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INTRODUCTICN

The géﬁi}of:thgareéeaféﬁ ﬁgébribéﬁbinhthiéLthesis is
the Q?gfhesiswof certain anélbéues of Eﬁi&oﬁéyfi) and mor-~
ﬁhi%ér(Iij.* Structures of the mroposed types of compounds
are snoyn on vage 5. It may ‘be noted that types IV, v and
VI and comnound VII, all mossess a substituted r-arylpropyl~
amine structure, and Lhat they dre spatially simllar to Ami-
done and’ morphine. Together with these ‘structural facts, the
noséi%ie”sghiléfgiy in physiéééheﬁééél'ghaiactéiiéfiéé, Swing
to the pxeaence of a basic nitrogen, indicates ‘potential
'analretic activity. Struotures IV and V. represent spatial
variations in: the structure of morphine, while structure VI
suggests more nearly those in the Amidone molecules, Compound
VII, whose synthesis thus far has been unsuccessful, 1s.a
saturated amnslogue of Amidone, Finally, III depicts a group
of . substituted 2-tetralones, which are proposed intermediates
to be usedﬁin,a scheme. directed toward, a possible. synthesis

of the morphine alkaloids.

.The structure of Amidone may be written to show a. similar-
"ty to that of morphine (1),



HISTORICAL

Analgetics are c¢onsidered pharmacologically as belong-
ing to the class of symptomatlc drugs, having wmainly a
depressant action on the central nervous system, thoreby
raising the pain thresheold of the body. There is some evi-
dence to show that analgetics enhance parasympathetic activity
in addition to the alleviation of pain. They also possess a
spasmolytic action which is probably'due to a direct papa-
verine-like depression of the muscle fibers. One advantage
of this group over anesthstics, hypnotics»énd sedatives 1is
the fact that they diminish or abolish the sensation of pain

without stupefaciion or loss of consciousness,

Opium is one of the oldest druge used by man; its.
primary use bsing to produce analgesié against pain. Although
the opium alkaloids possess violent addicting properties,
morphine still retains distinction us the chief weapon
against excruclating, sharp and intense paln. Serturner (2)
first isolaéed morphine from opium in 1805, and 1t was soon
showvn that most of the narcotic activity of opium resided in
this crystalline base. Since that time, many chemists have
been trying to find the 1ldeal analgetic - one with squal or
greater potency than worphine without the undesirable side
effects. Chemical work in this field of morphine alkaloids



?Hs /CH3
/CHZ—CH—N\
C CHs
AN
@/ C~CH,CH;
0
1 Amidone Il Morphine
0
R R
1
7~
~N /N/
R R
CHO CHO 0 HO 0
Y \Y

C%HB /CH3
,CHz= CH—=N{
CH = CH;~ CH-NR, C_ CHj
@/ CH, @/ CH, CH,CH,

Vi Vil



has taken several forms:

(a) the e2lucidation of the chemical structure of mor=
phine;

(b) the nreparation of more active derivatives:

(¢) the formation of néw compounds from moleties of
the nmcrphine moleculs;

(d) the synthesis of compounds possessing true anal-
gotic activity; and, finally,

(e) the total synthesis of morphine.

The structure of the morphine molecule (II), based
upon the chémistry of codeine and thebalne, was established
by Gulland and Robinson(3) who were supported by Schopf (4).
This accepted structure was definitely proved by the recent

synthesis of morphine by Gates and Tschudi (5).

In addition to the postulation of Robinson (3) that a
laudanosine type of compound was formed as an intermediate in
morphine synthesis by the plant, most of the first chemieal
work dealt with modifications of morphine and related alka-
loids. The naturally occurring methyl ether (codeine, VIII)
exhibits about one-~tenth the activity of morphine; thils is
also true for the synthetic ethyl ether, (VIIIa)l Since desoxy-
iorphine (VIIIb) is unknown, the contribution of the phenolic
hydroxyl group to the activity of morphine must await further

work, Methylation of the alcoholic group (IX) increases the



activity two to four times, but also increases the toxiclty
correspondingly. If morphine is acetylated (acetylmorphine,
X, and heroin, XI),; there is an increase in activity together
with increases in both toxleity and suphorism. When the
aleoholic group is oxidized to a keto group (XII) or con~
verted inte a wmethylene group (XIII), considerable increase
in sctivity is noted (four to five ani ten times, respec-
tively). Dileudid (XIV) and the corresponding codeine deriv~
ative, Dicodid (XIVa), have gained considerable recognition
as therapeutics, although greater toxicityiand a shorter dur-
ation of action appears. A slight increase of activity is
noted in dihydromorphine (XV), which has the completely
“saturated aliphatic ring. Reductive processes easily open
the sther bridge to give compounds of decrsased activity and
toxleity (XVI). The tertiary carbinol (XVII) exhibits a
slight increase in activity together with a more prolonged

effect,

Conversion of the tertiary nitrogen of mornhine or
codeine into a quaternary salt (XVIII) results in a certain
curare-like effect with a marked decrsase in activity.
Improved pharmacological properties have been shown in only
two cases (N-allylnorcodeine and N-allylnormorphine) where
the N-methyl group was replaced by other alkyl or alkenyl
grouns. Rupture of the piperidine ring (XIX) leads to an

almost complete loss of activity. Apomorphine, formed by a
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rearrangement of morphine by concentrated hydrochloric acid,

is almost devold of analgetic action, but i1s a potent emstice

Hatavon (XX) was prepared from dihydrothebaini through
a complicated procedure by Small and co-workers (7)‘m One of
the most important synthetic derivatives in the morphine
series, Metspon is regarded'highly as an analgetic in this
country; however, it is only available under very restricted
conditions, and the supply is limlted. In comparison with
morphine, ietapon is a more powerful analgatic with fewar
undesirable side effectsﬁ It is not devoid of addiction
properties,‘anﬁ tolerance toward its use develops slowlye

Hetapon, also, appears to be superior to morphine in the

treatment of certsin cancerous conditionse.

Elucidation of the structure of naturally occurring
morphine alkslolds by degradation and partial synthesis was
an older field of endeavor. This fileld guve way to the
saarch for synthetic analgetics embodying those portions of
the morphine- molecule which gave rise to its valuable prop-
erties and lacking others which are pharmacologically

undesirables 4 great number of compounds bearing more of a

# There was inaugurated in 1929 a systematic program under
the auspices of the Committee on Drug Addlction of the
American National Research Gouncil with the synthesis of
the ldeal analgetic as its objective. Metapon represents
a practical result in this program.
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steric than a chemical resemblance to morphins have been pre-
pared. These more simple and accessible products gensrally
d41d not require the development of synthetic methods directly
applicable: to the synthesis of morphine alkaloids; in fact,

as far as can be ascertained, the two most prominent synthetic
analgetics were dilscovered in a search for spasmolytic

agents, Although, in recent years, there has been a tendency
to explain the uctivity of some of the newly developed
synthetic anglgetics 1In terms of certain structural features
present in the morphine molecule, such hypotheses have
usually arisen after the activity of bthe drugs was discovered.
4 specific vositional relationship of a tertiary nitrogen to
a quaternary carbon and an eromatic nucleus is the most
prominent hypothesis. Only, if new drugs are found as a
result of its apnlication, will the value of such gnsculation

become apparente.

The first synthetic analgetic with morphine-like activ-
ity was prepared in 1938 when Eisleb and Schsumann (8) observed
that ethyl 4;phenyl-l~methyl-piperidine-é-carboxylate (Demerol,
XXI), originally designed as a spasmolytic, possessed about
one-tenth the analgetic activity of morphine. Its structural
relationship to morphine (II) is revealed when morphine is
shown as a 4-phenylpiperidine derivative (see page 1J.

Demerol was first prepared by the condensation of phenylaceto-

nitrile with bis-{(2-chlorocethyl)methylamine, anl the resulting



nitrile hydrolyzed and esterified in a single step. However,
because of the Vvesicant properties of the bis-(chloroethyl)

amine, 1ts use was avolded by the apvlication of alternate

syntheses.
C1CHoCH; CHgCHp
CeHgCH,CN  + Z;Ncﬂs NalHg  CgHsC /‘Ncﬂa
C1CH,CH —_— / “CH,CH '
g i 2Uig
CN
80% Hp804
CoH50H
CHoCH
~CH2CH
CgHsCl 2 ety
/, CHoCHg
COuC02Hg
XXI

Like morphine, the Demerol molecule has been subjected
to many modifications, both for the accumilation of daﬁa on
the relatlon of structure to activity and for the production
of a more active comoound, Piperidine esters of a differ-
ent type, studied indevendently by Jensen (9) and Lee (10),
and their co-workers, appeared to be more active than Demerol.
The most activé of these were the 4-propionoxy (XXII) and the
3-me thyl-4-propionoxy (XXIII) derivatives, which were prepared
by the action of Grignard reagents or orgenolithium compounds

on 4~piperidones, followed by acylation of the organometallic
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comnlex. EKetobemidone (XXIV), the most active compound of
the whole series, is thirty times more effective than Demerol,
but unfortunately leads to a rapid development of addiction.
It is formed by the sction of ethylmagnesium bromide on the

4-phenylpiperidylnitrile of the Demerel svnthesis (11l).

Further studies by American and English workers on
modifications of the Demerol molecule yielded only products
posgessing less votency than the parent cowpound., Some of
these changes involved replacement of the phenyl group, a
shift in position of the phenyl group, removal oﬁ the acyloxy
'group, a ghift in position of the acyloxy group, a change in
the N-alkyl radical, addition of substituents to the piperi-
dine ring, etc.

Since 1229, a large volume of work has been published
on the preparation and activity of phenanthrenes and dibenzo-
furans as analpgetic agents, Many workers studied other
chemical types, such as isocoumarones (12}, 2-benzylpiperi-
dines (13), diphenylethylamines (14), bisphenylethylamines
(13,15), venzylisoquinolines (16), 2-amino-l-tetralones (17),
1-diaikylaminoethyl-2-tetralones (18}, phenylaminomethyl-
cyclohexanss (1%,19), phenyldecahydroquinolines (20), and
tetrahydrofurans (21)., Very few of these compounds possessed

more than weak analgstic potency.

Becauss of the analgetic activity of the 4-phenyl-
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viperidine derivatives, and the known loss of activity brought
about by rupture of the piperidine ring in morphine, it might
have been concluded that this ring wes an essential feature
Q? an anslgetic. However, a new class of potent analgetics
which do not contain such a ring was discovered by 1. G,
Farbenindustrie workers at Hoechst, Bochmuhl and Ehrhardt
(22) renorted that esters of fluorenecarboxylic end diphenyl-
acetic eeids, carrying 2-dlalkylaminoalkyl radieals in the
alpha positions, possessed analgetic as well as spasmolytic
properties. The Hoechst laboratories extended thls work to
the preparation of ketones correspvonding to these esters. Of
the twenty-thres compfunds prepared, the greatest activity
wag present when Rj = Rg = phenyl, Rg = ethyl and Ry =
dimethylaminopropyl (2XV)., This compound is

Rq\ CORz

G
AN
Ry Ry

known as Amidone, and exhibits five to ten tlmes the analgetic

activity of Demerol.

In the United States Department of Commerce report
(23) 1t was noted that the method given by the German chemists
for the synthesis of Amidone (see page 11) would mot be
expected to lead to amidone (XXV), but rather to Isoamidone
(XXVI), The reaction of diphenylacetonitrile with l-dimethyl-
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emino-2-chloropropane sither in the presence of scdamide or of
potassium tertiary butoxide leads to a mixturs of the isomeric
nitriles, probably owing to a reasrrancement of the chloramine
into the ethylenimonium ion (24), The structures of these
isomers have been sstablished as follows: (a) Easton, Gard-
ner and Stevens (25) proved the structures of imidone by an
unawbiguous synthesis employing rropylene oxide as an inter-
mediate; (b) Bochmuhl (26) replsced the nitrile proup with
hydrogen by boiling 1n benzene wlth sodamide, and identified
the resulting isomeric products by synthesis; (c¢) Schultz

and co-workers (27) subjescted the two nitrilss to exhaustive
meﬁhyiation, reduced the nitrile and vinyl groups, and iden-~
tified the products by synthesis. The final step in the
preparation of Amidone consists in treating the nitrile with

ethylmagnesium bromide,

Details of the resolution of Amidone with D-tarteric
acld, and the formation of the dextro and levo isomers have
been revorted (28). Iscamidone has also been resolved, but
the method hés not been published., The levo forms of the
optical isomers of smidone and Isoamidone vossess much more

anslgetic activity than the dextro forms.

The ketone group in Amidone and Isocamidone is remark-
ably inert, but can be reduced to the amleohol, which then can

be easily dehydrated to the unsaturated compound. There is a
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resultant decrsase in analgoetic sctivity in the alcohol, and
the unsaturated vroduct is completely inactive; however,
acetylation of the alcohol brings aboubt o profound increase
in activity (29). A4midone is not reduced by the Clemmenson
method; and loses the entire ketone c¢hain in the modifilszd
Wolff-Eishner reaction.(30). 4According to Bochmuhl and
Ehrhardt (31) the 2-morpholinyl-, 2-piperidyl

and Z2-pyrrolidyl-propyl analogues are equal to Amidone in

analgetlc potency, but exhibit less undesirable side effecta.

Many chemists have widely exnlored the possibilities
of modifications of the Amidone molecule to effect further
improvement (28,29,31,32); but none of the changes has
developed greater analgetic activity than oxists in Amidone
itself, nor, probsbly, a better compound from the practical

standpoint,.

Recently, at least two attempts have been made to use
the hypothesls of the guaternary carbon ani tertiary nitrogen
in beta relationship as an optimal and essential feature of
potent analgetic agents. Rutenberg and Horning (33) have
synthesized oxindoles; ané Schwartzman (34) has begun work on

spirocyclohexyl compounds, some of which show promise as true

synthetic analgetics.

The nsarest spproach tc a complete synthesis of the
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morphine ring strueture until the successful work of Gates
and Tschudi was the preparation of N-methylmorphinan
(XXVIII) by Grewe and co-workers (35, 36), wﬁo‘synthesized it
by cyelization of N-methyl-l-benzyloctahydroisogquinoline

(XAVII) with phosphoric acid. In the same way 3-hydroxy-N-
methylmorvhinan (XXIX) was obtained from the corresponding
octabydroisoquinoline (37), and it obviously differs from
desoxydihydromorphine (XIII) only through the lack of the
ether-oxygen bridge. Both compounds possess considerable
analgetic activity; however, XXIX is claimed to surpass mor=-
rhine in tga intensity and duration of the analgesia pro-
duced (38).

Other studies toward the synthesis of the morphine
structure assumed varied forms; the phenanthrenes (39, 40),
heterocyclics from phenantbrenes (41, 42), other heterocyclics
(43, 44), and phenylcyclohexanones (44-48) being employed as
intermediates. Ultimately, as predicted by Stern (49), one
of the most ;nteresting and difficult chapters in alkalold
chemistry -came to;a successful conclusione. Overcoming the
difficulties of epimerization at Cj4, Gates and Tschudi (5)
synthesized morphine totally from 2,6-dihydroxynaphthalens
in about twanty-seven ingenlous steps, The synthetle morphine
was unequivocally proved to be identical with the alkaloid
derived from natural sources, thereby fulfilling the aim and

dream of thousands of chemists throughout the world over the
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last century. However, the search rust still progreés
unceasingly for the true synthetlc analgetic, which will
possess the analgetic activity of morphine without the un-

deeireble side effects,

17
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DISCUSSION OF RESULTS

TYPE III COMPOUNDS - STRUCTURES PROPOSED AS
ALKALOID - AlD STEROID INTERMEDIATES

Synthetic schemes by which compounds of type III might
possibly be obtained are presented on page 18a The starting
material, 2,3-dimethoxyphenylacetonitrile (XXX); was prepared
from 2,3-dimethoxybenzanldehyde by two entirely different
methods. In the first, the aldehyde was converted to the
benzyl alcohol by low pressure hydrogenation using Raney
nickel catalyst; the vproduct was not isolated in its pure
form, Also, upon avplying the crossed Cannizzaro reaction to
the aldehyde, the alcohol was obtained in quantitative yields,
in contrast to those reported by Horning and co-workers (48),
Although in the latter case the alcohol was purified by dis-
tiilation, that obtained through both procedures was treated
with either thionyl chloride or anhydrous hydrogen chloride
toigive Q;S-dihethoxybenzyl chlorides The hydrogen chioride
method 1s preferred since no tars result nor side products
form owing to-impurities in the reagent, and fewer operaﬁiqna
are requireds The oroduct nmust be tﬁoroughly washed with
base prior to distillation, or before applying the subsequent
reaction, in order to remove all tracés of aclde Any acid
present lowers the yield of XXX, which is prepared from the

above chloride by treatment with sodium cyanide. Either the
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nure, distilled chloride in ethyl alcohol, or the crude, ‘
washed benzene solution may be employed with good resulté;
However, 1t must be handled with care because of its irritant
and 1aehrymatory propertiess One of the interesting faats
developed in this work was that the nitrile (XXX) was obtained
in better vields when the alcohol was prepared by hydrogena-
tion. Evidently, some by-product is formed in the Cannizzaro

reaction and digtills with. the alecohol.

