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The discovery that podephyllotoxin canses regression of mouse
Larcoma 37 has ronowed interest in this substonce and in compounds
related to it (1). Hartwell and Sohrecker {2) have recently revised
the original formila

oroposed by Borsche (3) and Spath (L), so that

I {Chart 1) represemts the presently aceepted structure. The high
toxicity of podophyllotoxin has prevented its use in cancer therapy.

This has promoted a search for analogues which might retain the desirable
properties of podophyllotoxin, but have lower toxicities.

This theslis deseribes the synthesis of I, the openechain analogue
of podophyllotoxine The Discussion is divided into Cections, sach
deseribing the research done on the preparation of a key intermediate as
wall as on related compounds which are not intermediates in the main
synthesis. TFach Section is sccompanied by a chart which depicts the
synthetic routs wnder discussion. A s0lid arrvow indicates a comploted
reaction for which an experimental procedure 1s given in the fxperimentsl
Section. imsuccesaful resctions are indicated by a broken arrow snd sre
triefly described in the Discussion.

dany of the compounds prepared in this work have been submitted to
the Cancer Instiitute, U. S. Public Health Service, Bethesda, Maryland,
for evaluation of their effects on mouse Sarcoma 37. The results of

these tests are not yet known.
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DISCUSSION
The originally proposed gymthetic route to II is outlined in Chart 2.

SFCTION I
Diethyl 3,L,5-Trimethoxybenzylmslonate (VII). Cook and coeworkors (5)

have described s synthesis of diethyl 3,L,5-trimethoxybenzylmalonate (VII)
in which 3,4,5-trimethoxybenganilide was converted to 3,L,S=trimethoxy-
benzaldehyde which was thon hydrogenated to 3,lL,S5etrimethoxybenzyl alco-
hol. The reported yield of the alcohol based on 3,L,S-trimethoxybenzanilide
was sinty-three percent. Conversion of the alechol to 3,L,S-trimethoxy-
benzyl chloride followed ty reaction with diethyl sodiomalonate afforded
diethyl 3,L,5«trimethoxybensylimalonate in unspecified yield.

The reduction of 3,L,S-trimethoxybenzoic acid (III) by lithium
alumimur: hydride (Chart 3) appeared to be a more satisfactory route to
33 ki, Smtrimethoxybonzy) alechol (V) which would aveid the troublescme
preparation of 3,l,S-~trimethoxybenzaldehyde and its subsequent hydrogene
ations The reduction of 3,5=-dimethoxybensoic acid by lithium alurminun
hydride in ether iz reported $o proceed in ninasty-three percent yield (4).
Recause of the limited solubility of 3,k,5-trimethoxybensoic acid in
ether, the tochnigue of continwous extraction was employed to introduce
the aeid into the resction mixture. The acid proved to be extremely
resistant to reduction, probably because of the insolubility of the
initially formed sglt in the resction nmediwn.

since the direct reduction of 3,L,S-trimethoxybenszoic acid was une
pronising, attention was directed to the reduction of the corresponding



etiyl ester IV. Ttlyl 3,4,5«trimethoxybenzoate was prepared by heating

a mixturs of 3,b,5-trinmethoxybenzoic seid, absolute ethanol, snd bene
zene with petoluenesulionic acid and slowly removing the benzene=-alcohole
water aseotrons by fractional distillation.

Reduction of the sster by lithinm aluminum hydride in ether afforded
a fifty percent yvield of a product which proved to be a mixture of start-
ing material and 3,l,5-trizethoxybenzyl slcohols In another experiment
in which the reaction mixture was treated with agueous slkali instead of
acid to decompose the complex, the product resinified to a red glaas
upon attempted distillation.

Bacause of the sass of reduction of acid chlorides, 3,L, =trimethoxye
benzoyl chlorids (VIII) was prepared (7) and subjectad to reduction by
lithivm slurinum hydride in ethor. A fifty percent yield of 3,k,0=
trirethoxybenzyl slcohol was obtalned.

The conwversion of 3,l,S-trimsthoxybensyl slechol to the chlorids
VI was reported to proceed in sixty-eight percent yield, while the yield
in the subsequent alkylation step was not indicated (5). Repetition of
the published directions resulted in only a forty-three percent yisld of
the chloride, and from this only a soall amount of diethyl 3,L,5-
trimethoxybensylaaionate could be obtained upon reaection with diethyl
sodionalonote.

Zince this gynthetic route to the desired product VII appeared unate
tractive, the possibility of reducing disthyl 3,L,5-trimethoxybenzmoyl-
malonate (I¥) was considered (Chart L)s It was found possible to
duplicate the reported preparation of IX in eighiy-~five percent yield
by reacting a suspension of diethyl sodiomalonate in benzene with 3,L,%-
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solid of unimown structure, melting at 201~202°, which had & carbon and
hydrogen content of A5.5 percent and 5.7 percent respectively. Cook and
co-workers (9) obtained a similsr material, melting st 201°, as a by
product from the preparation of 3,L,5-trimethoxybengyl alcohol ty the
methylation of gyringic aleohol using methyl petolnonesulfonste and
potassium hydroxide. They characterized the material as 1,2,3,5,5, 7=
hexanethoxy-7, 10-dilydroanthracene (XIII) (For Caniip)04: €y 5573

Hy 5e7; 9833,551;?; Founds O, ATe.l3 Hy, 5e7; OCH4s 52.0)

It seemed likely that the material isolated by Buang, Tarbell and
Arnstein was the same azg that obtained by Took.e If the initial hydrogenae
tion afforded 3,l,S-trimethoxybennyl alechol, it was not unlikely that
the subsequent beoliling of the materlal with ten porcent sulfuwric acid
afforded some of the dilydrosnthracens derivative.

In order to test this hypothesis, 3,L,S5«~trimothoxybensyl alecchel
was boiled with ten percent sulfuric acide A small amomnt of ether
insoluble product melting at 201.5-203° was isolated. The anelytical
dats wore in agreement with theory for YIII, snd it is concluded that
Tarbell's compound is the same as that isolated Wy Cook.

The ready hydrogenolysis of the carbonecarbon bond in diethyl
3,y S=trimothoxybansoylnalonate is consistent with some other observae-
tions. Uhen an attempt was made to hydroronate the ketone using copper-
chromiumwbarium oxide in ethanol, the only product isclated was gthyl
3k S=trimethoxybenzoate (IV), indicating that the molecule had under
gone alcoholysis. In the determination of the seponification equivaelent
using 0.1 ¥ alcoholie potassium hydroxide, 1t was found that the mole-
cule rapidly consumed three egquivalents of alkali, and trimethoxybemszoile



acid was isolated from the reaction.

The renewsd availability of 3,L,5-trimethoxybengyl aleohal from the
platinum catalyzed hydropenolysis of diethyl 3,4, 5~trimethoxybenzoyl—
mnalonate prompted & reinvestigation of the approach first considered
(Chart 3)e In Cook's procedure for converting 3,l,S-trimethoxybenzyl
aleohol to the chloride VI, a mixture of the alechol and dimethylaniline

at 0° was treated with thionyl chloride to afford a sixtyeight percent
vield of the chloride. Repetition of this procedure sfforded a forty-
three percent yield of product. Considereble difficulty was experienced
in stirring the viscous reaction mixture efficiently. It was found that
Wy diluting the reaction mixture with bensene, efficient stirring wes
possible, and the yield was increased to seventy-six percent.

Since the alkylation of diethyl sodicmalonate by 3,L,S-trimethoxy-
benzyl chloride in ethancl gave a poor yiald of impure product, the
alikylation of dietlyl sodiomslonate in excess diethyl malonate was
investirated, 'This technique has been employed with success in the proe-
paration of diethyl benzylmzlonate (16). The reaction was found to
preceed in seventy-five to eighty~five percent yleld to afford diethyl
354, 5-trimethoxybengylmalonate.

The demonstration of the feasibility of conwverting 3,L,S-trimethoy-
bengyl alechoel to the malonie ester VII renewed interest in devising an
atiractive synthesis of the aleohol. 7“hile this work was in progress,

ether of methyl 3,hL,5-trimethoxybensoats to 3,L,S-trimethoxybenzyl
aleohol in seventywthree percent yield (17). The reduction of ethyl
3kis S=trimethoxybenzoate in boiling tetrahydrofuran was found to proceed

a report appeared describing the lithiuwa aluminum hydride re
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in seventy-nine percent yield. The use of tetrshydrofuran, in addition
to permitting a higher resction tewperature, had the perhaps more signie
ficant advantage that no complex separated from the reaction mixture as
had been observed whon ether was employed as the solvent. The superiority
of tetrashydrofuren over gther was further demonstrated when it was shown
that 3,L,5-trinethoxybenzoiec acid could be reduced to the aleohol in
fifty-eight percent yleld in boiling tetrshydrofuran., In ether, starting
materizl was recovered in good yisld. Again, thia difference may be
ageribed to solubility differences. "hile the reaction mixbture in®tra-
hydrofuran was homogeneous, ihe salt of the acid precipitated from ether,
thus inhibiting further reaction.

Since there was little by-product formation in the reduction of
the gster, it sppeared feasible to convert the crude slcochol to the
chloride. "hen this was done, the overall yield of the chloride was
seventy-gix percent based on the ester.

The Knoevenagel condensation of 3,L,5-trimethoxybenzaldehyde with
dietlyyl mslonate followed by hydrogenation of the resulting benzalmslonic
ester XI sppaared to be an attractive alternative synthesis of the bensyle
malonic ester VII (Chart 5). However, initial experiments in which the
condensation was condueted in ethanol using p:igmmdim bensoate as the
catalyst afforded yields of approximately thirty-five percent of XI,
and this approach was abandoned. Subsequently however, the use of the
procedure of Pratt and verble (18),afforded z seventy-four percent yisld
of ¥XI. Thies material was readily hydrogenated in the presence of platinum
te afford an eighty-five percent yileld of VII.
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vhen a sample of the originally prepared diethyl 3,l,5-trimathoxybenzale
malonate which had stood for twenty months was repurified for anslysis, it
was somewhat surprising to find that the material, although originally re-
crystallized from petroleum ether, was no longer completely soluble in
this solvent. The insoluble material, which constituted nearly half of
the sample, was high melting, but gave a carbon and hydrogen analysis
identical with that cbtained on the soluble portions It is believed that
dimerization ocenrred to afford the cyclobutene derivative XIV. The
dimerization of einnamic acid to form truxillic acid 1s well Inown, as
is the dimerizetion of methylenemalonic ester to form 1L, 3, 3-tetracarbethoxy-
cyclobutane (19)s In view of the formation of a symmetrical product in
the case of methylenemglonic ester, it is believed that the product YIV
is alsc gymmetrical.

The two successful routes to diethyl 3,k,5etrimethoxybensylmalonate
described in this Section represent satisfactory syntheses of the compound.
The scheme shown in Chart 3 has been employed as the primary synthesis of
¥II in an overall yield of sixtyeons percent, based on the optimum yields
obtained in this worke An alternative gynthesis of VII, outlined in
Chart ©, has been conducted on a small scale to afford VIT in sixty~four
percent yield, based on 3,lL,S5~trimethoxybenzaldehyde.

SECTION IT
3, imiethylenedioxyphenacyl Bromide (XIX). Spath and Lederer (20)

have described a synthesis of 3,Li-methylenedioxyphenacyl bromide {¥I¥)
by the ultraviolet catelymed bromination of 3,li-methylenedioxyacetophenone
(XVIII) in acetic acide Jeveral syntheses of XVIII have been reported,
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snong them being the reaction of piperonal with methylmagnesium ifodide
followed by dichromate oxidation of the resulting 3,Lmethylanedioxy-
phenylsethylcarbinol (21), the condensation of methyl piperonylate with
ethyl scetate followed by hydrolysis and decsrboxylation of ths resulting
ethyl piperonoylacetate (22), and the direct Friedel-Crafts acylation of
methylenedioxybensene (23).

Of thess methods, the first seemed the most promising. The original
work of Xlages (21) indicated that the earbinol was obtained when &
fourfold exvess of the Orignerd resgent was employed,and the insoluble
camplex was isolated directly and carefully decomposed. Otherwise, the
dehydration product was obtained. Subsequent work of Bottcher (2))
indicatad that the carbincl could be obtalned in over ninety percent
yield in the usual manmer i the complex was decwsposed with a freezing
mixture of ermoniacal ssmonium chloride. Repetiﬁ/@. of this pruvecedurs
afforded 3,li-methylenedioxystyrene in sixty-four percent yield. Z=ince
it was thought that dehydration might heve taken place during distillation,
the crude product was subjected to direct oxidation using potassium
dichromate and sulfuriec acid. A ten percent yield of XVIYI was obtained
from the crwie product of the (rignard reactlon.

Because of the unpromiaing aspect of this approach and the difficule
tles inherent in the altarnative methods descoribed in the litersture, a
different approach was sought.

Hethods of gynthesizing methyl kedtones have been the subject of
several recent publications (25)(25)(27). In the procedure described by
vgliker and Hauser (29), acyl malonic esters sre hydrolyzed by aguecus



acetic acld and sulfuric acid and underzo simnultaneous decsrboxyletion to
the methyl ketones. Although the method is not applicable to aliphatic
ketonas, it affords good yields of acetophenone derivatives and is mani-
pulatively simplae 7The application of this method to the synthesis of
¥YYITI was tried next (Chart 6).

The conversion of piperonylic acid (XV) to piperonoyl chloride (XVI)
according to Pruchhsusen and Oerhard {28) is accomplished Ly heating a
suspengion of the acid in benzene containing a ssall excess of thionyl
chloride. Although good yields sre reported, this procedure resulted
in the formation of large amounts of a by-product identified as piperony-
lic anhydride. Anhydride formation under these conditioms is due to a
loss of hydromen chloride from the reaction madium (29), and this is
facilitated by oparating in boilinpy benssne. Onission of the bensene and
the use of a threefold exceas of thionyl chloride resulted in a nearly
quantitative yield of the acid chloride.

The acylation of disthyl ethoxymagmesiusmalonate with piperoncyl
chloride followed by hydrolysis and decarboxylation of ithe resulting
diethyl piperonoylmelonate (XVII) afforded an eighty-one percent yisld of
XVIXI based on piperonylic acid and corrected for a small amount of re.
covered piperonyliec acid.

