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INTRODUCTION

Conformational analysis and the stereoisomerism of
cyclohexane derivatives are the subjedts of two excellent

review articles by Bafton and Cookson(32) and by Orloff(33).
The conclusion by Sachse(3u) and by Mohr(35) that cyclo—
hexane can exist in only two conformations free from angle
stralin has long been accepted by chemists. That the chair
conformstion (A) 13 more stable than the boat (B) is attested
to by much physical evidence, 1lncluding 1nfrared(36) and
Raman(37) spectrcscopy and electiron diffraction(BB), and by
(39,40)

thermodynamic considerations Derivatives of cyclo—~
hexane always tend to take ur the chair conformation whenever

this is stereochemically possible.

A B

The aubstitution of a hetero—atom such as nitrogen
for one of the carbon atoms of a cyclohexane ring csuses
only slight distortion of the ring. The presence of a tri-—
gonal nitrogen atom should reduce the difference in thermo—
dynamic stability between the chair and boat forma of the
piperidines as compared to cyclohexanes due to‘the lack of &

"flagstaff" substituent on the nitrogen. The unshared pair
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of electrons of the nitrogen atom, by interaction with appro-
priately located substituents, may affect the relative thermo—
dynamic stability of various possible conformational isomers.
The position of greatest interaction appears to be the [y

position. H

u CHa

The fectors controlling the stereochemistry of addition
reactions with the carbonyl group of alicyeclic ketones have
been explained in terms of fhermodynamic and kinetic contri-

(42)
butions in the reaction. Jackman et al considered that

sterlc hindrance about the carbonyl group was the chief factor
determining the relative amountsof isomers obtained in the
reduction of alkyleyclohexanones, Barton(ul) emphasized the
thermodynamic factor in pointing out that the equatorial
isomer was predominant 1in the product of reductions of ali-
cyclic unhindered ketones.

The rate—controlling step in the nucleophilic additioﬁ
to a carbonyl is considered to be an attack of the R on the
carbon of the carbonyl group. In cyclohexanones, there can
be s substantial steric effect in the approach of the nucleo=
philic reagent to the carbonyl carbon atom. If the reagent
approaches as depicted in C, there 1s considerable steric
interference by the axiel hydrogens, whereas in D there is no

such interference. Such factors as these play importsnt roles



in determining the stereochemical course of a reaction.
H
— H

0
B SN0 H

Zimmerman investigated the astereochemistry of the
ketonization reaction to determine the possibility of similer
effects‘in the conversion of the trigonal enol carbon to the
tetrahedral carbon alpha to the carbonyl. He found that the
ma jor product from the reaction of phenylmagnesium bromide
with l=benzoylcyclohexene was a ketone, m.p. 117°, whose
identity with l=phenyl=2=benzoylcyclohexane was established
by Infrared comparison and mixture melting point determination.
A minor product wayg a stereoisomer which melted at 1214.o and
depressed the melting point of the major product(l).

Subsequently, it was shown that the ketone, m.p. 1170,
was cils~l-phenyl=2-benzoylcyclohexane and the ketone, m. p.
12,4,°, was the trans isomer. This was demonstrated by the
quantitative conversion of the former to the latter compound
by treatment with sodium ethoxide in ethenol, and the rapid
bromination of the cis ketone gave l=phenyleZebIromo=Z=ben=
zoylcyclohexane. Under similar éonditions, the trans ketone
was recovered unchanged. Repeated experiments indicated that

whersas the cis isomer was brominated readily under very mild
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conditions, the other was extremely resistant to bromination.
Since 1t is very likely that the ease of bromination depends

on the Trates of enolization of the two isomers. the contraste
ing behavior can be attributed to a much greater rate of enoli-
zation of the ¢cls lsomer than that of the trans.

The fact that in the Grignard reaction the less stable
1somer,'gzgrl-pheny1—2—benzoylcyolohexane, is the major pro-
duct signifies that of the two possible ketonlization processes
occurring on acidifying the magnesium enolats, the process
1eadiﬁg to the less sfable ketone has the greater‘rate. This
difference in the rate of ketonlzation has been attributed by
Zimmerman to a steric effect which comes into play during the
acidification process.

Zimmerman has explained that there are two possible
approaches to the enol carbon atom which undergoes attack by
a proton donor. One approach (that which is from the under—
side of the six~membered ring) is much more hindered than the
other (that which 15 from the topside of the six-membered
ring). Assuming that the phenyl substituent (because of its
bulkiness) is equatorial, the proton donor, in the former
approach, would be interfered with by the bets—sxial hydrogens.
Thus, the preferred approach of the proton donor would be
that which leads to the kinetic product rather than that which

leads to the thermodynamic product.
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Zsugg ' reported similar results in the analcgous
piperidine series. When methyl l-methyl=l,2,5,6=tetrahydro-—
nicotinate (areccline) was treated with excess phenylmage
nesium bromide, s ketone, m.p. 115=116°, was i1solated in 36%
Yield. Elemental and infrared analysis indicated that it was
1-methy1—h—phenyl-3—bonioylpiperidine which must have resulted
from both simple and conjugate addition of the Grignard reagent
to the c(,% ~unsaturated ester linkage.

In an attempt to cyclodehydrate this ketone to the
corresponding 1ndenopyridiﬁe, treatment with refluxing L8%
hydrobromic acid gave an 1someric ketone, m.p. 62—630, in 72%
yield.. All other attempts to cyclodehydrate the higher—
melting isomer with acidic reagents were unsuccessful and led
only to the thermodynamically more stable isomer, m.p. 62=63° .
The thermodynamlcally less stable ketone decolorized bromine
in hot glaclal acetic acid whereas the more stable isomer did
not. Thus, the higher-melting isomer was assigned tho cis=-
configuration and the lower-melting 1somer the trans-configue
ration. Another significant difference appears in the infra-
red absorption spectra of the two ketones. Carbonyl sbsorption
of the cis isomer appears at 1701 cm.™* (5.88 p), whereas the
trans isomer absorbs at 1689 cm.™* (5.92 p).