The other method by which 2 5~dimethoxyphenylaceton1~
trile (kXX) was prepared eVOIVed from work on analogous com-
pounds by Kindler and Schrader (50). Following their proced-
ure, the intermediate esterified mandelonitrile was formed
from‘2,S-dimethoxybenzalaehyde, ethyl chlorocarbonate and
potassium cyanide in the nresence of magnesium sulfate
heptahydrate. This intermediate was convefﬁed into XXX upon
treatment with hydrogen and 5% palladium on charcoal; but the
vield was very low, probably owing to the use of an 1nsuffi-

cient amount of catalyst.

Compound XXXI was first prepared by Johnson (51) who
utilized sodium ethoxide as the condensing agent. - When soda-
mide was used instead, fhe‘more powerful amide ion caused .
condensation in much better ylelds than were usually obtained
with the ethoxide ion. In fact, some reactions using the
latter produced only starting waterial. Since XXXII was
formed in poor ylelds upon applying Kimball's method (52),

that of McElvain and co-workers (53)was used. Both procedures
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are essentially the same, in that XXXII resulted from treat-
ment of XXXI with both anhydrous ethyl alcohol and hydrogen
chloride., However, the former describes a much more compli~-
cated isolation process, which probgbly accounts for the loss

of product,

Difficulties were encountered in the condensation of
XXXI or XXXII with RCH,CHQO0CHz in the presence of sodamlde to
produce XXXIII and XXXIIIa; but, first, the side chain itself
requires some discussion. @-Hethoxyethyl chloride (R = C1)
was prepared from ethylene glycol monomethyl ethsr in two
wayse. When &hionyl chloride was employed, the excess reagent
was removed under reduced pressure. An azeotroplc mixture
forms if the thionyl chloride is decomposed with water,
probably owing to & pertial regeneration of the starting
glycols The chloride was also obtained by utilizing phos-
phorus trichloride in the presence of pyridine. @-=-Methoxyethyl
jodide (R = I) resulted in only a 44% yield by the interaction
of the above chloride with sodium iodide in acetones When
sthylene glycol monomethyl ether was allowed to react with
benzenesulfonyl chloride in the presence of pyridine at 09,
@-methoxyethyl benzenesulfonate (R = S0zCgHg) was formed in
83% yleld, but in lower ylelds if the t¥®Msraturse was allowed

to rise above 0° for any period of time. When the benzene-

sulfonyl chloride was replaced by methanesulfonyl chloride,
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@~mefhoxyethyl methanesulfonate (R = 5050Hz) was formed in
much lower yields, although Newman and Magerlein (42) reported
67%. The difficulties mentioned above, in preparing XXXIII
and XAXIIIa, were encountered in the use of the @e~nethoxyethyl
halides as alkylating agents, and only 6-17% ylelds of XXXIII
were obtained. These results were partially overcome by per-
forming the alkylation with @-methoxyethyl benzene- and
methanesulfonuates according to previous work (42, 54).
Evidently, the halides are only weskly active as alkylating
agents while the sulfona£es exert a stronger effect on the
sodium salt of XXXI. Bven these sulfonates were inactive
toward XXXII in the presence of sodamide, possibly because of

steric factors and/or a decreased acfivity of the methylene

hydrogens

It was hoped that the methylcarbonyl chain of XXXIIT
and XXXIIIa could be lengthened by one carbon atom by appll-
cation of hydroxymethylation or the Eannieh reactlion to give
XXXIV, This would then be followed by ring closure to the
1,1-disubstituted~2-tetralone (III), which would be of great
interest as an intermediate in syntheses directed toward
morphine alkaloids, All attempts to hydroxymethylate XAXIII
resulted only in the recovery of starting materlal, even
though stronger catalysts, such as potassium carbonate, and

temperatures of 60° were employed. Negative results were also
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obtained with the lennich reaction, using formaldehyde,
dimethylamine hydrochloride and either ethyl or amyl alcohol.
The fallure of these reactions with XXXIII could be attributed.
to the great.reactivity and electron density of the aromatic
nucleus, where preferential attack would occur with such

reagents.

'As found by all workers investigating the possible
extension of the ring system of the 2-tetralones to that of
a 13-substituted hydrophenanthrenes (AXZXVI) typical of the
morphine alkaloids, the major difficulty lay in the attain-
ment of the proper l-substituted-2-tetralone (III). Kost of
the studies until the present time have been concerned with
the introduction of substlituents into the l-position of
2-tetralones, while our aim slong with that of others has
been the formation of Z2-tetralones from intermediates already
possessing the vroper side chains. Although Soffer and co-
workers (48) obtsined disubstitution in the l-vosition of
7,8-dimethoxy~-2-tetralone (XXXV) with several alkylating
agents in'the‘prGS&nce of sodium hydride, ring closure to the
1z-substituted hydrophenanthrene (XXXVI, R' = R' = OCHg)
would be difficult; and, assuming cyclization would occur, an
undesired side chain would reside at Cyz« #s In our proposed
intermediate (III), Soffer's 2-tetralone (XXXV) contained the
'two methbxy groups at appropriate positlons where they could

form the foundation of the hydroxy group and the ether linkage



24

of the morphinse molecule (II),

Barltrop and Saxton (44) succeeded in obtaining a 40%
monosubstitution of 2-tetralone with 2-~dlalkylaminocethyl chlo=-
ride and pure sodamide. The next step was treatment with
bromine to form the piperidine ring of morphine (XAXXAVII).
However, upon attempted formation of the phenanthrene nucleus,
the keto group proved te be inert toward most reactions.

They also obtained the 13-substituted phenanthrone (XXAVIII)
on treating their 1—dialkylaminoethyl-?-tetralone with the
methiodide of l-dialkylamino-3-butanone, but werse unaﬁle to
ef'fect cyelization to the 4~-ring system of the morphine

gtructure.

' Others have attempted the synthesis of l-substituted-
2-tetralones through intermediates containing the appropriate
side chain. Thus, Ghosh and Ribinson (40) prepared the
l-ethyl-2-tetralone (XXXIX) from 2-chloro-3;4-dimethoxyphenyl-
butyric acid throughi.the following series of reactions: (a)
cyclizétionvbf the acid to the l-tetralone with sulfurie
acid, (b) treatment of this with ethylmagnssium bromide, and
(¢) oxidation to the 2-tetralone (XXXIX) with hydrogen
peroxide. Although it was converted into a 1l3-substituted
hexahydrophenanthrene (XXXVI, R = CpHg, R!' & R' = H) through
reaction with the methiodide of l-diethylamino-3-butanone

over sodamide, followed by reduction, a relatively inactive
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ethyl group remained at Cyz; and difficulties in the way of
introducing an angular group capable of sultable modification
prevented further exploitation of this work. 4Another substi-
tuted 2-tetralone (XL) was synthesized through a very complex
scheme from 2,3-dimethoxy-5-bromobenzaldehyde by Stork and
Conroy {55). At the present time they are hoping to cause a
reaction at the ketone group of XL and bring about ring clo-
sure to the 13-substituted hexahydrophenanthrene (XXVI, R =
CﬁgGOgCHs, Rf = R!' « 0OCHgz).

Concluding that the correct apnroach is through appro~-
priately subétituted intermediates which will generate 1II
upon oyclization, our work, including that described pre-
viously, has followed this reasoning. 4 successful end to
this work would be the attainment of two different side
chains in the l-position of 2-tetralone, one of which could
form the phenanthrene nucleus, while the second could lead to

the final ring of the morphine nucleus, the niperidyl ring.

Following this reasoning, other attemots were made to
prepare III (see vage 3)s The sodium salt of 2,3-dimethoxy-
phenylacetonitrile (XXX) with diethylcarbonate gave XLI,
whose sodic derivative with g-methoxyethyl methanesulfonate
led to the sster nitrile (XLII) in good yield. Attempted
hydrolysis of only the nitrile group in both XLI gnd XLII
resulted in hydrolysis of both the ester and nitrile groups,
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followed by decarboxylaticn, to yield 2,3-dlmethoxyphenyl-
acetic acid and XLIII (R = H), respectively, However, the
acld chlorides were pfenared and subjected to a reaction with
anhydrous aluminum chloride and ethylene at 0°, in hoping for
a simultaceous lengthening of the carbon chaln by two carbons
and ring closure to the 2-tetralone (III) (seec page 21). The
only discernible products were assumed to have resulted from
the interaction of the acid chlorides with xylena, when it
was employed as a solvent, Attempting to eliminate the
selective hydrolysis step, another approach consisted in the
treatment of ethyl 2,3-dimethoxyphenylacetate (whose physical
properties have not previously been published) with carbon
dioxide over scdamide in order to form the half ester-half
acid, according to the method of Hauser and co-workers (56).
This was followed by an attempted conversicn into the half
eater-half acid chloride with thionyl chloride, and, finally,
into l-carbethoxy-7,8-dimsthoxy-2-tetralone (III, R = COgCpHg,
R' = H) by the aluminum chloride-ethylene reaction. Instead

of the desired 2-tetralone, a benzofuran resulted as described

on pege 34.

In an attempt to bulld up a carbon chaln possessing
suitable characteristics for ring closure into a l-substituted-
2-tetralone, XLIV was prepared from 2,3-dimethoxyphanylacgto~

nitrile (XXX) with g-ethers of ethyl propionate (ROCHgCHoCO-



CslHg) in the prosence of sodamlde. The 2-tebtrahydropyranyl
ether of ethyl hydracrylate (R = z-tetrahydropyranyl, formed
from dihydropyran and ethyl hydracrylate) was used for two
reasons: (a) for protection of the hydroxyl group of the
estor in the reaction with sodamide, and (b) to give XLIV
containing a terminal ether group which can be readily cleaved
to the alcohol. A thorough literature survey showed that

this constituted the first time dihydropyran had been
utilized for the protection of the hydroxyl group of such

an aliphatic hydroxy ester. Analogous to other cases where a
2-tetrahydropyranyl ether was subjected to alkaline reaction
conditions, the ethser linkage remained intact; however, it
was hydrolyzed durlng the isolation procedurs to give ALIV
(R = H)e 4 quantity of an o0il, which exhibited the character-
istics of the product, was obtained in addition to XLIV, but
could nelther bs crystallized nor distilled. It was soluble
in sodium hydroxide éolution, a fact which may be attributed
to the activity of the hydrogen on the central carbon between
the activating carbonyl and nitrile groups. Of course; iso-
lation could have been difficult owing to the presence of

stereoisoners.

The ethyl ether (4LIV R = CyHg), was formed from the
sodium salt of 2,3-dimothoxyphonylacetonitrile (XAX) with
ethyl g-ethoxypropionate, although analysis of the product

indicated the presence of a higher carbon content, An attempt



to convert XLIV (R « H) into the substituted 2-tetralone

(III, R = CN, R' = H) by means of sulfuric acid failed %o
effect cyclization. This faillure may have resulted because
of the high electron density exlisting in the aromatiec macleus,
which would be easily sulfonated in preference to any ring

closure.

The conception of the idea of the ethylene-aluminum
chloride reaction, mentioned above, whereby simultaneous
chain enlargement and cyelizatlon oceur, arose as a result of
work by McMahon and Bowden and their associates (57). While
they desired only to form aliphatic p-chloroethyl and vinyl
ketones through the reaction of aliphatic acld chlorides with
ethylene and aluminum chloride at 0°, our proposal consisted
in the conversion of arylacetyl chlorides into the intermedi-
ate @-chioroethyl or vinyl ketones in the same manner., How-
ever, in the presence of aluminum chlorlde the ketones should
react further by ring closure to give polycyclic ketones.
This prediction proved to be true as shown by the synthesis
of certain zltetralonas, A similar ildea, which was not known
to us at the time of the inéeption of our work, was advanééd
by Colonge and Chambion (58), who prepared 4,4-dimethyl-2-
tetralons (XLVII) by the use of two Friedel-Crafts type re-
actions?! phenylacetyl chloride (XLV) reacted with isobutylene
in the presence of stannic chloride to yield the p,@~dimethyl-
vinyl ketone (XLVI), which gave the 2-tetralons upon cycliza-



tion with aluminum chloride. Although it was obtained in 78%
yield, this method requires two steps to ths desired product,
while our procedure uses bhut onse. One dsefinite drawback to
the utilization of thelr intermediate 2«tetralones in the
synthesls of the polycyellc nuclel’ of morphine asnd the
steroids is the presence of the t&o rethyl substituents in
the 4~-vposition. Upon applying the appropriate reactions,
these could 1likely he coaverted into the morphine or steroid
skeleton (XLVIII or XLIX), but undesired methyl groups in the
1C- and 5-positions, respectively, wouié be present. Our
process, however, sumploying the slmple gas, ethylene, avoids

this daifficulty.

2-Tetralone (LIII) has bsen prepared by severzl differ-
ent methods (59-61); however, the yilelds have been observed
to be extremely low or the intermodiates very difficult to
obtaines The most feasible »rocess until now has been by the
reductlon of 2~naphthols or 2~methoxynaphthalernes either
catalytically or with sodium in a suitable medium (62,63).
Very rocent1§ and after the inception of our studies, Bari-
trop and Saxton (44) obtained 2-tetralone in an 86% vield by
reduction of 2-naphthol with scdiuw in 1liquid ammonia. Con-
currently, our procedure using phenylacetyl chloride (XLV)

with aluminum chloride snd ethylene gave a 75% yield.

To serve as a model compound for the possible future



31

¢! CHy=CICHY, Gl
_C=0 "snal,

CH,

XLV XLVI XLVII

3o o

XLVITI XLIX



32

prép&ration of LVII, 2-tetralone (LIII) was nrepared by the
addition of ethylene to the aluminum chloride complex of
phenylacetyl chloride in carbon disulfide at 0°, Difficul-
ties became apparent in the first reactions attempted when
the aluminum chloride was slowly added in portions to the
acid chloride dissolved In carbon disulfide. Large aggrega-
tions of the complex and aluminum chloride formed; this made
stirring impossible, preventing attack‘by the ethylenes The
difficulties were largely overcome by the use of greater
amounts of solvent, more vigorous stirring and a reversal of
the addition processs Thus, when a solution of the acid
chloride in carbon disulfide was slowly added to a cooled and
vigorously stirred suspension of aluminum chloride in carbon
disulfide, followed by the introduction of ethylene for four
hours, the reaction proceeded smoothly to give a 30% yield of
2-tetralons. This yield was subsequently increased to 75%
by employing two equivalents of aluminum chloride per equiva=-

lent of phenylacetyl chloride.

A mochanism consistent with the known facts is pro-
posed on page 34 In the first place, phenylacetyl chloride
(XLV) reacts with aluminum chloride to form the carbonium

ion (L), which gives the mew carboniu’ ion (LI) upon addition

to the double bond of ethylene (shown in one of its possible
resonance forms)s, LI could form the g~chloroethyl ketone

upon reaction with the aluminum chloride ion, and thence the
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vinyl ketone by elimination of hydrogen chloride. However,
in the presence of aluminum chloride, LI and both ketones
would add across one of the "double bonds" of the benzene
nucleus to form the new ion (LII), which finally loses hydro-

gen chloride giving 2-tetralone (LIIL) and aluminum chloride.

Since methoxy grouns in the 7,8-positions of 2-tetral-
one would be ideal as the foundation of the 3-hydroxy and 4,5-
ether bridge of the morphine alkaloids, the preparation of
7,8-dimethoxy~2~tetralone (LVII) was attempted. Indeed, the
ethylene-gluminum chloride reaction with £2,%~dimethoxy-
phenylacetyl. chloride (LIV) produced a 62% yleld of colorless
plates which melted at 79°. However, Soffer, et al., (48)
reported a melting point of 76°, no ketonic derivatives could
be formed, and the analysls Indicated a different compound.
When an ethyl alcohol solution of the solid was treatéd with
a little dilute sodium hydroxide, a blus-green color developed
This i1s indicative of a positive "tetralone~blue" test (63).
Only one compound, 7-methoxy~-2-oxo-2,;3~dlhydrobenzofuran
(LVIIa), could explain these data. It melts at 80°, possesses
no ketonic group, agrees with the analysis, and reacts with
sodium hydroxide in the "tetralone-blue" test by cleavage of
the lactone ring. In order to support thess conclusions, the
lactons ring was intentionally hydrolyzed to the known 2-hydroxy-
S-methoxyphénylacetic acid, which melted at 124° and gave a

green vhenol test with ferric chloride. These properties are
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in complete agreewent with those found by Mosimann and Tambor

(64).

A mechanism by which the benzofuran is formed may be
postulated. Thus, 2,ﬁ-dimethoﬁyphenylacetyl chloride (LIV)
yields the carbonium lon (LV) upon treatment with aluminum
chlorides ©OUne of the free pairs of electrons on the ortho-
methoxy oxygen forms a new bond with the carbonyl carbon atom
resulting in the new complex (LVI), Finally, a chlorine ion
from the aluminum chloride radical displaces the methyl
group to give methyl chloride, 2luminum chloride and the
neutral benzofuran (LVIIa), ZEvidently, the ethylene played
no part in this reaction. By the same reasoning, LVIla
resulted from the aluminum chloride-ethylene reaction with
the acid chloride corresponding to ethyl o-cyano-2,3-

dimethoxyphenylacetate (XLI), as mentioned previously.