The preparation of IVIII Ly the reaction of piperonoyl chloride with
dimethyleadmiun was also investigated. The vield obtained by this
nothod was comparable to that obtained from the malonie ester procedure.
However, the product was contaminated with a persistent, yellow impurity
which could only be removed by chromatography on aluazina, and since the
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procedurs was somewhat tediocus, the method was abandoned in favor of the
malonic ester sppreach.

The btromination of YVIIY according to Spath and Lederer (20) was
accomplisghed Ly irradisting a solution of the ketone and brosine in
acetic acid with ultraviolet light from a quartz lamp for ten minutss.
Upon irradiation of such a mixture with short ultraviolet light, the
expacted rapld decolorization did not toke place. After one hour, the
mixture was lighter in coler, but continued exposure resulted in darken-
ing. A forty percent yield of 3,L-methylenedioxyphenscyl bromide was
isolated from this proecadure. “udbsequently, the brominetion of & suspen~
gion of YVITI in ice-cold, anhydrouas ether was found to afford yields of
seventy~three to seventyeseven percent. The use of a estalytic amount
of aluminum chloride was unnecessary and lowered the yield to sixty-seven
percent.

The synthesis of 3,Lmotlylenedioxyphenacyl bromide (XTY) from
piperonylic acid (XV) was thus sceomplished in an overall yield of
sixty~thres percent based on the optimum yislds obtained in this work.

SECTION IIX
Diethyl 3,L, S-Trimethoxybensyl-3 ! 2l 'mauwlmdimphmwlmlmm
(XX). rrevious work in this Laboratory {15) indicated that the preparse

tion of the wnsubstituted snalogue, diethyl benzgylphenacylmalonate (XXII),
was best aceomplished by adding phenacyl bromide to s boiling solution

of the sodium salt of diethyl benszylmalonate in benzene containing an exe
cess of diethyl benzylmslonate. The excess of disthyl benzylmalonate
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resulted in a solution of the salt, snd under these conditions the ro-
duct was obtained in fifty-five percent yield. The application of this
procadure to the preparation of the substituted compound XX had the
cbjection that mn excess of diethyl 3,l,5«trimethoxybensylmalonate (VII)
could not be emplaved since it could not be removed by distillation as
was the case with diethyl benzylmalonazte. Turthermore, a more economie
cal use of VII was desirable in view of the value of the material. Tew
sort to fractional crystallisation seemed questionable. Az g result of
these considerations, the use of equimolar quantities of VII and XIX was
indicated (Chart 7).

The reaction of diethyl 3,L, S-trimethoxybengylmalonate in benszene
with sodium hydride was slow, and the nmixture was heated under reflux
overnightes 2% the end of this time no lydrogen evolution eonld he
detected, aithough a small amount of wndissolved solid remained. This
was assumed to be extraneocus material, probably an impurity in the sodium
hydrida. Otherwise, the solution was clear, and consequently, it was
felt that the sodium salt was soluble in bensene. After adding 3,L~-
methylenedioxyphenacyl bromide, the mixture was heated for thirtyesix
hours. HRemoval of the solvent afforded an orange oil which could not
be crystalilzed directly, but which, after chromatograply on aluwuina,
afforded a twanty-{ive percaent yield of diethyl 3,L,5~trimethoxybenzyle

wacylmalonate (XX). Upon repetition of the
reaction it was thought that the uncertainty regarding the completeness
of reaction of sodium hydride with VII in bensene could be avoided ty
conducting the salt formetion using sodium ethoxide in absolute sthanol.
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& twalve percent vield of ¥YV¥IIT. The combined vield of XXVIY and XIVIIY
obtained in this way was not aporeciably different frow that to be oXe
pected from ssponificstion of the keto diester %X obtained in the
garlier experiment.

The mmsatisfactory nature of these experiments prompted the investi-
gation of another aporoach. According to Lund (9), allyletype halides
react with ethoxymagnesius malonic esters to afford the substituted
nalonic esters. However, the use of phenacyl hallides in the reaction has
not been reporied.

The reaction of ph@nacyi bromide with a ten percent excess of diethyl
ethoxymamesiunmalonate in boiling ether afforded a thirty-five percent
yield of diethyl nhenacylmalonate (XXIII) and a twenty percent yisld of
diethyl diphenacylmslonate (XXIV), along with recovered diethyl malonate
and phenacyl bromide. DIisubstitution apparently resulted from s failure
of the initially formed diethyl phenacylmalonate to precipitate from solue
tion as = magnesium complex as is observed in the acylation of ethoxymape
nesiun malonic esters. The slowness of the reaction compared Yo acylation
undoubtedly {avored this.

#hile this was of interest from the standpoint of the monophenscye
lztion of disthyl malonate, it posed no problem for the phenacylation
of monosubstituted malonlic ssters. The application of the procedure to
the systen studied by rown (15) was sought.

Diathyl benzylmalonste reacted with meammesiunm and ethanol to form
the ethoxynmonesium dorivative which was soluble in ether and bengens,.

Neaction of the salt with phenacyl bromlde was first attempted in
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refluxing ether over a period of L% hours. A twenty-five percent yield
of disthyl benzylphenacylmalonate (XXII) was obtalned along with
approximately sixty percent recovery of both starting materials.

The reaction was repested in boiling, alecohol-free benzene over a
period of nine hours. Direct crystallizstion of the crude material

forded a fiftvethree percent yield of XXIT.

A third procedure was employed in which an alcohol-free benzene solue
tion of the reactants was stirred at room temperature for twenty-four
hours, followad by z sixteen hour reflux period. The dark,crude mater
ial afforded only & thirty percent yield of impure product upon direct
crystallization. Distillation of the remaining materisal at 0.1 mieoron
afforded a little starting material and a conaiderable quantity of an
oil which resisted crystallization. Saponification of & sample of the
oil afforded a s0lid which appesred to be s mixture of benzylphenacyle
malonic acid and bensylphenacylacetic scide Thermal decarboxylation of
this mixture afforded benzylphenacylscetic acid. The remainder of the
oil was dissolved in ethanol and deposited s small amount of diethyl
bengylphenacylnalonate. The identity of the balance of the materisgl is
unknowne. Rrown (154) reported the isolation of tha enol lactone XXV
from the treatment of YYIT with base in refluxing bonzene. Since basic
conditions existed in the reaction mixture, it was not unlikely that the
encl laotons was formed,.

The isolstion of the enol lactone ester XXVI has also been reported
from the phenacylation conducted in the usual mannsr in ethanolic
solution (31)s This product may also haove been formed. Both structures
are plausible in light of the result of the saponification.



“ince prolonged treztment at elevated tenmperatures appeared to have
a deleteriocus effect on the yield, the reaction was repsated in benzene
at room temperature and allowed to stand seven days. An eighty-one
percent yield of diethyl bengylphenacylmalonate was obtained. Applicaw
tion of this procedure te the preparation of the substituted keto diester
XX afforded yielda of seventy-six to eighty-ons percent of purified
producte

Attempis to determine the saponification equivalent of the keto
diester ¥X gave variable resulis, as had been observed by Brown (15) in
the case of the unsubstituted keto diester XXIX. The carbonyl activity
of XX was likewise fesbtle, slthough it was eventually possible to isoclate
a 2,li=dinitrophenylhydrazone. Attempted hydrogenation of XX using
platinum in ethanol failed. However, when palladiumecharcosl in ethanol
was employed, a very slow absorption of one mole of hydrogen took place.
A low yield of cryestalline material was isolated whose analysis indicated
that it was the lectone ester YXI. Brown found that catalytic hydropene
aticon of XXII always afforded the corresponding methylene derivative.

CECTION IV
3,h,ﬁ#ﬁrimatnaxybenayl-B',h'~m@ﬁhylanadiaxyphanagylanutic Acid

SKXVIII). Although the hydrolysis of the keto diester XY to the ketoralonic
acid XXVII followed by thermal decarboxylation (Chart &) appeared to be
straipghtforward, considerahle difficulty was experienced in obtaining good
yields. The initial attempts to hydrolyze the keto diester XY with
alcoholic potassium bydroxide or aqueous alcoholic potassium lydroxide
afforded poor ylelds of crude material which upon purification proved to
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the previous saponificetion procedure in point of time, purity of pro-
duet, and yield that no further time was expended on the half-saponificae
tion. The yield was eighty~two percent of material pure enough to use
directly. Thermal decarbemylation of XXVII at 150° afforded a ninety=
four percent yield of XXVIII. In subsequent experiments on & larger
scale, ovarall ylelds of eiphty-three to eighty~five percent of XXVIII
were realiszed, based on the keto diester X,

imring the thermal decarboxylation of the dried ketomalonic aecid
YXVII, the condansstion of water vepor on the cool upper surfaces of
the flask indicated that the material was a hydrate. The noutralization
equivalent was in good agreement with that 10 be expected for the keto-
malonic acid dihkydrate although the carbon and hydrogen analyses were

not in satisfactory asgreement with theory. This poor agreement is not

regarded as serious in view of the difficulties inherent in purifying
malonie meids. Irown (15) was unable to obtain satisfactory carbon and
hydrogen analyses on bengylphenacylmalonic acid, The anslytical data
obtained on the keto scid provide smple confirmation that the proposed
structure is corraect .

heduction of the sodium salt of the keto aeld XXVIII in aqueous
alkali using sodium borohydride afforded a low yield of the lactone(XXXI).

TECTION V
The Attempted Synthesis of 1-(3,l-iethylenedioxyphenyl)=lekatom2-
hy dreoxyme thylene=3lwoarba thoxyel-( 3 ) ok ) s5 ' ~trimethoxyphenyl)~butane

(XXXIV). The condensation of formic acid esters with active methylene

compounds has been a widely used preparative method. However, there haz
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producte For this reason, it was decided to use the ethyl ester in
futwre experimentg.

Attempted formylationsz of the sthyl ester using sodium methoxide
end sodium lydride afforded no detectable enolic material.

Although the results of the initial experiments indicated that the
formylation was feaslble, the low yields of enclic material obtained
prompied a study of the reaction on the mere available, unsubstituted
keto ester LYII (Chart 12).

“thyl bensylphenacylacetate was praspared according to the proe
cadure described by Brown (15) with the application of modified pro-
cedures for conducting the phenacgylation of diethyl benzylmalonete and
for the saponification of the ketommlonic ester.

An atiempt was made 40 formylate LYITI using sodium powder in bene
zeéne overnight at rcoom tempsrature. There was obtained s thirty-three
percent vield of a neutral fraction, s fiffy-sasven percent yield of
material soluble in sodium bicarbonate solution, and a five percent
yield of sodiun hydroxide soluble msteriale. No enol tastis were ob-
taineds The neutral fraction was a met-smlling,i yellow oile “aponie
fication of 2 sample of the oll afforded benzylphenacylacetic acld, but
the oil resisted crystallizstion when seeded with starting materisl. /2
small quantity of solid obtalned upon recrystallization from petroleun
ether proved to be the enol lactone XXV criginelly isclated by PBrowm.
The identity of the scidic fraction is uninowm.

In a later experiment in which sodium methoxide in benzene was

used at O° for seventy minutes, a ninety percent yield of a similer
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reduction of benzhydrylidenesuccinic zcid (YIYVIT) to benzhydrylsuccinic
gcid (YXXVIII) using sodium amelgam is reporited, few sxperimental deteils
and no yields are given, and the procedure appears tedious (12). The
catalytic hydrogenation of the double bond was investigated. Despite

the use of a variety of catalystisz and solvents including pelladium.
charcoal in ethanel and in hot acetle aeid, platimum in ethanol and in
hot acetic acid, and Raney nickel in ethanol at 150°, no satisfactory
procedurs for the reduction could be deviseds An atiempt 1o reduce the
sodiun salt of XXTVI using platinmem glse met with failurs.

The catalytic hydrogenation of benshydrylidemesucceinic seid likce
wise was unsuceessful using nlatinum in ethanol and in hot acetic acid.
The difficully in hydrogenating & hirhly substituted earbone
carbon double bond of this type is referred to by Johnson (L3). e was

able to overcome the diffieulty by emploving the method of “cherenik ang

Papa (Lh) in which the acid is= treated with excoss aqueous alkalil and

Raney mickel alley. Application of this procedure to YYXVI afforied

an elshiy-gix percent yield of YIIVITI, isclated asz the hanmibenzoneate.
Published directions for the preparation of lLephenylel.carboxye

tetraslona=l (YL) from benzhydrylsuccinic acid call for formation of the

anhydride XXXIY followed by Friedel-Nrafis cyclisation of the snhydride

using aluminum chleride in icewcold nitrohensene {L5). Tepotition of

thiz procedure afforded the cycliszed product in forly pereent yield.

The reported yvield of seveniy.~five percent eould not be duplicated despite

repeated attempis.



30

Chart 10
20
CH,COOH ©\ CH.LOOH CH,C
a CH-C,
c_’c COOR cCHCOOR S &y
XXXVI, R""?C«zH5 IXVIIT XXIX

XXXVII, R -H

:;z:
<

XLII, R -C,H, XL, R=H

XLIv



Cyelizetion of bhenshydrylsuceinic acid using polyphasphoric acid
was tried (1L5), but the inselubility of the =aterial in the reagent
prevented the reactlon from tsking the desired courss.

Cyelisation using ninety-two percent sulfuric acid at 70-100°
afforded a thirty-seven percent yield of the keto acid. 'hen eiphty-{our
percent sulfuric acid was employed, starting material was recovered in an
impure condition.

The use of hydrogen fluoride as a cyclizing agent afforded approxim
mately twenty-five percent of impure product.

Although none of these mathods was satisfactory, it was decided
to amploy the Friedel-Crafts method en larger scale preparstions.

Esterification of the keto acld XL using ethanolie hydrogen
chlorida sfforded a ninety~five percent yileld of the ester XLI.

The formylation of the keto ester was conductaed aocording to the
directions of Johnson (32). After standing overnight at 59, there was
obtained approximataly fifty-Tive percent of the Iydroxgymethylens
carboxyliec acid ALITY which coudd be reerystallised and which gave
analytieal data in agreement with the proposed structure. The balance
of the material was enollic and was thought to be the lydroxymethylene
carboxylic ester ¥1.71.

