt was %
the ase catalyzed formsldenyde condensation wlth the [ree
acid of X1i, prepsred by the sapenification with potassium
hydroxide in 1l:l ethylene i lyeol - water. In the second
attempt, He~msthylformanilide and phosphorus oxychloride were
used in an effort to introduce an aldehyde _roup.

Two varlations of the formaldehyde resction were carried
outs In the filrst cssge, ihe free acid of XIiI, bhase and
formaldenyue were mlxed to_ether and allowed to stand at
room tesperature for 14 deys. 1t was with this type of a
procedure that Hanaasals prepared sallizenin. The ssme zreen
ccloration that Yanasse observed also occcurred here and a
neutral compound with a meltin: point of 275° was 1solated.
However, ihe snalysis did not correspond with the theoretical
for compound ¥1II. In the second ecase, the sane aixture wes
hea ted under reflux for 24 hours in e nltrogen atmosphere.
¥o coloration occurred, but a white solid precipitrted. 'the
resction mixture was e2lso found to be gli:shtly acid.
apparently, the formaldehyde hed under one a Canlszarro re-
actlon et the elevated tempermiure. On lilterin_ off the
srecipitate, 1t was found to be In the same nigh nelting
s0lid previously ohtained., It wes noted that when this
80114 was a2llowed to stand in bese, the surfsce turnel :.reen
and when lefit in acid, it turned pink. Ividently the :reen
coloration observed by both ¥anagse and us was due Lo some

air-oxidation product that was scting ag an esclde~-ase



)
e

indicator. None of the usual formaldehyde~phenol condensation
products fitted the analysis obtained. The methoxyl deter-
mination plasced the molecular welyht in the range of 345 whieh
would measn that more than one group had been adied. Conseguent-
ly, the structure appears tc be cne that involves the free

acld group in some complex manner.

The use of l-methylformenilide snd phosphorus oxychloride
for the introduction of an &8 dehyde jroup has been success-
fully used in the paatgnﬁtlé The reasction was run v th and
without o-dichlorobenzene as solvent, amd although & color
chen ge was noted end acldlc vapor evolved, only starting
material was recovered,

Although the work to daite has not resulted in the
synthesis of podophyllotoxin (1)}, plens call for a contlnued
effort alon; the samne lines., Further reactions will be tried
in order to plmsce a group in the two positlion of compound
X1ITs If compound XIITI is obtained, a selective reduction of
the 3 ring will _ive the desired product. 1If compound X1V
is obtslned, & reduction to the alcohol followed by a saponi-~
fication and lactonization would be regulred before the
selec tive hydrogenation.

The natursl product podophyllotoxin is an optlcally
active compound with the structure assi mned having four
centers of asymnetry. The synthetle product will of course
be optlically inactive. Consequently some other means than

physical properties will have fto be used to compare the two.
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Infra-red studies do not as a rule show any difference between
optical isomers, and it is planned to use this means for

eceomparing the two productis.
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411 melting points are corrected.

Preparation of Piperonyl Alcchol (IlX}e fThe procedure

of ilseve and ﬁt&rlinglﬁ wag followed eunploying 780 zrams
{4.53 mole) piperonal (II) that had been purified by distile
latlon under & niirogen simosphere, Along with an 80 per
cent yield of the desired plperonyl alcohel, an additional
fraction, in the boilin; range 72-02° at 2 millimeters snd
gxounting to 1 per cent by wel: ht wos slso obtulined. Ihis
50lling point corresponded to the hydrogenoclosis product
4¢,b=nethylanedloxytoluene, previously obtalined by the hyuro-
asenatlion of plperonal ueling the same ceatalyst but et & ten-
persture of 2£80%., 'There is no explanation for the consld-
eracle quantlly formed st 'he lower teaperature used In thise
preparation.

Preparation of Fiperonyl Cyanide (IV)., The directions
5

of Parecuson” were employel bLut on & larger scale., Iour

husired and ten grams (Z.7 =mole) piperonyl aleohol (I1I11)

i”ha
o

wag coanverted Lo the chloride wiih €73 ml., concentrated
hydreehloric acld and then added dropwise, without isolating,
to & solution of 475 orams (2.7 mole) of sodium cyanide and
15.7 srams mercuric cyenide in 715 ml. of 4letilled water,
After maintalning the reaction for 7 hours at 30%, the

layers were gepareted, washed and the orzaniec solveni reaoved

at water pump preszure. .he nitrils distilled st 140-1330°



under £ millimeters pressure to .ive 360 sraug (L3.%5 per cant
of the theoretical amount) of a yeliow lliguld that aslowly
aolidified. iule product contalned & smell amosunt of chlorlde.
A8 & result, & crystallization frou ethanel &nd & rellstilla=-
tion wae regaired, before 1t was pure enough for use In the
next step, In thls wanner, & whlile solld melting at 42-43°
was obtainedl. ‘The previously recorted velues were 3:i«400 S
42° 18

and

Preparstion of lowopipercnylamine (V.