These results constitute a new synthesis of 7-methoxy-
2w-0x0~2,3-dihydrobenzofuran (LVIIa) in a 62% yield at 0°.
Mosimarm and. Tambor obtained it from 2,3-dimethoxymandelo-~
nitrile with hydriodie acid. Certainly, our method employes
more readily attainable starting materials, and eliminates
any possibilitﬁ of demethylation with the use of hydriodle
acid at olevated temperatures. The method could.prabably be
varied 80 as to increase the yield, and extended to the

asynthesis of a variety of substituted benzofurans. As far
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a8 can be ascertained, the synthesis of benzofurans from
ortho-substituted phenylacetyl derivatives usually requires
that the ortho-substituent consist of a hydroxyl group or
its acyl derivative. This appears to be the first time a
benzofuran has been prepared from the methyl ether of the

ortho-substlituent.

One difficulby which arose in the studies Just
described was the preparation of 2,3=-dlmethoxyphenylacetyl
chloride (LIV)., Upon formation of this acid chloride from
the corresponding acid (prepared by hydroysis of XXX) using
thionyl chloride, the excess reagents must be removed under
reduced nressure at room’ temmerature. Heat causes the de-
composition of LIV, even when subjescted to high vacuum dis-

tillation. Consequently, it was utilized in its crude form

after removal of the reagents.

Another approach which, 1t was hoped, would lead to
the synthesis of 7,8-dimethoxy-2-tetralone (LVII) was attempted.
#hile ethylene was introduced, a mixture of 2;3~dimethoxy~
phenylacetic acid and phosphorie acid or phosphoriec acld-
vhosphorus pentoxide was heated to 150° for several hours.

Only starting material was recovered.

In most of the synthetic schemes utilizing l-substi~-

tuted-2-tetralones as intermediates in the preparation of
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morphine allkalolds, one of the important steps is the repiace—
ment of the keto group with alsuitable side chain by means of
the Reformatsky or some similar reaction. This substituent
would then be modified so as to give the l%~-substituted hexa-
hydrophenanthrene (XX4VI) by cyelization. During the course
of the last two years and after our studles had begun, two
groups of chemists (44,65) have shown that the keto group of
l-substituted 2~tetralones 1is highly unreactive when substi-
tuents are present in the l-position, IElther the reactions
did not proceed, or abnormal products resulted from the addi-
tion. In fact, In some cases the keto group failed to form

even the standard ketone derivatives.

Although LVII could not be obtained by use of the
ethylene reaction, which had been successfully applied to
LIII, an extention to other 2-tetralones was desirable. Thus
1t was found that G-methoxy-2-tetralone (LVIII) could be pre-
éﬁred from p-methoxyphenylacetyl chloride, which itselfl was
obtained from p-methoxybenzyl alcohol (anisyl alcohol) via
the benzyl cﬁldride, nitrile and acid. This acid was formed
in 85% yields wi;bhout 1solation of any of the intermediate
compounds. The ethylene reaction with its acid chloride gave
LVIII in a 56% yleld. The latter has been prepared by other
methods (61,63,66,57), but, again, most of them are not prace-

tical owing to difficulties in preparing intermediates or to



complex procedures which give low yields. Thus, the ethylene
regetion with p-methoxyphenylacetyl chloride offers several
distinct advantages. The yield could probably be increased
by varying solvents and resaction conditions, and by slimina-
ting the aggregations which always formed during the course

of the preparation.

On attempnting to prepare l-phenyl-2-tetralone (LIX)
from diphnenylscetyl chloride by this method, only polymers
resulted. These probably were formed by an interaction of
the highly reactive carbonium ion with the acid chloride.
Only starting material was recovered when the ethylene
reaction was employed in the attempted preparation of 6-
nitro-2-tetralone (LX) from p~nitrovhenylacetyl chloride.
This failure can oprobably be attributed to the positive
character of the aromatic nucleus contalning the highly
electronsgative nitro group, thereby hindering ring closure.
In some instances the solvent, carbon disulfide, was
reaplaced by nitrobsnzene or benzene, and ethylene introduced
simultaneousiy with the acld chlorlde to the reuction mixture.

However, these varied conditions also falled to yisld any of

the desired 2-tetralones.

It might be nointed out that all the acid chlorides
were prepared from their corresponding acids in yields ranging

around 90%. In most cases a mixture of the acid, dry benzene



39

and an sxcess of thionyl chloride was allowed to stand at
room temperature until the initial reaction subsided, Then,
it was refluxed on a steam bath until the svolution of gases
stopped, and, finally, allowel to stand at room temperature
overnight. The excess reagents were removed under reduced
pressure, and the products purified by distillation or

recrystallization,

Some conclusions as to the generality of the ethylene
reaction might be made. Evidently, an electron donating
group in the benzene ring of the gcld chloride allows the.
reaction to'prOceed, while an electron withdrawing group
hinders the orocess. This method appears to possess notential
advantages over others for the prevaration of substituted:
2-tetralones. If substituents are introduced into the phenyl
ring or the aliphatic side chain prior to reaction with
ethylene and aluminum chloride, new 2-tetralones with either

or both rings substituted might be synthesized.

Our attention became temporarily diverted from the use
of 2-totralones as intermediates in the synthesis of morphine
derivatives and became transferred to their application in
the formation 6f the polyéyclic nucleii of the s?eroids.
Cornforth and Robinson (68) were successful in treating
2-me thyl-5-methoxy-2~-totralone with the methiodide of l-di-

methylamino-3-butanone, followed by reduction, to give 13-
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methyl-1-methoxy-5,6,7,8,9,10,13,14~cc tahydro~7~-phenanthrone
(LXIII), A4s far as could be determined, this was the only
preparation of a steroid intermediate utilizing a 2-tetralone,

which itself is obtained with some difficulty.

If 1- and 2-naphthylacetyl chlorides were subjected to
the ethylene reactlion, there is a vossibility that the side
chaineg could be léngthened and c¢losed Into the saturated
rings of the 1,2,3,4-tetra-hydro-2~ and 3-phenanthrones (LAI
and LXII),. respectively. Then the cyclopentano ring of the
steroids could be introduced by explolting the reactivity’of
either the Xeto group or its adjacent hydrogen. Of course,
by beglnning with 6émethoxy-2-naphthylncetyl chloride the
finpl product (IXIL, R = OCHz),would contain a group which
might be readily convertsd into the 3-hydroxy or keto group

of the steroid series.

DeSpita.expectations, the attempted nreparation of
LXI from l-naphthylacetyl chloride by our method yilelded only
starting material, an unidentified white solid, acenaphthen=-
one and ethylbenzene when benzene was tho solvent. It was
hoped that the low temperagtures emvloyed tﬁroughout the
reaction perio& would eliminate formatlon of acenavhthenone,
although the ethylbenzene was quite unexvected., #Acenavhthenone
is usuvally vprepared from the acid chloride, a2luminum chloride

and benzene at room temperature (6%9); however, its formation



41

comnetes strongly with that of LXI even at lower temperstures.
Although ethylbenzens is obtained by the reaction of ethylene
and benzene 1n the vresence of aluminum chloride, the temoer-
sture is usually maintained at about 750 and vigorous stir-
ring is employed (70). Thus, its formation at the low tem-

veratures used was surprising.

Using the same method, 2-naphthylacetyl chloride,
prepared from 2-methylnaphthalene, should give LX1I, 4 very
few grams of an oil, which bolled at 220-2220 (20 mm,) and
solidified upon digtillation, were obtained from the reaction.

An attempt to convert the small amount into the semicarbagone

vielded no definite producte.

Mosettig and Burger (71) reported that the l- and
4-phenanthrones, analogous to LRI and LXII, possessed sur-
prising analgetic activity with no side offects. Thus, LXI
and LXII may be true analgetics, if they can be prepared by
varying the reaction conditions of the ethylene~aluminum

chloride process using the corresvonding acid chlorides.
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TYPE IV ARD TYP V CONPOUNDS

The vroposed methods for the synthesis of type IV and
V compounds are shown on page 44. Our alm wss to prepare IV,
which resembles the analgetic, iAmidone (I), and convert it to
V, which bears a structural relationship to the morphine
structure (II), IV, whers R = CHz, differs from Amidone in
that 1t possesses two methoxyl groups in the aromstic nucleus,
a dimethylaminosthyl instead of the 2~dimethylaminonropyl
side chaln and & methyl in »lace of & phenyl group on the
quaternary carbon atom, Relationship to Amidone is even more
pronounced in the case of IV, where R = Cgliy, the difference
residing in the presence of the methoxyl groups and the
shorter side chain. Thus, IV mipht be expected to exhibit
some ‘sanalgetic activity. The reduction of IV, followed by
demethylation and cyclization, should yield V, which also
could possess analpetic activity owing to its resemblance to
the morphine structure., Together with vrevious work in this
laboratory (72) the attemnted conversion of 1V into V, there~
by proceeding from Amidone~ to morphine-like compmounds,
appears to be the only such work in this field, However,

.Eagl snd Miescher (73) followed e similar approach in the

Demerol series.

Johnson (72) previously orepared LXIV and LXV from

2,3-dimethoxyphenylacetonitrile (XAX) through successive
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alkylations with methyl iodide snd dimethylaminoethyl chloride
in the oresence of sodamide:. Utilizing the same nrocedure,
LXIV and LAV were onbtained in sven bestter ylelds when the
reflux period of the reactants was increased. In one case
during the isolation of LAV another nroduct which possessed
the charascteristics of an amlno acid was obtained, 4n
attemmted conversion of the amino acid to 1ts ester resulted
in & compound which would not senarate from an aqueous solu~
tion at any pH. Although Johnson succeeded in obtalning IV
from LXV and ethylmagnesium bromide in low ylelds, the only
product isolated hers was the imino compound (LXVI), in a
590% yield., In spite of the very drastic conditions employed
for hydrolysis of the lmino to the keto group, LAVI remained
untouched. This faet 1s not too surprising since the imine
of Isoamidone (XXVI) iz hydrolyzed only with difficulty (74).
Compound LAVI, as the dihydrochloride, was reduced to LAVII,
whose dihydrochloride was also orepsrsd. Although analysls
of the latter compouni was not satisfactory, the results
justify an assumption of the formatlion of LAVII, Following
the isolation of LAVI, another product was found in the same
reaction mixture: Johnson (51) also obtained this fraction,
but in neither case was 1t identified because; at first, it

was thought to consist of ths intermediute imino compound.

It 4s well known that tertiary amines form salts with

Grignard reagents; therefore, muich of the reagent was used to
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Proposed Synthesis of Type |V and V Compounds
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form the salt in the reaction of LAV with ethylmagnesium
bromide. In order to prevent this complexing of the CGrignard
reagent, the benzyl chloride salt of LAV was prepared and
then treated with ethylmagnesium bromide. Although this
method has been employed by others (73) in analogous work to

give excellent yields, we only recovered starting material.

Difficulties were encountersed in the preparation of
the diarylacetonitrile (LXXI) which is a necessary inter-
mediate in the synthetlc approach toward IV (R « CgHg) and V
(R = GgHs)., Other methods (24) for the formation of such
compounds by bromination of the aporopriate arylacetonitrile,
followed by a Friedel-Crafts reaction wita benzene and
aluminum chloride, were attempted. Only tars were obtained
in the bromination of 2,3-«dimethoxyphenylacetonitrile (XXX),
sven upon utilization of ultraviolet light as a catalyst.
Evidently, the hydrogen bromide which formed in the bromina-

tion caused demethylation and decompmosition.

A new. preparatory annroach to LXXI was next tried.
The mandelonitrile (LXIX) was prepared from 2,3-dimethoxy-
benzaldehyde (LAVIII) with sodjum bisulfite and potassium
cyanide, and tﬁen treated with pure thionyl chloride to give
the new substance (LXX) in excellent yield. Tnié was greatly
increased when the excess thionyl chloride was removed under

reduced pressure rather than through decomposition with



46

water. Finally, LEZXI was prepared from LiX by a Friedel-
Crafts reaction with benzene. Sometimes a red oil was
obtained in place of the crystalline LXXI, but it proved to
be the desired product when hydrolysis of a portion gave the

corresponding acid.

As before, the sodio salt of LAXIL was alkylated with
2-dimethylaminoethyl chloride to give LAXII, salthough a new
compound developed upon reaction of LAXII with the Grignard
reagent, it could not be positively identified as IV (R =
Cells)e  Again, there is the possibility of obtaining the
intermedlate imine rather than the ketong. This crude com=
pound was subjected to hydrogenation, but only lntractable

oils resulted.

When 2,3-dimethoxybenzaldenyde (LXVIII) was replaced
by mrhydroxybenzaldehyae in the reaction scheme above, the
corresponding mandelonitrile could not be produced, This
was attempted because of the high analgetic potency exhibited
by a m-hydroxy analogue of Domerol, prevared by Kagi and

Miescher (73).
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TYPE VI COMPOUNDS

Because of considerable interest in the anslgetic and
spasmolytic properties of some compounds with the y-aryloropyl-
amine skeleton (75) prepared by the application of the Leuc-
kart reaction (76), further work in this field was warranted.
Therefore, a series of six Nealkyl- and N,N-dialkyl-3,5-
diphenyl-l-methylpropylamines (Table I) were prepared accord-
ing to this method from 4,4-diphenyl-2-butanone (formed from

‘benzzlacetone, benzene and aluminum ehloride).

The general procedure emnloyed consisted in heating a
mixture of the ketone, the N-substituted formamide and a
little formlc acid at 180-200° for 10-17 hours. The inter-
mediate formamides of LAXIII and LXXIV were not isolated, but
were immediately hydrolyzed to the free amines with 30% sul-
furic acid. The resulting sulfate salts of the amines proved
to be insoluble in either water or organic solvents, there-
fore, they were dissolved in boiling water and made alkaline
while hot in‘order to liberate the free amines. Following a
modification ﬁy Bunnett and Harks (77), a little magnesium
chloride hexahydrate, as catalyst, was added to those reac-
tions in which N,N-dislkylformamides were employed.: Needless
to say, hydrolysis was not necessary in these cases since the

tertiary amines were formed directly.



All the amines, with one execention, were extracted
with ether, ah& without purification converted into their
hyﬁrochloride salts. The exception existed in the case of
L34Vl where the excess pyrrolidine could be removed only by
vacuur distillation of the reaction vnroduct. |

LAXIV, LAXV and LEXVIII have been reported previously;
however, the methods employed for their preparation differed
from this one. Burckhalter and Johnson (75) obtained LARIV
in a 7% yileld by applying the Leuckart reaction to 4,4-diphenyl-
2~butanone and N-ethylformamide. LAXV has been prepared by
severﬁl workers {50,31); who utilized different procedures to
obtain it in 5-90% yields. The melting noints varied from
116° to 1589, depending upon the percentages of the stereo«
isomers existing in the reaction product. Bochmuhl and Ehr-
hardt (31) obtained LXXVIII upon hydrogenating a mixture of

the ketone snd niperidine at high pressure in the presence of

a catalyst.

The Leuckart reaction was further employed in the
attempted preparation of 13%,3~triohenyl-1-(N-piperidyl )pro~
nane (LXXX) and of N,N-diethyl-1l,3,3-triphenyloropylamine
(LXXXI) from p,p-diphenylprooiophenone (LAXIX), and of 3-
methylamino- and 3-dimethylamino-1,1,5,5-tetraphenylpentans

(ﬂXXXIII) from 1,1,5,5-tetranhenyl-3-pentanone (LAXXII), The

latter ketone was obtained by the reaction of dibenzalacetone



TABLE I

353-Diphenyl~l-methylpropylamines, (CgHs)p-CHOHGHIRR!

CHa

No. R R'  Yield?* M.P. °C  Formila Caggé.ormgimd
1XXITT H CHa 877 175 CapHpl.HCL 12,86 12.84
LXXIV H Colls 59%29 1),7-11,8 CagHa - HCL _
LXXV CHs CHs 50°9F 155156 CaglpaleHCL 12,23 12,20
LXXVI Colls  CpMls 187 109 CooHagN.HGL 1,15 11,09
LXXVIT ~Cgflg- 3988 160 CagHes.HCLE0 10,62 10,78
LXXVIIT ~CgHa o= 6P 217 cmn;.,u.ncz. 10,75  10.83

(a) Based on starting ketéme, (b) From ethyl alcohol., (c) Prepared previously in 7%
yield with mep. I47° (75). (d) From acetone-ether, (e) From ethyl alcohol-ether. (f)
Prepared préviously by different methods (30,31) in yields of 5-90% with melting points
of 115-158° (g) Free amine boiled at 126-128° (0.1 mm.)e (h) Prepared previously

by a different method (31), m.p. 213-214%,

61
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with benzene over aluminum chloride. None of the desired
amines were formed, vrobably owing to the presence of the

phenyl groups.