The spnearance of the forsgylation mixture was interesting. Upom
addition of the keto esisr to a suspension of sodiuz methoxide in banzene
contasinine ethyl formate, a2 deep red color developed rapidly. After
spproxinately one-hal? hour, 51l the solid dissolved affording a clear,

deep red solutione In all other exsmples of this reaction, a2 precipitate



of the salt of the hydroxymesthylene compound formae The failure of the
salt to precipitate in this case is not understood.

“hen the fourmylation reaction wss stopped soon after the sodiunm
methoxide dissolved, the hydroxymsthylene carboxylic ester ¥XLIT was
obtained in eightye-seven percent crude yield.

Both the hydroxymethylene ester and the hydroxymethylens acid could
be titrated in aqueous aleohol using phesnolphthalein as the indicator.

An attempl to prepare the O-metlyl ether of the hydroxymethylene
carboxylic ester by treatment of the enol with mothyl iodide and potas-
siun carbonate affordad a product which could not be purified satisfacte
orily, possibly because of contamination with the Cealkylated isomer (3L).
Zther attenpts to obtain the Qemethyl ether by treatment of the enol
with diazonethaene were unsuccessful, in apreement with the results of
Campbell, Schrage and Campbell (L7) who were unable to form the encl
nethyl ethers of a series of hydroxymethylene ketonase.

The great difference in the behavior of the open~chain keto ester
LYXII compared to the o¢yclic keto ester XLI indicates that s steric factor
constitutes the important difference in the molecules under consideration.
“oletular nodels show that the msthylene group of the cyelic compound
is muich less sterically hindered than that of the acyclic compound. It
is possible that because of this, the desired condensation in the case
of the scyclic keto ester takes place so slowly that competitive reactions
such as enol lactome formation ¢can oceur. It is evident that in the case
of the acyclic material, the flexible nature of the molecule permits the

encl lactone to form, whereas with the cyclic compound, the rigid nature



of the molecule prevents this.

“ince a steric factor appeared t¢ be preventing the desired con-
densation from tsking place with ethyl benzylphenacylacetate, the
reaction was examined with acyclic keto esters in which sierie hindrancs
might be absent or minimiased.

ithyl (4 =benzoylpropionate (XLIV) upen treatment with ethyl formate
and sodium methoxide reacted rapidly to afford a mixture from which
spproximately fifty percent of enolic material was isolated. Althouch
no indicetion of the position of the hydroxymethylene group was obtained,
from the greater activating influence of the keto group compared to the
ester group, it is assumed that condensation alpha to the keto gromp
predominated. BRorsche (L3) reported the condensation of benzaldshyde
with XLIV occurs alpha to the keto group.

A fragrant, neutral oil was also isolated from the formylation of
¥LIVe Again, the lowersd saponification equivalent and the isolation of
3 -benzoylpropionic acid from the saponification indicated that the oil
was a mixture of starting material and encl lactone.

Because of the ambiguity arising from the possibility of condene
sation at either of the two methylene groups in ethyl [ ~benzoylpropionate,
the reaction of ethyl o(-methyl-p -bensoylpropionate (YIV) with ethyl
formate was investigsted. Although the appearance of the reaction mixe~
ture was similar to that observed previously with the cyeclic keto
ester ¥LI, there was obtelinad only eight percent of crude enolic material.
The balance of the material was obtained as a neutral oil having a2 sweet
odor unlike that of the starting materisl. Distillation of the neutral
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oil afforded a mixturs of lowered saponificstion squivaleni. The residue
from the distillation crystallized, but attempts to purifly the solld were
unsuccessful, and its identlity was not established.

The failure of ILV to undergo the formylation to any larpe extent
is interpreted as being due to steric hindrance. /pparently the exist~
ence of branching adjacent to the activated methylene group in the
acyclic series results in sufficient hindrance to prevent the desired
condensation from taking place, and side reactions predominate. The
failure of ethyl isovalerate to undergo self condensation in the
presence of sodium ethoxide represents a similar situation. In this case,
the use of a very strong base such as sodium hydride causes the reaction
to take place (L9)e

An attempt to conduct the formylation of ethyl benzybhenacylacatate
using sodium hydride met with failure. The use of potassium tertiary-
butoxide resulted in repid decomposition of the ethyl formate to carbon
monoxide and ethanol, and no enclic material wae isolated.

The results of these experiments demonstrated that the introduction
of the desired carbon by condensation with ethyl formate was not feasible,
end slternative methods of aceomplishing this objective were, therefors,

considered.

SECTION VII

The Synthesis of an Unsubstituted Analogue of Podophyllotoxin. The

succesaful introduction of the hydroxymethylene group inte the cyclic
keto ester prompted an attempt to reduce the hydroxymethylene ketone
gystem to the 1,3-diocl, z procedure which would afford a structure analomous



3%

to that of podophyllotoxin (Chart 1l).

The problem of gynthesizing an unsubstituted ansalogue of podophylloe
toxin was first undertasken by PRorsche (50)s The esgsential details of
the present synthesis were outlined by Borsche, but the reported experi-
mental work followed a somewhat different approach through the napthol
derivative. Attempted reduction of the lactone of Liephernyle3=carboxye=
2-hydroxymethylelenapthol (ZLVI) afforded an inseparsble mixture. No
attempt to investigate the approach used in this work wasg reported.

The reduction of hydroxymethylene ketones and [} -ketoesters by
lithium alumirmn hydride is reported to be a complex resction from which
unsaturated slcohols are obtained in addition to the diols (51). The use
of lithium aluminnm hydride was prohibited in this case by the presence
of the carboxyl or carbethoxy group. The reduction of enclic compounds
by aluminun isopropoxide is reported to faill because of the formation
of insoluble enovlate salts (52). The use of sodium barahjvdride in
aqueous alkall appeared to be a promising procedurae.

When a solution of the hydroxymethylene carboxylic acid XLIIT in
aqueous alkalii was trested with sodium borohydride, an acidie, crystal-
line product was obtained in forty percent yield which was not enolice
and which melted with decomposition to afford snother higher meliing,
neutrel soclide The carbon and hydrogen snalyses of the acidic material
were in agreement with theory for the dihydroxy acid XLVIII. Upon heate
inz, the material lost welght equivalent to one molecule of water per
melecule of dihydroxy aclid to afford 2 neutral substance whose carbon
and hydrogen analyses and saponification equivalent were in agreement
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with the hydroxy lactone structure XLIX.

The position of lactonization is spooulative. Although it might
be assumed that the less strained lactons YLIY inveolving the msthylol
group would form preferentially, infrared studlies on the analogous lactonc
formed f{rom l-hvdroxy-Z-tydroxymethyl-lecarboxytetralin indicate that
the secondary hydroxyl participates in lactonization (L)(53). It was
also found possible to form the lactone LII of cis—l-hydroxy-3-carboxyel-
pheryltetralin iy thermal treatment of the hydroxy acid LITI, although
the yield of pure product was much lower than in the cazs of the die
hydroxy acid XLVIII. This demonsirates that the bicyelic lactone type
of structure ILII cannot be excluded on the basis of strain.

Attempts to dehydrate the hydroxy lactone using p-toluenesulfonic
acid in benzone and sulfuric acid in acetic anhydride afforded only
tarry products.

Reduction of the hydroxymethylene carhboxylic ester in aqueous
alkali using sodium borechydride also afforded the dihydroxy acid, although
in only twenty-{ive percent yisld. ¥hen the reduction was conducted in
absolute ethanol, a low yleld of the dihydroxy ester XLVII was obtained.

4 small smount of this material was also isolsted from the reduction cone
ducted on the hydroxymethylene carboxylic ester in aguegus alkali.

In connection with another study in progress in this Laboratory (53),
it was of interost %o prepare the lactone LIT. Haduetion of L-phenyle3-
carbethoxytetralone«l (YLI) by slurminun isopropoxide in isopropyl alechol,
fallowed by direct saponification of the crude hydroxy esters afforded a
mixture of IIII and LIVe Ceparstion was accomplished by subjecting the



mixture to thermal lactonization, then removing the transehydroxy acid 11V
by washing with sodium bicarbonate.

JECTION VIIT
2eBongy l=3-(0{~lrydroxybenzyl )=butyrolactone (LIVI)e “ince the ree

sults of the formylation experiments showed this aporoach to be fruite
laess in the acyclic series, the possibility of the direct introdustion
of the methylol group using formaldehyde was consgidered. The condensation
of alkyl aryl ketones with formaldehyde has received relatively little
studye. The reaction of acetophenone with paraformaldehyde in methanol
uging potassium carbonate as the base affords the formal of dimethylol-
acetophenone IV in moderate yleld while under the same conditions,
propiophenone affords the monomethylol derivative 1VI (5L). On the other
hand, scetomesitylene affords the monomethylol derivative LVII while
proplomesitylene is converted to the methylene derivative LVIII (5%).
Haworth and Sheldrick (54) obtained the methylol lactone 1X in excellent
yield by treating the keto meid LIX with excess formaldehyde in the pre-
sence of aqueous sodium hydroxide. Saponification of LY produced the
nethylene derivative LiT. Brown (15) %ﬁe@gvaaw the condensation of parse
formaldelyde with diethyl benzylphenacylmslonate in methanol using potage
siun carbonate as well as the reaction of formaldehyde with benzylphenacyl-
malonic acid in aqueous alkali. Both proesdures resulted in the recovery
of starting material in good yields This provides evidence of the hindered
nature of the methylene group in this system.

The reaction of formaldehyde with bensgylphenacylacetic aeid (LYIII)
in aqueous alkall was sleo attempted by Browmne. 4 glasgy material was
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t0 form such g derivative, in agreement with the feeble carbomyl activity
observed by Haworth and cheldrick (55) in their keto methylol lactone LX.
“hen saponification equivalents were determined using an execess of bolle
ing standard alkali, low values were obtained. If the lactones were
allowed o stand at room tempsrature with excess alkali, the values obe
tained were in agreement with theory. This behavior can be axplained

by assuming that the original condensation was reversed by bolling alkali,
and the formaldehyde regenersted underwent a Canniszzaro reaction, thus
consuming alkali.

The high propartion of LYV formed when a large excess of formaldew
hyde was employed prompted an experiment in which only a small excess of
formaldehyde was used., After chromatography, an elghty-six percent yield
of crude LIIV was obtained. From this a crystalline isomer (LXIVa: was
obtdined in thirtye~two percent yield, based on the keto acid LXIIT.

Decause the position of lactonization in the kete lactone LIIV was
known uneguivoeally and corresponded to that in podophyllotoxin (2), the
conditions of reduction of the carbonyl group had to be such that trans-
lactonization of the product was rendered improbable. Thus, the use of
basic reagents such as alumirmum isopropoxide or lithium borohydride was
prohibited. likewise, 1t seemed desirable to avoid acidie conditions,
since the presence of acid might catalyze translactonization. These
limitations excluded most of the common techniques for reducing ketones
except ¢~alytic hydrogenation in neutral solventse

It was found that the hydrogenation of the erystalline keto lactone
IXIVa using palladium-charcoal in c¢yclohexsne at room tempersture pro-
ceaded quite readily with the absorption of one mole of hydrogen. The
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crystalline product LXVIa isolated from this in forty percent yisld proved
to be very diffieult to purify and persisted in melting over a ten degree
range.

Hydrogenation of 1XIVa using palladiumecharcoal in ethanol proe
ceeded veory rapidly. The product isolated proved to be identical to
that obtained when c¢yclohexane was the solvent, indiecating that the
ethanol did not promote translsctonizstion. Again, the product failed
to exhibit a sharp melting point, even though crystallization from dife
ferent solvents was employved. The slightly high carbon analyses indicate
that the compound may undergo partisl dehydration.

Hydrogenation of the noncrystalline keto lactone LYIVh using
palladium~charcosl in ethancl afforded g twenty-eight percent yield of
crystalline msterial which gave analytical dats in agreement with the
hydroxy lactone structure LIVIb.

Thus, two of the possible four racemstes corresponding to 2ubengyle
3w{ o ~hydroxybengyl J=butyrolactone (LXVI) have been obtained in a crystale
1line condition. It seams unlikely that translgctonization ogcurred under
the conditions employed, although one of the products appearsd to be con-
taminated with a material of higher carbon content which was not removed

by repaated recrystallization.

23, L1y 5=Tri me thoxybengyl J-3=( ol ~hydroxy=3 ' L '-methylensdicxybenzyl )~

butyrolactone (II). The reaction of 3,L,5-trimethoxybenzyle3 ,l =methylence

dioxyphenacylacetic scid (XXVIII) with formaldehyde in aqueous alkali wase
conducted uaing a fifty percent excesz of formaldehyde at room tempersture
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for two days (Chart 13). Acidification of tho reaction mixture afforded
a semie-solid precipitate which proved to be only partially soluble in
ethar. The ethereinscluble solid was obtained in sixty-three percent
yield snd was shown to be the methylol acid ILIXVII by analysis and
neutralization equivelent. The use of & five percent excess of formalde.
hyde lowered the yield to forty~four percente The fallure of LYVII to
lactonize as was observed with the unsubstituted compounds may be
attributed to the extreme insolubility of the material in the agueous
mixture. n ons occasion, acidification of a2 solution of the sodium salt
of LXVIT in aqueous alcohol failed to produce an immediate precipitate.
Upor stendine in the cold a precipitate was deposited which proved to be
the corresponding lactone LXVIIIa, showing that lactonization would take
place under mild conditions if a homo oneous mixture existed.

Upon melting, the methylol acid IXVIT lactonigzed spontaneously.

The conversion of the crude methylol acid to the purified lactone LIVIIIa
by thermal lactonizstion was accomplished in ninety percent yield.

The noncrystalline, ether-scluble materiasl from the formaldehyde
condensation was believed to be the isomeric keto lactone LXIVIIIL,
posaibly contaninsted with the keto methylol lactone. Chromstography on
silicic acid falled to achieve gny separation, although a small amount of
the crystalline keto lactone LYVIIIa was isolated from one of the fractioms.

tttempts to raln direct evidence concerning the location of the
methylol group by oxidation with potassium permangenate failed {to afford

any crystalline products except starting material.



