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INTROLDUCTION

Podophyllotoxin is one of the compounds obtained from
the rhizome extract of Podophyllum peltztum, and has been
found demeging to cancerous cells.l Sterlinga nas reviewed
the evidence on which Borsche znd Speeth based their sug-
gestlon that podophyllotoxin has the structure I, and
picropodophyllin, an isomer occurring with it, and into
which it 1s easily converted, the structure II. Recently
Hartwell and Schrecker3 have suggested thzt both substances
have the structure II, the difference between podophyl-
lotoxin &and picropodophyllin being thst of stereochemiczl
errangement. They also admit the possibility of III. In
an effort to find similar compounds for cancer therapy,
this investigation was undertzken to find a synthetic route
to compounds of structure IV, the stripped open-chain
analogue of I. Other synthetic work leading to compcunds
related to podophyllotoxin and to other naturally occurring
phenolic compounds of the l-phenyltetrzlin znd 1l,4-di-
phenylbutane series has been reported by Sterlingz and
Price4. Since there has been no previous approach to un-
substituted compounds similar to IV, reference will be
mede during the course of the discussion to the reactions

which were deemed simlilar to those chosen for study.
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DISCUSSION

An ettempt was made to find & synthetic route to IV
which would also apply to the preparation of V, VI, znd
VII. This entailed the avoidance of reuactions which in-
volved acid conditions sulitable to the cleavage of tne ether
groups. With this in mind, the following recction series

was undertaken:

Q
CHpBr ,
NeOCoHs

CO0Colly
cl

COOCoT
NC00CoHs 5

CO0CaHs

HCHO-
XnCOz

v

CHoOH CHAOC(CrHs )3
CO0Celsg

C00Gli
COOCqHg

CLOColin
_ClG ( CgHs )3

—>

0
.

Al(OCH(CHg)g)S
Saponification

Y



CH20C(Cglis )z

Ethyl benzylmaloncte was prenared according to the pro-
cedure in Organic Syntheses6 end tne yields were found to
be as reported (52~5?%). However, it was found that the
use of sodium hyoricde instezd of sodium ethoxide zs & base,
in excess etiuyl malonzte insteed of absolute ethanol us &«
solvent, cut down the time necessary for the reasction and
incressed the yield to 85k. The time spent preparing zbso-
lute ethanol znd cutting sodium under o0il was saved when
sodium hydride wes used, since the base is commercially
available in a form sultable for use, an easily poured powder,
and the reaction could be run &t higher temperztures than

those obtainable when ethanol was used.
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The preparation of phenacyl bromide wes zlso modified.
Publisned direction56 suggest that the crude product of the
bromination, after being evaporzted at low pressure to re-
move hydrogen bromide &nd the etner used as solvent, be
washed with & mixture of petroleum etner and water, e puri-
fication process which leads to a strongly lachrymctory
product that holds & lerge cmount of water, meking its use
in the laborutory unplecsant and its sultebility for ma-
lonic ester condensations guestionable. If the ecrude
bromineted product is freed of solvent by lengthy (& to 8
nours) evaporation under tiie diminisned pressure obtainable
with a waeter-pump, wnile & slight current of ¢ir is intro-
duced by means of & cezpillery tube, ¢nd then washed thoroughly
with water, 1t may be recrystallized from petroleum ether to
vield nerd flat pletes taet dry in air to & stable, almost
non-lechrymatory product. The water thet wes held aefter the
wasihing cen be easily removed by decentetion during the re-
crystallization.

The cttempted preparation of ethyl benzylphenzcyl-
malonate under the ususl conditions, i.e. by the use of
sodium ethoxide in zlcohol solution, led to tarry products.
Since ethyl phenacylmzlonate can be ezsily mede using the
above conditions, it was declded that the lack of success
involved the grecter difficulty of introducing the second

group onto the central carbon. Wallingford, Thorpe zand

Homeyer7

reported success in the use of ethyl carbonate as
solvent for the introduction of the second alkyl group.

By using tils solvent, «nd distilling out tne ethinol formed
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by the reaction of t .e sodium e¢tioxicde with the ethyl benzyl-
malonate, the desired ethyl benzylphenacylmelonete was pre-
pered. However, the difficulty in removing &1l of the sol-
vent, & necessity before crystullizction could be acecomplished
led to experiments involving the replacement of the ethyl
corboneate with benzene., It wezs found thet the sodio deriv-
ative of the benzylmelonic ester wes soluble in benzene
containing &« slight excess of the ester. When the prepara-
tion waes run using these solvents, the slcohol formed was
easily removed &s the benzene-alcohol uwzeotrope in & good
fractionc ting column, znd the benzene by fost stesm distil-
lation after the phenccecylation. The resulting product
could sometimes be crystallized directly, and sometimes had
to be distilled in & molecular still before crystzllization.
Tne distilletion wes smooth, removing first the remuining
excess benzylmalonic ester, wnd then the product as & clear,
light yellow, viscous licguid that recuired only two or three
crystallizetions to be obtuined pure. There remsined a
hesvy red terry residue whichi could not be purifiéd.

The uce of sodium hydride proved beneficizl in this
recction alco. The use of large volumes of benzene (zbout
7 - 8 liters per mole) wss obviated by uéing excess ethyl
benzylmeionzte, in which the sodio deriv:tive was much
more soluble. In tids cuse, in plece of stewm distillation,
which was as expected very slow, the crude resction mixture
was extracted with water to remove inorganic and basic
substances, and then subjected to repid distillation under

tane pressure obteincble in ordincry distillztion apparztus
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with an oil dirfusion oump. Wnen the rete of distillation
started to fell, the resicue was transferred to a moleculur
st1ll and distilled azs above. One important difference

was noted in tiae molecular distlllation of the product
obteined wnen the preperation was performed using sodium
hydride instecd of sodium ethoxide. 1If the heavy red res-
idue in this reaction was subjected to slow molecul:r
distillation, the desired product continued to distill,
raising the yield from :bout 35k to about 555%.

Sodium hydride was used for the preparation of ethyl
benzylacetoacetate elso., When & procedure identical to that
used to prepare ethyl benzylmzloncte was used, etnyl benzyl-
acetoacetate was obtained in 83% yield. Various workers
have reported results in which they obtained this compound
in yields of about 60% of the theoretical zmount when
the usuzl bases were used.

An attempt was made to maeke etnyl benzylcyanozcetate
by the same method, but unlike tne malonic :nd zcetozcetic
esters, ethyl cysnoucetate did not form a sodio derivative
which wss soluble in excess of the ester. The slurry became
very viscous, and had to be diluted with absolute ethanol.
After the ethanol had been udded, no more sodium hydride
could be added, since in the precsence of &alcoiiol sodium
hydride 1s & good reducing ugent for nitriles znd esters.
Unless @« sultable solvent is found for this recction,
there is no adventuge in using sodium hydride in plece of
sodium ethoxide.

In the preparations of ethyl benzylphenacylacetozcetite



¢nd ethyl benzylphen:ccylcyanoecetate, sodium nydride wus
used in &« procedure identiczl to that in wnich ethyl ben-
zylphenacylmulonate was prepared. As & condensing agent
for this type of recsction, sodium hydride seemed to nave
general application, giving nigher yields, smd fzeili-
tating menipuletion in the laborztory tiarough tihne use of
smaller volumes; the preparestion of large cuentitles of
ebsolute alcohol was also unnecessary.

In the earlier preparations of ethyl benzylphenzcyl-
malonate, it was noted thet a lerge zmount of ethyl benzyl-
malonete wes recovered. lience a preparation was attempted
using a large excess of phenzcyl bromide. After the
strongly lachrymztory product was worked up, there were
obtailned only traces of the desired product, and most of
the phenacyl bromide was recovered. It was discovered at
this time that phenacyl bromide distills smoothly under
pressures around one-half micron.

An sttempted preparation of ethyl benzylphenacyl-
malonate from benzyl chloride and ethyl phenacylmalonate
resulted only in the formation of tarry substances, pre-
sumably because there was more than one center of active
hydrogens in the ethyl phenscylmalonute.

The preparation of derivatives of the carbonyl group
of ethyl benzylphenscylmazlonate proved to be difficult.
The action of Z,4-dinitrophenylhydrazine yielded dark red
resinous products, and semicaerbazide did not react with
the compound in agueous alcohol or pyridine either ct

room temperature or when hezted. Kues cnd Paals reported



the action of hydrazine and hydroxylamine on diphenacyl-
melonic ester, and found elther no reaction or, under stren-
uous reaction conditions, tars from which no pure substances
could be obtazined. Hydrazine with no solvent produced an
immediczte and vigorous reaction, hut no products could be
isolated from the tarry reaction mixture,

Ethyl benzylphenacylmalonzte (VIII) rezcted rapidly

with bromine in boiling cerbon tetrachloride solution, and

0 2
Br
Bro
COQCaHs > COCColig
00CoHg COOCoHE
HI
or
B A1{OCH(CHz)o)3
VIII N MXIIT
Ho
cat.
CO0CoHg CC0H

COOCoHs Sapori.
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more slowly at room temperszt .re sfter & snort induction period.
The product of this cuentitat.ve re:ction contained one bromine
atom whose lability was demonst: ated by the resction withn
hydriodic acid9 to produce the original ester in guantitea-

tive yield, snd by the resction with zluminum isopropoxil’c,
wherein the bromine was replcced with hydrogen to the exelusion
of any cerbonyl reduction. The flnal evidence for tae
structure was the reduction to ethyl benzylphenethylm:lonate

10 prepcred benzylphen-

by hydrogen. Leuchs ¢nd Heinhart
ethylmalonic zecid (IX) by saponification or the ester pro-
duced by the recction of ethyl malonate, phenetnyl bromide
and benzyl chloride. Tne cztelytic reduction of ethyl
benzylphenscylmaloneate proceeded directly to the formstion
of ethyl benzylphenethylmelonate with no breask in the rate
of absorption of hydrozen zt a point corresponding to the
preparation of the sutstituted benzyl slconol. Furtnermore,
when & reduction stopped becsuse of insufficient catalyst,
that part of the resction mixture which was not the phen-
ethyl compound was identified as starting compound.

Although the keto group of ethyl benzylphenacylmelonste
was reduced directly to =z methylene group by cetclytic
hydrogenction, aluminum isopropoxide reduced the carbonyl
with simulteneous lactonization, s is generally the case
witn gamma keto esters.tt The product of tuis recction (X)
could not be crystazllized, presumably beczuse tihnere wes a
mixture of esters from the particsl transesterificction, but
saponification and subsequent acidification produced & crys-

talline compound, the mezlonic acid lactone (XI). Decarbox-

yYlation was rezdily zccomplished by heating, and the resulting
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lactone (XII) was ezsily recrystallized. If the original ethyl
benzylphenacylmelonste was saponified, @nd the free aclid heat=
ed, the monobasic keto acid (XIII) thus obtuined yielded the
same lactone (XII) when reduced with aluminum isopropoxide in

isopropyl zicohol.

savon. , AL(OCH(CIR)p)x

. - COCoIin
l CO0Callg l
4

OO0H
COQH

COOR

heat

sanon,

~O

COOH _
XITI 'HJ I

A2(OCH(CHz)2) 3 heat
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The possibility of the decired reaction of ethyl benzyl-
phenacylmalonate with formcaldehyde seemed guestionable, since
the review of Walkerlg reports experiments in which aryl alkyl
ketones form methylol derivatives only with difficulty. The
ease of reversal of the reaction and the fact that the use of
other than very mild reaction conditions produce only complex
products, were cited by Walker &s the cause of the failure
of the reaction; strong alkalies znd hezt cen not be used.