When leme thyle3=benzoylel=~hydroxy-l~phenylpiperidine
is subjected to the action of 48% hydrobromic acid at the
reflux temperature, Zemethyl=9=phenyl=2,3=~dihydro=~lH~indeno-
@,l,c pyridine was obtained in excellent yield(B’lu).
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Plati and Wenner devised snother method for the

' synthesis of indenopyridines. By this method they hoped that
they would bs able to prepare a larger number of derivatives.
From the rsaction of phenylmagnesium bromide with arecoline
at =10° the two racemates of mathyl Ze—methyl=l~phsnylnipeco-
tate were separated and isoliated. This product resulted

from the conjugate addition of one mole of the Grignard re~
agent to the O(,B ~unsaturated ester linkage. Hydrolysis
of the esters gave the corresponding acids. Both of the
stereoisomeric acids were converted by means of thionyl
chloride into their respective acid chlorides which were then
cyclized by means of aluminum chloride in tetrachloroethans.
The same keto—indenopyridine was obtalned from either race—
mate (h).

It was of Interest to this Laboratory to determine
the effect, 1f any, of the location of the heterocyclic
nitrogen on the ketonization process of the enol formed during
the Grignard reaction, and to compare the results with those

(2) (i)

reported by Zaugg and Platl and Wenner in the isomsaric
3~substituted series. When the present investigation was

undertaken, it was fairly certain that only one product could
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be isolated from the Grignard reaction. Our immediate goal
was to establish the stereochemistry of lemethyle3-phenylel—
benzoylpiperidiné-(III) and to study‘the reactions of III |
and its quivatives comparing them to the reactions of l-

methyl;u-phenyl-a-benzoylpiperidine.



DISCUSSION

This research required the preparation of methyl 1=
methyl=l,2,3,6=~tetrahydroisonicotinate (II) as the major
intermediate in this study; however, the synthesis of several
other 1,2,3,6~tetrahydropyridines were also required. These
preparations ultimately necessitated the preparation of a
number of subatituted pyridine quaternary salts which are
reduced more readily than the pyridines and are the most
satlsfactory intermediastes for the synthesis of partislly

reduced pyridines.

Preparation of guaternary salts.-— The L=substituted

and 3,l~disubstituted pyridine quaternary salts used in this
investigation were prepared by standard procedures. The
preparation of quaternary salts of pyridines containing an
electron=-withdrawing group such as =CN or =COPh in the 3=
position was more difficult than pyridines with these same
groups in the l=position. Whereas the methobromide and the
methlodide of isonicotinonitrile precipitated in yields of
85% and 80%, respectively, and the methiodide of l~benzoyle
pyridine precipitated in 88% yield, the quaternary salts of
the 3—substituted pyridines can be obtained in yields of only
50~60% even with prolonged reaction times.

| The methobromide of 3~phenyl=y=benzoylpyridine (XX)
was praﬁared in 60% yileld by saturating a solution of the

pyridine in methanol with methyl bromide, allowing the
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solution to stand overnight and concentrating the solution
to obtain the crystalline salt in 30% yield. Repetition of
this process gave an additional 30% of the methobromide.
This quaternization process 1s not comparable to the quater—
nization of 3-behzoylph—phenylpyridine carried out by Nelson(g)
who reported 80=~90% yields of the quaternary salt. It seemad
desirable, therefore, to somehow circumvent this particular
quaternization process. 3~Phenyl~li~benzoylpyridine (XX),

which was obtained in 57% yield from the sulfur dehydrom
genation of lemethyl=3~phenyl=li=benzoylpiperidine (III), was
reduced with sodium borohydride to give 34phenyl-w-pyridyb-
phenyl carbinol (XXIIL) in 80% yield. Allowing a solution of
XXIII in acetone saturated with methyl bromide to stand for

one hour caused the preciplitation of the methobromide of

XXIII in 93% yield.

Prepgration of tetrahydropyridines.- Tetrahydro-—
pyridines have been prepared in a varlety of ways. Certain

(10b
cyclization reactions, such as the Mannich and Hantzsch

syntheses(IOb),

lead directly to tetrahydropyridines or to
piperidols which can be dehydrated easily to tetrahydro-—
pyridines. The reductionsof pyridines by sodium in alcohol“»
and of pyridinium salts by hydrogen over Adams! catalyst(S)
have been shown to produce tetrahydropyridines but are not
the best methods available. The method which is most ox—
tensively used in the production of tetrahydro derivatives

1s the reduction of pyridine quaternsry salts by sodium or

(10a)_

potassium borohydride It has been established by
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Panouse(loa), by Loonard(ll) and by Lyle(7) that the reduc-—
tion of the methiodides of pyridine derivatives with sodium
or potassium borohydride gives lemethyl=l,2,3,6=tetrahydro—
pyridines in good yields{108,11) ang that the double bond is
in the 3,h~position(7). Racéntly, however, Schenker and
Druey(lz) showed that the reduction of the methiodide of
nicotﬁnonitrilo by sodium borohydride gave lemethyl=l,2,F, 6
tetrahydronicotinonitrile and l=methyl=l,6—~dihydronicotino=
nitrile in equal amounts. Using the method of Lyle, et a1(7),
methyl l-methyl=l,2,3,6~tetrahydroisonicotinate (II1) was ob=
teined in 70~75% yield from the methlodide of methyl isonico=
tinate (I).

In the course of this investigation it seemed desirable
to study the reaction of phenylmegnesium bromid§ with l=methyl=

1,2,3,6~tetrahydroisonicotinonitrile (XXIX) as a possible

method for the synthesis of the stereoisomeric lemethyles3
phenyL-@-benzoylpipqrid1no. The only feasible route ﬁo this
tetrahydro derivative seemed to be the reduction of the metho-
bromide of isonicotinonitrile by sodium borohydride. A yellow
oil, which decomposed rapidly, was obtained. Infrared analysis
of this o1l showsd weak nitrile absorption at 2230 cm.=%,

medium nitrile absorption at 2215 cm.™, strong C = G absorp-
tion at 1642 om.™ and medium absorption at 1592 cm.”™*. Dus

to the fast that the composition of the product obtained from
this reaction wes uncertain and the yield of ketonic matexrial

from its subsequent reaction with phenylmagnesium bromide was
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very poor, this particular reaction scheme wss not investi-
gated further.