%00

‘W0 @ ofHd
S HO™H? O 9%
T HO'H) o

HO ITTAXX

| HO
QITIAXT /

€T HI'uD



10Ul MITIaIssed syl *UCTIEIUSPUCD TRUTILIO oYl Jo TESJAAGI Pasned TBYTe
19y} uoTiwuITJuos peptacad BIIIAXT SUOGORT ojeX alf Jo UOTIEOTJTucdes
|3 WoXy ITIAXK PIO® 0303 oyl JO WOTIRIOST oyl < dnoxd o8y oy o3
eyd (v poaeque dnoid ToTAiem eyl 32U Pepulotos $1 3T ‘plov SLxoxply~eteq
g Jo pejoadxa oq 0F J0u JINSeL ¥ ‘auciovy ® pewyoy ArTpesx psw ToTApneuw
ey3 souty ednoad Tixoqres oy 2o dnoal ojex oyy JeURTS 03 vudle ST
dnogd poTiugeu sy} Yy ©OUSPTA® ST TIWNT? 44 UOTIREULDUOD @3 JO TU8I8A
=22 eyl ecepfyeprRulc] 9} JO UVOTINESI OJWZETUUR] ¥ A4 pOsOTDS UCTIPSUSD
-0 TRULITIO 8yl JO IvRdeAel 0% enp Juteq sw poraxdoojur g1 pefotdue sem
TIe¥T® BuTTioq usyam quaTeayube woTlestjTucdes eql Jo ONTRA peIomoT YL
*Aroous WiTa
JpEEDeIde Uy SUA PBUTE3Qe onTRa ) ‘euameledus) WOOX 1® TOUODTE snosnby
uy peuTiLisjep gua jusTranbe usrTivsprtucdes eyl usyy CTIENT® Jo uoTidune
=U0D PESPAIOUT Ue UT pejInsel TTENTE WITA Suplioq PenuTIuoD ‘agouleiiand
*ALYT 6UCYDB[ 038} PRI TISNEUn oY UITA 85¥D oW} useq o8 pey £ ‘peurTeiqo
gre JueTrAINbs uoTjwspITUcdEs MOT ' SpTENTR Suryloq *sesoxe Futen speu
seis BLITAXT JO juUsTeAlnbs uwoTed(jTuci®s U} Jo uoTjeUTUIONSD ¥ LBy
*oumTYeS U TR jeu
s TN TT sjonpoxd spnio a3 JO ssjeozULq SUTTTEIsALo aredaxd oy sqydwaggw
pue fpejTTosT oq pIno sjonpoad suprTessdfan ou fsowrd xooy ATIUSpTA®
UOTIINPSI YINOYITY *SUCTIONDAI YoQ JOF FUBATCS SY} S8 URAnJOIpAY
=B13eq JO 88T sy} pejduoad Jeule UT BPITIAXT JO L TLIONTOSUT ewodixe syl
*¥% J0380Tp 0303 SUy JO UOTRIONped A PAUTEIQe ‘Y¥XT UITA BUODBT 038y
Y3 JO UOTIOnNpAl opTIpfl] BTUTEMTE UNTWITT JO XIXT joupoxd eyl Juseduod
£ pelBUTWTTS 99 PTNOd dnoxd o3ey eyl oy sydre jo peegsuy dnogs TAxoq
-1e0 ey} 0% wydye eTnoeTom oUY pelelus pwy dnold TorTAyew emy RN LTI
~18sod sy EU: JuSnoys sem 9T ‘ATeyIun o3Inb peawedde 4T UIMOURTY



L5

the rings underwent substitution is remote sinee there are no reported
axamples of aromatic ethers reseting with formeldehyde under alkaline
conditions. The activation of the methylene group adjacent to the trie
methoxyphenyl group is believed to be too feehble to parmit condensation
under the conditions employed in view of the electron releasing propere
ties of the methoogyl groups.

The hydrogenation of the keto lactone using palladium-charcoal in
gyclohexane proceeded slowly and incompletely unless larpe quantities of
catalyst wers employed. The hydrogenstion proceeded fairly repidly in
ethenol using pelladium-chareosl or platinum. FEthyl acetate was an
unsatisfactory selvemt for the hydrogenation. Attempted hydrogenolysis
of the keto lactone to the methylene compound IXXI using psiladiunmcharcoal
in acetic acid feiled to afford the desired product.

Initial attempts to isolate a orystalline product from the hydrogent.
tions were unsuccesaful. No separation could be achieved through chromae
tography on silicic acid or alumina, and direct crystalliszation was
fruitless.

Despita the possibility of translactonization, a reduction was tried
using alaminum isopropoxide in isopropyl alcohol in the hope that a different
ratio of isomers would be formed that would permit isolation of s eryvstale
line product. Although redunction took place as evidenced by the formation
of acetones, no crystalline produot was isolated,

Ultimataly, a sample of tba product II from the palladium catalyszed
hydrogenation daposited erystals after standing in the cold. Ths erude

s0lid was obtained in approximately seventy percent yield. FReerystallization
was difficult, and a sharp melting point could not be obtained. lowever,
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LYXII. The prinwry reduction product of the meilylene dsrivetive would
be the keto acid LIXIII. It =ight be expected that ths carboryl group
world be further reduced to the corresponding hydroxy acld LXXIV, tut
thds is not supported by ihe hydrosen consunption cbearvede. urtherw
nore, the acldic substance melted ad 147° with no evidence of decompe
oaition. It seens very unlikely thet the lydroxy zeid LEXIV would fail
to lactonize wxder thoese conditions. Iowever, the acldic substanee
failed to zive any evidence of resction with 2,Ledinitrophonylivdramine.

The snalytical data snd neutralization eguivalent were in
reagonably sood agreencnt with the empirical formula Cogllp) Upfor LIXITI.

The infrared speclrwn of the acidlic material (Chart L) sxhibited
a very waak sbsorptiom at 285 mdcrons smd a byxoad intense band at
3e20 microns. This lattor band is in the CH stretohing reglion and
slso in the region of bonded O stretching. & sharps, lntense peak
at S.05 mioroms is atiributed to the carbonyl stretching of the care
boxyl croupe The band close by al 5.77 microns is in the regloa of the
conjuzated carbaryl group.

Since the infrared gpoctrun of the aclidic product could be intere
preted in toras of the keto acld IXXITI, the infrared spectrus of the
siniler keto acid YAVIIT was oxamined (Chardt lL). The striking resomim
lance betwoon tho two spactra, particularly in tho Seu anicron region,
makes 14 soen likely that the soidie substsance iz [LXXIIT. The more
intense (1 stretching band exhibited by 1LXIII can be satiafactorily
accounted for by the presence of an additionel metlhyl group in LXXIIT,



Although the chemieal ovidence iz not entirely in support of this
structure, it is possible that the factors wideh inhibited the reduce
tion of the cerbomyl growp might also inhildt the Tormation of a 2,k
dind trophenylhydrasong.
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briefly ovor narmesium sulfates The benzene solution was concentrated
under dimindshed pregssure. Pistillation of the pale yellow residus
afforded 200 v (307) of ethyl 3,L,0=trimethoxybenzoate, Lepe 12.7{}/ 1 ey
epe 2efiehie T (11t epe S3=T57) (£5)e  Although the ester could
e recrystalliized from petroleun sther by cooling in an ice-salt rdxdure,
a0 Laprovement in the melting point resulied. The mseterial from the
distillation was used directly in the next step.

3pkiySeTrinethoxybensyl Aleohol (V). tHethod A. A 250-mle three-

nacked flask itted with a mercurvesealed Hershberg stirrer, s dropping
funnel, and a reflux condenser protected by a drying tube, was thoroughe
ly fiamed and £lushed with dry nitropen. Fifty millilitere (0.109 nole)
of 261 ¥ lithiunm aluminum hydride in tetrahydrofuran wes placed in the
flask, and to thiec was added a solution of 2k.0 g. (0.100 mole) of
ethyl 3,l,0=trincthoxybensoste in 50 ml. of tetrahydrofuran over a
poricd of twenty mdnutes. The tetralydrofuran refluxed gently duringe
the addition, snd after the addition was complete, refluxing was cone
tinued for two hourge No precipliate formed during this timo. After
cooling the rdxture in lce, the excess lithiunm alunimen lhydride was doe
composed bty the cautious adéitlion of water, and the resuliing sludge
was treated with 100 ml. of eold, ten percent sulfuric acid. The pale
yvellow, orpanic solution was separated from the aqueous phase, and the
latter was washed five tines with eother. Addition of the sthereal ove
tracts to the origingl organic soluticn caused the separation of snother
agusous phase which waz removed. The orgsandc solution was washed 5uCe
cessivaely with woter, saturated salt solution, and five percent sodium

vicarbonate. The bicarbonate wash discharped the yellow color and becane



ry

deep reds  The solution was dried over nagnesiunm sulfate end concentratod.
Metillation of the residue in a Hickman distillation apparatus affordsdé
1065 2e {777) of a clear, viscous oil, which distilled ot a bath temperae-
ture of 115=120° and a pressure of 0.03=7.0h mme

The une of a lieknan apparatus was believed necessary to prevent
decompozition during distillation, but later work showed that the alechol

wld be distilled in s conventionsl spmarsius.

dethod Be In a 300emle thres-nacked flask equipped with a mare
netic stirrer, a dropping Dumnel, snd s reflux condenser protected Ly
a dryine tube, were placed Z.0 7. (0.12 mole) of lithium aluminum hydride
and 100 mle of tetrabydrofuran. “hon the hydride had disaclved, a warm
solution of 252 me (0117 mole) of 2,l,T-trimethoxybenzoic acid (mep.
1*353-"3'3--1'?3..*’;@') in (T mle of tetrahydrofuran was added over a period of
fortyeiive ninutes.s The resulting solution was heated under reflux for
tmanty-one hourse liost of the solvent was removed by distillation at
stmospheric pressure. The cooled, seni=eolid residue waz csoutiously
treated with 100 nle of moist ether, then with water, and finally with
sufficient cold, ten percent sulfuric ascid to dissolve the aluminum
saliz. After working up the reaction mixture as described above, thore

was obtained 13.7 ge (587) of colorless oil, bepe 115-120°% /0402 e,
o

.3

M‘zj [
3’2“ e &}lc

3yliy SewTrimothoxybensyl Chloride (VI)e In a 300wl. threeenccked

flask fitted with s mechanical stirrer, & dropping funnel, and a roflax
condenser protected by a drying tube and comnected to a gas irap, wore
placed 174% me (060705 mole) of 3,L, =trimethoxybenzgyl alcohol, 9.7 e

(2.080 mole) of purified dimethylaniline, and 100 ml. of anhydrous,



thiopheno={rec bonzenc. The wixture was chilled in ice, and a solution
of el me {2077 mole) of purified thiomyl chloride (A0) in 29 ml. of
venzenc was sdded over a period of eighty mimatese Vigorous stirring
wae erployed during the addition. The mixture initially was oran o
yellow in color, but as the additiom progressed it bLecame z pale yellowe
sreens  hen the addition was complete, the mizture was allowed to warn
Lo oo temperature and was then heated under yoflux for one hour. The
mixture was cooled in lee, and 30 mle of 1:9 lydrochloric acid was added.
The aguecus phese was separated from the yellow benzene solution and
axtracted with benwene. The comlined benzene solutions wore washed wiih
five porcant sodium bleasrbonate solution, shaken briefly with mamesinm
sulfate, end concomirated under diminished pressurc. Distillation of
the pale yollow residue afforded 17.0 me (8L.07) of 3,L,0-trinethoxy-
benzyl chloride, bepe 110°/7.1 e, mePe 75wil”. Recrystallization of

the distillate from 250 mle of petrolew: ethor afforded 12.7 . (757)
of product, nepe 50=92° (1ite Mepe 40w51) (%)

Direct Comversion of Tthyl 3,li,S-Trimethoxybenzoate (IV) to

Jpliy tmIvimet thonybenzy1l Chloride {VI)e & solution of "5.7 ge (0.237 mole)

of othyl 3, b=trinethoxybenzoate in 125 ml. of tetrahydrofuran wes
addad to 117 nl. (2.250 nole) of 2.1 'f lithium gluminuy hydride in
tetralydrolurans. After heating under reflux for three hours, the eocoled
~ixture wan cautiously treated with lco~woter and then with 300 ml. of
ten pereent sulfuric acide The aqueocus phase was saturated with salt,
soparated Trom the orrsasnie phase, and axbtracted three tines with ether.
The combined orpanic solutions wore then washed with five percent sodiun

Licarbonats wntil the blcarbonate washings had no red color. The orranic
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solution was dried over marmesiun sulfate snd coneentratod under dimine
ished pressure. hen most of the solvent had been removed, 400 nl. of
antyrdrous, thicprhonoe{ree benzene was added, and approxinmctely 100 =i,
aore of solvent was renoveds The residual benzens solution was thorourhly
dried over nmopnesium sulfate. After filtration, the chillod benzene
golutdion was troated with 27.1 pe {0.2L0 mole) of dimethyleniline,
whereuron o solution of 20.2 ge (0.232 mole) of thiomyl chloride in

77 e of bonzons was alded ovor a period of seventy minutes. The ive
ture was warmed to room temperature and thon heated undor refllux for

one hour. The coolad mixtire was treated with %0 nle of 1:7 hydrom
chlorie acide The squeous phase was separated and washed with benzenc.
The combined bensene solutions were then washed with five poreent sodium
bicarbonate. The vellow bensgenc solution was dried lriefly over marmese
iur sulfate and concentrated under diminished pressure. Distillation

of the vesidue afforded Lhe3 e (077 overall) of 3,L,S=trimethoxybenszyl
chloride, bepe 110=112"/0.1 e, mepe T0=40% Peerystallization of the
distillate from 750 qle. of petroleun ether offorded 30.0 me (757 overall)
of product, TePe T9eSwiled.