Since LAZXV has shown promise as an analgetic agent,
more of the comwouni was prepared accordihg to the procedure
given by Burckhalter and Johnson (75). 7The formamide of
LXXXV was obtained from LAXIX and formamide in a 91% yileld,
whereas they reported a 73% yield; however, difficulties
arose upon hydrolysis of the intermediate formamide to the
amine (LXXXV), 4Although they found that hydrolysis with 30%
hyirochloric acid gave the propene (LXXXIV) through loss of
ammonia, LXXXV resulted upon hydrolysis with 50% sulfuriec
acid, However, in one attempt only were we able to prepare
LAXXV from the formamide through sulfuric acid hydrolysisy
and in the others LAXXIV was obtained. This oropene was also
formed when hydrolytic agents such as 15% sulfuric acid, 10%
hydrochloric acid and 30% sodium hydroxide were employed with
the formamide. Evidently, LXXXV is very susceptible to the

loss of ammonia in the nresence of hydrolytic agents.

An attemnt was made to prepare the m-hydroxyohenyl
analogues of the amines in Table I. This was to gntail pre-
paration of 4~-m-hydroxyphenyl-4-phenyl-2-butanonse, the m=-
hydroxy derivative of the ketone used in the above syntheses,

by addition of benzene across the doutle bond of m~hydroxy-
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benmalaceﬁone, However, in attempting to form this benzalace-
tone from m-hydroxybenzaldehyde (obtained from m-nitrobenzal-
dehydie) and acetone, only an intractable substance was iso-

lated,
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SYRTHESLIS OF COKMPOUND VII

As stated before, Amidone (1) is a potent synthetic
analgetic. When its keto group 1s reduced to the corresvond-
ing alcohol, the activity decreases; but the acotoxy deriva-
tive of this alcohol shows a marked increase in activity. 1If
the alcohol is dehydrated to its unsaturated derivative, a
totally inactive compound is obtained. The analgetic activ-
ity of the saturated analogue (VII) of amidone, where the
keto group has been replaced by a methylene group, remains a
question because 1t has not been prepared until now. In anal-
ogy with the relationship between structure and activity in
morphine~like compounds where deletion of certain substituents
enhances the activity (e.g., 3-hydroxy-H-methylmorphinan) one
might speculate that VII would possess greater analgetic
activity than Amldone itself. However, its true activity will

remain unknown until results of pharmacologlcal testing are

reported,

Several chemists have attempted to prepare VII from
Amidone by reduction (30), but they only succeeded in forming
the corresponding alcohol or the unsdturated derivative, or
in achieving an unusual type of split, in which the entire
ketone chain 1s lost. We proposed to synthesize VII from

readily available starting materials, with the saturated side
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chaln alrendy present as such.

A first abttempt, designed to yleld the desired inter=
mediate, 4.44d1phenyl~3~buten~2-ona (LXXXVIII) in one step,
failed, It involved the condensation of benzophenone and
acetone in the presence of the halomagnesium dériVaﬁive of
N«methylénilina; according to previously reported procedures
(78)« However, the result was not surprising since the
H~methy1anilina derivative is a powerfﬁl condensing agent,
ani acetone readily condenses with itself to give mesityl
oxide and phorone. Thus, benzophenone and phorone were the

only comp@unﬁs iscolated.

Ths second attempt involved the condensation of
dichlorodiphenylmethane (LAXXVI) with the copper salt of
acetoacetic ester as performed by Klages and Fanto (79). In
this manner LAXXVII was obtained, whereupon i1t led to
LXXXVIIi upon hydrolysis. and decarboxylation. By means of
the Grigngrd reaéant it was deslred to add the normal propyl
residue scross the double bond, thereby giving rise to the .
saturated ketone (XCV), through 1,4-addition, Instead, 1,2-
additlon and subsequent dehydration occurred to give, what
appears to be, 1,1—diphenyl—5~methy1-l,3-hexadisn§ (LAXXIX).
Although longer refluxing veriods and the catalyst, cuprous
chloride (which alds l,4-additlion in some Grignard reactions),

were employed, the desired ketone (ACV), was not attained.
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Synthesis of Compound VII

Unsuccessful Approach

CHj;
|

<:j%\ i <::>\ 0
coi, CMOHC-CHOOGH), _ c= o
|
@ CO2C2Hs

LXXXVI

Q

LXXXVII
(1) OH™

I
C=CH-C—-CHj;

LXXXVIH
(CH20)3 n "C3H7Mng
HN(CH3), - HCI

O
Il _
C =CH-C-CH,CH,;N(CH3), C=CH

~C—CH,
O s o e
Csz

XC L XXXIX



55a

Synthesis of Compound VI

Successful Approach
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Again, this fallure can probably be attributed to steric

hindrance at the site of the diphenylmethylene carbon atom.

Gompoundnxn wés prepared as an itew of side interest,
but it might possess interesting vharmacological propertiea.
Its formstion involved uss of the Mannich reaction (80) with
LAXXVIII, paraformaldehyde and dimsthylamine hydrochloride.

The successful synthesis of VII was finally accom-
plished with butyrophenone (XCI) acting as the starting point.
A Reformatsky reaction with XCI and ethyl bromoacetate 1ln
tha'presence‘of zine was followed by dehydration with anhyd-
rous hydrogen chloride to produce XCII in an 87% yleld,
Johnson and Kon (81) also prepared it from the same reactants
in a yield amounting to 55% of the theoretical, employing
magnesium rathsr than zinc, andvdebydratidn was effected with
phosphorus oxychloride. When XCII was treated with benzens
and aluminum chloride under mild conditions, the benzene
added across the ethylenic group and generated the new ester
(ACIII)., Potassium hydroxide was utilized to hydrolyze the
ester into the corresponding acid (XCIV) which could not be
induced to orystallize and was analyzed as the very viscous
oll. & '

At first, the formation of the methyl ketone (XCV)
presented some difficulty., Although varlous acids can be

converted to the corresponding methyl ketones with methyl



o
-3

o

lithium (82), XCIV remained untouched. Therefore, a modifi-
cation (83) of Walker and Hauser!s proce&ure (84) using the
ethoxymagnesium derivative of diethyl malonate with an acid
chloride was employed. Thus, treatment of the acid chloride
corresponding to ACIV with the diethyl malonate derivative
produced the intermedlate diethyl acylmalonéte. It was
hydrolyzed and decarboxylated under acid conditions to ACQV.
Elther by utilizing the Leuckart reaction with N,N-dimethyl-
foruamide or by high pressure hydrogenation with dimethylamine
over Raney unlckel, ACV was converted into 2-dimethylamino=
4,4-3diphenylheptane (VII), However, hydrogenatiorn appeared
to afford better ylelds than were obtainable By the Leuckart
reaction. The hydirochloride and hydrobromide ssltas, prepared
in the usual manner, would not crystallize under any condi-

tions trisd,

Some of the compounds prepared during the course of
this work are currently being tested by pharmacologists for
their pharmacoclogical properties, and the results will be

published elsewhere.s
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EXPERLMENTAL®
PYPE III COMPOUNDS

'2;5~ngeth0xﬁbagzzl alcohol. -- (4). The procadure
of Jdohnson (72) was applied. To a solution of 498 g. (3
moles) of fféshlyvdiétilled 2,5-dimethoxybenzaldehyde (sup-
plied by Monsanto Chemical Co.) in~600 ml.‘of ethji alcohol
was added 10 g. of Raney nickel catalyst and redﬁctioh car-
ried out at 50~80°;in a - Parr low pressure hydrogenator. The
catalyst was removed by fi1tration and the alcohol under
reduced pressure. The residue was converted:into the chloride
without further'purifibation.

(B)s By the metnod of Davidson and Weiss (85), 500 g.
(7.6 moles) of potassium hydroxide and 750 ml. of absolute
matﬁyi'alcohol were ﬁlaced in & three-liter flask fitted with
a méchgnical‘stirfer, reflux condenser, dropping ﬁunnei and
thermdméter. The flesk was surrounded with a‘wﬁter bath, and
-aiﬁixture of 498 g. (3 moles) of fréshly distilled 243
diﬁeﬁhoxybenzaid@hyde,»5004m1. of absolute methyl slcohol
.andv400‘mi.’of'55;40%,formalﬁehYde solutiop was added with
stirring anduat $uch a rate that the temperature did not

exceed 70°, After the addition was complete, the water bath

#* C and H analyses are by kr, C. M. Beazley, Skokie, Illinois.
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was replaced by a Glas-col heating mantle and the temperature
maintained at 65-70° for three hours, The reflux condenser
was replaced with a downward condenser anid the methyl alcohol
distilled until the internal temperature reached 101°. To
the hot residue was added 900 ml. of cold water, and the
resulting mixture was cooled and immedisately extracted with
benzens., The aqueous layer was separated. and extracted twice
wlth 250 m}..pdrtions of benzene, which were combined with
the original benzene and washed with two 500 ml. portions of
water., The benzene was shaken with anhydrous sodium sulfate
until the solution was clear and the solvent removed under
diminished vressure, The residue was vacuum distilled to
give 498 g. (98%) of the colorless oil, b.p. 88-92° (0+15 mm.)
(46),

2,3-Dimethoxybenzyl chloride -- (). To 500 g, (4.2

moles) of thionyl chloride cooled by an ice bath was slowly
added a solﬁtion of the residue left from part A above dis-
solved in 509 mle of anhydrous benzene. The rate of addition
was adjusted so as to maintain a continuous evolution of sul-
fur dioxide. After the addition was complete, the ice bath
was removed and the solution allowed to stand overnight. The
flask was egain surrounded by an ice bath and 300 ml. of
water slowly added. The contents of the flask were then
thoroughly washed with water, and the benzene layer separated

and dried over anhydrous potassium carbonate. The benzene
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was removed under reduced pressure and the residue distilled
unier high vecuum to yield 460 g. (83%) of the water clear
0il, b.p. 72° (0.1 mm,), Johnson reported the bolling voint
of 86-89° (0.8 rm.).

(B)s Following the procedure given by Jackson (86),
498 g. (3 moles) of 2,3-dimethoxybenzyl slcohol dissolved in
1500 ml. of dry, thiopﬁﬂne-free benzene was placed in a four-
liter sengretory funnel and anhydrous hydrogen chloride passed
through tne solution for three hours. Throughout the reac-
tion period the mixture darkened and concentreted hydrochloric
ecid separated as a second layer. After standing for elght
hours, the ascid was removed and the bonzene completely neu-
tralized by thorough washing with two 700 ml. portions of a
saturated sodium carbonate solution. Without purification

this benzene Solution of the chloride was converted into the

nitrile.

2,3-Dimethoxyphenylacetonitrile (XXX)s == (&),

Acecording to the method of Johnson (72), 130 g. (2.7 moles)
of sodiunm cy;nide and 300 ml, of water were vnlaced in a two~
liter flask‘ placed unon & steam bath. Warming was necessary
to effect solution, and under these reflux conditions 460 g.
(2.6 moles) of 2,3-dimethoxybenzyl chloride in 500 mle of
ethyl alcohol was slowly added. In this same way the benzene
solution of the chloride from part B was reacted with the

theoretical amount of sodium cyanide using the benzene as
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golvent in place of ethyl alcohol. After the addition was
comﬁlete, the mixture was refluxed for five hours and then
cooleds The sodium chloride was removed by filtration and
the filtrate heated on the steam bath to remove as much alco-
hol as vossible. Upon cooling the mixture was extracted with
500 ml. of ether, which was washed twice with 100 ml. portions
of water and dried over arhydrous sodium sulfate. The ether
was removed undler reduced pressure and the residue distilled
under high vacuum, yielding 394 g. (89%) of the colorless
liquid, b.p. 110° (0.5 mm.);.ngo 1.5245, Johnson reported a
boiling point of 106-108° (0.4 mm,) and 96% yield.

(B). Following the procedure of Kindler and Schrader
(50}, & mi:;ture of 166 g+ (1 mole) of 2,3-dimethoxybenzalde~
hyde, dissolved in enough ethyl alcohol to hinder solidifica-
tion, 130 z. (1.2 moles) of ethyl chlorocarbonate, 91 g
(1.4 moles) of potassium cyanide in 250 ml. of water‘and 300
g. of magnesium sulfate heptahydrate in 500 ml. of water was
stirred and cooled in en ice bath for four hours, and then
placed in the refrigerator overnight. The cold mixfure was
extracted with ether, which in turn was washed with water,
two 200 mli portlons of 10% sodium hydroxide » two 150 mle
portions of a dilute sodium bisulfite solution and finally
with water again. Thexether was dried over sodium sulfate

and removed on the steam bath.

Upon dissolving the residue in xylene, 30 g. of 5%
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valladium on charcoal was added, and hydrogen passed through
the mixture until carbon dioxide ceased to evolve. The sol-
vent was removed under reduced nressure, and the residue
vacuum distilled to give 112 g. of the intermediate ester,
bop. 121-226° (0.5 mm.), together with 47 g. (14%) of the
nitrile, b.p. 101-110° (0.5 mm). Evidently more of the

catalyst is reguired in order to increese the yield of nitrile.

x-2,3-Dimethoxyphenylacetoacetonitrile (XAXI), ~-

(A). By the general procedure of Julian and co-workers (87).
To a hot solution of 0.8 mole of sodium ethoxide in ethyl
alcohol, prepéred from 18.4 g. (0.8 mole) of metallic sodium
and 300 ml. of anhydrous ethyl alecohol, was slowly added 106
ge (0.6 mole) of 2,3-dimethoxynhenylacetonitrile followed by
80 g. (0,9 mole) of anhydrous ethyl acetate, dried by reflux-
ing over phosphorous pentoxide. The mixture was refluxed
for fourteen hours, allowed to stand at room temperature for
three hours and finally cooled in an ice-salt bath for two
hours. The ice-cold contents of the flask were poured into
500 ml, of icé-cold water, and 50 ml, of glacisal acetic acid
added to prgcipitate an oil. After extracting the oil with
300 ml. of ether, the ether was thoroughly washed with wafer
and dried over anhydrous potassium carbonate. The ether was
evaporated end the residue distilled to give 78.6 g. (61%) of
the water-clear oil, b.p. 130-137% (0.3 mm.); nfC 1.5520.
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Upon ra&istill&tion and starding at room temperature the oll
solidified. The white solid was recrystallized from Skelly A
to give 75 g. of the pure nitrile, m.p: 64-65°, . Johnson (51)
revorts a boiling point of 139-141° (0.7 mm.), a melting
noint of 64° and a yield of 75%.

(B)o 1In general the method described above gave laess
than,Sd% vields; therefore, the procedure outlined by Lievine
and Hauser (88) was utilized to increase the ylelds., To a
refluxing susoension of 90 g. (2.3 moles) of sodamide in 600
ml. of dry benzene was slowly added 200 g. (1,13 moles) of
2,3-3imethoxyphenylacetonitrile and the refluxing continued
for four hours. 4 solution of 180 g. (2 moles) of anhydrous
athyl acétate in 100 ml. of dry benzene was thsn added very
caubiousl& and the mixture refluxed for five additional hours.
After standing overnipght at room temperature, s solid formed
and was decomnosed with two liters of lces This was acidl-
fied with concentrated hydrochloric acid, and the benzene was
separated from the agueous lsyer, which was sxtracted three
times with 250 ml. portions of ether. The benzene and ether
extracta were combined, washed with water and drled with
sodium sulfate. The solvents were removed under reduced
pressure and the residue distilled to give 137.1 g. (55.5%)
of the colorless oil, b.p. 146° (0.9 mm,), which crystallized

upon standing.
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Ethyl oe2,3-Dimethoxvohenylucetoacetate (AAXIT), ==

Since only noor yields of the ester were obtained by Kimball's
method (52), that of McElvain und co-workers (53) was used.

A solution of 31 g. {0.14 mole) of o=2.3-dimethoxy phenylace-
tonitrile in 250 ml, of absolute ethyl alcohol, cooled to 0°
in an icse-salt bath, was saturated with anhydrous hydrogen
chloride and allowed to stand at room temperature overnight.
The excess hydrogen chloride and alcohol were removed under
diminished pressure, and the following added: 100 ml. of
absolute ethyl alcohol containing three ml. of conc. hydro-
chloric acld and three times the theoretical quantity of
water necessary to hydrolyze the lmino ether. After heating
this solution on the gteam bgth for forty-five minutes, 1t

was poured into 800 ml. of cold water. The mixture was
extracted with ether, which was dried over sodium sulfate and
then removed under reduced pressure. Upon vacuum distillation
of the residue 25 g. (67%) of the light yellow oil were
obtained, b.p. 107-120° with decomposition (0.2-1 mm.). The
residue was redistilled to give 20 g. of the oil, b.p. 117°
(0.2 mme); n§° 1.5296.

Found3 C',v 65.46; H, 7.080

@-Methoxyethyl chloride, == (A), According to stand-

ard procedures utilizing thionyl chloride, 504 g. (6 moles)

of ethylene glycol monomethyl ether was converted into the
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Z+ (6 molzs) of thionyl chloride. The

2

chloride with 7C8
excess gases wore removed under reduced »ressure and the
residue distilled to yield 452 g. (72%) of the colorless
liquid, b.p. 89,5-91°.