As another possible method for the preparation of the
¢ls— and trans—l—methyl—3=phenyle=l=~benzoylpiperidines, the
reaction of phenylmagnesium bromide with l=methyl-l,2,3, 6=
tetrahydropyridylphenyl ketone (XXXIII) in the presence of
cuprous chloride was explored. The preparation of XXXIII was
accomplished by the sodium borohydride reduction of le—methyl—
l=~benzoylpyridinium bromide (XXXI) and subsequent oxidation of
the tetrahydroalcohol to XXXIII. The yield (50-60%) of 1-
methyl=1,2, 3, b~tetrahydro~i=pyridylphenyl carbinol (XXXII) was
comparable to that obtained by Kerlin(13), ]

In the final phase of thilis research, difficulties wsre
sncountered with the catalytic hydrogenations of l~methyle 3w
| phenyl=l=~benzoylpyridinium bromide (XXI) and 3=~phenyll-—
pyridylphenyl carbinol mothobfomide (XXIV). 1In an attempt to
circumvent this problem, the quaternary salt XXIV was reduced
with sodium borohydride in the usual manner to give, in 8,%
yield, l-methyl=3~phenyl-l1,2,5,6~tetrahydro-L=pyridylphenyl
carbinol (XXV).

Reactlion of phenylmagnesium bromide with methyl 1=

methylel,2,3,6=—~tetrahydroisonicotinate (II).~ The preparation
of lemethyl~3~phenyl~i~bsnzoylpiperidine (III) by treatment of

II with excess phenylmagnesium bromide at room temperature
was esgssntially the method used by Zaugg (2) to.prepare ]
methyl=li=phenyl=3=benzoylpiperidine. The yield of III was
very poor (15-30%) and could not be improved, III was obtained
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pure by vacuum distillation of the oil(Fig. 1).

Infrared analysis of the remaining tarry residue in-—
dicated that it contained at least four components. Absorption
maxima appeared at 3600 em.™* (B,W), 1740 cm.~* (M), 1710 cm.=
and 1683 cm.=* (8). The band at 3600 cm.”* 1s due to the di-—
Phenyl carbinol (V) which results from the reaction of excess
Grignard reagsnt witﬁ III. The infrared spectrum of an
‘authentic sample of V shows the =~0OH stretching absorption at
3572 em.™. The 1,4~addition of pienylmagnesivm bromide to
the tetrahydroester (II) gives methyl 1—mothy1—3-ph§nyliso— _
nipscotate (IV), the infrared spectrum of which hss the car—
bonyl stretching absorption at 1740 cm.=», Thus, some IV
appears to be preaant in the residue. The 1710 cm.™ band 1s
at the frequency expected for the carbonyl stretching of the
starting ester II. The pure ketons, III, absorbs st 1678 cm.™*
which probably corresponds to the band at 1683 cm.”* in the
residue. Thus, the poor isolated yleld of III can be attri-
buted to the formatlion of two other products, the saturated
ester IV and the carbinol V, and the difficulty in recovering
all of III from the product mixture.

The initial phase of this reaction definitely involves
the conjugate addition of the Grignard reagent to the 0(,@ -
unsaturated sster II. The above discussion on the infrared
analysis of the residue supports this hypothesis. This is

also supported by the work of Plati and Wenner(u) who obtained

in 73% yield a mixture of the stereoisomeric racematss of
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moethyl le~methylsl~phenylnipecotate when arecoline was treated
with one mole of -the Grignard reagent at ~10°. This research
added further support to this hypothesis. The reaction of
phenylmagnesium bromide with ﬁothyl leme thyl~1l,2,3,6~tetra=
hydroisonicotinate (II) at =7° gave methyl l—methyle3—phenyl—
isonipecotate (IV) in good yield. Tha procedure for this
preperation was essentially that used by Plati and Wonner(u)
who 1solated both the cis and trans racemates of methyl l-—
methyl~l=phenylnipecotate from fho reaction of phonylmaghosium
bromide with arecoline. Proof that only one stereoisomeric
racemate of IV was obtained is evident from the reactions with
phenyllithium(ses p.19).

In the second phase of the reactlon, one mole of the
Grignard reagent may react with the magnesium snolate of the
ester, IV, by & displacement of the =0CHs grouping by the
phenyl redical to give the final product, III. The stereo~
chemistry of IV or III would not be determined until the

hydrolysis step.
QMgBr

NOCH4

CHaN h

The initial objectivé of this investigation was to
determine the stereochemistry of the ketonic product from
this reaction. Bromination and acidic or basic isomerization

reactions were anticipated to be instrumental in establishing
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the correct stereochemistry.

It has been determined that the rate of bromination
is independent of the concentration of bromine and dependent
on the rate of enolization(le). Thus, acid~catalyzed bro—
mination presumably takes place in three steps in which step

2 is rate~determining.

: +
8 OH ol
L]
Re C~ CHy + HA ————» R~ C=~ CHy |+ A~ Step 1
- i
+ _
OH - OH
t !
R~ C=~ CHg| 4+ A~ ————> R~ C= CHy + HA Step 2
0

Br
® s R 8- CHgBr Step 3

The flrst step i1s the addition of a proton to the
carbonyl oxygen. The addition of the proton displaces the
electronic system toward the proton and, therefore, away from
the & =~gcarbon. This results in the facile dissociation of
thoe proton from the A =—carbon. The rate~determining step is
the removal of the proton and the formation of the enol(lg).
These considerations would also apply for the epimerization
of the ketone, since the formatlon of the enol is required
for this reaction also.

The bromination reactions were carried out in chloro=
form and glaclial acetic acid st room temperature snd at re—
flux temperatures. These reactions led only to ths recovery
of the starting material.