Dletiyl 3,1, SeTrinothoxybengylmelonate (VII)e ‘ethod 4. In a 2-l.

thveo-ncciiod Mook fitted with o porourvesszled lershberp stirrer, 2
droppins fwmel, end z drying tube, wes placed 550 mle of freshly dige
tilled dietiyl zlonates To this was added 1%.L ge (D99 mole, on the

basis of ninefye=Iive porcent purity) of sodium lydride in saell ortions.
The solution reachad a temperature of approximately 797 2t the end of the
addition. Cooling below 50° caused the sodiun salt to precipitate. Tho
solution was warned in an oil bhath while & solution of 131 . (D.405 mwle)

of 34k, Tetrinethoxybengyl chloride (mepe =62 in 390 ml. of dietryl
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boiled with decolorizing carbon, filtered, and cocleds There was Obe
tained 2.7% ge (7L7) of pale yellow solid, mepe 48370,

The sane producht,; MeDe 69—?90, was obtalned in thirty-eight percent
yvield from the reactlon conducted in ethanol using piperidine benzooste
as the catalyvste Although the mmbterial was completely soluble in boile
ing petrolews ether at the time of its formation, after twenty nonths
it was no lonrer completely soluble in this solvent. The insoluble
material wss collected and recrystallized from 2 mixture of benzsene and
vetrolewn ether. It melted ot 212-2130. The moluble fraction erystole
lized in large priss, meps 59.2-70.4°, Anal. Caleds for CqplynOnt
€ 50e3L; ity 5.5%.. Founds ¢, 50.L53 H, 5.57. The insoluble product,
Tepe 212=213", meve the following analysis: €, 506193 ¥, 5.70. The
gsgential identity of this anslysis with that obiained for diethyl
3,5k, Setrimethoxybenzalnalonato, MePe H7«2=70.L7, as well as the mode
of formation, makes it seem likely that the product, me.pe. 212-2139, is
1,1,3,3=totracarbothoxy=2 ,hedia{ 3,4, 5=trinethoxyphenyl)-cyclobutane {XIV).

Dietiyl 3., =Trinethoxybenzylmslonate (VII). Method R. A mixture

of 0.75 re (0.0022 mole) of disthyl 3,L,S5-trimethoxybenzalmalonate,

25 mle of ethanol, and 0.05 ge. of Adam's catalyst, was sheken with hydroe
gen at room temperature and atmospheric pressure. The sbsorpiion of one
mole of hydropen was complete in fifteen minutese Afber removal of the
catalyst, thc colorless solution was concentrated in an air stream. The
solid residue was recrystallized from petroleun sther to afford O.5k .

(G51) of flulfy needles, mMepe 77e5=78.5%. A mixed melting point with »

sample of material prepared by Jethod A was undepressed.



tdethyl 3,k,5=Trimethoxybenzgylmalonate (IX). In a 3«l. three.necked

flask Titted with a mercurye-sealed Hershberg stirrer, a dropping funnel,
and a reflux eondenser protected Ly a drying tube, were placed 18.1 g.

(Ce 7L atom) of magmesiuwm turnings, 15 ml. of absolute ethancl, 1.7 ml.

of carbon tetrachloride, and 250 ml. of anlyydrous ether. The mixture

wag warmed gently bo initiate the resction, and sfter a few mimutes, «
mixture of 119 re {Oa7L5 mole) of disthyl melonate, 40 ml. of absolute
ethanol, and 85 mle of anhydrous ether was added dropwise with stirring.
Upon heating the mixture under pentle reflux for three hours, all the
magnesium dissolved to afford a groy sclution of diethyl ethoxymagmesiume
malonstes To this solution was added dropwise a solution of 157 g,

(0e5Th mole) of 3,hL,Y=trimethoxybenzoyl chloride (mepe T7e0mT7e57) (7) in
1.3 1. of warn, anhydrous ether. Vigorous stirring was essentisal bo-
canse of the formation of a heavy precipitate as the addition prosressed.
¥hen the addition was completo, the mixture was hested at “0° in o water
bath for one~hslf hour. The cooled mixture was scidified with 137
sulfuric acid, and bensene was added to dissolve some precipitated
materialese The aqueous phase wae seperazted and cextracted with hensenc.

The combined benzene solutions were washed with five percent sodium biw
carbonate sclution and then with water, and were dried over magnesium
sulfate. The solvent was removed under diminished pressure, and the
residue cbtained was dissolved in 500 wl. of ethanol at 50s50°. The
solution =ae fiitersd, and en egquzl volume of warm water wasz added slowly.
Upon cooling, there was obteined 217 me (9170) of diethyl 3, Se~trimethoxye
benaoylawlonate, YepDe 5005e71e50 (1ite mepe L3w707) (8)s It was inmportant
to conduct the recrystalliszation as quickly and al as low a tempersture

a8 pozsible to obtain good recovery.



Hydrogenation of Tlethyl 3,L,5-Trimethoxybensoylmalonate (IX)
Using Palladiumecharcoal. & mixture of Le5 ge (0,013 mole) of diethyl

3,k Smtrimethoxybonsoylnalonata, 100 ml. of absolute ethanol, snd 2.0 z.

of ten percent palladiumecharcosl was shaken at roon temperature with
hydrogen under an initial pressure of forty-two pounds per square inch.
After the rapid ebsorption of one mole of hydrogen, shaking was cone
tinued for an additional 1.5 how tut no further absorption of hydrogen
was obsorveds Temovsl of the ethanol under diminished pressure afforded
an oily residus which rapidly crystallised. The residue was dissolved
in 50 mle of petroleum ather, and the solution was filtered and chilled.
Thare was obtained 2.4 g. (94%) of crude 3,kL,S=-trimethoxybensaldshyde, m p.
50-67° A sample of this, purified for snalysis, melted at 73.14-7%4.0°
(1ite mepe 7=75") (8)s Anal. Caleds for Cygfhya0y: €, 6L.21; K, 5.17.
Foands €, Alehi2, 61.363 H, 5.40, 5.20.

Hydrogenation of Diethyl 3,L,S-Trimethoxybensoylmalaate (IX)
Using Platinume A mixture of 20 ge (0.0545 mole) of diethyl 3,k,5-
trimethoxybensoylnalonate, 150 ml. of ethanol snd 1.0 g. of Adam's

catalyst was shalon at room tewperature with hydrogen under an initial
pressure of forty-three pounds per square inche. After ths absorption
of two moles of hydrogen, the rete of asbsorption became very slow and
shaking was discontinued. The sclvent waz removed under diminighed
pressure, and the residual oll was distilled in a Hickman distillation
apparatus. There was obteined 5.3 ge (597) of diethyl malonste and 7.4 g.
(682) of 3,h,5«trimethoxybensyl elecchol. The alechol was identified
by conversion to 3,4,S5~trimethoxybenzyl chloride in good yield.

152,3,5,5, T-floxame thoxy=9, 10=ditydroanthracens (XIII). £ solution
of 1.0 ge of 3,k,5=trimethoxybengyl aleohol in 20 ml., of ten percent




sulfuric acid was bolled for three hourse 4An oil separated whieh, upon
cooling, solidified to a2 light browm solide This was dissolved in ether,
and the solution was {lliered to remove some carbonaceous materiale. Upe
on slow eveporation, the amber ethereal sclutlion deposited & small
quantity of a white, crystalline solids The sclution was decanted off,
and the solid was washed twico with anhydrous ether., After two rocrye-
stallizationg from ethanol, there was obtained approximately 20 ng. of
product, mepe 201.5-2037 (lite m.pe 200=202°) (5). Anal. Caleds for
CoclplOst Cy  H5eG53 Hy 6eTl; OCHg 51le67. Foundi €, 55457, 55.82;
Hy, 5e58, 5.75% OCilyy Slebde

Piperonoyl Chloride (XVI). A magnetically stirred mixture of 113.5 s
(0.68L mole) of piperonylic acid (m.p. 230-232°) and 123 nl. (1.71 mole)

of purified thionyl chleride was heated under reflux for five hours.
Host of the excess thionyl chloride was removed Ly distillation at
atmogpheric pressure. The nesrly black residue wes further concenbrated
under diminished pressure until it solidified. The residus was treated
with 100 nmle of anhydrous, thiophene-free bensene, and the resulting
solution was conesntrated sgaine Matillation of the regicdus through a
short Vigreaux colirn afforded 12k pe (93.5%) of colorless plperonoyl
chloride, Depe 920/53.()25 ey MePe TO=U3%, which was pure enough to use
diractly.

¥hen piperonoyl chloride was prepared according to published directioms
calling for the use of benszene as a diluent, there was obtained an ethore
insoluble bhy-product which was insoluble in cold, dilute alkali snd cone
tained no halomen or sulfur. HRecrystallization was accomplished from
ethanol to afford a product, mep. 152.4=15L.2°. Analysis indicsted that
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the material was plpercylic anhydride. fnele Calede Tor Tygfiyp0ye
€y 516133 i, 3e2le vounds €, 51.13; ¥, 3.43. This was vorified by
hydrolyais to plperoaylic acid, mepe. 331—2330, using beiling, ten per=-
cemt sodiun hydroxide.

Diethyl Piperuvnoylmelonate ("VII)e In a 3«l. three-necked flask

fitted with & powoerfal Hershberg stirrer, o dropping fumnnel, and an
efficient reflux condenser protected by a drying tube, were placed 20.57 =,
{0.€50 atom) of nagnesiun turnines, 17.h nl. of sbgolute ethanol, and 1.5 ml.
of carbon telrachloride. After heating to initiate the reaction, 300 ml.

of anhydrous ether was sdded. To the stirred mixture a solution of 135 o
{0sE50 mole) of diethyl malonate, 77.7 mle of absolute ethanol and 102 mi.
of snlydrous ather was added dropwisee After four hours, the resulting rruy
solution was treated with a solution of 137 z. (U759 mole) of piperoncyl
chloride, mps 78-83 s in 1 1. of anhycrous ether. Ctirring was rendeved
very difficuit by the separatdon of & heavy,yellowegreon mmoclpditate.

Fhen the addition was complste, refluxing was continued lor oneehalf houres
The cooled mixbture was then acidified with ten percent sulfurle acid, and
the asguecus layer was sepersted ond washed with ether.

Upon stending overnight, the ethersal solution depeosited seme large,
whitse crystals of diothyl piperonoylmelonatc. 4 few of lhese wers withe
drawn and recrystallised from a mixture of etlyl acetats and petroleunm
sther, o afford a product, Meps 57.7=71.0% inade Caled. for
Cygliggiime T Sheliy 1y Cal3e Founds Uy 50.LT, SlheiD; iy T35, Se28.

The remainder of the erude residue oblained by evaporation of the
etheor was not purified, but was used directly in the next sicp.

3yl ylenedioxyacetophenons (XVITI)e “ethod ‘. The crude

regidne fron the above experiment wus treated with 212 ml. of glaciael
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acotic soid, 140 ml., of water, and 27 nl. of concentrated sulfuric acid.
Upon vigorous boiling, ths mixture became homoponcous after two hours,
but carbon dloxide evolution continued for an additional thoee bours.
The orangeered solutiom was cooled snd made slkaline with forty percent
sodiun hyvdroxide solutione The red, alkaline mixture was extrected four
times with a total of 2 1. of ether. The sthoreal solution was washsd
with water and dried over magnesium sulfate. The residue obtained upon
removal of the ether was dissolved in 3 l. of petroleum sther, and the resultie
ing solutien was boiled with decolorising carbon, filtered snd coolxd.
There was obtained 97 e (707} of pale yellow 3,Lemethylensdioxyacefiophenone,
Bepe OuwST’ (1ite mepe B1° ema 67-38°) (20)(22). Acidification of the
afucous solution afforded S.4 g« of piperenylie acid, mepe 230°%. Core
rected Jor recovered piperonylic acid, the overall yield based on
piperonylic acid was §l.5%.

3pb-tothylensdionyncetophenone (XVII1), Method B. Tc a solution of
methylnagnosium bromide prepared from 9.7 g. (O.L0 atom) of magnesium,
LS ge (Qal75 mole) of mathyl bromide, sud 150 ml. of amhydrous ethor, was
added 3547 e {De20 mole) of anhydrous cadmium chloride over a periad of
five mirmtes. Ho tesl for methylnagnesium bromide was obtained after

the mixture had been stirred snd heatsd under reflux for forty-Tive
minutes. The ether was dlaplaced with 100 ml. of bensens, snd the cooled
solution was treated with a solution of 16.L ge (0,089 mole) of piperonayl
chloride in 50 zl. of anbydrous bensens. The mixture was heatad under
refiax for thiriy minuies, cooled, and eacidified with 5 ¥ sulfuric seid,
The agueous phase was eceparated and washed three times with benzene. The
combinaed bensene solutions wore washed with five percent sodiua bicarbonmste
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then with water, and were dried over magnesium sulfate. The residue
obtained upon renoval of the benzene was recrystalliszed from pstroleun
ether to afford 10 ge {582) of 3,L-methylenedioxyacetophenone, meDe
8L=-E7% This product was contaminated with a yellew impurity which was
only removed by chromstograplby on aluminae

3,c’.@-—%%e.ﬁ:ylangﬁivmgsh@nag‘;l Bromide (X¥IX)e In & 3=l. three-necked

flask {itted with a mechanical stirrer, s dropping funnel, asnd 2 reflux
condenser protectied by a drying tube znd connected to 2 ges trep, were
placed L%.2 ge (0300 nole) of 3,Lemethylenedioxracetophenone and 1.5 1.
of anhydrous ether. The stirred mixtuore was chilled in ice. In some
experiments, 3,Lemethylenedioxyacetophenone separzted from solution,

but this msde no difference. The cold mixture wasz trested with LE g,
{0e30 nole) of Wromine over a period of forty minutes, and ths resulte
ing yellowebrown solution was tranaferred to s 2-l. flask and eoncene
trated under diminished preasure. The use of a magnetic stirrer during
the concentration prevented the otherwise troublesome bumping of the
suspension which formed. The brickered, sclid reasidue was treated with
530 mle of water which éischarged most of the colore The s0lid wes
collected, washed with a totel of 1 1. of water, and dissolved in L 1. of
patroleun ethers. The solution was decanted from g small amount of water,
boiled with 2 pe of decolorizing carbon for twenty minutes, filtered,

and cooled. There was obtained 55 ze (777) of 3,L-methylenedioxyphenacyl
bromide, TeDe ?G«??-?o (1ite mepe 856=87°) (20), which crystellized in
white plates. Onisaion of the carbon treatment zfforded s product which

quickly =ssumed a pink color.
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tetrachloride. To this was added a nixture of 25.0 ge (0100 mole) of
o
diethyl benmylmalonate (Deve 1;*3;30;‘0.{‘::3 e 5 %22 1.4842) end 10 ml. of

ahsolute ethenole After the mixture was heated undar reflux for 1.5
hours, the ewvelution of hydrogen coassed. Tha mixbore was treated with
150 mi, of anlydroas, thiophene-{ree Lenzenae, snd ithe excess ethanol
wag removed by dlstillation as the benzencswaloohol areotrope., 4 solue
tion of 1247 ge {04100 mole) of phenacyl bromide in 129 =1, of bensene
was added rgpidly to the solution of diethyl ethoxymarmesinmberzyle
ralonate. The amber mixture was z2llowed 4o stand at room Semperature
for seven dayze. 1t waz then scidified with 75 ml. of ten percont sule
furdc ecid, and ths agueous solution was extraclted with benzene., The
combined benzene solutions were washed with vater then with five pere
cant acdium blcarbomate, and were dried over magnesium sulfate. The
residus obtsined upon econcentration of the benzens solution was recry-
gtallized from LOD nl. of petroleunm sther to afford 2%.8 g (E17) of
diethyl bensylphenacylmalonate, mepe 75~77° (1it. TeDe ?la.%-?‘.‘.uhc) {15).