The optimum conditions, &according to Walker, require shaking
the ketone with anhydrous potassium carboncte und peraform-
aldehyde in anhydrous methznol. Under these conditions ethyl
benzylphenacylmalonate failed to rezct.

Heworth und Sneldrickls, however, succeeded in zdding
formaldehyde to a compound similar to ethyl benzylphenacyl-
malonate., When formalin and zoueous sodium hydroxide were
allowed to reszct with 6,7-dimethoxy-1-(3,4-dimethoxyphenyl)-
4-keto-1,2,3,4~-tetrzhydronaphthalene-Z-carboxyiic =cid
(XIV), two methylol groups entered in the three-position, one
of them forming a lactone. Saponificetion removed one methylol
group and dehydreted the other, producing a metnylene compound,
6,7-dimethoxy-1-(3,4-dimethoxy-phenyl)-4-keto-5-methylene-1,
£2,3,4-tetrzhydronapnthalene-f-carboxylic zcid (XV). 1In the
hope of obteining & compound similer to XVI asnd blocking the
free hydroxyl with the trityl group before removing the other
methylol group, ethyl berizylphenacylmulonate wus saponified,
and tune resulting ascid subjected to the scme reaction conditions
as those used by Haworth znd Sneldrick. Llthough their re-

action went in good yield in =« few hours, the malonic zcid
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vyielded only starting materials on standing &s much s a week.
On standing & month, the formeldehyde underwent a Cennizzaro
reaction, removing sufficient alkali from the reaction mix-
ture to precipitate the starting scid. The malonic ¢cid was
heated to decarboxylate 1t in order to staert with an scid more
nezrly approximating that of Haworth and Sheldrick, but the
seme result was obtained with the monobesic azcid.

S2ince this route seemed to offer difficulties, it wus
thought that it migint be possible to obtcin & compound such
as o=-bromo- (3-triphenylmethoxypropiophenone (XVII). Tnis
compound already contains the tritylazted hydroxymethyl group,
and might be condensed with ethyl benzylimaioncte.

Trityloxyethyl chloride and bromlde were prepared by
hezting the approprizte halohydrin with triphenylcarbinol and
a trace of p-toluenesulfonic acid in benzene under reflux,
using a Dean-Stsrk trap. Attempts were made to prepare Grig-
nard recagents from these substances in the hope thuat the
Grignard reagents could be zdded to benzoyl chlioride to form
the desired propiophenone. These azttempts failed.

To approach from the other side of the cerbonyl, &L-cyano-
ethyl trityl ether was similarly prepzred, and attempts were
mede to add phenylmagnesium bromide to the nitrile. This
approach was discontinued when it wzs discovered that tae con-
ditions necessary to zccomolish hydrogenolysis of trityl ethers
far exceeded the limits that could be tolerated by compounds
which would occur in leater steps of the synthesis.

The first attempt to cleave such an etner involved the re-

action of hydrogen with n-butyl trityl ether in eth:znol in the
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presence of palladium oxide. The rezction wes cerried out =zt
room temperature znd under two atmospheres pressure, but the
product obtained proved to be the transetherified compound,
ethyl trityl ether. Conseguently & series of nydrogenolyses
was attempted with ethyl trityl etner in cyclohexene, using
palladium oxide, platinum (Adams’) oxide, znd platinum oxide
which had been first shaken with hydrogen. When no recction
was observed &t room temperzsture under pressures of one or two
atmospheres, the pressure was rasised to 1500 pounds per sguare
inch; again there was no rezction. The use of Raney nickel
under 2400 pounds pressure znd at temperztures up to 118° when
triethylamine (3 ml. per 100 ml. of solution) was added to de-

crease hydrogenation of the rings was not successful; starting

0

™~

CH-CHoOC(Crig)a Xvil
Br

material was recovered. Van Duzee and Adkinsl? zchieved the
hydrogenolysis of ethyl trityl ether with Reney nickel =t 1759
end under 1500 pounds pressure, but the hydrogenolysis was

accompanied by extensive hydrogenation.
14

Since benzyl ethers sre known to cleave more rapidly™,

Z-cyanoethyl benzyl ether wcs prepared, but sttempts to convert
it to the acid, or to benzyloxypropiophenone resulted in the
loss of benzyl alcohol «ni the production of polymers of acrylic

acid or phenyl vinyl ketone.
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The sction of so.iium benzyliste on B-bromoproplopiienone
¢lso produced phenyl vinyl ketone., It wes thou.ht thet a JAR
dibromopropiophenone could be converted to the unstible phnenyl
vinyl ketone, with the immedicste cddition ot benzyl alcohol

=
15 removed tne bromine

to form bencyloxypropiophenone. Koaler
atoms from o,8=-dibromopropioohenone to form pnenyl vinyl ketone,
tut found thet when ne worked in &lconol coiution, there wes
considerable cdaition to form /3 -etiicxypropiophenone. I the
phenyl vinyl itetone wes boi.ed in ethenol with ¢ troce of wcid,
larger cwmounts were formed. Cotussium lodide wis the wgent
preferred by Kohler to remove the bromine. Hdowever, wnen tnese
resction cunditions were followed, subztituting beigyi :lconol
for etnenol, loss of benzyl cicohol from cny cddition product
occurred, and only tne polymer from phenyl vinyl ketone could

be obteineda. Leslle and Henzel6

prepared butonyproplophenone
by cdding butyl alcohol to ~crylonitrile i1 tne prscsence ot @
tr:ce of ctron;. base, hydrolyzing the resuirtint nitrlle to thne
acid, converting the weid to the sgcid cnioride, ¢nd tre: tment
of’ the &acid chioride with diphenyl caedmium. dAowever, tneir
z=butoxyethyl pnenyl ketone decouwposed intc the alcchol o¢nd
chenyl vinyl ketone 1! tney sttempted to distill it under
pressures above one millimeter. +£n attempt parailel to that
of Leslie :nu tenze failed wfter the nitrile wio hydroryzed.
mfforts to purifly the acid or ito convert it to ths ccid
chioride, so thnat it mignt be purilied in tnet form by distil-
lztion, were unsuccesstful.

Rehburg, Dixon «nd Fisnert’ :dded verious streigat-cnein,

olefinic, und brearched slconols to metnyl cerylate to form F?—
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alkoxypropionlec esters, but were unsble to eudd tertiary butyl
alconol. Other simil:rities between tertiazry butyl and benzyl
alconols have been noted. The additlon of benzyl zlcohol to
ecrylonitrile in the presence of ¢ troce of elkell is sccom-
plished in good yieldl®.

Tneze approccnes to the synthesis heving feiled, atten-
tion wes turned to the bromincted benzylpuenacylmalonic ester,
it was hoped to replace the bromine witn cyanide, reduce tne
cerbonyl and lactonize to aveold the problems assoclated withh &
/3-keto zcid, #nd then to hydrolyze the nitrile to the acid,
énd reduce to the methylol compound by waey of the escid chloride.
Tne recection wita potassium cyanide in acueous alicoholi yielded
& crystalline product which was shown by wnalysis to coantein
no nitrogen. Other attempts in anhydrous media and in verious
solvents and ¢t various temperwtures either produced tne same
compound, no recction, or extensive dec¢omposition. snclysis
indicated & bimoleculuar etiher involving an oxygen stom in ex-
cess of tunosge in the original bromo compound, but extensive
structure determinations were not pursued, since it was uppearent
that this route would not yiela the desired end-product. It
is interesting to note the apparent stebiiity of the bromo
compound to acid hydrolysis. A sample was dissolved in con-
centreted sulfuric ccid &nd poured into water. An alkaline
wash of tne precipitate thus obtzined, on acidifircsation, pro-
duced only a feint cloudiness, representing an smount of materizl
too small to be weighed. Tiae solid left undissolved after the
alkali treztment represented zlmost quentitcstive recovery of

the sterting meterisl. Prolonged hecting under reflux with
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acueous sulfuric zcid containing sufficient ethenol to wet the
solid also produced no hydrolysis.

ALlthough exzuwples of the use of o -bromoketones for the
Reformutsky recction ere relatively scarce, «n &ttempt was made
to prepzre tne zinc derivetive of tne bromo ester. 2Irolonged
hecting with either £00 mesh zince or zinc-co.per zlloy turn-
ings produced no zinc derivative.

Attention was then turned back to methiods of introducing
a carbon atom direetly in the proper position on the carbon
skeleton. A suitable rezction appecred to be tnet of etnyl
formate in the presence of alkali.

There are many examples of this type of recction in the
literature, some of them on compounds very similer to ethyl
benzylphenzcylmalonete. For instance, Haworth znd Sheldrickl®
trected Z-carbethoxy-6,7-dimethoxy-1-(3,4-dimethoxyphenyl)=-4-
keto-1,2,3,4-tetrzhydronaphthalene (XVIII) with ethyl form:te
end sodium wire for 12 hours in Penzene znd obtuined in good
yield the corresponding 3-hydroxymethylene compound (XIX),
stzble enough to be recrystallized.

CHzO CHz0 HOH

Ci=0 CO0C2lig Cllz0 C00CaHs

HCO0GoHs
Na -

=~

XIX
OCHz
OCHz Cliz
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Claisengo opercted on l-methylcyclohexenone with emyl formate
and obtiined & crystelline product which he dried in &«ir.

Birech and Robinsongl

prepared z-hydroxymethylene-trans-1i-
decalone and were zble to distill it at low precsure. ifter
the hydroxymethylene group was blocked with methylaniline and
an angular methyl group ilntroduced, they boiled the substeznce
in excess 10% hydrochloric zcid for 30 minutes to remove the
aniline. Boiling with 20% sodium hydroxide was recuired to
remove the hydroxymethylene group which survived the zcid treat-
ment, Johnson and Posviczz prepared the same hydroxymcthylene
decalone but blocked the zldeliyde by converting it to the enol
ether; the overall yiéld was 93k. They reported that the enol
ether was stable under nitrogen, but decomposed in zir in a
few days. In contrast to these cases where the sction of
ethyl formzte produced compounds stable enough to be handled,
stored, distilled or recrystallized, Prelog and Geyerzs pre-
pered the formyl derivuetive of cyclopentadecanone. Llthough
they were able to use minerzl acid to precipitete the hydroxy-
methylene ketone from the zlkaline extrect, the product was
unstable even as & crystalline solid, &nd resinified on recrys-
tillization even from low bolling petroleum ether. Haworth
and Kellyg4 reported thet the methylene groups of 1,2-dibenzo-
ylethane are unre:ctive, and will give no reaction with
formalin, ethyl formate, or etnyl oxzlate,

A further complicction is the decomposition of ethyl for-
mete Into ethencel znd cerbon monoxlde, catalyzecd or csused
by sodium ethoxide. T1ne mecnanism of this decomposition ves
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the subject of some dispute 7, pbut the end result is the



destruction ol one of the rezzents in tne formyletion by en-
other necessary reegent. It was found in this investigation
thet tie decomnosition of ethyl formete does not occur zt ¢n
cppreciable rute &t the boiling point ol ethyl formcte. 1%
interaediste temperatures the decomposition is aporecisbie but
not repid. For iastcace, ct 45° there wus & mejor port of the
orizinal ester present «fter 1o hours, in & recction started
with 15 g. of ethyl formute in 250 ml. of beazene, zlthnough
the evolution of gos was easily visible.