The brominaticn of III was accomplished using radical

conditions. When the reaction mixture was illuminsted for 9



l6.

hours with an incandescent lamp, hydrogen bromide was evolved
coplously. A white solid (XIX) was obtained in good yield.
The elemental analysss of XIX égreod with those of an ¢ =~
bromoketone hydrobromide. The infrared absorption spectrum
of XIX showed strong carbonyl absorption at 1666 em.=) which
represonts a shift of =14 cm.”™ from the hydrobromide of III.
The ultraviolet absorption spectrum of XIX showed absorption
at A max. 252 mp (log € 3.°2) and at Amax. 334 mp (log€ 3.25).
The former maximum repressnts a bathochromic shift of 7 mu with
- & 8light decrease in intenslity compared with the spsctrum of
III, and the latter represents a bathochromic shift of 14 mu
.with an incresse in intensity. After neutralization, the
crystalline free base gave a positive Beilstein test. The 1in-
frared sbsorption spectrum of the free base showed two broad
~OH bsnds at 3340 cm.”™® and 3380 cm.=*, a weak band at 1642
cm.~t snd a medium band at 1615 cm.™*. The ultraviolet ab-—
sorption spectrum showed absorption at );max. 238 mp (weak),

X max. 260 mp (weak) and A max. 336 mp (medium).

Since upon conversion of XIX into the free base the
carbonyl absorption disappears and hydroxyl absorption appears,
some other reaction must have occurred during the bromination
or the neutralization step, or the carbonyl is involved in a
transannular interaction with the basic nitmogen. Since the
analysis of the salt agreed with the empirical formula

CyoHg1BrgNO, it ia fairly certain that the structure of XIX
is XIXa.
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{“H Br~
CHa

XIXa

Upon neutralization of XIXs, any number of reactions
could occur, but the formation of such secondary reaction
products as epoxy alcohol, 0!,% ~unsaturated ketone, can=
boxylilc acid, hydrdxy ketone 1s disproved by the presence of
halogen in the base and by inspectlon of the infrared and
ultraviolet spectra of the free base. One other possibility
which 1s suggested by the infrared spectrum is the trans-
annular interaction between the carbonyl and the nitrogen.
Leonard has investigated the properties of cyclic amino-
ketones and aminoacyloins(u3'u5), and he found that indeed
there was Iinteraction between nitrogen and carbonyl in some
medium=sized ring compounds.

The epimerization of III was attempted using both
acidlic and basic conditlons. The hydro»romide of III was
recovered unchanged after treatment with refluxing }8% hydro=
bromic acid for seven hours. Heating a solution of III in
vinyl acetate and a trace of sulfurlic aclid for three hours
led to the recovery of III. Treatment with sodium ethoxide
in refluxing 95% ethanol or with sodium hydride in refluxing
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xylens did not affect III. Evidently, the enol of III is
very resistant to formation. These facts alone suggest that
the (( =hydrogen 1s axial.

In a six-—membered ring system, an axial position is
more hindered sterically than an equatorial ons. Thus, if
III is the trans isomer with the phenyl and benzoyl groups
squatorial, the o ~hydrogen is axially~crisnted. A basic
reagent (e.g, A”) would be hindered in 1ts approach to the
o =~hydrogen, and since the removal of the proton to form
the enol 1is the rate-—determining step, the extent of eno-—
lization would be negligiblo(lg).

The combined results from the bromination and
isomerization studies ssem to indicate that III is the trans
isomar in which both the phenyl and the benzoyl substituents
are equatorial, whereas the bromination under drastic cone
ditions suggests possibly that it 1s cis.

0
i
—Ph

CHa N /\-\IéPh

The formation of the thermodynamically more stable
trans ketone as the sole product can be rationalized. Zime
morman(l) has shown that gls—l-phenyl=Z=benzoylcyclohexane
forms on hydrolysis of the Grignard reaction mixture, because
the proton donor necessary for the conversicn of the magnesium
enolate (present before hydrolysis) to the ketone approaches

by the least hindered route (equatorial). In our system, as
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opposed to that of Zimmermar. and of Zaugg(Z), there is a
proton donor incorporated in the moleculs, and the necessary
geometry is present for an intramolecular transfer. Thus,
the amino group could be hydrated in water or, perhaps, pro-
tonated in ammonium chloride or acid, and if the molecule
shifted into the bost form with the phenyl substituQnt in the
pseudowequatorial conformation, the transfer could occur to
give the thermodynamilically more stable trans isomer (Fig. 2).
This intramolecular proton transfer could not occur with the
other compounds studiod(l’Z).

In order to test the hypothesis that the electron
pair of the nitrogen is actually involved during the hydroly-
sis of the Grignard reactlon, a Grignard reaction with the
methliodide of methyl 1-methyl~l,2,3,6=~tetrahydroisonicotinate
was attempted, but due to the insolubility of the quaternary
salt in ether no reaction occurred. Since the electron pair
in the salt would not have been avallable for a transannular
interactlion, the product was anticipated to be the salt of the
isomeric lemethyle3=phenyl=li~benzoylpiperidine.

Also, to test this hypothesis, ths possible formation
of the second isomerilc ketone was investigated. A material
balance was sought to determine the maximum amount of the

ketone, m.p. 107°, which was formed. The reactions which were

cruclal in checking this point were:

1) The reaction of phenyllithium with the crude
Grignard reaction mixture to give l=methyl=3~phenylel=piperi-
dyldiphenyl carbinol (V) in 54% yield.
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2) The reaction of phenyllithium with pure l—methyl-
3=phenyl=l~benzoylpiperidine (III) to give V in 80% yield.

3) The reaction of phenyllithium with pure methyl
le=me thyl=3=phenylisonipecotate (IV) to give V in 80% yield.

Since all the above reaction gave the same isomer of
the carbinol V, III and IV must have the same configuration,
and any storeochemiqsl Information obtalned from one must be
sppllicable to the other. Thus, 1t 1s quite certain that only
one isomer of lensthyl—3=phenyl—l=benzoylpiperidine is formed
in the Grignard reaction.