Penzylphenacylmalonle Acide To o solution of approximataly 200 g.

of potassiwsz hydroxide in 400 wl. of absolute ethanol was added a warm
solution of L re (Cel50 mole) of dictlyl bensylphenacylnalonate in
150 ml. of sbsolate ethenol. The mixture becamws warm, developsd a
deep rod color, and after a few mirtes, a wouipitate {ormed. The
mixture was allowed %o cool to room temperature and was then chilled
in ice. The precipitate was collected in & coarse, sintered glass
funmel, washed three tinee with small portions of cold, absolute
ethanol, and finally with anlydrous ether. The white sali was then
dissolved in LI ole of water, and the chillad golution was acidified
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with hydrochloric acide. Benzylphenacylmalonic geld separsted as an eoil

which quickly crystallizedes The nixtnre was thorourhly chilled, ond

the acid wzs collected and washed several fimes with s total of 500 mli.

of ice waters The filter cake wes sucked 2z dry as possible. /1 sampla

of meterial prepsved in this wey melted st 152-1770¢. (1it. mape 161%(15).
The erude, still moist scid was subjected 4o thermsl decarborye

lation aceording to the procedure of Brown (15). Teerystallization

of the erude product from a mixture of LD ml. of scetic acid and 250 =l.

of water vielded 35 g. (32.5% overall) of benzyiphenacylacetic acid,

mepe 173=17he5° (11te mepe (173) 175.0-174e7%).

“ethyl Benzylphsnacylscetates A solution of ) e20 ';;;. (2.71Y mole)

of bengylphenacylacetic acid, 200 ml. of methanol, ané 3 z. of hydrogen
chloride was allowed to stand at room temperature for elighteen hours.
The methanol was evsporated under reduced prassure,and the residue was
dissolved in ether. The ethereal soluticn was washed with water and
then with five percent sodium bicarbonate solution, and was dried over
magnesiun sulfate. The residue obtained upon svaporation of the ether
was recrystallized twice from petroleun ether to afford 3.52 g. (829

of methyl bensylphenscylacetato, mePe 55.2+57.0% Anal. Caled. for
ngﬂm‘%’ Cy 7He573 Hy 6.h3e Found: C, 75.59, 756.72; H, 5.52, 6.52.

Niethyl 3,k,5-Trinethoxybenzyl~3 'L e thylenedioxyphenacylmalonate

_g_lg__)_:' In a 2=-l. single-necked flask containing a magnetic stirrer bar,
were placed 5.5 ge (0.230 mole) of magnesium turnings, 0.9 ml. of carbon
tetrachloride, and 5.6 ml. of absolute ethancl. After the reaction was
initiated by local heating, a mixture of 78.5 g. (0.230 mole) of diethyl
33k, S=trimethoxybenzylnalonats, 23 ml. of absolute ethanol and 170 ml.
of bengene was addede. The magnesium dissolved in 2.5 hours, and the



excess ethanol was then removed by distillation as the benzsene-aleohol
apecotrope. The clear banzene solution wes c¢hilled 3in ice, snd a solue
tion of T4 re {0.270 mole) of 3,lmathylenedisayphenacy) bromido in
1 1. of benzens was added all at once. Afder standing at roon temperae
ture for seven davs, ths vellowegreen solution, which had deposited a
white nrecipitnte, waz acldifiad at room femperature with 100 wl., of five
percent sulfuric acids The squeous phane was separated and washed twice
with benmene. The combined benzene solutions were weshod with saturasted
galt solution then with five percent sodiwn blearbonate, and were dried
over magnesium sulfats. The benzeno solution was concentrated, and the
residue was recryastallized from 2 1. of fifty percent agueous alcohol.
There was obtained 95 g. (827) of the keto diester, m.p. 101-104"; a
further recrystallization yielded 83 g. (75%) of product, m.p. 10L-105°,
Anal. ralede for CpglisnOins €, 52.1k5 H, 4.02. Found: €, 52432, 42333
Hy 5el7y 5e07s

The 2,lLdinitrophenylliydrazone was prepared by treating g sclution
of Q610 re of the keto _&.amgu in 10 wle. of waym ethanol with a mixture
of D10 pe of 2,Li=dinitrophenylhydrasine, 0.5 nl. of concentrated sule
faric scid, 1 ml., of water, and 2,5 ml. of ethanol. After the resulte
ing mixture stood for severa) months in the refrigerator, a precipitate
formed. The orange solid wes recrystallized from ethanol; its melting
point wes 172.5-17L.0"» Anal. Caleds for Cy iy OysMyt €, 554303
Hy 5023 M, 8e2le Tound: €, 56439, 56.213 H, 5.0k, S.1h; N, 8.L9,
Ge37.

23, b SwTrime thoxybengyl Je2ecarbe thoxy=li=( 3, lmnethylenedimyphenyl )=
tutyrolactone {¥iI)e A mixture of 1.0 ge (0.0020 mole) of the keto diester




N
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Y7, le7 e of ten percent palladiwnecharcoal, and 50 ml. of ethanol was
shaken with hydrogen at room temperature. The sbsorption of one nwle of
hydrogen required eirhtecn hourse The catalyst was removed, and the
ethanclic solution was concentratod under diminished pressure. The
residue was recrystasllized twice from aqueous sthanol to afford J.3 .
of white, crystalline product, mepe 1lhH=107.5 + 2An analytical sample
was propared, mepe 1L9.5-151.0°, whose snalysis was in reasonable arree-
ment with theory for the lactone ester ¥XI. inal. Calede for Cp)liag(a:

Gy, 526073 1, Tu72« Found: C, 53407, 53.295 H, 5e78, Te02.

3yl s SmTrinethoxybenzy 1w ,L e tlylenedioxyphenacylnalonic Ac

({xVIn).e A salutian of 75 f. of potassium hydroxide in 500 ml. of
abselute ethanol was mixed with a solution of 33.5 ce (0405673 mole)
of the keto diester XX in 200 nmle. of warm sbsolute ethanoles f precipie
tate formed within z few nimutes. After standing thirdy =inutes at room
temperature, the mixture was cooled to lﬁa, and the precipitate was cole
lected in a coarse, sintered plass funnel. The salt was washed throe
times with 25 ml. portions of cold, absclube ethanol, and ithen with two
portions of anhvdrous ethere A nmolution of the salt in 270 nl. of water
was acidified with hydrochloric aclde The aeid, which precipitated as
an oil, quickly crvstallized upon stirring. After chilling the mixture,
the white solid was collscted, washed several times with cold water, and
sockad ag dry as possiblee Matorial prepared in this way melted at
130-133%. aftor dryinge FNecrystallization could be accomplished accorde
A toiling solution prepared by dissolving 3.4 g. of the erude malonic

acid in %D ml. of athyl acetate was slowly trsated with 50 wml. of Petroe
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The cthereal solution was washed with woter, then with sodium bicarbone
ate solution, snd wes dried over nemesiun sulfate. The pals wellow oil
remaining after concentration of the ethereal solution was recrysiallized
with some difficulty from a mixture of othyl scetate snd petroleun ethoer.
There was obtained 0.70 ge (507) of the motiyl ester XXITIT, mepe 71elm
5245° Anal. Caleds for Cogtla Ozt Cp 53.153 B, 5.0l CCl,, 29.6L
Found: O, %3443, 53553 H, Sa97, SeTYe Toprodueible results could

not be obbtained on the methoxyl determinations The agverage of eight
determinations was 20e51l; individual determinations varied from 27.71

Lo 3le2l.

Ll 3,6, SeTrinethosybenzyle3 ! 2l ’-—mathylemadi oxyphonacylacetate

(X¥IX)e & mixbture of LeHT? ge (00117 mole) of XIVIIT, 500 ml. of aboow
lute ethanol, and § ge of anbydrous hydrogen chloride waes gllowed o
stand at roon temperature for eipghteen hours. After rezmovel of the
ethanol ander diminished pressurs, the residual solid was washed with
water, then with sodium bicarbonate szclution, and finally with water.
The solid was recrystalliged from 50 mle of ethanol to afford L.70 .
(2L%) of the athyl ester YXIX, m.p. 11’?-11{;‘3. % ‘aled. for

Coglin Ot Oy Sel7; Uy He0%e Founds €, HheOl, Ale253 Hy %ell, Tedha
LT d

The 2,lLedinitrophenyliydraszone was prepared in the ususl waye
- - - 5 E 2
Pecrystallization from ethanel afforded a produect, mepe lliell? .

'y e by
e ;

s ) ;
Y l’ ? [ S S }f} o 0

1 s } 3 = -, 2
erilh ilg Zzo,?z, g.,}g_’; Yy ,;«‘a:%;f, ;/v?'bc

2
Tl 34}y SwPrimethoxybanzyl Jmbie( 3 ) 1 =wthylenedioxyphonyl)=buty rom

lactone {X¥¥Y)e A solution, prepared by titrating 3.1 ze (.77 ole)

of the keoto acid XYVIIT with Ol ¥ sodium hydroxide solutiom, was troatoed



with leD 2. of sodiun borohydride dissclved in 15 ml. of watere. After
standing twenty-four hours, the nixture wes acidified with 1l:l hydroe
chloric acid and extracted several times with ether. The ethercal
solution was washed with sodiun bicarbonats and dried, Fveporation of the
etheyr afforded an oil which could not be induced to ecrystallisme. Acidifi-
cation of the bicarbonate extrazet precipitated an oil which was dissolwed
in ethanol., After standing mearly a yoar, the oil crystallized. The
solid obtained was recrystallised twice from aqueous ethenol to afford

07 o (307) of bicarbonate~inscluble material, 7epe 95&5—97.5&. 4nale
Calede for cmsxgza?: Cy H5.273 H, SeThe TFound: C, 55.0L, HLe.93;

I, 5603, 5ed24

Senglydrylsaceinic Acid (OAVIII)e In a Sel. Erlemmeyer [lask equipped

with a mechanical stirrver and a thermcmeior, and mounted on a stean

bath, were placed 50 . {0.1561 mole) of bensghydrylidenesuccinic aeid
eator KXEVI (mepe 12L-126°)(L1) and leY le of ten percent sodiun hydroxide
solutions The resuliing solution was heated fo 960, and 150 me of

“aney nickel allow was added in portions with stirring over a period of
forty-{ive nimtes. The temperature was mainteined at 90=09°, ‘hen

the addition of tha Tansy nickel sllay was complete, S00 ml. of ten
porcent sodium Iydroxide was added, and the mixture was reheated to 9@0..
An additional 70 ge of Raney nickel alloy was added in portions, and the
mixture was then stirred at &?GQ for ene hour. The hot solution was fil-
tered through £50 paper snd the residual nickel was thoroughly washed
with two 500-mle portions of bolling watere After ccooling, the pale amber
solution was poured into a wmixture of 2 kpe of crushed ice and 2 1. of

concentrated hydrochloric aclde The heavy, white precipitate which
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Tformed was collected, and wost of the hydrochloric aclid was removed by
washing with watere The filtration and washing were very tedious because
of the tengcity with which the precipitate retained water. The wet
filter cake was transferred to a 3=l. flask Titted with a water trap

and a reflux condenser. Two liters of benzene was asdded, and the resulte
ing selelike mixture was heated under refluxe 48 the water was renmoved,
the suspanded solid becane more granular, and when all the water had been
removed, the addition of 500 mle of ethyl acetate dissolved the suSe
pended zolide The resuliing solution was boliled with 2 g. of decolor-
izing carbon, filtercd, and coolede The mixture was chilled, and the
finely divided precipitate was collected and washed with benzene. There
was obtained 38e¢Y ms (74%) of benshydrylsuccinic seid hemibenreneate,
MePe l@ﬁ-l%?w. Concentration of the mother liquor to oneethird volume
afforded a second crop of He3 ey MeDs 105=187°. The total yield was
eighty-six percente Anale Calede for Cx?ﬁl‘{f"éf%{%}%’ ¢, The20;

Hy WeP23 Melie, 151le Founds €, 73.96, 7Le023 H, .05, T.02; u.5.,

152, 177, 151.