Z-rly cttempts to prepere the hydroxymethylene derivative
of ethyl benzylphenacylmeloncte were unsuccessful, due lergely
to the low temperstures employed. A4lmost 11 of the formyl:c-
tilons reported were cerried out at room temperature or lover,
and it was precumed that higher temperatures would result in
the destruction of the ethyl formate. 1t is believed thaet in
those ceses where higher temperztures were used in this inves-
tlgation, this destruction of the reagent caused fellure of
the reactlon., Later, & reuctlion was sterted &t ice tempers-
tures, and was left to warm up to room temperature. However,
after the ice=-bzth had melted, the resulting water-bzth wss
warmed by the magnetic stirrer to epproximately 40°, so that
the rezction was mainteined at thet slightly elevated temper-
ature during the course of the reaction. Furthermore, «ull of
the resctions in the litercture were run for 1l hours or less,
while with ethyl benzylphenacylmzlonate a longer time seems
cdvantageous. Wnen the above reaction mixture was worked up,
a large guantity of elkali soluble materizl was present, and

it was thought to be the required hydroxymethylene compound.



The alkaline form was soluble in water and insoluble in or-
ganic solvents. The soft solid precipitated by zcid from the
alkaline solutions was soluble in organic =olvents.

Vthen it was thus found thet an elevated tempersture was
necessury for the formylation, an scttempt was mede to circum-
vent the difficulty occesioned by the decomposition of the
ethyl formate by adding small guantitlies over a period of time.
When the temperzture wes held at 50-60°, three additions of
ethyl formate at 6-hour intervals sufficed to keep the reaction
supplied with that reagent, and & formyl compound was obteined
in good yield.

The use of isopropyl formate in place of ethyl tform:te
resulted in the improvement that the rezction proceeded =t
room temperature with no zppasrent decomposition of the formate.
The rezction required & longer time with isopropyl formete
than with ethyl formate, approximately 48 hours being required.

The zddition of cupric zcetzte solution to either the
aqueous solution of the sodio derivative or the neutrsl alco-
holic solution precipitated a copper compound that was soluble
in orgenic solvents., If the supposed hydroxymethylene com-
pound was dissolved in ether, and the ether solution shaken
with cupric acetzte solution, the ether phase becume green,
and a solid could be obtzined from it on evaporation. This
green copper derivative could not be crystallized. Chroma-
tographic adsorption on alumina from carbon tetracnloride
solution produced a clear green filtrate that left a hard
brittle glassy green solil on evaporation. A slight amount

of yellow brown color remzined high on the column. When the
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copper compound was dissolved in ethyl ether instead of carbon
tetrachloride and chrom: togruphed, the green color wes com-
pletely discharged, =znd the filtrate was light brown and
contsined &luminum. Hence the apparent purity of the green
glass from the cerbon tetrachloride chromatography becsme
aquestionable. Analysis of this green glass agreed feirly
closely with that of & sample of freshly precipitated compound
prepsred in methanolic solution; however, the enalysis inai-
caeted a copper content far higher than that calculated for the
copner chelate derivative of the expected keto-zldenyde.
Cetelytic hydrogenation of the copper derivative removed thne
copper, and the originai copper compound could be regenercted
by the addltion of cupric acetzte solution.

K].asom“‘“‘6 used /3-naphthylamine hydrochloride to sepazrczte
o=lignosulfonic acid, & compound with an zldenyde group, from
other substances present in sulfite liquors. 1In éeparate
tests, he determined that 3 -nazphthylamine hydrochloride re-
acted with &1l the zldehydes that were available to him, and
with none of the ketones., Hence it was thought that this
amine might be used to separate the hydroxymethylene compound
from the reaction mixture. The soft solid obtained by ocidi-
fication of the zlkaline extract of the formylation rezction
mixture was dissolved in alcohol and treated with an aqueous
solution of [3-naphthylamine hydrochloride. When sufficient
was added to induce turbidity, and the flask sllowed to stand,
some yellow crystals were deposited which melted over a wide
range, Recrystallization did not produce a pure product. A

sample was dissolved in absolute ethanol and passed through a



column of alumina., The yellow flltrate deposited yellow needles
on evaporztion. A portion of thils yellow precipitete wes sub-
limed under =z pressure of 0.1 micron. Analysils and melting
point showed this substance to be diﬂ3~naphthylformamidine.
From this fact it appecred that the formyl group hed &t one
time been present in the molecule, but had suffered clecvege
during or after the reaction with the naphthylamine,.

In the earlier formylations, before it was discovered
that a slightly elevated tempercture was recuired, alkaline
extraction of the benzene reaction solution yielded very little
if zny materizl on acidification, and when the neutrsl ben-
zene solution was evaporated, & residue was left which was
thought to be recovered stazrting meterial, When this residue
was boiled with petroleum ether (the solvent from whica the
ethyl benzylphenacylmzlonate was recrystzllized), the residue
did not dissolve, but changed from oil to crystalline mcterisl.
It could be recrystzsllized from ethanol, &nd analysis chowed
it to be much higher in carbon content than the starting
material. Saponification eguivalents gave results that varied
according to the concentrations of resgents used and according
to the length of time of hecating for the saponificection. The
only structure for whicun the analysis agreed seemed an im-~
probable one: an enol lactone from which one of the carbethoxy
groups had been lost. The same compound (XXIV) wes obtained,
along with the free acid derived from it, when ethyl benzyl-
phenscylmalonate was heated with alksll under anhydrous con-

ditions in the abcsence of ethyl formate. Saponification and

subseguent acidification of this compound confirmed its structure



By

e LS

by coaverting it to benzylphenzcylocetic ccid, known from the

decerboxyvle tion of tne melonic ccia, in ¢ lmost cuentite tive

DAY

yield. Attemnts to convert the keto tcid to the luctone by
boiling with wcetic cnnydride or by boiling in benzene witn
toluenesulfonic acid fuiled.

Decerbethoxylotion under azlkoline conditions is not
common, znd tne mechanism for it is thouwiht to be similsr to
the ketone split of acetowcetic ester. In the cise under
investigotion, enolization of the keto group provides a
second unsatur:cted cerbon in the bete position to the cur-
bethoxy group, ¢nd the accumulation of nesetive substituents
is sufficient to increase instubility to the point of clzivege.
Since etnyl benzylphenscylm:lonite 1z stible whennot in the
prezence of clkualies <1l can be exted well sbove its melting
point without decomposition, it 1is soperect thact only ¢ smilll
proportion of it is in the enol form. It iy likely thet the
energy relecsed in the trancecsterificetion involved in the
lactonization orovides sufficient impetus to expel the car-
bethoxy group. Once luctonization s occurred, there is no
longer the equilibrium between kKeto and enol iforms, :nd the
betz unszturction is fully operctive. Vaether tie enol

lactonization eéna decerbethoxylction on the one nend, :nd the
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introduction of the formyl group on the other, are competitive
rezctions or successive rezctions cen now be determined. If
the latter is the cecse, the active cocrbon wiil be alpha to the
ester corbonyl snd an &ldenhyde group in that position cun not
enolize to form the copper cheleste. If the fTormyl group is
introduced first, on the cocrbon slpha to the keto group, and
then there is enolization end lectone formetion, there will

be no hydrecgen left snd the sldehyde group can not enolize to
form the copper chelate. The copper s&lts of benzylphenscyl-
malonic acid, benzylphenscylecetic acid, beazyl-ﬁ»hydroxy-/g-
phenethylmalonic ecid lzctone, and benzoic acild were prepared,
and their properties compared with those of the apparent
copper chelate compound. There was no similerity, znd since
the properties of the latter 4o indicate a copper chelate

type of compound, it must be concluded thezt the formylation
rezction is competitive to the enolizetion. If the chelzte

iz to be formed, there must be & hydrogen alphe to the alde-
hydej; this requirement excludes the enol lactone structure.

No explanation is avallable for the resistence of the szldehyde
to hydrogenation, and the structure of the formyl compound &nd
its cupric derivztive can not be definitely stated. It may

be that two distinct compounds were formed, the separation

of which was not accomplished.

Ethyl benzylphenacyleyznoacetate (XX) was prepcred and
heated with hydrazine hydrzte. The compound formed contzined
no oxygen and 1ts analysis showed it to be the hydrazone of
[3-benzmyl-a-benzylpropionitrile (XXI). No intermediates
could be isolated znd hence it appears likely thet the loss
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of the ceérbethoxy group occurs rapidly, simultaneously with
the formetion of the hydrazone., “hen ethyl benzylphenscyl-
ccetoacetete wes trected with £,4-dinitropnenylhydrazine
under zcid conditions, no such loss occurred, =«nd the simple
Z,4=-dinitrophenylhydrzzone was formed. ne presence of
base to promote enolization is thus clecrly necesssry to the
loss of the carbethoxy group. The feilure of the attempted
conversion of the benzylphnenscylacetic acid to the emnol
lactone under the influence of boiling acetic anhydride re-
precints snother exwcmple of the necessity of buse for enoli-
zation.

hen ethyl benzylphenazcylmalonate wes heazted in ben-
zene with ethyl orthoformcte znd sodium hydride, two products
were formed in approximetely equzl cusntitles: the s:me
enol lcctone obtained before, and a compound whiech by its
analysls was the enol lactone wit) a diethyl acetzl group
atteched. 4Agsin the problem arose of locating the acetal
group. If the formation of the lactone occurred first, it
is unlikely thut the orthoformzte attacked the carbon alpha

to the keto group. In the formylation reccction, evidence



indicates tnat the sttack by ethyl formate occurred prior

to enolization of the keto group, since that enolization
would prevent the enolization of the zldehyde to form the
chelate. The chsnges that took plzce after the introduction
of the formyl group zre not understood, =nd mcy involve,

as suggested sbove, the competitive formction of = separate
compound. In the orthoformate recction, no such mutual
exclusion exists. The enolizsztion of the keto group is in
no way prevented by the presence of the ccetzl group alpha

to the ketone. Since the formyl group does enolize, it can
not be on the cerbon alpha to the carboxyl. If the analogy
is valld, the acetscl group is probably on the cerbon zlpha
to the keto group. However, since tne formation of the enol
lactone would not prevent the eutry of the acetal group, it
may be slpha to the cerboxyl. #n zttempt to hydrolyze the
acetal showed 1t to be surprisingly recistant to zcid hydrol-
ysls. This phenomenon mey be related to the lock of ¢ luaenyde
reactions of the formyl group, except chelation. By wnalogy
agein, this evidence tends to show that the azcetcl 1is

alpha to the keto group. If the hydrolysis were accomplished
under more strenuous conditions, it is unlikely thet it
would prove the structure. Since hydrolysis, followed by
oxidation would produce a,/3—keto acid in one cese znd a
mslonic acid in the other, the decarboxylation thst would
very probably occur would produce the szme compound in both
cases.,

If, however, the enol lactone portion of the molecule

were opened by saponificetion, zluminum isopropoxide
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reduction would form the saturcted lactone. The ccetal
would then form a steé:ble zldehyde on hydrolysis, snd oxida-
tion would oroduce a stable ccid if the ecetal had been
originally &lphe to the keto group. If it had been zlphs
to the cerboxyl groun, the above rezctions would produce
the lactone acid (X) and this approach would be shown to
be vzlueless.