1) Lloxane-immonia folvent. lorty-two srams (J.206

mole) of piperonyl cysnide (1V), 10U ml. dloxane sabtursted
with ansenia and veo grass of lane; cobslt cateljyet were
pleced in & stesl remcilon vessel. Iydrooen was alunitted st
room Lempersture untll a pressure of 3025 pounds per sgquare
inch was reached. ihe vessel wass then rocked ani hested,.

At 1600, the presszure staried to drop rapidly with the
Hheoretical amount of hyurogen Delny atsorbed in 15 minutes.
burin,_ this time, the tempersiure rose to 150° and was wain-
talned there until no {further drop in pressure wzs noted,
The vessel was conled to roos tempsrsiure, washod oul with
two £0 ml. rorilions of dloxane and the catalyst filtered off,.
The solveni was reuxoved at water pump pressure, ani the

anine wes Jistllled et 122° under 3 alllimeiers pressure in
& niltrogen atuosphere Jlvin. 33 crawus {391 per cent of the

tieoretlcal amount) of & colorless liquid.

2) .loxane Solvent. In a slmilar sanneyr, 42 rams

{(0.282 mele) of piperonyl cyanide (IV) was hydrogenated using
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2 sramg haney cohalt catelyst and 100 xl. dioxsne as solvent.
he reaction startes at 1@00 and was complete in 20 minutes.
Al ter waszshing out the vessel with dloxane, {filterin, off the
catalyst and remcving the solvert st wster pump pressure, the
homopiperonyl amine was distilled to yleld 38.6 grams (92 per
cent of the theoretical amount) of & water white liguid. &8
can be noted, there appearsd to Le no advantage in using e
dloxane=snmonia solvent,

Freparation of Trimethyl:allic Acld (XVIil). Uhis pro-

cedure is the same as that outlined &y Tareckson® but on &
lar er scale. Seven hundired ani fifty [rems (4,41 mole) of
zellic seld (¥VII) was digeolved in s solution of 1200 rams
of sodium hydroxide in 7 liters of weter. Two liters of Jdi-
methyl sulfate were added dropwise over & 3 hour period with
mechas ical stirring. The temperature was maintained below
35% for the first two hours but sllowed to rise to 50° for

the remsinder of the addiition. The mixture was then heated

|

mder reflux for 2 hours, at which time, an additionsl Z00
Zraans of sodium hydroxide in 800 ml. water wss sdded. The
refluxin: was then eontinued for another hour. &fiter nciul-
fying the slkallne reaction mizture with 1:1 hrdrochloric saecid,
the precipl tated acld wae filtered off and washed with & 1ilters
of water. On alr-dryin,, 720 :rans (06.2 per cent of the
theoretical amount) of a 11:ht tan product meltiin: at 101

164° was obtalned, liecrystallization from water in the
preasence of sctivated carbon rlelded a white 8011l welting at

167=-165.5%.
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repara blon of irimetiyl.alloyl Chloride {(FIX). ihe

2 ®

t kL ] k2 Sid 1T }- R 3
me thou prescrized by segano and Yamautl™ was followed. A
-

solutlon of 380 _reme (l.51 mole) of trimethyl slllc acid

YIILY in 18500 ml. of smhydrous bongene snd 492 al. ol

0

k3

thionyl ¢hloride was heeated unler reflux for 4 hours. ‘he
Denzene wag rexoved ait waler punp pressure, and the acld
chloride sistilled at 185-187° ot 4 millineters presuur
ylelding & colorless ligquid that slowly solidified on standing:.

Previously reported bollling points were 1386-139
yﬁaaﬁaral“ and 150° at 2 =, §r@ssar®¢1

freparg tlon of N-3 4, 0-Trimethoxybenzmoylhomepineronyl-

anine (Vi). This preparation was s varietion ol the one used

by lareckson” and involved an inverse addition. Sixty-six
grans (C.230 wmole) of irimethylgnlloyl chloride (MNI¥) dis=-

golved in 300 wml. snhydrous beazene was sdded dropwlss ov

“w
&
bt

£ one hour perliod to a mechan lcally a,ltelted slurry of 47,0

T

crams (O.230 mole) houopiperonylanine (V) Jdissolved in 200
mle of anhydrousz Lenzene snd 23 srams of 180 wesh calelum