L=Phenyle3ecarboxytetralone=l (XL). 4 solution of L9 re (C.152 nocle)

of benziydrylsuccinle acid hemibenseneate in 50 ml. of seeiyl chloride
was heated under reflux for twmw hourse The aceiyl chloride and acetic
acid were removed, and the residusl benshydrylsuceiniec anhydride was
dissolved in U0 nle of freshly distilled nitrobenzencs This solution
was added with stirring to sa ice-cold solution of L3 #. (0.32 mole) of
aluwninum ehloride in 220 ml. of nitrobenzane. After stirring in an
lee=bath: for thirty ainutes, the solution was sllowed to stand at a°

for fiftressven hours. The darz red sclution was then poured into a



12

mixture of LOO nle of hydrochloric acid and 1 ke of crushed ice.
“hoam distillation renoved the nitrobenszens, and after cooling, the
solid was collected. The dark solid was tritursted with ether, and
the insoluble natorial wes recrystallized from 150 al. of acetic acid.
The yield of lLephenyl=3ecarboxytetraloncel, repe 207210" » was 17.3 o
(L37)e rnother recrystallization from acetic acid afforded 17 r. of

product, wepe 211=213° (377)s Anale Caled. for © Cy The573

17 173"
H, S.BG. Founds Ca, ?Sofxﬂ, ?%0{}75 H, * ? )o}.;?o

limPhonyled-carbethoxytetralone=l (XLI). & solution of 1(.0 e

{0.0577 mole) of the keto acid XL in 1 1. of absolute ethanol was
treated with 10 re of anhydrous hydrogen chloride and allowsed to stand
for eleven hourg. The eclear solution was then heated to 500, and the
ethanol was renoved under diminished pressure; by keoping the mixture
warn, precipitation of the ester was avoideds. “hen nearly all the
ethanol had been removed, the residue was cooled and troeated with five
poreent sodium blearbonate solution. The solid was collected, washed
with water and {reated with more sodium bicarbonate. After a final
wator washing, the esiter was recrystallized from ethanol to afford 18.7 s
(75e57) of lLwphenyle3-carbothoxytetreloncel, nepe 121.8=123.2". ‘nother
recrystallization anfforded 8 product whese meliing point was 120,23
12402°.  nal. caled. for Cigligglyt ©s 770533 i, 5.15. Founds
Cy TTehG, 77253 Hy, Selliy, Te98s

The 2,lL-dinitrophenyliydrazone was prepsred in the usual manner.
Necrystallization from ethyl scetete afforded an orange solid which
melted at 247=258"d. Anal. Caleds for C,H, 0, E‘;L: Ty 53283 1, La5T3

F [V

A
?‘gj 110{.33-. T‘mdﬁ C" ?,},1.33’ f)3.ji§; i&’ i.% x‘, Ei‘sf\); ;E, lltu,’ A. 6;3,.7.



LiwPhery Ledecarboxy-ceiy droxyne tiylenetotralonewl (XLITI)s To &

chilled, stirred mixturc of 1.08 ge (0020 mole)of alcoholefrec sodiun
methoxide, lekl e (0,020 mole) of ethyl formate, and 15 ule of mnlye
drous, thicphencwfree benzens, under nitrogen, was added a solution of
el e (Uo7l mole)} of lephenyle3mcarbethoxvtetralone«d in 50 nl, of
benzenes The addition required fiftecen wminutesz. As the addition pProw
sressed, the mixture assamed z deep rod color, snd all the susponded
sodiuwa mothoxide dissolveds After standin~ overnight at 7°, the rrive
tare was chocolate~browm, and a precipitate was presents TifYyy millie
livers of water was added, and the deep rod zgueous phase was separated.
The squeous solutlon wes washed once with ether o remove turbidity and
then acidified wnder ethere The vellow ethor solntion which resulted
vags washed with sodium bicarbonete solutinn and driad over narmesiunm
sulfate. Fomoval of the ether afforded J.i ge of an cily residue which
rave an lmediate, deep red color with fordtic chlorides Tids material
was pres;wsd to b twe ydroxgmethylone carboxylic ester ILIL.

Upon acidification of the bicarbonate cxiract, & yvellow solid was
obtained which sintered at 1757 and melted at 154-138°, and which zave
an intense rad color with slceoholic ferric chlorides Teerystallization
from 37 nle. of 111 bensencenetroloun ether affordsd 1.0 ge of material,
sape Limlii”. 4 sample prapared for analysis melited ad 190=191°, The
analybicel Jata were in amreenent with theory for the hydroxgymetiylene
carboxylic geid struebure ILITI. Anal. Calede fov Gl

37
o
2l

:Ol) Q, 7qogf6}§



Th

L P ey Lm Jmearboxy w2=hydrogyme iy lel=iydroxy tetralin (YLVIII).

Sethod A. £ solution prepared by dissolving 0.40 ge of the hydroxy-

metlhylene carboxylic acld in sodiun hydroxide solution was traated
with 0.3 7 of sodiun borohydride. After standing overnipht at room
tempersture, the nixture was scidified with 1:1 hydrochloric acide &
white, rramibr precipitate separated which rave no color with alecholic
ferric chloride. Tecrystellisation from a aixdtare of ethyl acstate and
petrolew ether alfforded Tl go (L57) of s0lid, mepe 107wl 3670, The
melting point depended on the rate of hostinge Vslues of 188-189.5°a.
and 107.7=186%, wore obtained on purified samples which were heated
rapidly and alowly respectively. _ﬁirx_zg.__.‘ Calede for 61{%}213%3 Cy 72173
Hy HeDls Tounds €, 7247, 72513 H, 535, 5e38.

Lactone of LePhonyleletarboxye-cehydroxymetiylel-hydroxytetralin
{(X1Jx)e Upom melting, the dihydroxy acid evolved a gas and rapidly

resolidifiod to the lactone, meps 229=233". 1 sample of 0.3557 g of
the acid was heated to 197° until no further gas evolution was observed
(5«10 mimates). Unom cooling, the pale vellow solid weirhed 0.3315 r.
Tor the ioss of one moleculs of water, the residual solid should have
moighed 0e33L1 re The experimental data are regarded as satisfactory
confirnation of the loss of a molecule of watere “ince the product
was routral, lactonization mast have oceurred.

The: lactone proved to be difficult to recrvstallize. “ublisstion
2t one wieron failed to afford a pure producte Fecrystallization from
fifty percent aquesus acetic acid afforded nmaterial which sintered ot
235° and melted at 2.!;\;’3-22&3? Howover, an snslyticel sample was prepared

W careilly puarifying a saple of the dihydroxy acid and then heating



the acid under nitrogen to afford the lactone. Anale. Calcds for
182;3.:)633 C, '??.12; §Z, :—;"075; S.}j}., 2830 Foundds C; 7?037, ?7.25;
H, 5;05.3’ ::.?’3;; ﬁ.f:;.’ 272

LePhenyle3=carbethoxy~2=lydroxymetiylenetetralone=l (YLII)., To 2

chilled suspension of 243L ge (0.0L3L mole) of alcohol-freec sodiun methoxide
in 25 mle of anhydrous, thiophene=free benzenc containing 3.21 ge (0.0L3L
mole) of anhydrous ethyl formate, was added all at once a solution of
5238 ge (00217 mole) of Lephenyle3j-carbothoxytetralone~l in 100 ml, of
benzence The resulting nmixture quickly assuwed a deep red color. Tt
was stirred in an ice~bath and occasionally shaken vigorously to breszk
up the lumps of sodium methoxide. After one-=half hour, the sodium
methoxide had completely dissolved. After standing an additional ten
ainutes, the clear, red solution was treated with 100 ml. of cold watere
The light red sgueous solution was separated, snd the yollow benzone
solution was washed with water. The combined aqueous solutions were
washed with ether to remove turbidity eand acidified under ether. The
pale yaellow, ethoreal solution was washed with five percent sodium
bicarbonate and dried over magnesium sulfate. The nearly colorless,
egthareal solution was concentrated to afford 5.0 g (85%) of amber oil
which gave an immediate, deep red color with aleoholic ferric chloride.
Although this material was not extracted by sodium bicarbonate, it was
possible to titrate it directly with aqueous sodium hydroxide to the
phenolphthalein end=point. Titration of the ecrude hydroxymetihylene care
boxylie oster indicated a purity of eighiy-seven percente On this
bagis, the yield of rure matorial was seveniy-five percent.

Porification of the hydroxymethylene carboxylic ester was accompe
lished in the following manner. An ethereal sclution of 3.0 ge of the



erude enpl was shoken with 100 mde of saturated cuprie acelate solution,
The licght rrsen precipitete which formed was edlected, snd washed suce
coasively with woter, two © ml. portions of ethanol, and anbyydrous ether.
Tha dry copper derivative weiphed 32 zo & suspension of the copper
doerivative in ether wss sheken vigorously with cold, ten percent sulluric
acide The resuliing pale yellow, ether solution of the hydroxymethylena
carboxylic ester was washed with five percent sodiuwm bleerbongte and
dried over magnesium sulfate. Jemoval of the ethor afforded 2.2 p. (587
recovery) of anber oils Haterial purified in this way had a neutralizo-
tion equivalent of 324 (theory 322). Although a snell asount of solid,
TePe 4577, could be obtained upon . recrystallization from petroleun
ether, attoupls to obtain maierial suitable for analysis wers WNOUCCESSe
fule Treatsent of an aleoholic solution of the enol with 2,ledinitro=
phenylhyvdrazsine aflforded an immediate, bloodered precipitele; mer.
lf«}i)—l{’;ﬁ}”‘“’aj. sAutempbs o purily this product were alse unsuccessful.
svaporation of the original benzens solution from the reaction
afforded a small residuee 4 smell amount of white s0lid, Mmepe 227=232° 5
was obtained after several recrystallizations from benzene. ffﬁl_:_
Cp TCe0Zy T8a203 iy 5652, TeHe The identity of this neutrsl substance
wss not established,

Lt heTy l e S arbosy ~Cwhy droxyme thy Leletydroxy te traiin (UIVIIT).

Sthod He 4 solution prepared by treating .7 g. of the crude hydroxy-

matlylene carborylic ester YXLIT with dilute sodium hydroxide waz allowed
to gtand with 3.3 ge of sodium borohydride at room tempersture for six
hours. “he pale yellow solution was chilled and seidified with hyvdrom

chloric scide The precipitate was dissvived in sther, and the cthoereal
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Tigreaux colum fitted with 2 distilling head. The distillate was row
moved interaittently, until no test for acetone was obtained with 2,lLe
dinitrophenylhydrazine (L hours). The isopropyl alcohol was removed
wider roduced pgressurc, and the residuc was Lreated with cold, dilute
(Les) hydroechloric acide The aqueous mixture was exitracted with ether.
The ethorsel solution was washed with water and then with sodium blcare
bonate soiubtion, dried over magmesiun sulfate, and concentrated. The
residual oil was subjected to direct sasponification. However, a small
anount of material was isolated in a crystalline condition, mepe
116w117%  Ansl, Calods 0T CygilagOyt Cp 77.003 Hy 6080s Founds
Cs TTe03, TT203 h, Tel3, 7407,

Lactone of cig-l-iydroxy=3mcarboxy=ii-phenyltetralin (LiI).

Saponilication of the above crude hydroxy estor mixture arforded le9 ge
(707) of nydroxy acids, meDe 150-158°4. Upon recxystallizstion from a
mixture of LD mi. of ethyl scetate and 150 nmle. of petroleun ether, thore
was obtained leb Cey MeDe 1531554,

& sample of U715 ge of the product, mepe 163-11353:}22., wag heated
for several minutes at 180°. The cooled, rlassgy residue wolghed 0.475 o
The loss in welight corresponded to eightresix percent of the maximun
possible, and, on this basis, it is assumed that the original mixture cone
tained approximatsly eighty-six percent of tho ¢is isomar. The colore
less glass was dissolved in ether. The ethereal solution was washed with
cald sodium bicarbonate, then with water, and dried over magnesium sule
fate. Evaporation of the ether afforded 0.53 pe of erystalline solid,
mepe 1001257, Recrystsllization of this material proved difficult.
The use of fifty pereent squeocus acetic acid afforded the lactone LIT
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which sintered at 120° and melted at 125-&2?0. Sublimation of & sample
of this at 110%/0.01 mm., afforded material, mePs 12:6-1236. Anal.
Caleds for €34y, 0ns C, 81.58; H, SeblLe Found: C, 81.93, Ol.B53

Hy 5093, Gef3s

Jrans-l-liydroxy=i=carboxy~iephenyltetralin (LIV). scidification
of the sodium bicarbonate extract obtained sbove afforded 0.09 ge of

LranSmlaly droXyelecarboxymu=phenyltetralin. The product melted at
151-193% after two recryetallizations from & nmixture of ethyl acetate
and petroleum ether. Anal. Caled. for CITH].::’:.%’ Cy 7Hel0; H, 5.01.
Founds G, 76612, 75923 H, Ae02, 6slle

€1 8wluiiydroxy=3mcarvoxy=li-phenyltetralin (LIIT). A nixture of

Oel ge of the lactone and 2 ml. of ten percent sodiun hydroxids solu-
tion was warmed gently on the steam bathe A zmall amount of selid whieh
failed to dissclve was removed by filtration. Acidification of the
filtrate afforded a white solid which was recryvstallized from a mixture
of ethyl acetate and petroleum ether to afford the cis hydroxy acid,
mepe 157-170%de Anal. Calcde for Cygfiy 0qt Cp 764105 H, 5.0L
Founds €, 75.02, 76e0L3 By 5.25, He23e

Etlyl e-iptiyl-f uheawlwianate (XIV)e 4 mixture of 21.1 g.
(0s11 mols) of of methyl= A -bensoylpropionic acid, m.pe 130=142 (52),

500 mle of absolute sthanol, and 5 ge of anhydrous lydrogen chloride was
allowad to stand at room temperaturs for $wenty-two hours. The ethanol
wag removed under diminished pressure, and the pale yellow, residual oil
dissolved in ether. The ethereal solution was washed with water end then
with sodium bicarbonats solution, and drisd over magnesium sulfate. The
yellow 0l oblained upon removal of the ether was distilled. There was

obtained 205 ze (39%) of ethyl o(=methyle/A ~benzoylpropionste, bep.



O
Qe - 25.h 1 e Pod a -
23 /U-l ey I n loﬁaﬁﬁ, e X 25 1.6?33. Anal. Calecde for Clﬁﬂlgﬂﬁz

Lo,
Cy ?@.59; He ?t}gi SOEQ, 220, Founds C, ?1.1?, 70-?&3 H, 703%, ?03&5

Tesction of Formaldehyde with Dengylphenacylacetic Acids, Z-Penzylede

benzoyliutyrolactons (LXIV) and 2-Bengy lw =ity droxyme thy Le3-benzoy lbutyro-

lactone {ISV)e A suspension of 260 ze (0,010 mola) of benzylphenacyle

seetic acid in 5 le of distillad water was trested with 3.2 ml. (0.011
mo0le) of 3¢L7 ¥ sodiua hydroxide solution. The reguitine vellew sclution
was then treated with Ge7 mle {0212 mole) of formalin and allowed to stand
at room temperature for elghteen hours. The yellow color was discharged
at the end of this time. Acidification of the chilled solution affordad
an oil which was taken up in ether. The ethersal solution was washed
thorouchly with water, dried over magnesium sulfata, and evaporated.
The residual oll hed a saponification equivalont of 291. A solution of
1e75 ge of the oil in 1Y mle. of benmene was passed through siliecic acid
conbained in a 2xZ0 ome chromatograph tube. Tlution with benzene afforded
Ua5Y re of noncrystalline keto lactone IXIV. £nal. Caled. for Cypllyr0q:
€y 77123 i, YeT03 fefey 200e YTound: C, 77.15, 77.13; 1, %%, T.01:
Sellay 27%e This material afforded s yellow 2,Ledinitrophenylhydrazons,
flepe 137~1/5°. Apal. Calede for CopliagOsM s C, 52.50; ¥, L.30
%, 12.17. Tomd: €, A2.7%; E, Le3D; N, 11.90, 12.11.