The course of future work toward the syntnesis of the
desired structure should proceed in three directions. The
acetal above has slrezdy been discussed, and 1f the acetsl
group is shown to be on the czrbon alpha to the keto group,
conversion to the acid of the scturcted lactone could be
followed by reduction to the methylol group by way of the acid
chloride.

A second approach wortn investigating involves the
brominated ethyl benzylphenzcylmzlonate. The bromine might
be sble to be replcced by the ethinyl group with sodium
acetylide., If the other active hydrogen of the ethinyl
group caused difficulties by recction with isopropoxide to
precipit:zte the zluminum szlt during the reduction, sodium
methylecetyllde could be used. Such & compound could be
reduced by aluminum isopropoxide, decarboxylated &s befare,
znd the ethinyl group clezved to methylol by pertial hydro-
genation, oxldative cleavage, snd reduction.

The third approach involves Q-benzoyldiethylacetsl,
the preparation of which is describedgv end which is seid
to react like the =zcetyl zcetic esters. Reports in the

literature and results of this invecstigetion indicate that
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that ﬁ;~triphenylmethoxyprcpiophenone would produce & com=-
pound (XXII) thet would suffer extensive hydrogenztion before
0
CH;, 0C(Cple) g

CO0C¢ Hy
CO00Cg by

hydrogenolysis of the etner bond could be accomplisned.
It has also been shown that;?-benzyloxypropiophenone is
unavailable for subsecuent condenscation with ethyl benzyl-
malonate.

In view of the problems azssociated with the formylation,
i1t would be useful to be zble to make a compound of tne
szme type a&s XXII1I, where the trityloxymetnyl group of thut
compound 1is replsced with another group more zmenable to
mild reagents. It is thougnt thot the,B-ketoaacetal above
mcy be able to provide thet type XXII compound, and would
provide the remsinder of the necessary carbon skeleton with
&z stcble side-chain alre:dy present in the proger position,
if it, like acetoacetic ester, could be condensed with ethyl
benzylmalonate. " The acetzl group should be more tracteble
then the previous ether group. By the aoplicetion of alu-
minwn isopropoxide reduction which hazs been snown to be
effective in reducing the K—ketones and closing the lactone
ring, the desired lactone would be formed, leaving only the

acetul group susceptible to gentle scid cleavege, to be
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followed by reduction. The problems inherent in the /J-
keto-zldehyde structure, which led to difficulties in the
formyletion resctions, would thus be avolded.

Similerly, & compound such as ethyl @-benzoyl-a-benzyl-
succinate would probebly form the desired & -lactone rather
than the much more improbable [ -lactone if subjected to
the sazme sluminum isopropoxide reduction. Saponification
of the resulting lactone ester would produce z stable
lactone acid instead of the unstable lactone acid (XI)
obtazined from the malonic ester. Thie group could then be
reduced to the methylol through the zcid chloride. If the
ketone were left intact, saponification would probazbly
cleave the /3-keto ester.

A comparison of the work of Haworth and Sheldrick
with the results of this investigation, both with regcrd to
the acid (XIV) and the ester (XVIII), shows thet berzylphen-
acylacetic acid znd its esters did not reuct in & manner
that was to be expected. Yhether i1t is becsuse of the
substituents on the rings of Haworth’s and Sheldrick’s com-
pounds, or becesuse of the closed versus the open ring
structure, can probably be determined by operasting wita such
substitution present. Closing the ring without the sub-
stitution 1s & more difficulit matter, but could be accom-
plished by further bromination of the zlreasdy brominzted
ethyl benzylpheneacylmalonate. The benzyl hydrogens should
brominate fairly readily, and it nas been demonstrated that
the bromine zlpha to the ketone 1is re:dily removed by

hydriodic zcid. An internal Friedel =znd Crafts resction
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could then be employed. Hemoval of the bromine ¢:nd re-
placement with hydroxyl is @lso to be considered, thne ring
then to be closed under zcid conditions, but =witnout cs
drastic a recgent as those usually employed in the former

reaction. The bromo malonic ester (XXIII) can be dissolved

0 0
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in concentrated sulfuric acildé :nd recovered unchanged.
Such 1is the stability to acid.

With the series of comoounds used in this investigstion,
the direct introduction of the formyl group in the presence
of alkall is not practical, in view of the recction which
the ethyl benzylphenccylmelonate underwent in the presence
of alkali. There is no doubt that the formyl group entered
the molecule somewhere, but in view of the esse with which
the ketone enolized end transesterified the ester portion
of the molecule, it is extremely unlikely thazt the rezction
took place in the manner antlcipated. The extreme instabil-
ity of the compound obteined in the formylation toward all
the reagents with which it was treated has prevented its
characterization.

It has slso appecred that ALQ-benzyloxypropiophenone is
too unstable to be brominated so that it could be condensed
with ethyl benzylmalonzte, 1f, indeed, it 1s capzble of
existence. If a-~bromo-/J-triphenylmethoxypropiophenone were
successfully condensed with ethyl benzyimalonate, the ether
could not be clezved under conditions thet would not csuse
extensive damzge elsewhere through hydrogenation.

It has been found thzat sodium hydride is & useful con-
densing agent to introduce the phenacyl group in the ulpha
position of various setivated hydrocinnamic esters, «nd use-
ful alsc in simple malonic ester condensations.

The X¥-keto esters azre readily reduced by aluminum
isopropoxide to the corresponding slcohol, with simulteneous
lactone formation. 1In the cuse of the melonic ester, sapon-

ification and acidification produced the lactone acid, :nd
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not the hydroxy dibasic =cid, end the lsactone eccid wsas
easlily decazrboxylated to the simple lactone. Such ease

of lactone formation should preclude other side rezctions
of either the hydroxyl or the acid group, such as anhydride

form=tlion with succinic esters.



EXPERIVENTAL

All melting vpoints are corrected, A figure in preceding
parentheses indicstos the temperature at which the first sof-
tening or sinterirngs occurred, iiclting points were determired
in capillary tubes 1in a stirred bath heated so that thie tenme
verature rise was at the rate of two degrecs per minute.

All pressures below 5 millimeters were read or a leleod
gauge,

The author wishes to express his gratitude to s,

Lary
iy ANAdridge and Tr, Byron Baer, wiio performed the nicroanaly-

Wt

ses renorted here,

tthyl Benzylnmalonate

7o a 100eml, three-necited flask containing 50 ml. of

etiyyl malorate and fltted with a thermometer irmersed in the

lignild, a magretic stirrer, a drovning fur-el, and a drying
tube charced with caleciw: sulfate, was added 2.4 £, (0,006

mole) of sodium hydridesr in small portiorns, The reaction mix-
ture was stirred corstortly, The renction was exothermice, and
each addition of sodium hydride was made orly alter the mao-
terial onreviously added had reacted, leaving a clear solnticr,
“nen all of the sodium hydride was introduced, 12.27 f.

(0,101 mole) of beuz;l chloride was added droowise through the

additlor fum el, the tewperature being nalintained at 1009 for

% The sodium hydride used in these exrerincents was of 95% assay,
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12 hours after all of the benzyl chloride was added, After 12
hours a drop on moist test parer showed & nsutral reaction, 4
few drops ol glaciel acetic acid were added, and sufficient
water wac added to coarulate the finely dispersed sodiw: eirloe
ride. The glightly yellow solution was deanuted fron tho sSg-
dint chloride and subjeoted te distillation at reduced vressure,
After the execss cthrl malonate distilled at 389/,05 rm., the
product wos collected at 049/.05 mm, and weighed 20.2 ge (84%3).

Lthyl tenzrlacotoasetate

A 1000=nl, three-neeked flasli fitted as above was charged
with 500 rl, of ethyl acetoaectate, [ollowings the above nro-
cedure, but using 25 . (1 role) of sodium hydride and 130 1.
(1.03 mole) of benzyl c¢hloride, there was obtained 208 g, of
ocrude ecthyl bonzylacetoascetate which on redistillation gave

102p. (237) of pure ecter, whieh distilled at 131°9/5 mm.

D

Phenaecyl Bromide

Acetophenone (50 ., 0.42 mole) and 50 ml, of absolute
ether were stirred in a three-necked flask in an ice bath,
0«5 e of anhydrous aluminum ehloride was added, and 67 g,
(0e4d2 mole) of bromine was added drovwise at the rate of 1 ml.
rer minute., After the addition of the bromine was complete,
the solution was transferred to a suction flask fitted with a
capillary reaching to the bottom, and solvent was evaporated
at room temverature under diminished nressure for several hours.
The solid resulting wasa stirred with water, filtered, and washe
ed several tines with water, T™he so0lid crvstal mass was stirred

with €00 ml. of 80-80° lipgroin at 509, and the supernatant so-
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lution separated from the agueous phase remaining. On cool-
ing, the solution deposited 57 g. (305%) of hard crystzls
whose size depended on the rate of cooling. The melting
point was 49 - 50°.

Ethyl Benzylphenacylmelonate (VIII)

Method A. In a 5-1. round-bottomed flusk fitted with
an addition funnel and connected to an efficient fractionat-
ing column, ethyl alcohol was dried by distillation with
benzene. right grams (0.%4 ztom) of sodium weas then zdded
and allowed to dissolve. bry benzene wess added ana the ex-
cess alcohol was distilled off. Ninety-six grams (0.935
mole) of ethyl benzylmalonate was added to the sodium ethox-
ide suspension, and the ethanol formed was distilled off as
the benzene-alcohol azeotrope. The distillation required
about 1z hours, and left a clear slight}y yellow solution.
Benzene was added to keep the volume ecgual to three liters,
To this solution of sodio derivetive was added through the
addition funnel over a period of 1f hours 66 g. (0.33 mole)
of phenscyl bromide dissolved in benzene. The solution was
hested under reflux for 1l hours, during which time it be-
came quite cloudy. At the end of this time, the odor of
phenacyl bromide could not be detected over the hot reac-
tion mixture, and heating was discontinued.

Without further treztment, the mixture was subjected to
rapid steam distillation, using an 18-inch Vigresux column.
The benzene was rapidly removed, and distillation wes dis-
continued when the temperature zt the head of the column

rose to nearly 1009, The residue was washed with water, and
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the organic layer was placed in &« 500-ml. flask and subject-
ed to distillation under low pressure. When the recovered
ethyl benzylmalonate stopped distilling, the resicdue was
transferred to a Hickman stlll and subjected to molecular
distillation. &4t & pressure of 0.1 micron z short forerun
of ethyl benzylmalonate was collected at & bath temperature
of 80°. The transition from forerun to product was best ob-
served by chllling the condensing surface of the still witlh
ice-water. At that tempercture the product was extremely
viscous, & drop recuiring several seconds to sever itself
from the drip tip &nd recovery; on the other hend the forerun
aripped readily from the tip under these conditions. The
product distilled smoothly &t a bath tempercture oif 1000,
and left a red residue.