T}

oxlide. The mlxture was hested under reflux for one hour,

then Iiltered oSy . revity while hote U cooling the Lenzone

solution, a white sollid gppearsd thetl was f1lilered ofl srd
dried, yleliing 34.0 grass of the smide meliln_ at 130«
38,57. Lthe orl_ inal reazilue from the reacilon mlxiure vas
exirectel wiih four 150 ml. portions of bolling 906 per cont

etusnol and flltered. +he {ilirate on coolin., i

o

f"é

1ded 2.6
crame of & light tan solid melling at 100.5-137. & 851

E

adaitional 2,0 [rams meltin, at 134-136° was obtal ned by
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concentrsting the sthanol solutlon to 52 ml. ihla _ave a
totel yield of TE.Z graag {77 per cent of the theoretleal

41 easler nethod of lesclation was elfectel by Jlszolving

)

b

i

the calelun oxlde residue in co 12 per g¢ent hy recehlorie

acld Instesd of extrecting 1t with bolling ethanol. In the

-

exzeriment In which ihlsz lsolstlon procelure was spplled
£10 ;razs {(1.2% mole) of homorliperonyl sxmine (V), 207 :ramuns
(1.25 mole) of trimethyl.alloyl enrloride and 110 -rans of

caloiun oxlde were used. The resultin.

g

caleiun oxide reslidue,
after {lllerin, of{ the henzerne solution, was added to a alxe
ture of 1 liter woter and 1 Yiter Ice snd mclilfied teo

congo rel gaper with 12 per eent hydrochleric seid. The pre-
cipitated aalde was flltered off anl wesheld with onsg 11tler

-t

cold ¢ per ceat hylrochloric zacid, one llter 1T per cent

=

sodluz blcarbonste end one lliter welters 4After alr-drying
165 groLs of meterial zeltin, st 134-125% was obtained. An
adiltional 187 _rems were lsolubted from the venzence sclutlion

Jlving a total of 330 _rams (73 per cent of the itheoretical

Freperation of 1-(3,4,0-Trizsthexyphenyl)«d, 7= sthil-

enedloxy-3 é=dlhvdroisogulnoline (VIi}, the preparstion s
By 5 e “ - 5 :
outlined by [sreckson” wes used, Three hunired anl £ifftve

five _reas (0.937 mole) of U=3,4,B8-trixethoxybenzoyllhionos-
piperonyl amine (Vi) was Jlssolved In 2 litere of snhy.rous

toluene and 00 ml. phosphorus oxychloride vwas asdded. ihe

solution was heated under reflux for & hours, during which
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time, s vellow solii precipitated., On cooling to room tem-

o, ~ 2
e coolal

ponch

narature, more of the vellow s2111 appearad,

L] N

ranction alxtare was poured Into % liters of petroleun elher,

and after siandingz one hour, the audzraatent 1iy:ld was le-
conted., The ummy resldue that remained was Lresied wiil one
13 %er of 39 por cent ethanol w=ith the flask el plagsl in

e % ! . 2 . . . 3 - Y g e
gn ice-bath Lo ¥een the resultin: vi orous reacticon under

control, After all the ethanol hal heen added, the Inli’al
reactliom had sunsided, the mlixature was heated to Hollin, and
then cooled In an lce=hath, The hydrochloride that was
ohtained after fllterin:, was dissolved 1n one llter of
hollin water pnd made alvaline wlih sodlun hydroxide, Jerlie
olte addiltlions of wa'ler werse regqulred to ithin the resulbing
slurrre After {1lterin:, washing with o per ceni sodlum
hryirozide snd wsater, 315 srane (03.%5 per cent of Lhe theorei-
jenrl emount) of & 1l:ht tan so0lld melding el 15U-1€0° was
olitalned " areckson® rerorts & melbting polnt of 1B0.5-100°

for material the® had heer recrrysiallized fron elhwarnol-ve ter,

Precaration of 4,5=Yeth-leneldloxy-c={0,4,5=-lrlmelhoxy~-

benzovl) strrene (VI1I).

1) ¥1th Fthanol Solvent. 1his procelure was

adopted from the outline punlished by 7 ﬁ.ler.v Linethy

enlfete (11,3 =l.) was added dropwlse over v 20 rinute period
to 8 necrelieslly stirred colution of £.0 zrams (0.006 mole)

of the dihvdrolacquinoline derivstive (VIiI) in 30 =l. of hot

895 per cent ethanol. 'his was followed »v 8 soluticn of 3

srame ol sodlus hydroxlde in 20 ml, of diatilled water and
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the mixture was heated on & steam-bath under reflux and with
mecnanical stirring for 5 nours. A white solld precipiltated
during the heatling. The mixture was coocled snd pouredl into
200 mle 0of water, The white golid was appasrently sodium
sulfate for 1t dié@olveﬁ completely. The preciplitate that
formed on dilution was flliered off and alr-dried giving
1,72 grams (85 per cent of the theoretlcal amount) of a

vellow solid that melted at 139.5-140.5%. Sensler’

reported
a value of 133-139°.

fhen the gquantity of the starting material wes increased
ten=-fold, & summy #0l1l1ld was ovtained as the end~product,.
Upon recrystallizing thie from ethanol, a yellow solid was

isolated, m. p. 139-140%, but only in a 10 per cent yield.