{B)s Following the directlons of Palomaa and Kenetti (89)
for the synthesis of this haloether, 456 g. (6 moles) of
ethylene glyecol monomethyl ether, 320 g. (2.4 moles) of
ophosphorous trichloride and 104 g. (1.32 moles) of pyridine

gave 394 g, (57%) of the oil, b.p. 86-921°.

@-Methoxyethzl iodides =~ By way of the condenser 390 g.

(4,1 moles) of @-chloroethyl methyl ether was added to a solu-
tion of 690 ge (4.6 moles) of sodium iodide dissolved in 3500
ml. of acetone, The solution was heated to reflux tempera-
tures which were maintained for forty-eight hours. After it
had cooled to room temperature, the sodium chloride was filtered
and the acetone distilled from the filtrate to leave a residue
of unchanged sodium iodide, sodium chlorlde and a dark liquid.
The inorganic salts were removed by filtration and the liquid
distilled to ﬁield a dark-colored oil, b.p. 90-130°, uafter
washing the oil with‘a dilute sodium thiosulfate solution to
remove the excess iodine, it was redistilled to give ths
water-dlear haloether in a yield of 339 g. (44%), ‘b.p. 110~
156°. Karvonen (90) reported the boiling point as 138° from

ethylene lodide and methyl alcohol,



66

p-Methoxyethvl benzevesulfonste. =-- By the procedur
of Bachmamn and Formefeld (54}, To a mixture of 203 ge (2.7
moles) of ethylene glycol monomethyl. ether, 300 ml. of dry
pyridinre and 400 ml. of dry benzene cooled to 0° was added
5C0 g. (2.84 moles) of benzenesulfonyl chloride. The solution
was stirred for two hours anl 800 ml. of ice-cold €N hydro-
ehloric acid a3ded. Following extraction with ether, which
was wached with water and Aried over sodium sulfate, the sol-
vents were reroved in vacuo and the residue vacuum distilled
to yield 484 g. (83%) of the colorless sulfonaté, b.p, 110-
121° (0,5 mm.). Bachmann and Fornefeld reported b.p, 156~

141° (0.2 am.); yield 61%.

@-Yethoxyethyl methylsulfonate. =- According to the
method of Newman and Megerlein (42), 80 g. (1 mole) of dry
pyridine was addéd to a solution of 100 g. (0.88 mole) of
methanesulfonyl chloride, 67 ge. (0.88 mole) of ethylene gly-
col monomethyl ether and 160 ml. of dry ether cooled in a
Dry Ice-acetone bath. When the addltion was complete, the
tempsarature ﬁ;s allowed to rise to 0° where it was malntained
for two hours. The cold ether solution was washed with 1lce=-
cold, concentrated hydrochloric acid, ilce-cold saturated
sodium bicarbonate and ice-cold water. The ether'was dried
with anhvdrous votassium carbonate and removed on the steam

bath. Uvon distillation of the residue, 46 g. (34%) of the



colorless liguld was obtained, b.p. 80-82° (0.3 mm.). Newman

snd Magerlein renorted bep. 122-124° (7 mm.), and 67% yield.

nitrile (XXXIIT), -~ (A). In applying the general procedure
of Bachmann and Fornefeld (54), 32 g. (0.18 mole) of o~2,3=
dimethoxyphenylacetoacetoniﬁrile in.120 ml. of dry benzene
was glowly added to a stirred, refluxing suspension of 7.8 g.
(0‘2vmole) of sodamide in 100 ml. of dry benzene. After
refluxing the mixture for six hours and then treating it with
46 g. (0,21 mois) of p-methoxyethyl benzenesulfonate, 1t was
refluxed for twelve additional hours. Iwo hundred ml. of
water was added, and the product, which was isolated by ether
extraction from the organic layer, was refluxed with 100 ml,
of glaclal acetic acid, 20 ml. of concentrated hydrochloric
acid and 20 ml. of water for one-half hour 1n order to hydro-
lyze the excess alkylating agent. From the alkaline layer

upon acidification was obtained starting material.

The acid solution was neutralized with a sodium hydrox-
ide solution, and the oil which separated was extracted with
ether. The ether was washed with water and dried over sodium
sulfato, After~remova1 of the solvent under diminished pres-
sure, the disubstituted acetoacetonitrile distilléd as a
light yellow oill at 125-135° and 0.07-0.1 rmm; weight 23 g
(47%); ng0 1.5188.
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anale Calcd., for 615H1904N= C, 64.96; H, 6,91,
Found: C, 63.163 H, 60916

‘The 2,4-dinitrophenylhydrazone crystallized from ethyl

alcohol in red-orange leaflets; m.p. 1879,
Anal, Caled, for CpqHys0pN5: C, 65.14; H, 5.07,
Found: C, 54,77; H, 4.53.

(B)s Very poor yields were reallized when either the
@-cbloro- or @-icdoethylmethyl ethers were substituted as
allylating agents in the above vrocedurec.

After a slow giditlon of 45 g. (0,21 mole) of «x~2,3-
dimethoxyrheaylacetoacetonitrile to 2 stirred, refluxing sus-
pension of 10 gs (0.25 mole) of finely divided sodamlde in
150 ml. of dry beuzene, the mixture was refluxed for four
hours, and then treated with 2€.2 g. (0.3 mole) of p-chlore-
ethylmethyl ether., The mixture was refluxed for fourteen
hours; cooled and voured into one liter of waters The ben-
zene layer was separated, washed with water and dried with
sodium sulfate. The agueous layer liberated starting material
upon acidificstion.

Following removal of ths benzene, distillation of the
residue yielded 10 g. (17.5%) of the product, b.p. 110-120°
(0,056 mm. ). ,

In the same manner 140 g. (0,63 mole) of er=2,3~dimeth~
oxyphenylacetoacetonitrile, 39 g. (1 mole) of sodamide and
186 g. (1 mole) of g-iodoethylmethyl ether gave 10 g. (6%) of



the oil,

Ethyl e-cvano~2,3-dimethoxyohenylacetate (ALIL)e, ==

Following general methods (88, 91) a solution of 107 g. (0.6
mole) of 2,3-dimethoxyphenylscetonitrile in 100 ml. of
anhydrous ether was slowly added ﬁo a refluxing suspension of
24 g. (0,62 mole) of sodamide in 400 ml. of arhydrous ether,
Alfter the addition was complete and refluxing had continued
for four and one-half hours; 83 g« (0.7 mole) of diethylcar-
bonate was slowly introduced. The mixture was refluxed for
five and one-half hours and allowed to stand at room tempera-
ture overnight. It was then noured onto 300 g, of ice and
acidified with concentrated hydrochloric acid. The product
was extracted with ether, which was washed with water and
dried over sodium sulfate, Uvon removal of the ether, the
residue was distilled, ylelding 62.3 g. (42%) of the viscous,
yellow oil, b.p. 140-142° (0.3 mm.); nZ0 1.5138,

Anale Caled. for CqyzHyg04N: G, 62.64; H, 6.07,

Found: C, 62.64; H, 6.08,
A portion of the above mentioned ester was converted

into what appaafed to consist of 2,3-dlmethoxyohenylacetic

acid ihraugh elimination of the nitrile groupving together
with hydrolysls by treatment with 25% sodium hydroxide under
roflux conditions. Isolation of the acld was performed in
the usual manner through acidification, extraction with ether

and washing the ether with dilute sodium hydroxide and/or
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sodium bicarbonate; followed by reacidification and extrec~
tion with ether, The ether was removed and the residue dis-
tilled under reduced pressure; yielding 10 g of a light
yellow, highly viscous oil, bep. 125-128° (01 mm.); nf0
1.5298.

Anel, Calcds for CjnoHyp04: C, 61.21; H, 6.17.

Pound ¢ C, 62.40; H, 6.586.

The acid was converted into the corresmonding 2,3-
dimethoxyphenylacetyl chloride by refluxing a benzene solu-
tion of the acid with thionyl chloride until the gases ceased
to be evolved. The excess reagents were removed under
reduced vressure and the crude, reosidual acid chloride was

utilized below without purification.

o=2,5-Dimethoxyohenyl-2,x~dimethylacetophenone. =--

This compound was obbtalned instead of the desired product,
7s8=-dimethoxy~-2~tetralonse, in the following reaction.

After the addition of 6.7 g. (0.05 mole) of anhydrous
aluminum chloride to a solution of 10.8 g. (0.045 mole) of
the crude 253;d1methoxyphenylacetyl chloride (from above) in
70 ml, of dry xylene cooled in an ice=salt bath, dry ethylene
was passed through the mixture for six hours while the tem-
perature was maintained at\OO. After remaining overnight in
the refrigerator, the mixture was poured onto ice and concen~
trated hydrochloric acid, and the product extracted with

benzene., The solvent layer was washed with a saturated
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sodium bicarbonate solution and water, and dried over magnese
jum sulfate. Following distillation of the benzene and
xylens under diminished pressure, distillation of what was
assumed to be the substituted ucetovhenone gave 6 g. (58%)

of the viscous oll, b.p. 160-163° (0.4 mm.); nSC 1.5796. The

2,4-dinitre hen lhvdrazone crystellized from sthyl aleohol~

othyl acetate in red-orange crystals; m.p. 181°,
Found: €, 61.40; H, 5.40.

YhLer

Ethyl ot=cvanoson-

acetute (XLII), == To 11.7 ge (043 mole) of sodamide sus-

nended in 100 mle of dry benzene wes slowly added 62.3 g

(0,25 mole) of ethyl a=cyano-2,3=dimethoxyphenylacetate dis-
solved in 80 ml. of dry benzeney and the mixture refluxed for
five hours. Following this period 46 g. (0.3 mole) of @-meth-
oxyethyl methylsulfonate in 50 ml. of dry benzene was slowly
added, and the resulting solution was refluxed for six hours
and allowed to stand overnight at room temperaturs. After
pouring the sélution onto ice in water, 1t was extracted with
benzens, which was washed with dilute hydirochloric acid and
water, snd dried with magnesium sulfate. The solvent was
removed under reduced pressure and the crude product vacuum
distilled to give 56 g. (73%) of the water-clear, viscous oil,

b.p. 142-145% (0,25 mm.); n30 1.5100,
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dnal. Caled., for 016H2105N: C, 62.82; H, 6i89.
Found: ©, 62.57; K, 6.82,

qh(@wmethoxyethyl)—2,3-dimethoxyphenylacetate and 100 ml, of

a 25% sodium hydroxide solution was hoated under reflux con-
ditions until a homogeneous solution was formed. Following
cooling and acidification with concentrated hydrochloric acid
thres layers were formed - a .dark oll, & white oil and an
agueous laysr, The dark oil was extracted with ether; the
white oil oproved to be a very f{ine powder which was collected
on & filter, but could not be ldentified and was insoluble in
acids; base and organic solvents. Yield 3.2 g

The ether was washed wilth water, and dried over mage=
nesium sulfate. Upon evaporation of the ether a dark oil
remained which gave 33 g« (75%) of the viscous, water-clear

01l by distillation in vacuo; beps 158-162° (0.4 mme); ngC

1.5238.
Found$ C, 61,15; H, 7.02,

Aceording to standard procedures a-&g~methgxxet§11}-

2,3-dimethoxyohenylacetyl chloride was prepared from 24,5 g.

(C.09 mole) of the above acid in dry benzene and 12 g. (0.1
wmole) of thionyl chloride. The excess benzene and thionyl

chloride were removed under reduced pressure, and the dark
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red liquid used without purification.

Ethyl 2,3-dimethoxyohenylacetate. =~ By the proce-

dure used for the preparation of ethyl «-2,3-dimethoxyvhenyl-
acetoacetate, 177 g. (1 mole) of 2,3-dimethoxyphenylacetoni~

trile in 1200 ml. of absolute ethiyl alecohol gave 158 g. (71%)
of the water-clear oil; b.p. 108-111° (0.3 mm.); nZC 1.5101.

Sugasawa and. Sigehara (92) prepared the ester by a different

method, but reported no properties or yield. Those given

above appear to be the first recorded.

Ethyl hydracrylate.--Following the directions of Gres-
ham and co~workers (93), 478 g. (6.6 moles) of proplolactone
(supplied by Mr. T. L, Gresham of the B. F. Goodrich Co.) was
added very slowly to 2 g« of concentrated sulfuric acid
cooled by a water bath, and the addition was performed at
such a rate that the temperature did noﬁ exceed 80°, The
seml~-s0lid reaction product was melted and noured into two
liters of acetone, which in turn was evaporated to a volume
of one liter and voured into three liters of cold water., The
water was placed in the refrigerator overnight and the solid,
semi-cryatalline product precipitated. A fter the solld was
filtered, washed with water and dried, 391 g. of tpe polymer
remained.,

After refluxing a wmixture of 391 g« of this polymer,

775 ge. of anhydrous ethyl alcohol and 2 g. of concentrated
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sulfuric acid for forty-seven hours, the acld catalyst was
neutralized wlth calcium curbonate, the excess ethyl alcohol
removed by distillation and the residual oil filtered to
remove the calcium salts., Distillation of the oil at 20 mm,
ylelded 433.2 g (55%) of the colorless liquld, b.p. 93-969;
n§° 1.4222, ﬂreéham reported §1-83° (13 mm.); n§° 1.4222,

vield 84%.

2-Tetrahydrooyranyl ether of ethyl hydracrylate. ==
By the procedure of Parham and inderson (94), a mixture of 59
ge (0.6 mole) of ethyl hydracrylate, 101 g. (0.5 mole) of
dihydropyran and a Tew drops of concentrated hydrochloric
acid was allowed to stand for three hours with occasional
shaking., Ether was added and the resulting solution thorough-
1y washed with cold 10% sodium hydroxide in order to remove
all traces of mcid. The ether was dried with sodium sulfate
and evgporated on the steam bath. Tha residue was dilstilled,
yielding 90 g. (89%) of the colorless oil, b.p. 132-1370
(20 mm.) and 59° (0.1 mm.); n5° 1.4430.

Anal. 'b Caled. for 01031804: C, 59.58; H, B.97.

Found: C, 59.72; H, 9.21.,

- (A~Hviroxvoropionvl )=2,3~dimethoxyphenylacetonlitrile

1

(XKLIV), -=- After the slow addition of a solution of 89 g.
(0.5 mole) of 2,3~dimethoxyphenylacetonitrile in dry benzene .
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to a stirred, refluxing suspension of 40 g. (1 mole) of soda=
mide in 200 mls of dry benzene, the mixture was refluxed for
one hour, cocled and slowly treated with 90 g. {0.45 mole) of
the Z-tetrahydropyranyl ether of ethyl hydracrylate. The
temparature was slowly raised te that necessary for reflux-
ing, which was maintained for two hours. After standing over-
night, the mixturs was poured onto iece and water, and scildi-
fied with concentrated hydrochloric acid. The benzene was
separated and the agueous layer extracted twice with ether.
The combined solvents were washed with water and dried over
sodium sulfates The solvents were distilled under dimlnished
pressure, snd treatment of the residue with hot ethyl slcohol
vielded only & few grams of the white crystals, which on
recrystallization from ethyl alcohol melt at 157-158°, Even
under alkeline conditions the Z-tetrahydropyranyl ether group
was hydrolyzed in this casse; acetyl chloride, benzoyl chlo~
ride and the iodoform reaction gave positive indications for
the presence of the alcohollc group.
Anal. - Caled. for C,.H, 0, N: c,‘ 62.64; H, 6.07
N, 5.62.
Foundt C, 62.79; H, 6.10.
C, 62.45; H, 6,12}
Ny, 5,74.
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a~{@~ﬁﬁhaxynronionv1)-2,3-dimﬁthgxznh§nvlggezggitrile
{XLIV). -~ To a stirred, refluxing susvension of 20 g. (0.5

mwole) of sodamide in 200 ml. of dry benzene was slowly added
89 g+ (045 mole) of 2,3-dimethoxyphenylacetonitrile., The
mixture was stirred and refluxed for an additlional hour,
cooled in an ice bath and treated slowly with 102 g. (0.7
mole) of ethyl @-ethoxypropionate (from Carbide and Carbon
Chemicals Co.l)s #fter completion of the addition and removal
of the ice hath, the solution was stirred at room temperature
for two hours, then refluxed for two hours and finally allowed
to stand at room tempserature overnight. It was poured onto
ice in water,iacidifie& with concentrated hydrcchloric acid
and extracted with benzene, which was washed with water and
dried over sodium sulfate. The benzene was removed under
reduced pressure and 30 g. (21%) of the white solid precipi~
toted on treatment with benzene~Skelly B. After recrystol-
1izstion from henzene-Skelly B, 1t melted at 135%,
Anal. Caleds for CygH.g0,N: O, 64.96; H, 6.91;
N, 5,05,
Found: O, 69,113 H, 6.81
C, 69.81; H, 6.70;
N, 5+52¢

Phenvlacetvyl chloride (XIV), =~ A mixture of 31 g
(0.2 mole) of phenylscetic acid and 24 g. (0.2 mole) of
thionyl chloride was refluxed until the gases ceased to be
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evolved. Distillation of the solution yielded a slight
smount of unreacted thionyl chloride and 33 g, (94%) of the
reddish liquid, b.p. 122° (70 mn.)s Raiford and Lankelma
(95) roported bep. 110-111° (23 mm.),

2-Tetralone (LIII). -~ After the addition of 16 g.