Since the bromination and epimerization resctions
with III were unsuccessful, it seemed desirable to destroy
one of the centers of asymretry and then introduce it again
by & reaction whose stereochemical reguirements are known. |

Two of these proposed reaction schemes are shown below.

Phg C on CHPhg Ph,CH
v HBr N h H, Ph
s — or —_——
HOAc
N N N
CHg CHa CHa
VI
HOCHg CHgC1 CHs
h h Ph
v 1.LiAlH, S0Clg LiA1H,
2. HC1 . ’ ' .
] .
&H3H01 XVI%%aHCl CH,
XVII KOH
EtOH
CHB CH,
O\Ph H, SN Ph
~N
CHg N

CH3 ~ CHg
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The dehydration of l=meithyle32ephonylelj~piperidyldi-
phenyl carbinol (V) using 48% hydrobromic acid and glacial
scetic acid proceeded smoothly in 45% yleld to give l=methyl—
3wphenyl=di=piperidylidenediphenyl methane (V1). The infrared
absorption spectrum showed no =0H stretching absorption and a
weak band at 1616 cm.™, In the ultraviolet region an ab-
sorption maximum was observed at 238 mp (log € L.18}. Lyle

1(22)

ot a reported that benzhydrylidenecyclohexane showed an

absorption maximum at 246 mp (log € 4.17). 2-Benzhydrylidene—
cyclohexanol exhibits one absorption maximum at 240 mp (log €
u.la)(ué). The hypsochromic shift of 6 mp as compared with
benzhydrylidenecyclohexane can be explained in terms of steric
interference of the ~0H group with the coplanarity of the
benzene rings with the double bond. If the.structure of VI

is the one with the exocyclic double bond, then steric inter—
ference of the 3-=phenyl substituent with the benzhydryl system
should cause either s hypsochromic or a hypochromic shift, or

botn{28)

Thus, the hypsochromic shift of 8 mp observed with
VI as compared with benzhydrylidenecyclohexane seems to verify
the assignment of the exocyclic double bond to VI. If the
structure of VI had been the one with the endocyclic double
bond, 1t would be analogous to a substituted l=phenylcyclo~
heiene. A study of the ultraviolet absorption spectra of the
phenylcyclohexenes revealed that methyl groups substituted in
either ring diminished the absorption band in the ultraviolst
which 1s sssociated with conjugation of side=chain unsaturation

with that of the aromatic ring(u7). The observations of the
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effects of methyl substitution on the spectra of the phenyle
cyclohexenes have been explained in terms of steric inter-
ference by the methyls with the coplanarity of the ethylenic
system with tlr > sromatic ring. Silince the bulky benzhydryl
group would force the 3=phenyl substituent out of coplanarity
with the double bond, the ultraviolet spectrum of VI should
approach that of a non~conjugated bSenzene ring.

In view of the faillure to effect hydrogenation of 1=
mathyl—3=phenyl=1,2,5, t=tetrahydro=i=pyridylphenyl carbinol
(XXV)(see below), the catalytic hydrogenation of VI was not
attempted. 1In order to avold the problems of steric hindrance
in the hydrogenatlion, the second approasch was attempted.

In the second approach; methyl le—methyl=3—phenylisoni~
pecotate (IV) waé reduced with lithium sluminum hydride to
give lemethyl=3~phenyl~l~piperidine methanol as a thick oil
whose infrared sbsorption spsctrum showed broad, medium

hydroxyl absorption at 3410 em.=?*

and no carbonyl absorption.
All attempts to crystallize the oill failed, but the hydrochlo- |
ride was obtained as a solid. The elementsal an&alysis did not
agree with the structure XVII; however, tho'reaction of thionyl
chloride with the hydrochloride gave a solid whose elemental
analysis agresd with that of structure XVIII. The infrared
absorption spectrum of XVIII showed no hydroxyl absorption and
showed the characteristic hydrochloride bands in the vicinity

of 2500 cm.=™*. The ultraviolet absorption spsctrum showed

only maxima characteristic of benzene rings. The discrepsncy

in the analysis of the hydrochloride from the reduction of IV
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might have been due to the presence of impurities in the
snalytical sample.

The dehydrohalogenation of XVIII was attempted using
potassium hydroxide in absolute ethanol. A red oil was ob=.
tained. Infrared analysis of the oil showed broad, medium
absorption at 3420 cm.=* (probably due to the presence of a
trace of ethanol) and a broad, strong carbonyl absoprtion at
1670 ecm.=. Due to the apparent anomalous nature of the
products from tals reactlion this particular sequencs of reactions

was halted.

Preparation of 2-methyleb—keto~l,2,3,l;,lia, 9b~hexahydro—

1H—indenoAL1l2,Q] ~pyridine (X) snd derivatives. It was of

interest to this laboratory to prepare X, in order to help

clarify this question of stereochemistrﬁ. The ketone X has

dl

0
di

two asymmetric carbon atoms and, therefore, can exist as 2 gl

pairs or as a cis or trans racemate; that is to say, the ring

junction bhetween the five-—membered ring and the piperidine

ring can be ¢is or trans fusion. It has been determined that
for a structure containing a five-membered ring fused to a
Six=membered ring and a ketone function adjscent to one of the
fused carbon atoms the c¢cis isomer ls more stable than the trans.

For exsmple, 1t has been shown for compound E that rings A and
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(27)

B are cis~fused Compound E was recovered unchanged
after trestment with alkali, thus proving that rings A and

B are fused in the more stable form.

Thus, it is certain that X has a cls ring~fusion.
Supporting evidence for this was obtained from a test run
of the bromination of X. Since hydrogen bromide was evolved
during the reaction, it was assumed that bromination d4id
occur. This would necessitate the conformation of the hydro-
gen alpha to the ketone to be equatorial and X to be the
more stable cis form.