2) ¥With Lioxane Solvent. One hundred grams

(0.253 mole} of the dihydroisoguinoline Jderivative (Vii} was
dissolved in 00 ml. of bolling dioxsne, and 200 cramns of

,
sodium hydroxide in 400 ml. of warer was added. Aimethyl
sulfate (272 ml.} was added to this solutlon dropwise over a
20 minute perlod with vigorous mechanical a.ltatlon and then
heated under reflux for 4 hours. Luring thls perlod, voth
the etyrene dJderivaetiive and sodium sulfate precipitated .iving
an accumulation of yellow and white crystala. At the end
=f the reesctlion time, 2500 ml, of waier were sdded. The
resulting slurry was allowed to stand overni_ht and then
filterad and washed with one liter of hot water, To ellm-
inete the last trace of ocecluded inorganie salt, the residue

was awirled with one liter of boilin., waiter and refiltered.
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Un Grying, 97.5 _rame (97.2 per cent of the theoretlical suzount)

of 8 yellow product meltin, at 133-132° was obtsined.

Preparstion of 4,5-Yethvlenedlony=S8=(3,4,5~trimo thoxy-

pensoyl) bdenzolc acid (X).

1) ¥ith Potassium Perman:snate in Slacial acetic

Acid, Fifty milliliters of a 5 per cent potassium permangan-
ate zoluitlon was added dropwlse to a mechanicslly stirred
solutlion of 2 ugraxns (0.0053 mole) of the keto styreme (VIII)
in 50 ml. of _laclal aceille acid maintalned at 650-55%,

after the final addition, the resction solution was kept at
this teaperature for an sidltlonal two hours and then refluxed

for one hnour. uaring thisg perlod, the solutlon became oran;

k)

@~
red in color. the goluiion was then poured Into 300 ml. of
water and sllowsd Lo stand overnl:@htse The resulting precip-
itate was {lltered off, washel wlth water and dried ;lving
1.0 .rax of a reddlshebrown wsterial with a meltins polnt of
less than 120°. Thle substance was insoluble 1n sodlum bie
carbons te and consequently was of no interest,.

2} Alkseline Fotassium Permancanate in 1:1 tertiary

4

satyl alcohol and Veter. Fifty grams {0.1475 a0le) of the

keto styrene (Vill) was addel to 1500 ml. of tertlary Yutyl
gleonol alon_ with 42.5 _reans (1.08 wole) of s0lid sodium
hydroside snd heated with mechaniecsl stirring to 80%. One
hundred end [ifteern s ramg {(0.750 mole) of potassiun peraangesn-
ste in 1500 ml. of warsz woier was alded throu h an alditlion
furtiel ass rapidly es the resclion would allow, After th

£

final sdditlon, the reacilon mixture was heanlel unier reflux



for 20 minutes and the nmn-anese dioxide formed in the re-
action filtered off and washed with one 1lliter of holling water.
The {1ltrate waz coolsd ta room tenperature and acidified to
conso=-red naper with concentratad hylrochloric acid. An

addl tional 52 ml, of seld was then added. The rasulting pre-

cinitate was allowed to stand overnl hi and then liltered

5

d washed with one liter of water. On sir-drying, 37.5 grams

S

v s tam solld was obtained that melted st 198«2000., This
residue wss tritursted thrice with 150 ml. portions of 10

er cent sodium Dicarbonate and the incoluble material file

-

tered offl snd washed with BOO ml. of water. After alr-drying,
the residue wei ned 13,5 .rans and melted at 208-2810°, The
sodium "icerbonate Tiltrete wee scidified with 1:1 hyliro-
ehlorie Bcid. Additional wster was negessary to thin the
alurry of precipltated acld. After filtering, washing with
water end alre-drying, 18.0 grams of a white product melting
8t 214-216° was obtsined. This meterlal ssve no depression
in the melting point when mixed with a pure sample of the
keto acld (X) obtained by ﬁarecka&ns from the oxlistion of
compound VII. Hecerystallization from agueous ethanol :ave
a Tluffy white s0li¢ meltin  at 216-217°%. Previously re-
ported values were 215-216° 5, £214-216° 19 ang ﬁlﬁw&u%l%.?”v,
édnalyeis showed thet the godium blesrbonate in-
solule mpterial was the keto sldehyde (IX)e The saaple
was purified for analysis through 3 recrystallizations from
chloroform=ethanol mixture yielding a white so0lld nelting

at 282,5-2039,
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analysis Calculated for C1piisly Found
Carbon 50T o e
) 6247135