(04104 mole) of phenylacetyl chloride dizsolved in 300 ml. of
dry carbon disulfide to a stirred suspension of 26.6 g« (0.2
mole) of anhydrous aluminum chloride in 400 ml, of dry carbon
disulfide cooled in an ice bath, dry sthylene was passed
through the stirrsd, cooled mixture for four hours., The dark
red mixture Qas poured onto ice and concentrated hydrochloric
aclid, and extracted with ether. The latter was washed with
water, d4ilute sodium hydroxide and dried over sodium sulfatee.
The sther was evaporated &n the steam bath leaving a dark
residue, which gave 1l.4 ge. (75%) of the colorless liguid on
distillation under reduced pressure, bep, 140-143° (19 mm.).
Hosettig and Burger (96) reported the boiling point as 142°
(15 mm,. ). ‘

A saturated sodium bilsulflite solution reacted with the
product yielding the white leaflets of the water-soluble
addition compound.

The vhenylhydrazone was crystallized from ethyl alco=-
hol in yellow plates, m.p. 105°, After recrystallization,
white plates were obtalned, mep. 108°, Bamberger (60) reported
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MeDs 107;5~10363

The semicarbazone was recrystallized several times
from ethyl alcohol and melts at 188°. HMosettig and Burger
(96) reported the vure product melting at 189-191°,

An intense purple-blue color was obtained on apnlylng
the "tetralone blue" test (63), which consists in treating’
and shaking a solution of the 2-tetralone in ethyl alecohol
with dilute sodium hydrozide. Upon acidification of the
alkaline solution an orange-red oll separateds This result

conforms to the lmown facts as reported by Straus (97).

2,3-Dimethoxynhenylacetic acid ~-- (4). Following

the procedure developed above, 79 g. (0.32 mole) of ethyl
x-cvano-2,3~dimethoxyphenylacetate gave 53.8 g. (87%) of the
viseous; yellow oil, b.p. 147-1520 (0.9 mm.). The o0il solid-
ified on standing and, after recrystallization from petroleum
ather-acetons or water, was obtalned in a yleld of 42 g.
(68%); white crystals which melt at 83%°. Chakravarti end
Swaminathan (98) reported 84°,

(B). After refluxing overnight a mixture of 36 g.
(042 mole) of 2,3-dimethoxyphenylacetonitrile, 100 ml, of 50%
sodium hydroxide and 250 ml. of ethyl alcohol, the ethyl
alcohol was evaporated on the steam bath and the aqueous sol-
utlon washed with ether. Uoon acidification of tho alkaline

layer the white solld vrecipltated, and was cqllected on a
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filter in a yield of 38,7 g« (97%2). The air-dried crude pro-

duet melts at 79-81°,

2,3-Dimethoxyphenvylacetyl chloride (LiV)., -~ Accord-

ing to standard methods of synthesis, 42 g. (0.2 mole) of
2yd-dimethoxynhenylacetic acid dissolved in 250 ml. of dry
benzene was refluxed with a slight excess of thionyl chloride
until gas evolution hed cessed: The excess reagents were
removed under reduced pressure with no hest applied. All
attempts to purify the aclid chloride by distillation failed
becsusgse 1t decomposes in the vresence of the slightest amount

of hest.

During the course of this resction, the benzofuran was formed
in vlace of the desired 7,8-d1metboxy~2-tetraione-

To u suspension of 2646 g. (0.2 mole) of anhydrous
sluminum chloride in 700 ml. of dry carbon disulfide cooled
to 0° was slowly added 21,9 g. (0.1 mole the theoretical
guantity from the corresponding acid) of crude 2,3-dimethoxy-
phenylacetyl chloride dissolved in 100 ml. of carbon disul-
fide. The large amount of solvent was employed in order to
eliminate any gumming and clumpinge. after completlion of the
addition, dry ethylene was passed through the stirfod and

cooled mixzture for six hours; however, the ethylens probably

had no effect upon the reaction,
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The mixture was decovposed on ice and concentrated
hydrochloric acid, the carbon disulfide layer separated and
the agueous layer extréoted wlth ether. The combined sol-
vents were washed with water and dried over sodium sulfate.
After evaporating the solvents on the stesm bath, the residue
was distilled piving 1C.3 g. (62%) of the yellow oil, bap.
120° (0,2 mme), which solidified immediately. Colorless
plates which melt at 792 were obtained upon recrystgllization
of the s0lid from Skelly B. MNosimann ani Tambor (64) pre-
pared the compound in s low yileld and reported a melting
point of 80%..

Anal. Caled, for CgHgOz: C, 85.85; H, 4.91,

Found: C, 65.88; H, 5.17.

A portion of this lactone was hydrolyzed with 10%
sodium hydroxide yielding 2-hydroxy-3-methoxvphenylacetic
acid which melts at 124° and glves a green color with 5%
ferric chloride in ethyl alcohol solution. Hosimann and
Tambor renort 124° and the green color with ferric chloride.

p-Mothoxynhenylacetic acids - Yollowing the proced-

ures given previously for the preparation of 2,3-dimethoxy-

benzyl chloride (part B), of 2,S-dimethoxyphenylacgtdnitrile
(part 4) and of 2,3-dimethoxyvhenylacetic acid (part B), 138
g. (1 mole) of enisyl alechol (Givaudan-Delawanna, Inc.) gave
141 g. (85%) of the crude acid, m.p. 83-84°. The final pro-

duct was the only intermediate isolated throughout the entire
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synthesis. Hromatka (99) revorted s melting point of B86° for

the nure nroduct.

-- 4dccording to

standard metbods utilizing thionyl chloride, 23.8 g. (0.14
mole) of p-metnoxyphenylacetic acid vielded 2£2.4 g. (85%)of
the acid chloride, bip. 92° (1 mm.) and 144-145° (20 mm. ).

Sosa (100) revorted 139° (12.5 m.); yield 90%.

8~lie thoxy~ ralone (LVIII), -~ By the directions

employed for the synthesis of 2-tetralone, 30 g. (0,16 molse)
of p~methoxyphenylacetyl chloride and 43 g. (C.32 mole) of
anhydrous aluminum chloride gave 16 g. (56%) of the oil,
b.p., 183° (30 mm.) and 111-116° (0.2 mm.). Crowley and
Robinson (61) obtained the oil, b.p. 164° (11 mm.), by a
very complicated procedure.

The product rendersd a nositive "tetralone-blue test"
(63).

The semicarbazone crystallized from ethyl alcohol,
m.p. 158-159°, Salzer (66) revorted s melting point of 159°,

The 2,4-dinitronhenylhydrazone formed red-orange crys-

tals from ethyl alcohol and melts at 136°, Crowley and Robin-

son reported 132°.

1

Diphenylacetyl chloride. =~- Following standard pro-

cedures using thionyl chloride, 40.5 g. (89%) of the crude,
tan solid, m.p. 550, was obtained from 42 g. (0.2 mole) of
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diphenylacetic acid. Staudinger (101) reported the pure come

pound melts at 58-57°,

n-Nitrophenvlacetyl chloride. =~ In the ssme manner
as described above 40 g. (0,22 mole) of p-nitrophenylacetlc

acid gave 41.5 g. {94%) of the solid product, which mélts at
48° from carbon disulfide-Skelly B. Pyman (102) obtained

crystals melting at 48° from light vetroleum ether.

o-Navbthylacetvl chloride. == By the sams general

procedure given above 26 g. (0,14 mole) of a=naphthylacetic
acid ylelded 24.5 g. (86%) of the liquid, b.p. 127-133° (0.5
e )e  I4G.F. (103) reported the higher bolling point of 148~

1552 (0,05 zm. )

Ethylbenzone and sdcenaphthenone: =- 1In the attempted

synthesis of 1,;2,3;4~tetrahydro~-3-phenanthrone by the method
exnloyed for the nreparation of 2~tetralone using benzene as
the sélvent, 20 g+ of sthylbenzene, bep: 134-135° and 52~720
(25-30 mms); nS° 1.4931, was obtained from 29:2 g: (0il4
rmole) of «bnaéﬁthylacetyl chloride, 26.6 g¢ (0.2 mole) of
anhydrous aluminum chloride and ethylene: Further distilla-
tion yielded a higher bolling fraction; bip: 95-115%, which
probably consisted“of di- and triethylbenzenes,

Upon treatment of the distillation residue with hot

ethyl alcohol,; 7 g+ of acenaphthenones were obtained; mip.
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115-117°. Recrystallization from ethyl alcohol, Skelly 4 or
Skelly B reised the melting point to 121°. 4 mixed melting
point with a known sample gave no depression. Also iaolatéd
were a few grams of a mixture of ascenaphthenone and o-naph-
thylaoetie acid, and 3 g, of a white, crystalline solid which
could not we identified,

Ethylbenzenes can be prepared from the reactants
employed here, however,; hlgher temperatures sre usually
emloyede The same applies for the formation of acenaphthe=-

none (69,70).

@~Nanh£hglacetic gcld, ~-- (4). Accordingz to the

method developed by Buu-Hol (104) a mixture of 192 g. (1.35
moles) of @-methylnaphthalene, 120 g. (0.68 mole) of N-bromo-
sucecinimide and 400 ml. of carbon tetrachloride was refluxed
for seven hours: After cooling and f}ltering the succinimide
whioh had separated, the filtrate was washed with ice~cold
dilute sodium hydroxide and water, and dried over sodium sul-
fate. The solvent was removed under reduced pressure and the
residue, @nbrémomethylnapthalene, used without further purifi-
cation.

(B), After addition of a solution of the crude bromide
in 600 ml. of ethyl alcohol to the stirred, refluxing solu-
tion of 147 g. (3 mole) of sodium cyanide in 300 ml. of water,

refluxing was continued for nine hours, and cold water was
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added to the hot mixture. Most of the ethyl alcohol was evap-
orated on the steam bath, the mixture cooled and the product
extracted with ether. The ether was washed with water, dried
with sodium sulfate and removeds Upon distillatlion under
diminished pressure the oll, which solildified, b.p. 205~-210°
(30 mm, ), was obtained, After recrystallization of the sclid
from ethyl alcohol-water, 37 g (53%) of the impure (3-naph-
thylecetonitrile was obtained, m.p., 77-78%. Newman (105)
reported the pure compound, prepared by another method melts
at 86%; yield 90%.

(C)e After refluxing the above nitrile with 50% sodium
hydroxide and ethyl alcohol for twenty-four hours, the ethyl
aleohol was evavorated in a current of air, water added and
the insoluble organic material extracted with ether. The
alkaline layer was acidified with concentrated hydrochloric
acid, which precivitated the white solid. The aclid was col=-
lected on a filter and dried to glve 25.8 g. (63%), mep. 143°.

Newman reported 142°; yield 77% by another method.

@»Ngghthzlaoetgl chloride. =~- In the same general

way as above 25.8 g. (0.14 mole) of @-naphthylacetic acid in
dry benzene was reluxed with an excess of thionyl chloride

until there was no more evolution of gases. After standing
overnight, the benzene and thionyl chloride were distilled,

and the residue vacuum distllled yielding a colorless oil,
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bepe 1209 (0.2 rmns), which solidified immedistely. The white
solid was recrystallized from Skelly B to give 25 g. (88%),
meDe 51°. Repeated recrystallization of a portion foxr
analysis raised the melting point to 62.5°. This acid chlo-
ride decomdaes upon contact with the alr, which likely
explalns the nature of the analytical results,

Angl. Caled. for CypHgOCL:  C, 70.42; H, 4.43.

Found: C, 73.39; H, 5.10.
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TYPE IV AND V COKPOULDS

According to the procedure of Burckhalter and Johnson (1),
177 g« {1 mole) of 2,3-dimethoxyphenylacetonitrile was slowly
added ‘to a stirred, refluxing suspension of 40 g. (1 mole) of
sodamide in 400 ml. of dry benzene, and refluxing was contin-
ued for one and one-half hours after the additlon was com-
plete. To the cooled and stirred mixture, 175 g. (1.23 nole)
of methyl iodide was slowly added. After the addition was
complete, reflux temperature was maintained for three and
one-~half hours, the mixture cooled and a theoretical amount
of sodium iodide collected on a filter. The benzene was
washed with water and dried over potassium carbonate. The
solvent was removed, and the residue distilled under high
vacuum bo give 155.2 g. (81%) of the colorless oil, b.p. 91~
24° (0.2 mm.). Burckhalter and Johnson obtained the nroduct

in a 75% vleld with a boiling point of 106-108° (0,4 mm.).

x=Hethyl=c-(2-dimethylamingethyl)-2,5-dimethoxyphen

scetonitrile (LiV), -~ (4), In the same way as was des=-
cribed by Burckhalter, Stephens and Hall (106), 72 ge (0.5
mole) of @-dimethylaminoethyl chloride was isolated from its
hydrochloride and extracted with benzene, The banzené was

dried over anhydrous ypotassium carbonate.
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(B). By the method of Burckhalter and Johnson (1),
59,1 g. (0,31 mole) of o~{2,3~dimethoxyphenyl)-propionitrile
dissolved in 100 ml. of dry benzene was slowly added to a
stirred, refiuXing mixture of 15.6 g. (0.4 mole) of sodamide
in 300 ml. of dry benzene, After refluxing for two hours,
the mixbture was co@led and treated with the dry bengene solu=-
tion of @-dimethylamlnoethylchloride from vart 2. The result-
ing solution was maintained at reflux temperature for six
hours,. cooled and washed with water, The benzene was dried
over potassium carbonate, and then removed under reduced
pressure. Distillation of the rssidue yielded 66 g. (82%) of
the 1ight yellow oll, bep. 127-131° (0.3 mm.); n3° 1.5160.
The oll was obtained in a yield of 55% with a boiling point
of 148° (0,8 mm,) by Burckhalter and Johnson.

In the course of one such preparation, the benzene was
extracted with dilute hydrochloric acid from which the amine
above wss liberated by making the solution alkaline. Upon
making 1t more basic, another oll separated. This oil was:
soluble in g sodium bicerbonzte solution and dilute acid, but

could not be purified. On the basis of its characteristics,

it appesars to be the corresponding amino acid,

iminohexane Di hvdrochloride (LAVI), ~~ To a cool solution

of 0.6 mole of ethylmagnesium bromide in 200 ml. of anhydrous
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ether was added a solution of 50 g, (0.2 mole) of cemethyleom
(Q«aimethyiaminoethyl)~2,3~dimethoxypheny1acetonitrile in 150
mls of dry xylene. The solution was refluxed for six hours,
during whiech time most of the ether was removed and the solu-
tion changed in color from black to dark greens The hot mix-
ture was poured into 200 ml. of concentrated hydrochloriec
acld and 400 ml, of water. The heat of reaction removed most
of the xylene and left a yellow scidle solution which was
heated on the steam bath for three hours., After the solution
was cooled, 2C0 ml, of benzene was added, and the aqueous
layer separated, neutralized with sodium hydroxide and
extracted with ether, The basic solution was reacidified and
boiled on & hot plate for two hours. After it was cooled,
the solutlon was made basic again, and extracted with ether.
The ether and benzene extracts were combined, washed with
water and dried over potassium carbonate. The solvents were
removed under reduced pressure and the residue distilled to
give 33 g. (59%) of the light yellow, viscous oil, b.ps 138-
146° (0.3 mm.). A small emount was converted to the dihydro-
chloride in the usual way; it melted at 214-215° when recrys-

tallized from acetone.#
In spite of the drastic conditions employed for

T

# The product was assumed to be the same ketone obtained by
Johnson, and was used in the next reaction without being

analyzede.
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hydroiysis, th&.imino.comwoun& renained intact,

Following the distillation ol the product above 19.4
g of & vellow, highly viscous oily bep. 147-151° (0.3 wmm.),
w28 obtnined in one case; its hydrochloride melts at 187-189°.
These results were identical with those of Johmson (51), but

in neither case was the substance identified.

;-Amingadeimaﬁhvlnmino~4:gethvl~4~(gJﬁ—dimetggzznhenx;)-

) -~ To a solution of 33 g.
(0,11 molse) of B-dimethylamino=-4-methyl-4-(2,3~-dimethoxy-
phenyl)-3-iminchexane in 200 ml. of sthyl alcohol was added
about 0.9 g of platinum oxide catalyst and reduction carried
out at 50-60° in a Parr low pressure hydrogenator. The cata=-
lyst waa removed by filltration and the ethyl alcohol under
reduced pressure, The residue was distilled to yield 32.6 ge
(98%) of the very viscous, cclorless oil, be.p. 125-140°
(0.2 mms)s A small portion wes converted into its hydrochlo-
ride in the ususl manner, and the white crystals precipitated
from acetone on standing, m.p., 219-220°. Upon recrystalliza-
tion from ﬁthyi alpohol~ether the melting point was ralsed to
223°,
dnal. Caled. for 017H5002ﬁ2.2H01:
¢, 5,68; H, 8.78; N, 7,83; €1, 19.30,
Founds C, 544603 H, 8.,93; Ci, 18.98.
C, B4,58; H, 8,005 N, 7.70.
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2,5~bimetho&xmand&&onitgile (LXIX), ~~. By the goneral
wdthod developed by Hahn and co-workers (107). After forming
the selld sodium bisuliite addit;on compound by stirring 149
ge (0.9 mole) of 2,3~dimethoxybenzaldehyiec with a suturated
solution of sodium bisulfite, it was filtered and made into a
thick paugte with water. To this cooled mixture was added 160
g+ (245 moles) of potassium cyenide dissolved in 75 ml. of
gaters After stirring the coolsd solution for forty-five
minmates, & white powder saparaied and was collectsd on a fi1~
ter, It is insoluble in all reagents, melts above B310° and
deconmposes completely in a flame with a brilliant pinkish
e The f£iltrabte was made acidic with dilute acid and
extracted with ether. The ether was washed with a dilute
golutlon of sodium bisulfita_and water. It was evaporated
loaving & white solid, which was recrystallized from ether-~
S5kelly 4 to give 152.8 g. (88%) of the pure product, m.p.
78-770, Erannichfeldt (108) reported a melting point of 76°

using a differsnt process.