It might be argued that since X undoubtedly'has a
cis ring=fusion, then methyl l=methyl=3=phenylisonipecotatse
(IV) must be the gis-~racemate and consequently, l=methyl=3—
phenyl=l=benzoylpiperidiine (III) must be the cis—racemate;
however, Plati and Wenner(u) fouanc that the same keto=indeno-
pyridine (XLIV) was obtained from elther the cis-or the trans-
racemate of methyl lemethyle=l=phenylnipscotate. This suggests
that at some time during the conversion of IV to X (probably

during the Friedel—Crafts cyclization) an lsomerization of the
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trans~ to the clig-~isomer occurs.

00CH4

CHaN -

\
00CHg "

- -

CHaN Fh

CHg

XLIV

Derivatives of X were also of interest with respect
to their physiological activity. Plati and Wenner(u) found
that some tetrahydroindenopyridines of the type shown below
- were pofent anti~histamines. None of the derivatives of X
exhibited any outstanding activity.
" |
- NCH,

Ph

Methyl 1—@&thyl—B—phenylisonipecotate (IV) was
hydrolyzed with hydrochloric scid in 96% yield to the acid
VIII which was then converted by thionyl chloride to the acild
chloride IX (Fig. 3). IX was cyclized by means of aluminum
chloride to give 2=methyl=5=-keto-l,2,3,l,kLa, 9b=hexahydro=]H=
indeno [1,2,¢)-pyridine (X) in 64% overall yleld from IV.

The infrared absorption spectrum of X exhibited strong car=
bonyl absorption at 1710 cm.”*, Bands of medium intensity
appeared at 782 cm.™Y, 766 cm.™*, 762 cm.=2 -and 739 cm.=3,

A very weak intensity band appeared at 715 cm.”*. Bellamy(20)
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states that the absence of a band within the range 700+10
cm.~1 1s strong evidence for the absence of a mono=substituted
benzene ring. The spectrum of X is devoid of a strong band
in this region. Ortho=disubstituted benzene rings show strong
absorption in the range 770735 cm.-l(ZO) and sometimes weaix-
absorption in the range 725-680 cm.=2., It seems likely that
the medium—~strong Intensity absorption at 766 cm.™ and the
weak absorption at 715 cm.=* can be attributed to the presence
of an orthowdisubstituted benzene ring.

The reaction of phenyllithium with X gave 2=methyl=b-
hydroxy—S—phenyl—l;2,3,&,&&,9b—hexahydro—1H-indeno [1,2,9 -
" pyridine (XI) in 72% yleld. The infrared absorptioan cpectrum
of XI showed no bands in the 6arbony1 or hydroxyl stretching
regions. The absence of =0OH absorption is probably due to a
wesak mull. The presence of a mono-=substlituted benéone ring
was shown by strong absorption st 744 cm.”* and 700 cm.™?
Two bands of medium intensity sappeared at 769 cm.= and 752
cm.~*, and 8 very weak intenslity band appeared at 720 cm., ™.
The presence of the ortho~disubstituted benzene ring is shown
by one of the medium bands and by the band at 720 cm.~!. The
ultreviolet absorption spectrum showsd absorption &t );max.
253 mp (log € 2.66), >\max. 258 mp (log € 2.82), A max. 265
mp (log € 2.90) and A max. 272 mp (Log € 2.81). This absorp=
tion is characteristic of & non—conjugated benzens ring.

Using a mixture of ;8% hydrobromic scid and glaciel

acetic acid, XI was dehydrated to 2~methyl=Sephenyle=2,3,l, b=
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tetrahydro=lH-indeno [i,z,c] pyridine (XII) in 524 yield.
The infrared absorption spectrum of XII showed no absorption
in the =0H stretching region. Sharp, strong absorption ap—
peared at 775 om.~%, 715 cm.=1 and 70@ cm.~ and medium &b
sorption appeared 754 cmtY and 745 om.™*. These bands ac—
count for the presence of both a& mono~ and an 6rtho—disubsti—
tuted benzene ring. The ultraviolet absorption spedtrum
showed an absorption maximum at 265 my (log € 4.08) and
shoulders at 289 mp (log € 3.49) and 298 mp (log € 3.16).
Chauvette(21) studied the pinacol rearrangement of
1,2,2,6,6-~pentame thyl=l=hydroxy=4=piperidyldiphenyl carbinol
(XXXIV)‘using various aclid catalysts. With p-toluenesulfonic
acid'he found that the product was the indenopyridine XXXV
which has been postulated to form via a cyclodehydration fole

lowing & dehydration and allylic resrrangement.

; CHap=CHs—CoHy—=S0sH CH,
H

PH Ph Ph

XXXIV XXXV

1,1,2,3, 3~Pentamethyl=5—-phenyl=2, 3, ., 9b~tetrahydro-—
1H~indeno [1,2,c] pyridine (XXXV) exhibited an absorption
maximum at 268 mp1 (log € 3.90) and shoulders at 289 mp (log €
3.49) and 299 mp (log& 3.18). The superimposability of the
spectrum of XII on that of XXXV confirms Chauvette's assigne

ment of structure. The possibility of the double bond being
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endocyclic to the piperidine ring is nct as likely, since
this would require the shifting of the double bond out of
conjugation with two benzene rings into conjugstion with
only one benzene ring. Evidently, the effect of maximum,
conjugation with an exocyclic double bond overcomes the
offect of minimum conjugation with an endocyclic double bond.
Of interest, in connection with this research, is
the work of Zanden and De Vries(23). They found that the
ultraviolet abasorption apectrum of leathylelenethyle3=phenyl=
indene (XXXVI) resembles that of 1,l=diphenylethylense, where
a3 the spectrum of 3~ethylwl-methyl=l=phenylindene (XXXVII)

resembles thst of styrene.

‘ 2He CoHg
Ph Ph

alc.
Ao-o 275 (log € 3.95)

XXXVI ) XXXVII

)\alc.
max. 263 (log € 4.10)

From this correlation 1t seems that the ultraviolet absorp—
tion spectrum of the product obtained from the dehydration
of iI resembles the spectrum of XXXVII.