Hrdpogsen £..69% 4705
4.90%

e thoxyl £7.047 284224
2'@3 - 1 Ehw

The keto aldehyde (IX) was further oxidlzed to the
keto acid (X) in an enalegous menner using & 2tl mole ratio
of potassium permunganate to aldehyde. In this meanner, an
additlional 13.5 grams of the keto acld melting st £15-216°
was obiained. Two and one-hslfl gramé of sldehyde was also
recovered. This cave a total of 3l.5 grams 80 per centl of
the theoretical amount ocased on noles acid recovered and moles
of startin, macerial used).

Preparation of Jethyl 4,.B-dethylenedioxy=2-(3,4,5-trl-

me thoxvoenzoyl)benzoate (Xi)e A solution of diszomethane in

metinylens diehloride prepared from 20 ml., of Henltrosomethyl-
urethane weas added to a solution of 18 grams (0.0415 mole)

¥eto acid (X) in 250 ml, of zethylene Jichloride. & rapid

plete in a few minutes., 4 small guantity of insoluble sater-
ianl was {iltered off, ani the solvent was removed by stean
distillation leavin_ a&n aquecus suspension of a yellow umuy
soliu that crystallized on standling overnight. Ihis was
filtered off, triturated with 100 ml. of & per cent sodlium

blearbonate, refiltered and weehed with one liter of water.

ine filteate : ave no precipltate when scidified with



aydroehlorie acid. On alr-drying, 14.8 grams (95.0 per cent
of the theoretical saount) of &8 pale tan solid melting at
129-130% wee chteined. limervsiallization from methsnol in
the presence of activated carbon vielded pure whilte needles

meltin- at 131-132°. ine 11%erature reports 128-129°1% ana

olﬁ
127-188
e sreparation of O,7="sthvlanadioxy=4=(% 4, 5~=trineth~
oxyhenzorl)=3-carboms thoxynanhthol=1 (XIJ7) =~ The Stobbe

Condansastion.

1) with Sodiwn Hydride as Cstalyat. The condensa-

tion was carried out in a three-necked, two liter flesk
squipped mlith & sesled stirrer, a tube for admitting dry
nitrosen and a condenser conneocted through & caleium chloride
tube In a mercury trap. The flask wag charged with 2% ~rams
(0,067 mmla}-gf the keto ester (XI), 700 ml. of anhvirscus
toluene and 100 grans (0.57 nole) of dimethyl succinate.
After swesplns the systen wlth dry nltrogen, 35 ;rans (1l.32
mole) of sodium hydirlide was added ait one time snd the !X
ture heated to reflux. One m11111%ter of wmethanol was then
added to start the resctlion whieh was allowed o progeed at
116° for two hours. At the end. of that time, the flow of
hydrosen had atopped indicating: the resction to e cver. A
yellow-ocrangze color appesred in the initisl singe thet
deensned to s red-orenze 8s the reasction proceeded. Thal
reaction mixture was ehlilled in an lee<beil and the excess

sodium hydride decomposcd Wy the cautious addiltion of water,

The mixbture wag then transferred to 8 separatory funnel,



acidified with 100 ml., of concentrated hydrochloriec scld and
shelkten withh £ liters of ether. iiost of the solid dissolved
in the or_ aniec phase, the remminder Dein; removed with the
sgcld layer and flltered off. ‘the ether-toluene solution wes
succeseively washed witn two 150 ml. portions of water to
reuove the last traces of hydrochlorle aeld, three 150 =l,
portions of 5 per cent sodium blearbonate and two 150 ml.
portions of water; the sodiun bieasrbonate fractlion and 1ts
washiings belng put aside for further treatment. An sgqueous
suspenalon of &8 yellow so0lid wea obtalned on removing the
orgsniec solvent by steam distlillation. ‘his precipitate was
flltered off, washed with waler, tritursted with 400 al. of
5 per cent sodium hydroxide and refiltered., The reslidue was
washed with water til the washings were colorleszs, and then
with 500 ml. of 5 per cent hydrochlorie acid and 500 ml., of
water. (his gave 5.1 grans of the naphthol-l derivative (XiIl)
meltin: at 195-200°, Further purificatlion was effected by
swirlin the product with 100 =l. of bolling 95 per cent
ethanol and filtering. The white s0lid obtained wei hed 4.1
graas (18 per cent of the theoretical amount) and nelted at
201~-202°%. ‘The sa: ple submitited for analysls wss recrystal-