To 119 g« (1 mole) of pure thionyl chloride cooled in an ice
bath, was added a solution of 170 g. (0.88 mole) of 2,3~
dimethoxymandelonitrile in dry benzene., after the addition
was compleﬁa, the ice bath was removed, and the solution
stirred at room tenmparature for two hours and {inally at

‘reflux temperature until the evolution of gases had stopped.



The excess reagents were removed under reduced pressure, and

the residue distilled at a high vacuum yielding 155 g. (85%)

of the 1ight yellow liquid, bep. 109° (0.7 mm.); na° 1.5387.

Upon standing, the liguid solidified into 1ight yellow crys-
tals, mep. 41-42°,

Anals Caleds for ClOHBOOZNCI: C, 56.75; H, 4.76.

Pound: C, 56.74; H, 4,67,

x=FPhenyl-2,3-dimethoxyphenvliacetonitrile (LXXI), =~~

Following the general vrocedure described by Schultz and co-

workers (24), a solution of 5.5 g. (0.03 mole) of a~-chloro-
2,5~dimethoxy@henylacetonitrile in a little dry benzene was
slowly added to a refluxing suspension of 6.6 g. (0.05 role)
of anhydrous aluminﬁm chloride in 300 ml. of dry benzene,
After completion of the addition, the mixture was heated at
reflux temperature for two hours during which time it turned
milky. The reaction mixture was poured onto a mixture of 200
gs of ice and 20 ml. of concentrated hydrochloric gcid, the
benzene separated and the agueous lsyer extracted twice with
ether. The beﬁzene and ether were combined; washed with

‘2 saturated solution of sodium bicarbonate and water.

water,

again; and dried over sodium sulfate. ‘The solvents were
removed leaving a solid, which gave 5 g. (76%) of the light

yellow crystals, m.p. 137°, upon recrystallization from

Skelly B-benzenee.
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Ansl.  Caled. for CygH,50oN: G, 75.87; H, 5.97.
Found: c, 76.27; K, 5,81,
A small portion of the nitrile was hydrolyzed with 50%

rotassium hydroxide to glve g=phenyl-2,3-dinethoxvohenylace~

tic acid. After repeated recrystallizations from bernzene-
Skelly B the light tan crystals melt at 152°,
Found: C, 70.60; H, 6.16,

H. B.! Calcd,:? 272430 Found: 275,

acetonitrile (LXXII), -- Hssentially by the procedure uti-
lized for the preparation of o-methyl-wo-(2-dimethylaminoethyl)-
2,3-dimethoxyphenylacetonitrile, 48 g. (0.19 role) of o=phenyl-
2,3-dimethoxyohenylacetonitrile, 8 g. (0.2 mole) of sodamide
and 43 g. (C.3 mole) of e-dimethylaminoethylchloride gave 45.2
gs (74%) of the very viscous oil, b.p. 195-196° (1.1 rm.).
Anhydrous hydrogen chloride was passed through an ether solu-
tion of a small nmortion of the oll to precipitate the white
salt, which meita at 189° after rescrystallization from sace-
tone-ether.

snsl, Caled. for CgpliggOglo .HC1:  Cl, 9.82.

Found: Cl, 2.69.

Attempted preparation of 6=-Dimethylawino-4-phenyl-4=

(2,3-dimethoxyphenyl)-3-hexanone (IV)., =-- According to the



method of Speeter and co-workers (1C%)., After the addition
of a mizture of 42.6 g. (C.13 mole) of e=(2-dimethylamino-
ethyl)=-o-phenyl-2,3-dimethoxyphenylacetonitrile in 100 ml. of
‘annhydrous ether to a solution of (.3 mele of sthylmagoesium
bromiide in 100 wl. of achydrous ether, the red-yellow mixture
was heated at reflux teuperature for six hours. The bolling
mixture was poured as swiftly as possible into a solution of
200 mle. of water and 100 ml., of concentrated hydrochloric
acid, the heat of reaction removing most of the ether. The
solution was cooled and 100 ml, of benzene added. The
aqueous layer was separated, made alkaline wi?h sodium hydrox-
ide and extracted wiﬁh ether, The ether was dried over
potassium carbonate and evsporated on the steam bath, leaving
a‘dark residue, which was distilled to give 25 g. {54%) of a
1ight yellow, viscous liquid, bep. 176-183° (0.4-0.5 mm.).
Prepared in the usual way, the hydrochloride would not
ecrystallize. The plerate was obtained in & very small amount
and, recrystallized from chloroform, it melted at 181°., No
annlysis was performed, because the above oil could very

possibly be starting material or a mixture of it with the

producte.
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TYPE VI COMPOUNDS

Benzalacetons. -- The procedure of Drake and Allen

(110) was applied, 4 mixture of 636 g. (6 moles) of bonzal-
dehyde, 500 ml., of water and 1200 ml. of acetone was cooled
to 10°, With stirring, 125 ml. of 10% sodlum hydroxide solu~
tion was added at such a rste that the temperature did not
exoeed.&Oo. The solution was stirred at room temperature for
three and one~fourth hovrs, then made acidic to litmus with
dilute hydrochloric acld. The oily layer was separated and
the water layer extracted with 200 ml, of bengens. After
combining the oil and the benzene extract, the solution was
washed with water and the benzene removed under diminished
pressure. The residue was distilled yielding 778.7 g. (89%)
of the light yellow oil, b.p. 145-150° (20 mm.). Drake and
Allen obtained the product in 78% yield, b.p. 123-128° (8 rm.).

g,A*Dinhent;-z-butanone. -= Following the general

method of Shildneck (111), a solution of 146 g. (1 mole) of
benzalacetoneAin 500 ml. of dry benzense was added to a stirred
suspension of 266 g. (2 moles) of anhydrous aluminum chloride
in two liters of dry benzene cooled to 1@9. The temparature
was maintained at 20-25° during the addition, and the wixture
turned a dark brown, After stirring the mixture for three

hours at room temperature, the benzene was decanted from the
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inorgaric salt into one liter of cold water containing 150 ml.
of concentrated hydrochloric acid., The aluminum chloride was
collseted on a filter and washed with Jdry benzese. The fil-
trate was combined with the original benzene, mixod thor-
oughly with the acid solution, and finzlly washod btwice with
one liter portions of water. The solvent was removed, and

the residue vecuunm distilled giving 185.2 g. (83%) of the
light yellow o0il, b.p. 127-128° (0.1 rm.), which solidified

upon standing, m.p. 46° (112,75).

1,1,5,56-Tetravhenyl-3=-ventanone (LXXXII). -~ By the

sbove procedure, 96 g. (0.41 mole) of dibenzalacetone (pre-
pared by Mr. W. L. Nobles), 120 g. (0.9 mole) of anhydrous
aluminum chloride and 900 ml. of dry benzene ylelded 62 g.
(39%) of the white solid, :m.p. 1210. Repeated recrjétaliza—
tion from ethyl alcohol raised the melting noint to 124°.
Kohler and Heritage (113) reported, 130°, when the product

was 1solated as a side product.

N-(1,3,3-tripbenyl-1-oropyl)-formamide., =~ According

to the procedure given by Burckhalter and Johnson {75)e To
57 ge (0.5 mole) of anmonium carbonate was slowly added 45 g.
(0.87 mole) of 90% formic acid. The temperature was slowly
raised to 165°}a110wing the water and carbon dioxiée to es~
cape. To the hop solution was added 50 g. (0.17 mole) of

@s@-diphenylpropionhenone (supplied by Nr. W. L. Nobles), and
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the temparafure raised to 1950 where 1t was malntained for
seven hours. The hot mixturs was voured into 200 ml. of

ethyl alcohol from which 50 g. (91%) of the whits solid crys-
tallizeds It melts at 1750, DBurckhalter and Johnson reported

& visld of 73X, m.p. 1759,

1,3,3-Triphenyl-l-propylamine (LXAXV), =~ Following

Burckhalter and Johnson (75), a mixture of 50 g. (0.16 mole)
of N-{1,3,3~-triphenyl-l-propyl)-formamide and 300 ml, of 30%
sulfuric acid was refluxed for two hours. When hydrolysis
was'attemptéd with 10% hydrochloric acid, 30% sodium hydroxide

and 15% sulfuric acld, either starting material or 1,3,3~

triphenyl-l-provene (LXAXIV) was obtained. 4lthough two

layers still remained, the solution was cooled and extracted
with ether, which yielded a few grams of the propene, m.,p.
28-100°,

The ascid layer was neutralized with & sodium hydroxide
solution and the liberated amine extracted with ether. The
ether was dried over anhydrous notassium carbonate and
renoved by evaéoration. Upon distillation the residue gave
35 g. (77%) of the colorless, viscous oil, b.p. 138-140°
(0.3 mm,)s Tne hydrociloride was orepared in the usual man-
ner vielding 13 g. (26%) of the white so0lld, which was
récrystallized from scetone, mep. 175-176°, This melting
point was depressed upon a mixed melting point determination

with a sample of the starting material. Burckhalter and
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Johuson reported a 58% yicld. of the asine b.o. 184-186° (4
mmne); a 40% yield, of the amine salt .m.p., 168-169%; and =

melbting point of 98-99° for the nropenc.

NeMethyl-l-methyl-3,3~diphenylpronylamine Hydrochlo-
ride (LXXIII)., =~ By the general method described by Moore

(76)s To 41 g+ (0.8 mole) of 90% formic acid cooled in an
ice bath was slowly added 100 g. (0.8 mole) of 25% methyl-
aminss After the addition was complete, the ice bath was
removed and the temperature slowly raised to 180° with the
evolution of water. The temperature was allowed to fall to
120°, and a sixture of 45 ge (0.2 mole) of 4,4-diphenyl-2-
butanone and 20 g. of 90% formic acid added. after maintain-
ing a temperature of 176° overnight, it was fiﬁally raised to
1959, and the hot mixture poured into twice its volume of
water, The oil, which separated, waé refluxed for twenty
hours with 30% sulfuric acid and poured into 200 ml. of water.
Upon extraction with bengene and /or ether a white solid formed
between the two layers. The sollid was filtered and dissolved
in hot water, which was made alkaline with a sodium hydroxide
solution while hots The liberated amine was extracted with
ether after the solution had been cooled. No steam distllla-
tion was employed to remove excess reagents, although many
others have used it.

Aftar combining the two solvent extracts, they were

dried over potassium oarbonéte. Anhydrous hydrogen chloride
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was passed through the solvent solution of the amine, precip~
itating the white salt. Recrystallization of the hydrochlo-

ride from ethyl alcohol gave 48 g. (87%), m.p. 1759,

Anal. Galo@. for 017H N,HC1: €1, 12.86.

21
Found: €1, 12.84,

N-Ethyl-le-methyl-3,3=-diphenylipropylamine Hydrochlo-

ride (LXXIV), -~ Following the gbove procedure, 45 g. (0,2

mole) of 4,4~diphenyl-2-tutanone, 41 g. (0.8 mole) of 90%
formic acid and 109 g. (0.8 mple) of 33% ethyl amine yielded
34,1 go (59%) of the white salt., after recrystallization
from acetone-ether, it melts at 147-148°. Burckhalter and
Johnson (75) obtained the product in a 7% yield and a melt-

ing point of 1479,

N,N-Dimethyl-l-méthvl-3,3-divhenylpropylamine Hydro-

chloride {IXXV), -~ According to the general method of

Bunnett and Marks (77)., The temperature of a mixture of 45
ge (0.2 mole) of 4,4-diphenyl-2-butanone, 58.5 g. (0.8 mole)
of dimethylformamide, 0.2 mols of 90% formic acid and 0.03
mole. of magnesiumschloride hexahydrate was slowly raised to
180° while the distillate temperature rose to 134°. After
maintaining this temperature for three hours, the solution
was diluted with twice its volume of water and acidified with
concentrated hydrochloric acid. The unreacted ketone was

extracted with benzene, yielding 15.4 g. unon removal of the
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solvents The agueous layer was made strongly alkaline with
sodlum hydroxide and the oil extracted with ether., The ether
was dried over potassium carbonate and the hydrochloride pre-
pared in the usual way. After recrystallization from ethyl
alcohol-ether, the selt was obtained in a yield of 29 g.
(50%) ycmepa 155-1569,

Anal. Calecd. for 018H23N.H01: Cl, 12.23,

Found: Cl, 12,20,

Other workers (30,31) prepared this compound by dif-

ferent methods in yields ranging from 5 to 90 per cent and

with melting noints of 115° to 158°.

N,N-Diethyl-l-methyl-3,3~diphenyloronylamine Hydro-

chloride (LXXVI), =~ To 15.4 g. (0.3 mole) of 90% formic

acid cooled in an ice bath was slowly added 22 g. (0.3 mole)
of diethylamine. After removal of the ice bath, the tempera-
ture was slowly raised to 180° and then allowed to fall to
130°, To the hot solution was added 16 g. (0,07 mole) of

4 ,4-diphenyl-2-butanonse, and the temperature raised to 190°

where it was maintained for twenty hours. After the solution

had cooled, it was acidified with hydrochloric acid and

extracted with benzene, from which was obtained 6.7 g. of pure

starting material. The acid layer was made basic with sodlum
hydroxide and the amilne extracted with ether. The ether was
dried over potassium carbonate, and the hydrochloride precip=-

itated with anhydrous hydrogen chloride. After recrystalliza=-
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tion from acetone-ether, 4 g. (18%) of the white salt were
obtained, mip. 108°,
Anale. Caled, for 020H27N¢H01: Cl, 11.15.
Found: Cl, 11.09.

2« (N-Piperidyl)-4,4-diphenylbutane Hydrochloride

(LXXVIII), -~ According to the procedure of Bunnett and
Marks described above, A mixture of 45. é. (0.2 mole) of
4y4~diphenyl-2~butanone, 0.8 mole of N-piperidylfofﬁamide
(prepared from esquivalent amounts of 90% formic acid and
piperidine), 0.2 mole of 90% formic aclid and 0.03 mole of
magnesium chloride hexahydrate was heated at 175-200° over-
night, After isolation of the amine in ether and formation
of the hydrochloride in the usual manner, 40 g. (61.5%) of
the white crystals were obtained. Recrystallization from
ether and/or ethyl aleohol gave a melting point of 216-217°,

Anal, Caled. for CgyHopN.,HC1:  C1, 10.75.

Found: Cl, 10.83.
Bochmuhl and Ehrhardt (31) reported 213-214° by a dif-

ferent method.

2- (N-Pyrrolidyl)-4,4-divhenvibutane (LXXVII), ~- By

the above wethod, 67 g. (0.3 mole) of 4,4-diphenyl-2-butanone,
1.2 mole of N-pyrrolidylformamide (formed from equimolecular
quantities of pyrrolidine and 90% formic acid), 0,05 nole of

magnesium chloride hexahydrate and 0.3 mole of formic acld
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reacted to give a dark solution. 4after the isolation proced-
ure, the ether was removed and the residue distilled under
diminished pressure giving 63.3 g. (76%) of the colorless oil,
b.ps 126-128° (0.1 mm.)s The hydrochloride was prepared in
the usual manner, and was obtained in a yield of 37 g. (39%)
upon recrystallization from acetone-ether. It melts at 164°.

Anal, Caleds for CgpHogN.HC1.HpO:  Cl, 10.62.

Found: Cl, 10.78.

Attempted prevarstion of 3-Dimetnylamino-1,1,5,5-

LXAXIII). Following the above procedure,

none of the desired product could be obtained from a mixture
of 26 ge (04067 mole) of 1,1,5,5-betraphenyl-3-pentanone,
21 ge (0.3 mole) of dimethylformamide, 0.07 mole of 90%
formic acid and 0.0l mole of magnesium chloride hexahydrate.

Almost a guantitative recovery of starting material was made.

Attemnted preparation of 3-Methvlamino-1,1,5,5-tetra-

phenylpentane (LAXXIII). ~-- According to the same general
méthod smployed above for the preparation of the secondary
amines, 27 g (0,07 mole) of 1,1,5,5-tetraphenyl-3-pentanone,
‘and 043 mole of N-methylformamide were heated at a tempera-
ture of 200-220°, After the usual hydrolysis, isolatlion of

the amine in ether and vrecipitation of the hydrochloride, a

very small amount of the salt was obtained; therefore, it

could not be positively ldentified. ‘It was soluble in
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organic solvents ani recrystallized from water-concentrated

hydirochlorie acid.