However, the asslgmment of structure XII rather than
XXXVIII can be confirmed by the work of Plati and WGnner(lu).
Tliey reported that the ultraviolet absorption spectrum of
XXXIX in 0.1 N hydrochloric acid showed a maximum at 267 mp

(log € 3.98), whereas XL showed a maximum at 260 mp. (log €



31.

3.97). The product from the dehydration of XI showed an abe

sorption maximum at 265 mp (log € L.08).

Ph Ph

XIT XXXVIII
Ph Ph
XXXIX XL

2, 5=Dime thyl=5=hydroexy~1,2,3,4,4a8,9b~nexahyGrom=1tmir=—
deno [1,2,0] pyridine (XIII) was prepared by treatment of X
with methyllithium. XIII was dehydrated with 18% hydrobromic
acid and glacial acetic scid to give presumably, 2,5~dimethyle
1,2,3,4=tetrahydro=lt=indeno [1,2,0] pyridine (XLI). The
hydrobromide melted at 235-237° and showed strong absorption
in the infrared region at 762 cm.= 2, Leone (24) reported that,
under the influence of boron trifluoride—acetic acid, LB8%
hydrobromic acid or 32% sulfuric acid, 1o thy le=i=hyd rOX yemljs—
piperidylphenylmethyl carbinol (XLII) rearranged and cyclized
to give the indenopyridine XLIII whose piperidyl exocyclic
double bond might isomerize to furnish the end product, XLI.
The hydrobromide melted at 230%~=233°. The infrared absorp-
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tion spectra of the two hydrobromides were essentially identi-

cal.,
OH ?H 0t /CH"5 ‘
3 | .
CHy CHy
XLIT XLIII XLI

Resctions of l—methyle3~phenyl=l=~piperidylphenyl

carbinol (VII). The resction scheme illustrated below was
another series proposed to shed some light on the stereo=—

chemistry of III and 1IV.
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l=Me thyl=3=phenyl=li=piperidylphenyl carbinol (VII)
was obtalned in quantitative yield from the reduction of l-
me thyl=3=~phenyl=l=benzoylpiperidine (III) with lithium
aluminum hydride. The dehydration of VII was attempted using
glaclal acetic=l 8% hydrobromic acid, concentrated sulfuric
acid and phosphorous pentoxide.

Concentrated sulfuric acid and phosphorous pentoxide
gave extensive decomposition and intractable oils. ThHe
glacial acetic=li8% hydrobromic scid mixture had been used
successfully as a dehydrating a;;ent several times during the
course of this research. However, three different products
have been isolated from three different reactions of VII with
this reagent.

When a mixture of VII, glacial acetic acid and L8%
hydrobromic acid was heated at 100° for four hours, the only
product obtained was a crystalline solid XIV, m.p. 209=211°,
ﬁhich was insoluble in ether, soluble in water and gave a
posltive silver nitrate test. Neutralization of XiV did not
cause the precipitation of & free base, therefore it was not
8 hydrobromide. 1Its infrared absorption spectrum showed strong
bands at 3395 cm.™*, 765 cm.”™, 734 cm.”™ and 698 cm.”™* and
medium intensity bands at 2980 em.™, 1140 cm.~, 959 cm.=}
and 715 ecm.™*. The band &t 3395 em.™™ indicates the presence
of sn =0H function. The bands appearing below 800 cm.=2 seem
to suggest the presencse of something more complex than a mono-—
substituted benzene ring, since for this system only two strong

bands should appear in the vicinity of 750 cm.” and 700 em.™
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Iﬁ the ultraviolet spectrum absorption maxima were observed
at 252 mr (log € 2.48), 258 mp (log € 2.£93, 263 m}.l (log €
2.57) and 269 m,x (log € 2.42). This absorption is character
istic of a non=conjugated benzene ring.

Since the Iinfrared absorption spectrum showed Iintense
absorption in the —~0H stretching region, it was possible that
XIV had incorporated an isopropyl alecohcl molecule into its
structure. XIV had been recrystsllized from isopropyl alcohoil.
Also, its infrsred spectrum was devoid of the characteristic
absorption of a l=methylpiperidine in the 2800~300C cm.=1
ragion. Thaese bahds are masked in the spectra of salts of
piperidines. Elementel analyses agreed with the smpirical

formula, C;éHggBrN°CaH90. All of this evidence, in conjunc—

tion with its high melting point, its solubility in water
and 1ts ingolubility in ether, suggests that XIV 1s probably
a quaternary salt. If this assumption were correct, then XIV\

could have & structure of this type

Ph .
Ha
Ph . >CH—OH
- CH,
NG o —
éHaBr

If the ketone III and the alcohol VII were of ths

cis configuration, then the formation of the quaternary salt can
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be easily rationalized as shown.

Ph—CHOH CH @ @ CH
CHa / Ph m : élt
VII VIIIa
BI‘_ h Ph
+ +
CH CHaN
»CHOH . Ph 2.(CHg)gCHOH o
CHg

Upon treatment of VII with ecid, the carbonium ion, VIIIa,
would be formed. If the molecule shifted into the boat form,
the location of the nitrogen atom and the benzylic cafbonium
ion is favorable for a transannular interaction. The car-
bonium ion could then easily undergo a nucleophilic attack
by the electron=-pair on the nitrogen atom to form the bicyclic
quaternary salt. Examples of & similar type of transannular
reaction are available in the literature (25,26).