lized from 95 per cent ethanol end melted at 204-205°,

Analysis Celeula ted for CopH Oy Found
Carbon 64,074 84.10%
04 e25%

Hydrogen 44397 5.01%
54031

He %"»hgx:fl S0 10}% 209 .5;:
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On acidifying the alkel Ine filtrate, 1l.7 zrans of
crude dimethyl 1,4-cyeclohexandione-2,d~dlicarboxylate neliing
at 143~149° and piving an iniense violet color with ferric
chloride was obtained., The materisl purlified Uy Lwo recrys-

tellizations from agueous ethanol in the presence of activated

carbon was pure white and melted at 155.5-1577, The ether

Analysia Calculated for Gloﬁlﬁgé found
P s ————

Carbon 524 70% 58.73%
dydro;en 5. 30% 5o 34%

insolubls material (3 grams) orl inally filtered off proved
to we this compound. Heeryestasllization from ethanol _ave a
white solid that melted at 154-155° and zave no depression
in the melting point when mlxed with the above sauple.
Acidification of the sodlium bicarbonale fraction
with l:1 hydrochlorie acid, followed by extrmctlion with 300
mle of eiher and eveporation of the solvent, ylelded 10.0
prams of an orange ummy solid. Jwo producis were separated
by fractlonal crystallization from agueous methanol. One
melted above 275° and ;ave the following element enalysis;:
C, 43.54%, 1, 3.42%, The snalysis and properties of the
compound did not it any of the possible degradation products
visualized. The other compound melted at 185° with efferves-
cence and proved to be compound XXV. Lhe material was found
to be 8lightly hydroscoplc, and a trace of water In ihe

sanple would sccount for the slight discrepences in the



comparison between calculated and deterained values in the
analvsis,.

Aralysia Calculsted for CouinyUyy Pound
Carvon 57.865

Hydroysen 4458%

Hethoxyl 204175 20.53%

20.31%

2) Nith Potassium tertiary-3Sutoxide as Csatalyst,

A 200 ml. flask fitted with a condenser connected throush a
calciun chloride tubs to & mercury trap wes charged with &
solution of potassium tertliary dbutoxide prepared from .0
srams of potassiwa in 20 ml. of tertliary bDutyl alcohol, 4.0
grams (0.027 mole} of dimethyl succinsate and 2.0 srsms {(0.0054
mole) of the keto ester (XI). The flssk was swept with nitro-
gen and heated under reflux for three houra. & color change
to a reddlsh-purple and the forzatlon of an orange precipltste
occurred durin; this time. Al the end of this resction per-
iod, the mlxture was cooled, acldilled with 10 ml. of concen-
trated hydrocixloric acid In 50 ml. of water and itransferred

to a separatory funnel with the ald of two volumes of water.
he agueous phase was extractied with two 50 ml. portions of
ether. Ihe ether, in turn, was washed with two 50 ml., por=-
tions of water to remove the last trace of hydrochloric selid,
nree 50 mle. portions of 5 per cent sodium vicarvonaie and

two 50 ml. portions of water, On steam distilling off the

solvent, & sticky yellow zolld was ovtained. Une hundred
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milliliters of 10 per cent sodlum hyﬁraxiﬁﬁ was addad. Some

I the material dissolved and the remalning sollid filiered
off« The residus was recrystalllized [rom 50 per cent ethanol
£iving 0.5 gracs of m crean colored solld melting st 120-140°,
ihls neutral msterial was probabdly a nmixture of starting
mnaterial, nephthol and disuccinate, The sodium hydroxide
filtrate yielded 04,05 ygrams of the disuccinate (XiVI} on
acidification with hydrochlorlie acid. The sodium bicsrbonate
fraction when acldifled with hydrochloric mcid, extracted with
100 mle of ether and the ether evaporated, yielded 1.3  rams
of & brown umyy substances, hils was not further investigated,

Saponification of Compound XII. Four raas (0.0090 mole)

of the naphthol~l ester (%XIl) was heated with T2 ml. of a .25
¥ solutlion of potagslium hydroxlide in 1l:11 ethylene lycol -
water until solution was effected and then for {ive minutes
more. Une hundred milliliters of water were then added; the
solution cooled to room tererature and filtered. ihe small
snount of resldue lelt was dlscarded. Acidilication ol the
filtrate with 111 hydrochloric scld produced a zelasilnous
precipitate that was flltered off, washed with waler and
trivarated with 300 ml. of & sodlunm blesrbonate solution.