Attempted preparation of N,N~-Disthyl-1,3,3~-triphenyl-

propylamine (LXXXI). -~ Following the general procedure

above, none of the amine was isolated from a mixture of Z9 g.
(0.1 mole) of @»@~diphenylpropiophenone, 0.5 mole of
W,N-diethylformamide, 0.1 mole of formic acid and 0.0l mole
of magnesium chloride hexahydrate. The only result was a

guantitative rescovery of starting material,



103

COIMI'OUND VII

Dichlorodiphenvlmethane (LXXXVI), =- By the proced-
ure of Gomberg and Jickling (114). To a suspension of 2CC g.

(1.5 moles) of anhydrous aluminum chloride in 400 ml. of car~
bon tetrachloride cooled in an ice bath was slowly added a
mixture of 234 g. (3 moles) of dry benzene und 4C0 ml. of
carbon tetrachloride, af such & rate that the temperature did
not rise above 30°, After the addition was complete, the
dark red mixture was stirred and cooled for one-half hour,
The ice bath was removed and stirring at room temperature
continued for nine hours. The mixture was poured onto ice,
and the carbon tetrachloride thoroughly mixed with the acid
solution. The solvent layer was separated, dried over cal-
cium chloride and removed by evaporation. Upon distillation
of the residue under reduced pressure 322.7 g. (91%) of the
water-clear liquid was obtained, bev. 102-105° (0,1 rm.).

Klages and Fanto (79) reported, 172° (16 mm.).

Ethyl q;dinhenvlmethvleneacetoacetate (LXXXVII)y e

(A)s To 600 g. of basic copper acetate in three liters of
water was added & 26% ammonia solution until a clear, dark
blue solution was obtained. The solution was cooled to 10°
and a mixture of 390 g. (3 moles) of acetoacetic ester in one
liter of ethyl alecohol added. As the cooled mixiure was

stirred for two hours, the green solid precipitated. The
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crystals were collected onn a filter, ani dried in a desiccator
over calcium chloride to give 424 g. (44%4)of the crude copper
salt of acetoacetlic ester. 4 small portion wus recrystallized
from benzene yielding green crystals, m.p. 193-~194%, Ilages
and Panto (79) rveported 192-192° by another method.

(B). Following the method of Klages and Fanto, 196 ge
(0.85 mole) of dichlorodiphenylmethane was slowly added to a
stirred mixture of 272 g. {0.83 mole) of the copper salt of
acetoucetlc ester in two liters of dry benzene., After com-
plstion of the addition; the dark mixture was stirred for two
hours at room .temperature and then refluxed for five hours on
the steam bath. The mixture was allowed to cool to room tom-
perature, A theoreticgl quantity of copper chloride was col-
lected on a funnel and washed with benzene. The filtrate was
washed with water, a dilute sodilum hydroxlde solution and
water again. After drying over sodlum sulfate, the benzene
was removed under reduced pressure leaving a dark oil. The
011 was distilled to yileld 70 g. of the chloride and 128 ge
(53%) of the célorless liquid, b.p. 163-165° (0.8 mm.), which
s0lidified and melted at 74-75°., Klages and Fanto reported a
melting point of 76° and a bolling point of £00-240° (20 mm.).

4,4-Diphenyl-3-buten-2~one (LXXXVIII). -- (A)e A mixture

of 128 g. (0,44 mole) of ethyl «-dipherylmethyleneacetozcetate

and 500 ml. of a 10% solution of potassium hydroxide was
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stirred and heated at 85-75° until the two layers disappsared.
Stirring was continued while the mixture cooled to room tom-
perature, After extracting with ether, the alkaline layer
was acidifled with dilute hydrcchloric acld onrecipitating the

o-diphenylmethyleneacetoacstic acids. Uvon recrystallization

of a few grams from othyl alcohol-wuter, it melts at 158-159°,
and at 162-163° from Skelly B. Klages and Fanto reported
14309,

(B)., The crude acid was distilled under reduced pres-~
sure wlth evolution of carbon dioxide to give 83.6 g. (87%
of the light yellow oll, b.p. £17-225° (20 mm.) and 126-132°
(0s4 tme)s n§5 1.6169.

The oxime, when recrystallized from Skelly O, melts at
83-84°; when from Skelly B, 1t melts at 92°, Klages and Fanto
crystallized the oxime from ligroin, m.p. 88°%, and reported a

boiling point of 190° for the ketone.

1;1-Diphenyl-3-methyl-1,3-hexadiene (LAXKIX). To a
solution of 0.l mole of nrpropylmagnesium bromide in 200 mi.
of anhydrous e%her was added 22 g. (0.1 mole) 4 ,4~diphenyl=3-
buten-2-one dissolved in 150 ml. of dry benzene. The reaction
was exothermic and produced a light yellow solution. After
being stirred at room tempersture for two hours, the solution
was refluxed for one hour. Although the reflux time was

fnereased and cuprous chloride added in order to catalyze l,4-
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addition, only 1,2-addition followed by dehydration occurred
in every case. The solution was cooled and poured into dilute
hydrochloric acid. The bengzene lsyer was removed, washed
with water and dried over sodium sulfate. The solvent was
removed under diminished pressure leaving a yellow residue,
which was d1stilled to yield 18.6 g. (71%) of the colorless
oil, b,p. 85-95° (0,1 mm.)s A widdle fraction boiling at
85~86° was obtained for analysis; ngs 1.6022.
Anal. Caled. for C g Hpn; €, 91.88; H, 8.12.
Found: C, 91.5643 H, 7,05,
C, 91.36;5 H, 7.52,

S~Dim&thvlgmino-;,l—d;nhenvl-1-nonten~5-one Hydrochlo=-
ride (XC)s+ =-- By the general procedure desoribed by Blicke
(60), a wmixture of 37 g. (0,17 mole) of 4,4-diphenyl-3~penten-

2-one, 14.5 ge (0.18 mole) of dimethylamine hydrochloride, 12
ge (0,4 mole) of paraformaldehyde and a f'ew drops of concen-
trated hydrochloric acid was refluxed for five hours. The
hot solufion was poured into 200 ml. of acetone, and the
hydrochloride %reoipitated on cooling. The salt was separated
by filtration and dried in & vacuum deslccator, yielding 27.7
g. (53%) of the light yellow crystals, me.p. 169°. Purifica-
tion by recrystallization from absolute ethyl aleohol gave 23
ge (52.5%),\m.p. 173.5-174%

Anal. Calcd. for GqgHg ON.HC1: C1, 11.23.

Found: Cl, 11.24.
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phenone (XC01), -~ To a suspension of 600 g.
445 moles) of anhydrous aluminum chloride in 2300 ml. of dry
benzene was slowly added 318 g. (3 woles) of bubtyryl chloride,
and the mixture refluxed for two and one-=half hours., fhe S0~
lution was cooled and voured onto ice and concentrated
hydrochloric acide. 4after the benzene layer was separated,
washed with water, a 10%.solution of sodium hydroxide and
water again, 1t was dried over sodium sulfate. The benzene
was removed under reduced pressure and the residue distilled
to give 383 g. (86%) of the colorless oil, b.p. 230°. By a
Aifferent vrocedures (115) the ketone was obtained in an 82%

yisld, b.p. 123° (20 mm.).

Bthyl 3-phenyl-2-hexenocate (ACII). -- By the general

method outlined by Shriner (118). To 195 g. (5 mole) of 30-
mesh zinc dust (purified by washing with 2% hydrochloric
acid, @ater, ethyl alcohol and acetone, and followed by dry-
ing at 110°) was added about 50 ml. of a mixture of 148 g.
(1 mole) of butyrovhenone, 362 g. (2 mole) of ethyl bromo-
acdate and 300-m1. of dry benzene. A crystal of lodine was
added and the mixture heated until a vigarous reaction
ensued. When this reaction had subsided, the remalning por-
tion of the benzene solubtion was added at such a rate that
the benzene refluxsd continuously. After the addition was
complete, the mixture was hested at reflux temperature for

three hours. It was cooled in an ice bath and dscomposed with
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1ce-cold 20% sulfuric acid, The benzens layer was removed,
washed with water and dried over sodium sulfate.

The solvent was distilled, and the residue, heated on
the steam bath, was treated with enhydrous hydrcgen chloride
for three hours to effect dehydration, The excess hydrogen
chloride and water were removed under reduced pressure lecav-
ing a dark oil, It was distilled giving 190 g. (87%) of the
light yellow oil, b.p. 167-168° (25 mm.); ni* 1.5264. Using
a similar procedurs with magnesium Johnson and Kon (81)
obtained the ester in a 55% yicld, b.ps 156-160° (19 rm.);

nZl 1.5264.

Ethyl 3,3-divhenylcaproste (XCIII), -- To 133 g.

(1 mole) of anhydrous aluminum chloride suspended in 800 ml,

of dry benzene, which was cooled in an ice bath, was slowly
added a solution of 190 g. (0.87 mole) of ethyl 3-phenyl-2-
hexenocate in 3200 ml. of dry benzene. After the addition was
complete, the brown mixture was stirred at room temperature
for three hours and then at reflux temperature for one hour,.
The aolution wéa cooled and poured onto ice and concentrated
hydrochloric acid. The benzene was separated, washed with
water .and dried over sodium sulfate. The benzene was removed
and the residue vacuum distllled to yleld 91 g. of starting
material and 104.4 g. {41%) of the light yellow oil. A mid-
dle fraction for analysis boilsd at 125-127° (0.1 mm.); n§°

1.5390,



1C9

ingl, Caled, for CQOH2402: G, 81.04; H, £.186.
Founf: C, 80.95; H, 8.25.

%,3-Diphenylecaproic acid (XCIV). =-- 4 mixture of

9847 gs (0433 mole) of ethyl 3,3-dinhenylcaproate and 400 ml.
of a 15% potassium hydroxide solution was refluxad for two
hours, or until it became & homogeneous solution. This
solution wus poured into 500 ml. of water and acidified with
dilute hydrochloric acld, precipitating the acid in a semi-
80lld state., The product was extracted with ether, which
was washed with water and evaporated. The residual oil was
distilled under high vacuum to give 20.3 g. of starting
materisl and 64.2 g, (72%) of a very viscous, light yellow
011, b.ps 155-160° (0.2 mn.). The acid would not crystallize,
therefore, a middle fraction was obtained by distillation for
gnalysis, b.p. 1571590 (0.1 mm. ); ng° 1.5576.

Anal. Caled. for GygHpg0,t  C, 80.56; H, 7,51.

Found ¢, 80,70; H, 7.74.

4,4-Divhenyl-2~heptanone (XCV), -- A solution of 45

ze (0417 mole) of 3,3~-diphenylcaproic acid in dry benzene and
an excess of thionyl chloride was refluxed until the evolu-
tiongéf guses had ceased. After standing overnight, the
excess reagents wers removed by distillation 1eaving\the dark,

crude acid cihloride.

Following the work of Nobles (83), a mixture of 4.1 g.
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(0.17 mole) of magnesium ribbon, G.5 ml. of dry carbon tebra-
chloride and 4 mls of anhydrous ethyl alcohol was placed in a
S0C ml. flask fitted with a thermomster, mechanlcul stirrer
and dropping funnel. A4s soon as the reaction had started
25 mle of dry chlorobenzene was added rapidly, and the rsauc-
tion allowed to prgceed to completions

A solution of 27.2 g. (0,17 mole) of disthylmalonate,
20 ml. of chlorobenzene and 15 ml, of anhydrous ethyl alcohol
was’addcd to the stirred and cooled mixture at such a rate
that the temperature did not exceed 35°. When the reaction
had procesded ‘to the extent that removal of the cooling bath
3id not result in a rise of ﬁemperature, the mixture was
heated to 55° and kept there until all the magnesium had
reacted (about one hour).

The clear, light green solution was cooled to 209, and
& solution of the above acid chloride in 20 mle. of chlorobenz-
ene was added with stirring and cooling so that the tempera-
ture aid not exceed 30°, After the addition was completé,
the cooling bath was removed, and the solution stirred at
room temperature for one hour and finally heated to 55° for
one-half hours The flask was cooled in an ice bath, and a
gsolution of 11 ml. of conecentrated sulfuric acid in 80 ml. of

The mixture was transferred to a separa=
The acid

water slowly added.

tory funnel, and the chlorobenzene layer separated.

layer was extracted with benzene, which was combined with the
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chlorobsnzene and concentrated by dlstillation under dinin-
ished pressure.

The residue was refluxed with a solution of S ml, of
concentrated sulfur;c acid, 80 ml, of glacial acetic acid and
40 ml. of water until decarboxylation was complete (about
eleven hours). The mixture was voured onto ice, made alka-
line with a 20% sodium hydroxide sclution and extracted with
ether, The ether was dried over sodium sulfate and evaporafed
on the steam bath. The dark residue was distilled ylelding
39.2 g. (88%) of the light yellow oil, b.p. 132-135° (0.2 mm.).
A middle fraction for analysis boiled at 133° (C.1 rm.);

‘ngs 1.5816.
Anal. Galed, for CygHgo0:8 C, 85.665 H, 8.33,
Found: G, 85.44; H, 8.63.

The methyl ketone gave positive reactions with a 2,4~
dinitrophenylhydrazone solution, a saturated sodlum bisulflte
solution and the iodoform reactlon.

The 214-din1tronhenxlhzdréagne was recrystallized from
absolute ethyl.alcohol-chlorefors in bright orange plates, me.-
Pe 203°,

Anals  Caled. for G, H, 0N, 8 C, 67.25; H, 5.87.

Found: €, 67.7C; H, 5.73.

2-Dimethvylamino-4,4~diphenvlheptane (VII). -~ (A4).

In applying the procsdure of Bunnett and Marks (77), a mixture
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of 25 g« (0.094 mole) of 4,4-divhenyl-2-heptanone, 30 ga (0,4
mole) of dimethylformamide, 6 g. (0.1 mole) of 90% formic
acid and 3 g. (0,015 mols) of maguesium chloriie hexahydrate
was heated at 170-1752 for ten hours while the water and car-
bon dioxide osscaped. The solution wes acidifiod with concen=
trated hydrochloric acid and extracted with ether. Upon
removal of the ether, 19 ge of starting material was recov-
ered, The gcid layer was made alkallne with sodium hydroxide
to liberate the free amine. The o0il was extructed with ether,.
which was washed with water and dried over votassium carbon-
ate. After treatment of the ether solution with anhydrous
hydrogen chloride, the hydrochloride separated as an oil.
This o0il solidified upon triturating with Skelly A, but the
resulting solid could not be recrystallized to give a stable
form of the salt. Therefore, the amine was isolated as
given above, and distilled glving a few grams of & colorless
0il, b.p. 126~120° (0.25 mm.).

(B). According to the general method of Bochruhl and
Ehrhardt (31), to a mixture of 19 g. (0.075 molo) of 4,4~
diphenyl-2-heptanone, 55 g. (0.3 mole) of a 25% aqueous solu~
tion of dimethylamine and 200 ml. of ethyl alcohol was added
2 gs of Raney nickel catalyst. The mixture was treated with
hydrogen under 60-90 atmosphores for twenty-four hours at

1259, The catalyst was filtered and the ethyl alcohol
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removed unier reduced pressure. The residual wqueous mizture
was extracted with ether, whlch was washed witn water and
dried over potassium carbonate. The ether was rewoved, and
the residue was digtllled under high vacuun to give 16 g.
(76£) of a water-clear oll, b.p. 126-129° (0.25 mm.). 4
middle fraction wus distilled for analysis, bep. 134° (0.4
. ) Do 1.5475,
BAnal, Calcd. for Cglﬂng: C, 85.36; H, 9.89.
Found: C, 85.14; L, 9.51.
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SUMHMARY

1., Five diffarént nethods were employsd in the attempted
preparation of III (page 2), a valuable intermediate for
propoged syntheses of worphine-like compounds. One of
these methods led to a new preparative moethod for
2~tetralones. The method also offers a means of pro=-
viding interesting intermedistes for steroildal inter-
mediatess Further; a novel synthesis of substituted
benzofurans was dilscovered during the course of these

particular studies,

2. The nreparation of type IV and V compounds failed owing
to the difficulty of hydrolyzing the corresponding
ketimines. A new method by which the intermediate

diarvlacetonitriles can be obtalned was developed.

3. A& gseries of six 3,3-diphenyl~l-methylpropylamines was
prepared from the corresponding ketone by utilizetion of
the Leuckart reaction or the Bunnett and Marks modifica-
tion. These compounds are currently being tested for

analgetic and spasmolytic activity.

4., The saturated anslogue of Amidone, VII, was prepared in
good yield from readily available starting materials

through Iintermediates containing the sasturated side chain.
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A new substance, S-dimethylamine-l,l-diphenyl-l-penten-3-

one (XC), was prepared from 4,4-diphenyl-3-buten-2-one by

use of the Mannich reaction.

Compounds of pharmacological interest, selected from the
described experimental results, are currently being

tested by pharmecologlsts.
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