The product from the cdistillation was recrystallized
from 10 ml. of 30-800 petroleum ether per gram of préduct,
and weighed 43 g..(383%). The substance melted at 74.6 -
76.49,

Method B. £ 300-ml. three-necked fiask was fitted with
a reflux condenser, & mercury-sealed stirrer, znc an addition
funnel. It was charged with 37 g. (0.149 mole) of ethyl
benzylmelonate and 100 ml. of dry benzene, and the solution
was heated to reflux. WwWhile the solution was stirred, £.5 g.
(0.1 mole) of sodium hydride was added gradually, giving =
cle: r solution. 4 solutlion of 18 g. (0.09 mole) of phenacyl
bromide in benzene was added dropwise, end the reaction mix -

ture was heated under reflux, With stirring, for 1. hours.
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Worked up as above, the reaction yielded 18.0 g. of pro-
duct (55 of the theoretical amount).

Calculated for CooH240s 6.57 #H 71.7¢ » C 8.E.184
Found 6.62 71.85 variable
8.59 71.87

mg. sample 7,372 7.903
mg. H20 4,566 4.5568

Ethyl Benzylphenacylscetoacetate
In a 300-ml. round-bottomed flask fitted with a magnet-

ie¢ stirrer and a reflux condenser with drying tube, were
placed 22 g. (0.1 mole) of ethyl benzylacetoacetate and 100
ml. of dry benzene. The solution was heated to reflux tem-
perature and £.£ g. (0.088 mole) of sodium hydride was added
gradually. The solution became slightly darker. When all

of the sodium hydride had reacted, a solution of 20 g. (0.1l
mole) of phenacyl bromide in 70 ml. of dry benzene was added
dropwise, producing an exothermic reaction. The reaction
mixture was heated under reflux overnight. At the end of
this time, no smell of phenacyl bromide was detected. The
reaction mixture was cooled, extracted with water, and the
benzene solution dried with anhydrous sodium sulfate and
evaporated. Molecular distillation gave about 0.3 g. of the
original ester at a bath temperature of 60° and under a pres-
sure of 0.2 micron. The viscosity of the distillate then
increased suddenly, and the product distilled, slightly yel-
low, at & bath temperature of 85°, The temperature could

be raised to 140° without increasing the pressure. The vis -
cous product weighed 18 g. (53%) and did not crystallize.
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Calculated for CgjHz:04 6.55 A H 74.53 %5 C
Found 3.53 75.67

mg. semple 6.781l% 6.5589
mg. H:O 3.9453 3.9£85
mg. COg 18.7459 18.:2215

Ethyl Benzylphenacylcyanoacetate (XX)

A solution of 35 g. (0.1725 mole) of ethyl benzylcyano-
acetate in 300 ml. of dry benzene was heated under reflux
while 2.5 g. (0.1 mole) of sodium hydride was added in small
portions. To the clear light yellow solution resulting was
added a solution of 17.:5 g. (0.086 mole) of phenacyl bro-
mide in benzene. This produced a vigorous reaction although
no precipitation of sodium bromide was observed. The rezc-
tion mixture was heated under reflux overnight. It was then
washed with water until no more color was extrected. At the
point in the washing where the pH dropped to approximately
neutral, & very steble emulsion occurred, consisting of =a
portion of the bengene layer in ail of the water layer. The
benzene solution was dried and evaporated by dropping it into
an evacuated flask heasted 1n an o0il bath held at 150°©. When
the excess ethyl benzylcyanoacetate was distilled off under
reduced pressure, the residue crystallized. It wzs recrystal-
1liz ed from ethanol, and yielded 13.5 g. (50%) of product
which melted at (93.3) 93,7 - 94.4°

Calculated for Cp0H1903N 5.96 # H 74.74 % C 4.36 A N

Found 6.01 74.38 4,60

6.9 74,98 4,68
mg. sample 56,33z 5.9943 3.563 3.48L%
mg. Ho0 3.40:.8 3,3690
mg . b 17.2588 16.4543
ml. No 0.153 0.144

pressure 760 762
temperature ©C, 30 £9.9
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Hydrazone of /J-benzoyl- d-benzylpropionitrile (XXI)

L solution of 3 g. (0.009 mole) of ethyl benzylphenscyl-
cyanoncetate and 0.8 g. (0.014 mole) of 85% hydrazine hydrate
in 15 mli. of 95% ethenol was warmed overnight on a steam cone,
yielding 0.6 g. of crystelline msteriazl which wses soluble in
benzene, cnloroform, and insoluble in ethanol, ligroin, and
ethyl acetate. In mixtures of solvents the compound showed
a negligible temperature coefficient of solubillity. The
crystals were repeatedly washed with hot absolute and 954
ethanol; they melted at (£08.&) £08.3 - 211.5°.

Caleculated for CypHy,N; 6.51 5 H 77.55 5 C 15.95 4 N

Found 5,28 77.85 15.35
6,87 77.38 15.35

mg. sample 6.3230 3.H01& S.903 3.373
mg. Hs=0 S.5486 3.7374
mg. COz 13.0580  18.9134
ml. Ng 0,550 0.540
pressure 760 753.°
temperature ©OC. 30 L9

<, 4=-Dinitrophenylhydrezone of kthyl Benzylphenacylascetoacetate

To & solution of 0.: g. (0.0i mole) of £,4-dinitrophenyl-
hydrazine and 1 ml. of concentrated hydrochloric acid in =5
ml. of methanol was added 0.45 g. (0.013 mole) of ethyl ben-
zylphenacylacetoacetate in 10 ml. of methanol. The solution
was stirred at room temperature., After 10 minutss the solu-
tion became red, and &fter enm hour & preciplitate wzs observed.
It was collected on & filter and weighed less then 0.01 g.;
it melted graduzlly from A: - 128°C., The filtrzte wus stirrcd
another 10 hours, azfter wnich a yellow-orange preclpitate was
present. This when filtered and dried, weighed 0.3%5 g. and
melted at (148) 153.8 - 155.8°. The filtrate was stirred fur-



41

ther, and deposited & further crop of crystals. On recrystal-
lization from boiling methanol, the precipitate was not wholly
soluble, although the mejor portion of it dissolved rapidly.
When the suspension was filtered and the filtrate cooled, crys-
tzls were obtained. Recrystallization from methanol gave a
product which melted &t 157.5 - 157.709.

Calculated for CsnHigO7Ng 5.05 h H 352.54 4 C 10.81 A N

Found 5.31 B6: .45 10.:83
5.7 B.i..74 10.+-1

mg. seample 0.4140 5.3405 3.0i4 £.2589
mg. H-O0 3.0470 2 .7985
mg. CO- 14.3775  13.8836
ml. Ng¢ 0.:37 0.:75
pressure 758 7861.8
tempersture OC, 20.95 30.5

Benzylphenacylmelonic acid

To a solution of 1.6 g. (0.04 mole) of sodium hydroxide
in 150 ml. of zbsolute ethsnol wss added 7.35 g. (0.02 mole)
of ethyl benzylphenacylmalonate. On standing =zt room temper-
ature the solution turned slightly yellow as the sodium szlt
of the acid precipitsted. After standing for 1lf hours, water
was added to make (80 ml. of clear solution. After being
stirred with decolorizing chearcoal, the solution wes filtered,
made zcid to litmus with hydrochloric zcid, &gnd trected simi-
larly with charcoal zgain. The solution w:s then warmed to
700 and woter was added until permeznent cloudiness appeared.
The volume of the solution w:s sbout 500 ml. The solution
was stirred until crystellization was well sterted, and then
cooled in an ice bath. Filtering gave 5.4 g. (75%) of product
which decomposed at 1319, L1l sttempts to recrystallize gave

& less pwe product.



The calclum salt was preclpitated, filtered and washed
with acetone. The saelt was suspended 1in ether, and concentra-
‘ted hydrochloric acid was added. The ether layer was separa-
ted, washed with water, dried, and carefully evaporated. The
acld crystallized in clumps of needles, which melted at
(154.4).155.0 - 157 with decomposition,

Calculated for Ci1gH1e0% 5.15 A H 89.2¢ #C N.E.155

Found 5.56 68.45 157
5.59 568.86
5.5 88,44
mg. sample 7.586 5.673 7.704
mg. H:0 3.536 £.,387 3.875
mg. COg 18.5z7 14,314 19.317

Benzylphenacylacetic acid (XIITI)

The decarboxylation of the malonic zcld above was carried
out in & testtube suspended in & melting point bath. The test-
tube contalned 3.1¢ g. (0.01 mole) of benzylphenacylmalonic
acid, and was heated carefully to 170° so that only a smell
part of the bottom of the tube was heated. Otherwise the evo-
lution of gases carried meteriazl above the hected zone. After
the resction had subsided, the tube was lowered further so that
the material which had been carried to the walls of tﬁe tube
would also be heated. The small emounts of materiasl thus sit-
uated did not rezct vigorously enough to carry the matericzl
further. The reaction wes considered to be finished when no
further effervescence could be observed. The product was re-
crystellized from 504 zcetlc zcid and weighed .80 g. (974).

It melted at (173.3) 174.0 - 174.7°.
Calculated for C17H3s0z 6.0l 3 H 75.10%4 C N.E. 238

Found 6.24 76.20 268
6.17 76.02
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mg. sample 3.718 8.6z1
mg. HoO 5.4£3 7.753
mg. COgp £7.129 24,014

Ethyl Benzylphenacylacetate

Anhydrous hydrogen chloride was passed into &z solution of
2.7 g. (0.01 mole) of benzylphenacylacetic acid in 100 ml. of
absolute ethanol at 0° until the solution was nearly saturated.
After 4 hours the solution was evaporated under reduced pres-
sure, the residue taken up in benzene and water, and the ben-
zene solution washed with sodium bicarbonate solution several
times. After being dried with anhydrous sodium sulfate, the
benzene solution was evaporated to dryness under reduced pres-
sure, leaving a colorless oil which crystallized after stand-
ing several days. Recrystallization from 30-600 ligroin
yielded 2.8 g. (94%) of ester which melted at (48.9) 49.2 -

49.850°,
Calculated for CygHgnO3 6.80 % H 77.00 % C
6.95 77.20
5.98 77.20

mg. sample 6.520 6.200
mg. HpO 3.884 4,266

p-Phenylphenacyl Benzylphenacylacetate

One gram of benzylphenacylacetic acid was neutralized in
10 ml. of ethanol with sodium hydroxide solution. There were
added 4 drops of 0.3 N hydrochloric acid, 1 g. of p-phenyl-
phenacyl bromide, and ethanol to make 50 ml. 8Solid was still
present. The mixture was heated under reflux for 1 hour,
cooled, and the crystals s=parated by filtration. HKecrystal-
lization from ethyl acetate gave a product which melted at
L49.8) 150.4 - 150.79.