The insoluble material was filtered off, washed and air-
dried to silve .33 grams of rey meterial thati had an inde-
teraminate melting pointe On aclidifying the f1liraste wliih
hydrochloric aecid, 1.75 g ra=ss of the free acld melilin_ ut

23539 with effervescence wag obtained. FPurification or hls

=materlal for analysie was effected by swirling w1th 30 21,
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of woiliy o benzene and filterlin: followed by two recrystal-

lizatlons of the residus from agueous Cloxane in the prensarce
- , : T 0

of activsted curbon. ‘i‘he pure white ssuple nelited at 248

with effervescence.

Analysis Calculated for CgyHjyaly Found
Carbon 834313 G3.185
€505
dydrozen 44557 I
e thoxyl 23,397 23654,
234 E}s,a

Crystallization of the acdium blearbonaie Insoludle
fraction from 30 wml. of glaclial secetic aclid ylelded 1.15 rams
of & white material melting at 233° with effervescence. A
mixed meliing point with & pure sauple of the naphihol«l
acld _juve no depressione. ihus, an overall jyield cof .30 srems
{73 per cent of the theoretleal amount) wasg lsolateld. It 1s
believel that the sodium dicsrbonate insoluvle maisrial was
a mixture of the sodiuan salt of the aclid and unsaponiflied
es Ler.

Attempted sreparation of Compound XIJII.

1) 5iith Formmldehyde at Hoom lemperaiure, Seven

mlllilitera of a 37 per cent formaldehyde solution was added
to & solution of 1 gram (0.002¢ mole) of the naphithol-1l

acid in G5 mle of 0.1 H sodium hydroxide snd allowed to
stand 14 days with ocecassional swirling. 4 green colorstion
developed during this time. On acldificstion with hydiro-

¢nloric ascld, & blue=grey precipltiate appeared. The slurry



was transferred Lo & sepsrsicory funcel and was dissslved in
100 nile of chloroform. A& small asount of insoluble msterial
was [1lterel off and discasrded. ‘the or_snic layer was se)ae
rated, washedl wlih Tour 20 ml. porilons of 10 sodlux bicar-
bonate unc two 20 mles porstions ol water. n stesxn~distiilling
off the solvent, U.L5 sreams of a tan msaterial meltiin. st
25u=2558" (sealed evacusted tube) was obieined. Gy recryss
tallizing from glaclsl acetic feld, a whitle product meltiing

&t 2o5-237° (sealed evacumted tube) was isolated. The anal-
ysls on thie materiel was: C, $7.838%; iH, 5.847; end methonyl,
20.824. Jurther recrystallizetion did not change the analysis.
Ho possible siructure fititin; these i ures could be visualized.
Acldificetion of the sodium bicerbonate fraction gave 0.C2
grams of a tan sollcd that melled wltih effervescencs st 235°,
This corresponded to the stariing material,

2} With Formgléehydﬁ unuer a Nitrozen Atumusgpherse

at 100%. 4 solution of C.75 zrazs (0.0019 mole) of the
naphiithol=1 sacid In 50 mle. of Sel N sodium hydroxide sad D45
mle of 37 per cent formeldehyle was hssted under rellux in a
nitro.en atmosphere wlth mochanlical stivrin_ for L4 hours
suring ithis time, no reen colorailon appeuared, dHut a cream
colored so0lid precipitatec. &b the end of ithe rosctlon neriod,
the s0lld was flliered off anl dried to _ive 0.4 zram of
muterial that melted at 27-275° (sesled evacuated tuhe),

A mized melzting point with the hish melting #0lid ootained

in the previous experinsni showed no depression. Aceldilie

cation of the Ifiltrate produced a gelatinous precipitisnte
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that wel g hed 0.2 ysramns after drying. 1t mellted at 2V5° with
effervescence and gave no depression when mixed with a sample
of the estartin. material.

Attempied Preparation of Compound AlV.

1) Hevsthylformanillide and Phosphorus Uxvchloride

with no Solvent., A mixture of 1.0 grem (0.0024 mole) of the

napnthol~l ester (XIi), 0.90 zrams (00,0032 mole) of phosphorus
oxyehloride and O.44 srams (0.0032 mole) of Wemethyllormanile
ide was hented in a btest tube on a steam~-bath for & hours,
Althoug h the mixture remsined a3 such, the color chanyed to
reddishepurple color snd evolved an ecidic zss, At the end

of this time, the resction mixture was transferred to a

filter with the sid of water and weshed with 100 ml. of & ¥
hydrochloric acid followed by 100 ml. of weter. On recryae
tallizing this residue from :;lacisl scetle acld In the presence
of activated carbon, Q.3 grams of 8 tan material wss obialined
that melted st 201-203Y and save no depression in the