Tlution with five percent ethanol in bonsene afforded Q.70 re of the
nonerystalline kebo methylol lesctone LXV. % Calede for {;wz-::l 511;3;:
(ly T3e533 1, Tei53 Tele, 310 Tound: €, 73973 H, 5033 “.Z., 293.

This nmaterial failed to give a precipitate with 2,L=dinitrovhenyllydrazine.
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2ulongy led=( ol =t ydroxybenzyl Jebutyrolectone (LXVIe). A aixture of

2630 e (040007 wmole) of the crystalline keto lactone (IXIVa), mepe
1006 DwlliBe 0P, =0 rile of ethanol, and 0s% re of %en parcent palladiue
charcoal was shakten with hydrogen at room temperature and atmospheric
pressuree The ahscrption of one mole of lydroren wes complete within
tweniy minutes.e After removal of the catalyst, the colorless alcoholic
solution was ovaporated in a stream of air. “hen two-thirds of the sole
vent had beusn removed, a precipitate formed. £47ter chilling the nixture,
the precipitate was collected. There was obtained 0.98 Ze, mMeps 100m1507,
Turther concentration of the filtrate to 2 volune of 10 ml, and chillins
to =207 afforded a second crop of solid, making the total yield 1.10 r,
(Li?)e Peerystallization of this from 5 ml. of ethanol afforded 1.01 re
(L27)y TaDe 14%@%1:‘%5}0. A sample recrysiallized from a mixture of bensgenc
and petrolenm ether melted at 1Lj~140°, Anal, Caleds for C, a0yt
Cy THeTTy 11y Teli3e ¥Founde: C, TTek, 77.413 M, 5450, Helife

The failure of the recryshallizatione 1o alter the melting point
is not uwnderstood.

This materizl was also prepared by the palladium catalyszed lydroe
renation of the keto lactone in cyclohexanes, The same wide melting
range was observed.

ZeBengy Le3e{ L=lydroxybansyl )-utyrolactone (LXVIb), 2 mixture of
AL

3¢9 o (0.0l mole) of the nonerystalline keto lactone, 50 ml. of ethanol,
and 0.5 =e of ten percent palladinnecharcoz) was shalen with Iydrogen at
roow Lemperature and atmospheric pressure. The absorption of ninetywtwo
percont of the thecoretical smount of hydroren was complete in six hours.

Aftor removel of the cabalyst, the alecoholic soluiion was evaporated in



.
5
}‘«1‘.4

= alr siroome & precipiiete formsd as the solution Lecs=e more concolie
tratods  Therewss obdained 1.2 ge {(317) of erude hydroxy lactons L0VIT.
Recrvstallization from a minture of 10 nle of benzens and 17 wl. of
patroleun ether afforded 1.1 pe (20%) of producht, mep. 102 --3..“# « &
ssople praperod Tor analysis nelied st 15}3..53-.1&:33.60. Anale Caled., for

¢ £~ & 2 r A LR 3 ? LA L T 3 ¥y
{“15“,2& sitdal  La I }Oi??ﬁ il l}tité.:;o Yot g "33 ?‘.}o'}i, {i‘_u f?; # s "u ’}2, '}aé‘i e

Y]

w{ 3giiy Smlrinethorybenzyl Jele( 3 ' sk ' ot 7 Lenad lovybengoy 1 Jedim

]

hydraxy/mtpric feld (LYVIX). lution prepared by dissolving 15«1 .

(050 mola) of the kete acld YXVIIT in LU mle of 0.%2% M sodium hydroie
ide solution was treated with L.7 wle (2.050 mole) of 379 formaline e
on stendine at room tenparsture for fortyefour hours, the originelly
yoellow solution was nearly colorlesse The mizture was c¢hilled in lco
and ade stroncly acid with hydrochlorie acide The rumy mreecipilate
shideh formoxd was collocted and washed soversl tines with weter. Aftor
sevaral triturations with ather, 107 e (437) o the methylol acld,
Telte L31em }ax tle way ohtaineds  “hen the melting point was takon 2lowly,
the material molted frem 131-140%. This was appsrently due to gradusl
conversion to the curyesponding lactons.

A semple purified for mnalysis Wy recrystallizstion from o sixture
of othyl acetate and petroloun ether melted at 137-137°¢. /fnal. Caled.
for G0l 0.4 Cy Hlells Ky 56573 *«’3(“'3 PLeD33  NaBe,L32, Vo
Cs “Lelly, 51aZ7g 1y TeT3y TeThs OCHw, P1e73, 210333 Nelle, L37,LL2,

Ed

D, 3511y D Tl i thoxyben myl el 3 'L '_emﬁgﬁemeaéimwima@l Yo

utyrolactone (LIVITIa)e Two grams {(0.00L%5 mole) of the netiylol soid

{IYVII) wan heated ot 1507 until the ssaple was conpletely melted

(2= ninmutes)s The glassy naterial obtained upon cooling was recrvetsllised



from 70 nleof ethanol to afford L.73 ge (977) of koto lactone, mep.
UiBuledii2el s 7 smyple purified for snalysis melted at 11.0-1L340 .
Anale Calcode Jor CoglonOpt €y 63e755 L, 303 %ﬁw, 22,173 fuEe, Ll
Found: C, 53672, 534753 U, Selli; Zoli3s gmwn 224, 22,453 Siiiey Ll

The gavonificatlon equivalent was determined by dissolving 0.L070
of the keio lactone in 27 mls of warm ethanol and adding 20,00 mls of
Qel227 H sediun fydroxide to the solution. The clear solution stood at
rosn Lauperature for ome<hsll houre Distilled wator was added, and thé
solution was tliratad o tne disappearanca of the eolor of phenclphthaledin
with 1he T3 nle ©f 0.1007 ¥ Nordrochlorie acids The ethanol blank was
Ol »dle of the sodium hydroxide solution.

ien dhe ssponification equivalont was detaermined by boilineg the
keto lactone with execess sodiun hydroxide, a value of 172 was obtained.
Contirued boilinz of the same sarple with soding hydroxide lowered the
wvalue o 337« From this treauent there was isolated sporoxinately
teontgerive pereent of “he lebo acid YFUTIT, wmepe 133=13L°%, 4 cdxed
noliing point with an authontic sample of the keto acdid {(mep. wwww'ﬁfwwm.mav
Was 133e5mids e A rdxed meliing nuint with the keto lactone (mepe 1L1-1137)
was 1151347,

The keto lactone formed a yellow rrecipitate with 2,hedinitrophenyle
hydrazines bul the product did not exniibit a sharp melting point despite
repeated recrystalligutions (mepe &&lﬁm@mv. Yo analyses were obtained

on this naterinl.

e Tt
2=(35 by S=Trise thoxybengyl Je3e( o whydroxy -3 , 1 —methylenedioxybonzyl)=-

butyrolactone (II). & mixture of Lell re (0.010 mole) of the keto lactone,

80 nile of ethanol, ang le3 ge of ten percant palladiumechareosal was shaicon



e

o’

with hydvrogen at room temperature end atnospheric pressures The absorpe.
tion of one mole of hydrogen took place in 3.5 hours. The rete slowed
markedly at this point. After removal of the catalyst, the sthanol
was eveporated to aiford a colorless plass. Anal. Calede for Cpglip)Ofe
Cy 63uL%3 H, 5483 Sefie, Llde Fomndt C, 53435, 53a163 iy Zu3%s 5ells
GeBey i2le

The glass was very resistant to crysiallization. Ultdinately, a
sample crystallized from a mixture of etiyl acetate and petroleun ether
o afford a product,; Meps lﬂﬁ-l%’g. A solution of 3.5 ge of the oade
hydrogenation product in LY rlle of ethyl zcotale at room temperature was
reated with 50 #zl. of potroleoum othere The resuliing solution was soeded
anc allowed to stand at -20°% After seversl days, the precipitate was
collectod and waghed with & cold mixture of eathyl acetatse and petroleun
ether (2:3). Thers was obtained 2.53 g. (72%) of white powder, mep.
102-100°,  After another recrystallization, the yield was 1.87 z. (537)
of product,; Mepe 10he108".  Further recryaallizeation afforded material,
mepe 105109°, Ansl, Caleds for Cpplly Ot C, 63.L53 1, S.01; iy,
2235 Foundt C; H3e61, 53353 1, 5013, Sedls ch%3
2={ 3,11, SwTrima thoxybenzyl Jw3=(3’,1; 'sme thylonedioxybenzayl)-

s 22036, 2240126

butyric dcid (LIXIII). A mixture of 10 g. of the vellow glass, 50 nl.

of ethanol and 0.7 ge of Adam's catelyst was sheken with hydrogen at
roon temperature and abmospheric pressurce A very rapid absorption of
hydrogen took place, corresponding to fority-Tive percent of e aoxpected
absorption assurringe the material to be the keto lactone LXVIITD. Cotte
tdnued shaldng reaulded in the slow absorpiion of hydroren until cisghitye

five percent of the axpected agbsorption took place. After removel of



the catalyst, the solution was concentrated in an air stream. The semi-
solld rosidue was triturated with bensens conteining a little petrolewn
ether. The mmwy, insoluble solid was recrystallised twice from 77 nl.
of benzene to afford 1.3 e of material, mep. 156-1577. This material
was aoclubla in five percent sodium bicarbonate. _@__;na}_:. Calcdes for
Cogllg) Ot Cs 43a453 H, Se81; OCH, 22.363 N.E., Lllis vound: €, 43.8h.
53430, 3485, avee 534855 H, 5499, 505, 509, aves 5e9ly OCHj, 2253,
224565, aves 22.59¢ HeEe, LlSe

Infrared ‘pectra. The infrared spectra weore determined by using

a Perkin=Rlmer Infrered Specitrometer iodel 12 ¢ containing a rockesalt
prism. Five pemreent solutions of the compounds in chloroform woare eme
ployede The cell thickness was 0.1 mm.
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williem Truce Tuenmler, Phe i, 1993 (2,8, University of Varyland, 1050)
Title of Thesizt Ths “ynthesis of sn Upenechain Anslogme of Podophyllotoxine
Theslis directed by Professor Hathan Le Trake.
dajors Orgsnic Chemigtry, Uepsrinent of Cheoistry.
dinors:s  ysical Chemistry, Inorganie Chemistry.
Pages in thesis, 90. “ords in sbetract, 357

The discovery that podoplyllotodn (I) damapges malignant tumors in
sxperizcantal animals has excited interest in this compound and in cote
poumds related to it as possible chenctherapeutic agents for cancer.

The high toxdeldy of podophyllotexin has preventsed its use in cencer
therapy, and this hes prompted a search for analogous compounds having
lowar toxicities but still retaining the desirable property of atiaccing
LU S

This thesis describos the gynihegis of the openechain analoous of
pedophiyllotoxing 2e-{3,k, fetrimethoxybenzyl Ja3e( o whydroxy=3, i emotiyle
enodioxybenzyl )=butyrolactone (II)e This substance wes prepared from
3k Setringthorybengoic acid (711I) on one hand, and piporonylic acid
[¥¥) un the othere

Eoterificstion of IIL, followed by reduction of the othyl ester using
lithiue sluminua hyaride in tetrehydrofuran afforded 3,lL,S=trisethory-
tenzyl aleohel (V). Conwersios of V to the corresponding ochleride, and
reaction of the chloride with dietiyl sodiomalonate, afforded dietiyl
34k, S-trimethoxybonay Inalonate (VII) in an overall yisld of sixtyeone

percent, based on 11X,



Piperonyliec acld wag converted to the acid chloride, and the latter
was reacted with disthyl ethoxymamnesiumalonate to afford diethyl
piperonoylnalonate (VII)e Acid hydrolysis and decarboxylation of XVII
afforded 3,L=-methylenedioxyacetophenone (XVIIY), which was brominated
to afford 3,lerethylenedioxyphenacyl bromide (XIX). The overall yield
of XI¥X based on YV was sixty-three porcent.

The ethoxymagnesiunm salt of VII reacted wlth XIX in benzene at
room hemperature to alford disthyl 3,L, =trimethoxybenszylel?,! temethyle
enedioxyphonacylmalonate (XIX) in yields of soventyesix to eightyeons
percent. This appears to be a satisfactory peneral method for conductine
the phenacylation of monosubstituted malonic esters.

faponificetion of XX and decarboxylation of the resuliing mslonic
acid afTorded 3,1, %=trimethoxybenzyl-3t,l tenothylenedioxyphenacylacetic
acid XXVIIX in eighty-ive percent yield.

The sodiun salt of ¥XVIII reacted with formaldehyde tc afford P-
(3, E~trimethoxybenzgyle3=( 3%, ) tene thylenedionybenzoyl ) ~li=hydroxytutyric
acid (LXVII) in sixiy-three percent yield.

Lactonization of LXVII followed Ly hydrogenation of the keto lactone
afforded I,

Attempts Lo condense the ethyl ester of XYXVIIY with ethyl formaﬁe
failled. Ttudies on simllar keto esters indicate that a steric factor
prevented the condensgtion. “hile ethyl benzylphenacylacetate failed to
condense with etipl formate, the crelic snslopus, lL~phenylel=carbethoxye
tetraloneel, condensed readily to afford the hydroxymethylene keto ester
ILIT. Peduction of this by sodiun borchydride afforded the dihydroxy neld

YIVITI whieh lactonized to form a stripped anslogue of podophyllotoxin.
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