Calculated for CxlHge04 5.57 4 H 80.50 % C

Found 5.84 80.56
5.32 80.43
mg., szmple 3,122 7.2817
mg. HgO 4,261 3.3815
mg. COp 24,011 21.270

Benzyl‘/3-hydroxy-;3-phenethylmalonic acld lactone (XI)

Ethyl benzylphenacylmalonute (5.68 g., 0.01 mole) was
dis=olved in 250 ml. of 1 M zluminum isopropoxide in isopro-
pyl alcohol, and solvent was distilled very slowly through an
efficient fractionating column for 1 week. At tne ena of this
time reduction was complete, The solution was evaporected to
dryness under reduced pressure, and the residue, dissolved in
ether, washed with sodium hydroxide solution. Evaporation of
the ether produced an oil wihich could not be crystallized.

The addition of alcoholic sodium hydroxide produced a white
precipitate on stending overnight at room temperzture, water
was added and the alcohol was distilled off through & column.
The agueous solution was cooled, acidified with hydrochloric
acid, and extracted with chloroform. The chloroform extract
was dried with anhydrous sodium sulfate and evaporated to dry-
ness. After standing about « weeks, the 0il crystallized.
Recrystallization from 860-300 ligroin gave :.% g. (73%) of

lactone acid which melted at (115.0) 114.2 - 115.5 with decom-

position.
Calculated for CigHi1s04 5.44 4 H 7:5.96 H C
Found 5.59 75,04
5.79 7o.: 1
mg. Sample 7.170 5,988
mg. HgO 5.547 5.505

mg. COp 19.269 13.730
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Ethyl Benzyl- d-bromophenascylmalonate (XXIII)

A solution of 36.8 g. (0.1 mole) of ethyl benzylphenscyl-
malonate in 100 ml. of carbon tetrachloride was heated to re-
flux in a 500-ml. round-bottomed flask, and 15.0 g. (0.1 mole)
of bromine was added dropwise. Each drop wus decolorized &s
it hit the surface and the solution remained colorless until
practically all of the bromime had been added, when it assumed
a reddish color. The solvent wes distilled off under reduced
pressure (the red color distilied with the solvent) and the
remaining solld was recrystasllized from &lcohol. There was
obtained 42.5 g. (954) of white solid which melted &t (114.5)
116.2 - 116,29,

When this bromination was run st room temperature, the
reaction procseded more slowly, and the product precipitated;
the reaction mixture set to an almost solid slush,

Calculated for CggHp30gBr 5.18 A H 59.07 5 C 17.87 % Br

Found 5.48 59.00 17.386
5.45 58.95 17.32
mg. sample 8.545 9.288 5.854 4,300
mg. Ho0 4,831 4,521
ng. CS 18.689 £0.020
mg. Agdr 2.487 1.801

Hydriodic fcid Reduction of Ethyl Benzyl- d-bromophenacylmalonate

A solution of 0.447 g. (0,001 mole) of ethyl benzyl- d-
bromophenacylmalonate in 40 ml. of warm 95% ethanol was treated
with approximately 0.4 g. (0.0024 mole) of potassium iodide
and 2 ml. of syrupy phosphoric acid, and maintained at 500
overnight, tightly stoppered. The lodine in the solution was
titrated with 0.1 N sodium thiosulfate, and reqguired 19.5 ml.
0.0019% equivalent). Further hesting produced no wmore iodine.
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Ther. corled, the solutlon precinitated 0,56 ¢, of ihite crys-
tals which melted at (735.8) 74.1 = 75,39, A mixed meltinr

point with ethyl benzylrhenacvinalorate showved no depression,

-

Alumimun Isonropoxide Reduction of Ethyl Penzvle d-broronien-

ﬂcﬁiua70 atoe

Syl benzyl- d=bhroconenaeviralornate (04456 ¢,, 0.001
mole) wos disgolved 1r 10 1., of 1 I aluminwn isopronoxlde in
isoropyl clcoliol {C.C3 mole) and heated under reflux for 2
hours, e solutio. was cooled, © ml, of corcentrated sul-
furic acidc in 20 1. o7 water was added, and the aleonol was
dictilled out, toreticr with the acoetone forned, tirough an
efllcient fractiorating coluwmn, The distillate was caught
in 50 mle of 2 . hydrochloric acld containing C.001 mole of
wtrontenloydrazine, The nrecinitate was flltered Into

a Gooceh crucible, washed with 2 ¥ hydrochlorie acid, and then

with water untlil free of c¢hloride ion., The crucible was
iried at 1000 and weirhed, The nreci-itonte weirhed 0,211C o,

(C.700200 mole), showing that this aiouwnt of reducing arent
had reacted,

ey Liie acetone and al-

-t
-
s
et
jole

The aqueous =2c¢id solution from
cohol were alctllled ras woshed with ehloroform until colorless
(& ml.). The resulting solution sas thern titvoted with standard
silver nitrate solutiocn, using a modifiodgg rohwr metihod, The
tltratlon reguired 0,000002 mole, indicating that 90,2¢° of the
bromine orisinallr nrecont hod beer retwved by reduction,

The arresrent, 3 parts ner thouvasand, betweon the armount
of bronlne vre oved and the srmount of reduvei g asernt oxidized,

indicated that Liere was no carbonrl reduction,
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Cabalytic Reduction of Ethyl Benzylphenacylmalonate

A solution of 0. 37 g. (0.001 mole) of ethyl benzylphen-
acylmalonate in 80 ml. of 95% ethanol was shaken with hydro-
gen with various catalysts. When platinum oxide was used, the
catalyst was alweys first reduced by shsking with hydrogen.
Both platinum oxide and Raney nickel were used at room tem-
perature and pressure, but the barium~-copper-chromium-oxide
was used as indicated. The products were either ethyl'benzyl-
phenacylmalonate (&) or ethyl benzylphenethylmzlonate (B),
except Run No. 7 which produced'a brown o0ll from which no pure
substances could be 1isolated.

Run g. Cat. equiv. Hg Products Remarks

Ko. absorbed

1 0.1 PtOg 1.5 1 part A, 3 parts B

2 0.4 PtOZ 2 B 10 minute induction period.
3 2 Fi(R 2 B A added in solution

4 2 Ri(R 2 B A zdded solid.

5 2 Ni(R) =2 B 3 ml. (CgHg)sN added. Slow,
8 1 BaCuCrQ -- A 1500 p.s.i.,, 1259, 2hrs.

7 1 BaCuCro -- - 2000 p.s.i., 1359, 3hrs.

The ethyl benzyl-@ -phenethylmelonate was identified by
saponification and acidification to give benzyl~/3-phenethyl-
acid, which melted at 152 - 153.29., The literature reported
a melting point of 15630,

d -Benzyl- ¥ -phenyl- ¥-butyrolactone (XII)

Method A. Benzylphenacylacetic acid (2.63 g., 0.0l mole)
was dissolved in 20 ml. of 1 M aluminum isopfopoxide in iso-
propyl alcohol and heated under reflux for £ days with occa-
sional slow distillation of the acetone formed. At the end
of this time, no more zcetone was present in the distillate.

Dilute hydrochloric ascid was added end the alcohol was removed
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by distillation. The resulting suspension of oil in water
was extracted with chloroform, the extract dried with magnesium
sulfate and evaporated at the water pump. The syrup resulting
was distilled in & moleculsr still under a pressure aof 0,1
micron with & bath temperature of 100°, giving a clear white
distillate. When seeded, the distillate crystallized. Recrys-
tallization from ethanol gave £.3 g. (91%) of lactone which
melted at (79.1) 79.8 - 80.6°.

Calculated for CyyHy50p 6.39 % H 80.98% C

Found 8.66 8l.2%
6 .48 81.08
mg. sampile B.E6E 7.145
mg. HoO J3.752 4.127
mg. CUp 18.637 21.218

Method B. A small sample of the lactone acld (XI) was
heated in a testtube at 150°; the product was dissolved in hot
alcohol, and crystallized by scratching end cooling. When
recrystallized from-alcohol, the substance proved to be ldentical
with the lactone from the above reduction,

Attempted Addition of Formaldehyde to Ethyl Benzylphenacylmalonate

Ethyl benzylphenacylmalonate (7.40 g., 0.02 mole), 0.60 g.
(0.02 mole monomer) of paraformaldehyde, and 0.30 g. (0.0021
mole) of anhydrous potassium carbonate were placed in an Erlen-
meyer flask with 15 ml. of dry methanol and a magnetic stirrer.
The flask was closed with a stopper and stirred for 14 days.

At the end of this time the contents of the flask were poured
into 100 ml. of 2 N hydrochloric acid. The white precipitate
formed was filtered, washed with water, and recrystallized

from ethanol. It proved to be starting material.
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Attempted Addition of Formeldehyde to Benzylphenacylmalonic acid

An squeous solution of &.12 g. (0.01 mole) of benzylphen-

acylmalonic ccid, 10 ml. of £€.5 N sodium hydroxide solution,

and 8 ml. (0.1 mole) of 374 formalin was sllowed to stand et
room temperature tor 40 hours. 4Lciditfication produced & cloud-
iness thet later deposited &s crystels. Further ccidificztion
precipitated more crystals, which when filtered und dried in air
until the smell of formeldehyde wus no longer apparent, welghed
5.0 g. They melted with vigorous evolution of gas at 1500
giving a solicd that melted at 173 - 174°., A mixed melting

point with the originel malonlc acid demonstrated that the
product wus starting meterlisl, recovered in good yield.

Attempted iddition of Formaldehyde to Bemzviphenacylucetic escild

£ solution of 7.7 g. (0.01 mole) of benzylphenacylscetic
acid, 10 ml. of £.5 N sodium hydroxide solution, and 8 mi. of
374 formalin was allowed to stand stoppered for 5 weeks &t room
temperature., A heavier liquid phase was observed. It was
taken up in ether, dried and evaporcted under diminished pres-
sur=. but could not be crystaellized. With no solvent it re-
meined as = hard clesr slmost colorless gless. Treatment -
with 2,4-dinitrophenylhydrazine in alcoholic solution yielded
only a trace of the & 4-dinitrophenylhydrezone of formaldehyde,
identified by melting point, mixed m=lting point and analysis.
A test of the original aqueous phase left after the extraction
with ether showed it to be only slightly alkaline, about pH 8.

£2-Chloroethyl Triphenylmethyl Lther

A solution of 8.05 g. (0.1 mole) of ethylene chlorohydrin,



256.0 g. (0.1 mole) of triphenylcarbinol and 0.05 g. of p-
toluenesulfonic gcic in 75 ml. of benzene wes hezated under re-
flux with & Dean-Stark trep until no more water was being
collected. The theoretical zmount of water was obtained. The
solution was cooled while being stirred. If the solution wes
not gtirred, the crystals adhered very strongly to the wolle
of the flask., The crystals were filtered znd recrystellized
from petroleum ether. The product weighed (2.7 g. (70%) end
melted at 131.1 - 131.8°. The benzene filtrste contained more
product, but was not worked up.