melting polnt when mixed with a pure asample of starting
material,

2) H-dethylformanilide and Phosphorus Oxyciloride

with o~Lichleroisengene &8s Solvent. A mixture of 1 rem

(CeO024 mole) of the naephthol-l ester (XIiI), 0.85 grasms
(0.0042 mole) of Xe-methylformanilide, 0.95 grams (0.0043
mole) of phosphorus oxychloride eand £ ml. of o=dichlorom-
henzensd were pleced in & test tuhe and heated on a steam-
sath alon; with mechanlical stirrin: for one-half hour. A

reduishe-purple solution formeld and the evolution of an



acidic vapor was noted, The solution was then cooled and
neutralized with 5 grams of sodium acetate In 10 ml. of
water, A steam dlstilletion was then carrled out., The
resulting so0lid was flltered off and washed with GO ml. of

& N hydrochloric acid and 100 ml., of water. The product

was brown, welighed 0,85 grams and melted at 185-185% A
recrystallization from glacial acetle sold gave a light tan
meterial thet melted at 198-201° snd gave no depression when

mixed with & sample of the naphthol-l ester.
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This research m boen wﬁ»m& aut in thres paris: The
Gynthesie of Aydrestis Asldp Studies on the ﬁﬁgra&aﬁiaa of
Fleropodophrliing and Studies on the Synthasis of Fodophylle~
otoxnin.

in the firest case, 1t was desired %o synthesisze hydrestic
aold in yields large enough to snable 1ts use se en inlers
mediste in the preperation of §pbeme thiylenedl onyeiin{d 4 ,0w
trims thexyensoyl) benaoic asids his wae accomplished by
applyis: newer methods and technigues o the procedure dow
veloped by Yerkine 548 & result, hydrastic aold was prepared
in an overall yleld of L0-2Y per cent and hLydrastic sahydride
in an overall yileld of RO-3T per ceont.e he 4,5esethylene~
diomycinnamie sold was betier propared by the Dosiner modiw
fication of the reriin reaotion rather than by the Clajisen
sondensstlon of piperonel and othyl scetale ss weed by Zerkine
Poriint's redustion of the cinnemic seltd by sodfanm ecmel an .
has been replaced Ly the caislytic redustion of an &%&%ﬁ@# :
solution of 1ts dodius ssli over laney aia@wlg‘ e eelie
gation of the dlhydrooinnesie asid %o the hﬁ&r&n&ﬂua WO




better eifected Ly preparin: :he @cld chlorilde anu then closing
the rin. with stannic chloride rather than usia, phosphorus
sentoxide on the ascld., Ihe alirie aclid oxidation sia) was
improved Dy usin, veaadlua pentoxids #8 a catalyst and a
iiflerent Llsalstlon procedure, so thalt a 45 per cent yield

of hyurastic acld was obbalned in this sitep. e hydragil

aclu eusily loses watler ou heating te give the aanyiriis.

e

die siudiss on the degradation of plceropodophyllin cone-
cerned an sitempdt o obisin conclusive evidence e aiwiily the
position ol ohe Iree hydroxyl group in thel moleculs. 4 de-
hydro_enation was attempte. using coppesr cuaroanlie as cauvalyst

and ethyiene as a hydrogen accepiore. Jnder these condilitions,

& secondinry aleconol would have led to 8 detbtona. he only

-‘ fa b D

deatifliable product obisined was dehydrosahydrogicropocoshyliin
alithou.  there wes inconcluslve Incicetiona thai & kKetone had
8l Lsen {ormeds. i@ restinior of Lhe woryk in wala seciion
Iinvoived thne oxidation of ploropouophyliln In vavious solvents
with lead teirsacetate. IL the Livdroxyl group was on carson
2, formaldehyde would neve veen lloereted. Lone was degicc lted.
fae worke oun the synihesis of podophyllotoxin was curirled
out with 8 view Lowsrds gprovin: the siructure of podognylio=

toxin throu h syntheels ana developing: & general meihind for

iﬁ

&

o

i
B

G

alnicg similar molecules, The synithesis of pouophyllodonin
h&s not been accompliehed althoupgh 5,0~methylenedioxy-d4=(3,
4,5=trimethoxyphenyl)~s-carbone thoxynaphthol=1, an inter-

2 o - o« @ »

mediate In the proposed synihesis, was ortained. his was



synthesised by wtilizing the progedures of Fareckson and
Gensler in resching &,S5-methylenedioxyef={3,4,5=trinethexy=
vensoyl)bensole aeld, This wes methylated with dlssomethane
Fellowed by a Stobbe condensation with dimethyl suscinate.
In sddition to ths nsphthol~l, e substituted itssonic aeld,
& self-gsondensation produst of dimethyl suscinste and an
unknown substance were alsc isolated from the Stobhe

Eion.