Calculeted for Cpy1H190CL 5.93 # H 78.13 4 C 10.98 % Cl

Found 6.04 78,35 10.79
5.95 78,84 10.98
mg. sample 7.331L 5.7382 4,918 7.004
mg. HsO 3,958 5,588
mg. 080 £1.048 19.£98
mg. Lgll £.144 3.091

Since this work was done the preparetion of this compound
from triphenylmethyl chloride snd the chlorohydrin in pyridine,
with a melting point of 140 - 1319, has been reported.28

«=-Bromoethyl Triphenylmethyl kther

This compound was made a8 described above for the prepa-
ration of the Z-chloro compound. It was obtained in nearly
theoretical yield although exact measurements were not made.
The white crystals melted at 127.0 - 1:7.8°.

Calculated for Cgili190Br 5.21 A H 68.87 A C &1.76 % Br

Found 5.473 52,082 2. .22
5.58 58,94 £2z.34
mg. sample 6.5874 5.38540 7.980 5.098
mng. HoO 3.10z2 £.9721
Bng . c82 16.154% 15.041%
mg. AgBr 4.166 2,680
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2=-Cyenoethyl Triphenylmethyl Ether

This compound was made as described sbove for the 2-chloro
compound, except that toluene was used instead of benzene for
the reaction medium, and toluene wes used in place of petroleum
ether for the recrystallization. The compound melted at (167.%)

189.2 - 170.59,

Calculsted for CpgHigON 8.11 5 H B84.31 4 C 4.47 4 N
Founa 5.8 34,351 4,98
6.49 84.57 5.08
mg. sample 6.1724 6.3783 4.480 3.487
mg. HgO B.LES 5.8155
mg. COg 19.0702  19.7677
ml. Ng 0.2035 0.152 0.209 0.1l62
pressure 765 765
temperature ©9C. A4 o5

Attempted Hydrogenolysis of n-Butyl Triphenylmethyl Ether

Two grams of n-butyl trityl ether in 100 ml. of absolute
ethanol were shaken with 0.05 g. of psllecdium oxide for ©
hours under hydrogen &t 55 #.s.i. The catalyst was flltered
off and the filtrate treuted with water until cloudy. After
standing for 5 dsys, the solution deposited crystsls. Lfter
being recrystsllizec from alcohol, the product melted at 30.7 -
8L.60 and weighed 0.8 g. The remainacer was sn oil that coulc
not be crystesllized, and wuas congcidered to be starting materisl
end butenol. A mixed melting point with an zuthentic speclimen
of ethyl trityl ether showed no depression.

Attempted Hycdrogenolyslis of Fthyl Triphenvlimethyl Ether

& solution of 20 g. (0.069 mole) of ethyl triphenylmethyl
ether in cyclohexane was shaken with hydrogen at room temper-
ature and 20 p.s.i. pressure, using successively palladium

oxide, platinum oxide, and platinum oxide that had first been



reduced with hydrogen. No absorption of hydrogen took place.

The same solution wss shaken with reduced platinum oxide
at room temperzture under 1500 p.s.i. No reaction took place.
Vhen Raney nickel was used at & temperazture of 115° and under
a pressure of 2300 p.s.1., no reaction took place, and start-
ing materlial was recovered in good yield.

heaction of Benzyl Alcohol with Methyl Acrylate

A solution of 0.1 g. (0.00435 atom) of sodium in 10 ml.
of benzyl alcohol was added with stirring and cooling to a so-
lution of 8.8 g. (0.1 mole) of methyl acrylate and 3 ml. of
benzyl alcohol so that the temperature did not rise atove 400,
The reaction mixture wes allowed to stand for £ days. Distil-
lation under reduced pressure gave 1l.4 g. of a clew.r distillate
whose boliling point, even with careful fractionation, rose grad-
uzlly and stesdily from 56 ~ 1370 under 100 microns pressure,
Repeated fractionation dild not achieve any separstion. Sapon-
ification et room tempersture with alcoholic sodium hydroxide
yielded & substance soluble 1in squeous alkall and precipitated
by mineral azcids. The product was insoluble in chloroform and
melted over 50009, HRHeprecipiteztion continued to give the same
gummy material which could not be purified sufficlently for
identification.
Reaction of Sodium Benzylate with f3~qugggropiqghen0ne

A benzene solution of 4.85 g. (0.02 mole) of [3 -bromo-
propiophenone was added toc 15 ml. aof benzyl alcohel in which
0.45 g. (0.0 atom) of sodium had been dissolved. The reaction

mixture was stirred for 4 hours, filtered, and distilled under
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reduced pressure. After the benzene wes removed, the benzyl
alcohol was removed at room temperzture at a pressure of ,1 -
.5 micron. The residue was dissolved in alcohol, and cooling
precipitated a white solia. The precipitate was only partizlly
soluble in a fresh portion of zlcochol, and the solution thus
obtained deposited a precipitate on cooling. This process wses
repeated, each time producing less of & white solid which
melted to a viscous liquid at 115 - 1300. Thils behevior was
consistent with that of phenyl vinyl ketone.

Heaction of gqﬁ?-Dibromopropiqphenone with Benzyl flcohol and
Potassium Iodide

To 35 ml. of benzyl alcohol at 1009 containing 8.3 g.
(0.05 mole) of potassium lodide wes added 5.84 g. (0.02 mole)
of w,(z-dibromopropiophenone. An Immediate red color devel-
oped., The reaction mixture was stirred and kept at 100° for 2
hours, then cooled and poured into excess thiosulfate solution.
The organlc layer wss extracted with ether, dried and returned
to the reaction flusk to which 2 drops of sulfuric ascid had
been added. After standing overnight, the resction mixture
was heated to 909 to expel the ether. The iodine color was
dlscharged by stirring with thiosulfate solution, and the or-
genic layer wes separated. The.organic layer asmounted to !5 ml.
and consisted presumably of benzyl alcohol and products. It
was subjected to distillation under diminished pressure. After
the benzyl alcohol was col .ected, the boiling point rose grad-
uelly, distilling & smell amount of materizl and leaving a
tarry residue in the still pot, probably the polymer from

phenyl vinyl ketone.
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Attempted Transetherification of /3-Ethoxzpropioghenone

A solution of £.55 g. (0.014 mole) of (3 -ethoxypropio-
phenone, 3.1 g. (0.028 mole) of benzyl alcohol, and 0.077 g.
(0.00045 mole) of p-rtoluenesulfonic acid in benzene to make
112 ml. was heated under reflux for 4 hours. No ethanol formed
could be detected, and the starting products were recovered

by distillation under diminished pressure.

iHieaction of Lthyl Beggxl-gébromoghenacxlmg;onate with Potas-
sium Cyanide

A solution of 4.46 g. (0.0l mole) of ethyl benzyl=- d-

bromophenacylmalonate was heated under reflux with 1.0 g.
(0.015 mole) of dry potaessium cyanide in sbsolute alcohecl for
12 hours. At the end of thils time the suspension of white
s0olidé was flltered hot to remove the potassium bromide, and
the filtrate chilled in ice. A precipitate formed slowly; it
was removed by filtration and weighed 0.75 g. When recrys-
tallized from 60% ethanol, it melted at (69.8) 70.2 - 71.2°

When the reaction was carried out in 954 ethanol, & lar-
ger yield of material was obtained, which when recrystallized
as above melted at (75.0) 75.2 - 76.20,

The use of 75% ethanol as solvent and the direct fusion
at 135° of the resctants without any solvent resulted in the
formation of tars from which traces of starting msterials
could be isolated, slong with traces of the same compound ob-
tained above. When glycerol or dioxane was uscd as solvent,
most of the starting material was recovered unchanged.,

Calculated for CyqHgs011 6.18 B H 70.38 % C 24.00 % OCgHs
Found 6.43 70.53 23.75
6.50 70.35 23.69
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mg. sample 7.874 7.851 4,906 5.115

mg. HoO 4.5:4 4.578
mg . Cos 20.351 19.414

ml. thiosulfate 12.68 12.06

N of thiosulfate 0.01224 0.013%8

-------

acylmalonate

Using thoroughly dry apperatus, a solution of 4.47 g.
(0.01 mole) of ethyl benzyl- adl-bromophenacylmalonate in abso-
lute ether was stirred and heated under reflux with 7.1 g.
(0.1 mole) of zinc alloy (8% copper). There was no apparent
reaction after 12 hours. The ether was replaced by toluene
and the heating was continued for 386 hours. There was agein
no reaction. 7The addition of parazformaldehyde caused no chsange,
end the polymer sublimed into the condenser.
Reaction of Ethyl Formate with Ethyl Benzylphenecylmalonate

A suspension of dry alcohol-free socdium methoxide was pre-
psred by dissolving 4.6 g. (0.2 atom) of sodium in dry methanol,
evaporating the solution to drynes:, hezting for 2 hours &t
low pressure in an oll bath at 200°, and then distilling in
250 ml. of dry benzene. Ethyl benzylphenacylmalonste (17.5 g.,
0.0475 mole) and about 18 g. of dry ethyl formste were sdded.
The suspension, which zcguired a yellow color when the ketone
was added, was stirred at about 400 for 44 hours, &t the end
of which time the reaction mixture was & clear red solution.

The solution was cooled to 109, transferred to & separatory
funnel, &nd treated with 60 ml. of ice water. It wss agltated
with & stream of nitrogen and allowed to settle. Three layers
were formed: the lower agueous layer, & middle dark red oily

layer, and the upper benzene layer. The two lower phases were
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separated from the upper layer, and the benzene lsyer was
washed three times with cold ‘0.1 N sodium hydroxide solution
which had been swept with nitrogen. The agueous extracts were

combined, washed with ether, and poured slowly into & slush of
ice and concentrated hydrochloric acid. The gummy precipitate
formed was taken up in ether. On one occaslion the gummy pre-
cipitate turned partially crystalline when treated with ether,
but the substance could not be reprecipitated when once in
solution. When the solvent was evaporated curefully aflter being
dried with anhydrous sodium sulfate, the residual oil ncd a
sharp smell similar to that observed after a parallel prepara-
tion of Z~hydroxymethylene-l-decalone.

Attempted Alkylztion of Formylation Product

The oil obtalned above was heated under rellux with stir-
ring with 250 ml. of dry acetone, 14 g. (0.1 mole) of anhy-
drous potassium carbonste and 17 g. (0.1 mole) of isopropyl
iodide for 15 hours. The reaction mixture was evaporated to
dryness under dimlnished pressure wnd the residue wuas taken
up in ether and water. The ether phase was wuashed twlce with
sodlum hydroxide solution, dried, and evaporated at room tem-
perature, leaving approximutely 1 ml. of & red oll. Tne oil
was stirred and scratched with 80 ml. of ©0-500 ligroin, and
stored under nitrogen in the refrigerator for - dsays. There
was8 no apparent reaction or change, and other attempts to
induce crystaliizution met with failure,

Attempted Reduction of Alkylated PFormylated Product

The ligroin solution from the above experiment was
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evaporated under reduced pressure and the residuwal oil was
dissolved in 1sopropyl alcohol containing excess aluminum iso-
propoxide. ©Slow distillation through a good column yilelded
some acetone. After 40 hours no more acetone was formed., The
solution was cooled, and poured into ice and sodium hydroxide
solution. The organic layer was washed twice with 10% sodium
hydroxide soclution and then evaporsted. The slkaline extrects
on acidificetion showed no precipitate. The orgenic residue
could not be purified.

Saponification of Reduced Product

The organic residue directly above was dissoived in alco-
holic sodium hydroxide, and on stending at room temperature
a few hours deposited a large mass of soft solid, as in the
saponification of ethyl benzylphenacylmalonate. Benzene was
added, and careful fractionation removed the alcohol es the
azeotrope. The benzene suspension was extracted three times
with water, and the agueous extract acidified. The resulting
0il was extracted with ether, but the hard clear glsss obtzined
on evaporation could not be e¢erystallized, and no pure products
could be isolated.

Copper Derivative of Formylated Product

An aqueous solution of the sodio derivative of the formyl-
ated product was treated with a saturuted agueous solution of
cupric acetate. A green precipitate was formedj it was f{iltered
off with difficulty, since it was gelatinous and soft. It
could be reprecipitated from aqueous ethanol, but was not crys-

talline. After reprecipitation the filtration was easler, and
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the product was solid. Vearlous samples from ailfferent prepar-
ations melted greduslly over a five to ten degree renge from
1400 to 1759,

£ solution of the formylated product in ether wes shaken
with & satur:ited zqueous solution ¢f cupric acetate. The ether
phase took on the characteristic green color of the copper
derivative, which could be obtzined from it on evanorution.

To & solution of the formylzted product in either metnyl
or =thyl clcohol wis a«dded dropwise & saturated solution of
cupric acetate in water. Although filtration leit most of the
product in the filtrate, a fine precipitate was separated wiich
melted at (143) 152 - 1580 with decomposition.

Anclysis: 5.00 5 H 35.3% 4 C 14.27 5 Cu0

A solution of the copper derivative in carbon tetrechlo-
ride vwas pass=d through & chrometograpnic column packeda with
activated alumina., A yellow-brown zrea at the £0p remainec
whlle the green remained lower in the column. Passcge of more
carbon tetrachloride made the separation of the two colors
less distinct, but chloroform made the separation sharp zgailn,
and eluted the green color, leaving the yellow-brown band at
the top of the column. Lvaporation of the filtrate yielded
& hard dark green glass which melted from 187 - 17059 with
decomposition.

inalysis: 5.12 A H 6L.39 % C 15.65 A Cu0
5.08 63.56 13.68

A solution of the copper derivative in absolute ether was
passed through en slumina column. The copper was completely

removed, and the filtrate contained zliuminum.
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Hydrogenatlon of Copper Derivative

A solution of 8 g. of copper derivatlive in 150 ml. of
95% ethanol was shaken with platinum oxide and hydrogen at
room temperature and pressure. The Jreen color was dis-
charged. Since the catalyst apparently became poilsoned
and fresh platinum oxide had to be added, the volume of hydro-
gen absorbed by the compound could not be determined. The
catalyst was removed by filtration, and the sllightly yellow
filtrate was evaporated under diminlished pressure. The resldue
was taken up in ether and washed with C.1 N sodium hydroxide,
an amount of alkall approximately equlivalent to the amount of
copper derivatlive belng required. Addition of cupric acetate
solution to this slizhtly alkaline extract produced the orig-
inal copper derlvative.

Attempted Benzylatlion of lFarmylated Compound

A solution of 1.2 5. of copper derlvative in 30 ml. of
ether was shaken with 30 ml. of 25% sulfuric acid. The blue
aqueous layer was drawn off, and the yellow-brown ether layer
was dried with anhydrous sodium sulfate and evaporated, leaving
0.8 g+ 0of 011l. This oll was dissolved In 8 ml. of ethanol
contalning 0.1 g. of sodium hydroxide, and 0.3 g. (0.0024 mole)
of benzyl chlorlide was added. There being no apparent reactlon,
the solution was warmed briefly on a steam cone and let stand
for 24 hours. Dilution with water, followed by extraction with
ether and evaporation under diminlshed pressure, ylelded 0.7 ;.

of a red oll from wnich no pure substance could be obtained.




Attempted Benzylation of Copper Derivative

A solution in dry benzene of 0.83 g. of copper derivative
and 0.30 g. (0.0025 mole) of benzyl chloride was allowed to
stand overnight. A smsll amount of brown precipitate was fil-
tered off, and the solution was heated under reflux for £0 hours.
A water insoluble precipitate was filtered off, and the filtrzte
examlined for products. When the benzyl chloride was remcoved,
only dark tarry products remained, from which no pure substances
could be isolated.

Reection of 13:Naphthylamine with Formylated Product

An alkaline solution of the formylcted compound from
0.025 mole of ethyl benzylphenacylmszlonate wes poured into =
solution of 5 g. (0.035 mole) of /Q—naphthylamine and 17 ml.
of concentrated hydrochloric acid in 150 ml. of ethenol. Water
was added until the solution became cloudy. After stznding
for 90 minutes the yellow precipitate which had formed was fil-
tered. Recrystallization twice from 95% ethanol gave a product

that melted graduslly in the neighborhood of 2200 with decom-

position.
Calculated for CszaHz10sN 5.99 %5 H 75.38 4 C
Found 5.77 75495
mg. sample 7.249
IDE. H"’O 3. 740
mg . Cﬁg 19.220

A sample of this product was boiled with 100 ml. of ben-
zene containing 6 ml. of absolute ethanol, The suspenslon was
filtered hot, but when the filtrate wzs cooled, there was no
precipitate. The cleer yellow solution wies renested to boil-

ing and evaporated partially at the boiling point, producing



e precipitate which was coliected and dried.

Anzlysis 5.55 5 H 75.39 5 C
mg. sample 4.0638
mg. HgO 2.019
mg. COxz 10.940

£ sample of the product from azlcahol above wag dissolved
in absolute ethanol (0.1 g. in 500 ml.) and passed through &
column of Mctiveted eluminz. Ceutious evaporation of tne 1il-
trate yielded yellow needles. When sublimed &t a bath temper-
ature of 140° and under a pressure of 0.2 micron, the product
melted at (176.6) 177.5 - 178.4°, The literature lists the

melting point of di-B-napnthylformsmidine as 1860,

Calculated for CpiHjyaN. £.44 5 H 86,10 o C
Found .70 85.9&
£.79 36,00
Z. seawmple 6.077 6.1621
mg . HzO 5.095 O 5.1923
nmg. COg 19,1657 13.4014

Other zttempts of purify the compound regultad is olls,
ters, or low melting solids.

Resction of Alkell with Ethvl Benzylphenccylmelonate

Ethyl benzylphenacylmelonate (5.58 g., 0.01 mole) veas
dissolved in 250 ml. of thiophene-~free benzene and treated
with 0.85 g. ©.01 mole) of sodium hydride. Tre suspenclon wus
heated under reflux for 5 hours, cooled, ¢nd poured into ice
wzter. Hydrogen was evolved. The benzeane leyer wes wasned with
weter until the washings were no longer alkaline, dried with
anhydrous sodium sulfate and eveporated on & steam cone. The
flask containing the residue wus evacuated briefly to renove

the last traces of benzene, and the residue was then boiled
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with 80-80°9 1igroin, which converted the oily residue to crys-
tals. The suspension was filtered hot, ¢nd the solid, which
weighed 2.8 g., was recrystzllized from 80 ml. of 954 ethanol.
Preclipitation was very slow from this dilute solutionj a more
concentrated solution (20 ml.) formed an almost solid slush.
Recrystallization four times yielded white crystals of melting
point (154) 155.0 - 156.0°.
Calculated for C17Hj40g 5.54 5 H 81.88 % C

Found 5.80 30.39
5.90 80.93
mg. sample 7.629 7.912
mg. HoO 3.9582 4,170
mg. 082 22.839 £23.430

[ -Benzoyl- A-benzylpropionic acid enol lactone (XXIV)

Dry, alcohol-free sodium methoxide (0.2 mole) was suspended
in dry benzene, snd 18.4 g. (0.05 mole) of ethyl benzylphenacyl-
malonate and 16 ml. of dry ethyl formate were added. Tne suspen-
sion was stirred for 22 nhours at room temperature, It was then
chilled and extracted with dilute sodium hydroxide solution and
water. Since the ethyl formate did not reasct &t room tempercture,
the extraction removed only a very smzll amount of material.
The benzene solution remaining wes evaporated to an oll on a
steam cone. The residue was boiled with 50-80°0 ligroin, & trect-
ment which converted the residue to crystals. The suspension
was filtered hot, and the filtrate on cooling deposited only
small smounts of an oily material. The precinltate obtsined
from the hot filtrution was recrystallized three times from
95% ethanol, yielding 8.5 g. of white fluffy needles which melt-
ed at (158.7) 159.1 - 159,50,

Calculated for Cj7Hy40p 5.54 % H 81.58 % C

Found 8.0 81.55
8.15 81.57
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mg. sample 6.3195 5.9918
mg. hg0 35,4046 35,7841
mg. 082 18.9077 17.9088

Saponification of /S-Benzoyl- d-benzylpropionic acid enol lactone

The enol lactone of /3—benzoy1-<i~benzylpr0pionic acid
(0.25 g., 0.00L mole),wsas heated with 15 ml. of 0.1 N sodium
hydroxide solution (0.0015 mole) and 15 ml. of 96% ethanol for
an hour. The solution was allowed to stand and cool overnight.
It was then evaporated under reduced pressure to dryness. When
15 ml, of water was added, a slightly turbid solution was formed.
After the turbidity was removed by filtration, the solution
was acidified slowly with stirring by adding dropwise 20 ml.
of O.1 N hydrochloric acid. The crystalline slurry was chilled
overnight in the refrigerator. Filtration and drying at 600
under reduced pressure yielded 0.25 g. (94%) of white crystals
which melted at (171.0) 172.6 - 173.3°9, A mixed melting point
with an authentic specimen of benzylphenacylascetic acid (XIII)
melted at 172.8 - 174.3°,

2= _Or ﬁg—Aldehydo~;?—benzoyl-<x-benzylgrogionic acild enol lac-
tone diethylacetal

Ethyl benzylphenacylmalonate (18.4 g., 0.05 mole), 7.4 g.

(0.05 mole) of ethyl orthoformate, and 1.25 g. (0.05 mole) of
sodium hydride were placed in a flask with 250 ml. of dry thio-
phene~-free benzene and heated under reflux for 12 hours. The
mixture was cooled and extracted with water until neutral, and
the benzene solutlion was dried and evaporated on a stezum cone,
The residue left after the evaporation, when boiled with 60-80°
ligroin, was pertially changed to crystals of /?-benzoyl- A=
benzylpropionic ascid enol lactone (1.0 g., 0.004 mole). The
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filtrate, on cooling and slow evaporation, deposited large clumps
of crystals. Recrystallization from 60-80° ligroin yielded

2.7 g. (0.0076 mole) of product which melted at (104.7) 104.9 -
105.59. The remalnder of the starting meterial wes recovered

as benzylphenacylacetic acild on acldification of the alkaline
extract.

Calculated for CpgHpgOg4 6.86 p H 74.38 o C 25.57 /h OCpHg

Found 7.06 75.08 5,39
7.03 75.15 £5.80
mg. sample B.35394 66,4798 3,903 3-049
mg. HgO 4.0240 4,0741
mg. COg 17.5668 17.8477
ml. thiosulfate 13.10 10.20
N of thiosulfate 0.010&27 0.010z7
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