The attempted dehydration of VII under the sams cone
ditions, without the use of isopropyl alcohol at any time
during the work—up of the reaction, gave a solid product (XV),
m.p. 221=~224°. XV was soluble in water, insoluble in ether

and gave a positive silver nitrate test. As was the case

with XIV, XV could not be converted to & free base. Elemental
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analjsis agreed with the empirical formula C;gHagBrN. Its
infrared absorption spectrum was identical with that of XIV
with the exception of two bands. Bands of weskemsedium in-
tensity appeared at 1160 cm.™* and 959 cm.”™* in the spectrum
of XIV which were. sbsent in the spectrum of XV. Absorption
appeared at 3395~3400 cm.=) for both compounds. The presence
of =0H or «~NH in the structure of XV can not be explained.
Oxygen analysis was not run on either compound. These results
are best exsplained by the bicyeclic quaternary salt structure.
The third product which was obtained from an attempted
dehydration of VII was an 1sciieric alcohol, m.p. 195=199°.
The worke~up of the resction mixture was the same &s before
except that, upon concentrationdo the ether, & solid, XVI,
precipitated. Its infrared absorption spectrum was ldentical

with that of VII except that the —0OH stretching absorption
for XVI appeared at 3150 cm.”™, whereas that for VII appeared

at 3420 ecm.=*., Their mslting points were significantly dif—
ferent. Thus, XVI is one of the other racemates which is

epimeric at the carbinol carbon astom.

Attempts to prepare the isomeric l=methylwj~phenyle

L=benzoylpiperidine. In an attempt to prepars a mixture of

the stereoisomers of l—methyle3=phanyl-i=benzoylpiperidine,
three other reaction schemes wefo proposed and explored. The
first of these was the »eaction of pheny magnesium bromide
with 1-methyl—1,2,3,6—tetrahydroisoniootinonitrile (XXIX)

which was prepared by the sodium borohydride reduction of l-
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methyl=lj=cyanopyridinium bromide (XXVIII)(Fig. 4). XXVIII
was prepared in 85% yield from isonicotincuitrile (XXVII).

The reduction of XXVIII with sodium borohydride was
carrled out in the usual manner.to give an oil in 70% yield.
As discussed earlier (p.10), the infrared absorption spectrum
of this oil indicated that 1t was actually a mixture of atv
lesst two nitriles. Absorption maxima appesared at 246 mr in
the ultraviolet regionAand at 397 mp in the visible ultra-—
violet region. 1t was expscted that XXIX would have an &abe
sorption maximum &t 210~215 mjt dus to the 0(,% —unsaturated
nitrile system. It is savlident that the product 1s actually a
mixture. However, the reaction of the impurs product with the
Grignard reagent was carried out anyway.

The procedure for the Grignard reaction was essenti—
ally the same as that used to prepare l=methyle3=phenyle -~
benzoyl piperidine (III). The dark red oil which was obtained
was collected in two fractions. The infrared absorption spec—
trum of the first fraction showsd a weak nitrile band at £210
cm.™*, strong carbonyl absorption at 1661 cm.™* and character—
l1stic mono=substituted benzene absorption in the vicinility of
750 cm.”™* and 700 cm.=%, The second fraction showsd sharp,
weak nitrile absorption at 2210 cm.=2, broad, strong carbonyl
absorption at 1680 cm.™ and the characteristic mono=substi=
tuted benzens absorptlon.

Fraction 1 appears to be a mixture of an O(,g) -
unsaturated aldehyde or ketons and le—methyle3~phenylisoni-

pecotonitrile. The infrared absorption band at 1161 cm.™>
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might be due to the presence of some l-methyl—l,2,3,0=tetra-
hydro=l=pyridylphenyl ketone (XXXIII) which could form by the
1,2=addition of phenylmagnesium bromide to the nitrile XXIX.
The carbonyl absorption for XXXIII would be expected to appear
at about 1665 cm.=* due to the extended conjugation of the
benzoyl group with the double bond. The formation of lemethyl-
3=phenylisonipecotonitrile can occur by the 1,h~s8ddition of the
Grignard reagent to the c{,% ~urigaturated nitrile system.
This type of addition has previously been shown to occur in the
preparation of lemethyle3«phenyl—l=benzoylpiperidine (IIL) by
the Grignard reaction.

Fraction 2 appears to be a mixture of III, and the
product of 1,j=addition, lemethyl=3~phenylisonipecotonitrile.
Since this particular reaction scheme did not show any promise
in preparing the isomeric l—methyle=3~phenyl=ij=benzoylpiperi=
dine, it was not investigated further.

The second proposad reaction scheme which was carried
out in hopes of preparing the isomeric ketone is illustrated
in Fig. 5. l-Nethyl—l,2,3,6—tetrahydro—@—pyridylp%enyl CRYm—
binol (XXXII) was prepared by the sodium borohydride reduction
of lemethylel=benzoylpyridinium bromide (XXXI), according tc
the procedurs of Kerlin(13), XXXII was then oxidized by acti-
vated manganese dioxide to give l=methylel,2,3,b=tetranydromi~
pyridylphenyl ketone (XXXIII) which was analyzed via its pic—
rete. XXXIIT could not be isolated in a pure state, since it

darkened and decomposed rapidly upon heating.

Following the procedurs of Zimmormana), impure XXXIII
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was treated with phenylmagnesium bromlde in the presencs of
cuprous chloride. Usual worke-up gave an oil whose infrared
sbsorption spectrum showed strong carbonyl absorption at

1678 em.”™, The infrared absorption spectrumbof authentic
II1 showed strong carbonyl absorption at 1678 cm.”* also.

All attempts to crystallize the oil failed; consequently, a
picrate of the o0il was made. The infrared absorption spectra
of this picrate and the picrate of III were identical. Mixe
ture melting points of the two picrates did not depress, so
they must be one and the same.

The last and most promising attempt at an Independent
synthesis of c¢is=l-methyl=3—phenyl=li=benzoylpiperidine ine
volved the catalytic hydrogenqtion of 8 pyridine quaternary
salt. It was felt that if the corresponding pyridine deriva~
tive could be made, tnen catalytic hydrogenation of its
quaternary salt would give the piperidine with the ¢cis con—
figuration or at least a mixture of the two isomers.

Dehydrogenations of l-substltuted piperidines using
pallsdium~on~charcosal afe avallable 1In the literature and

usually proceed in good yields(eg.Bl). l=Alkylpiperidines

have been dehydrogenated to pyridine using this catalyst(29’30).

Quinuclidine and l--azabicyclo [2,2,1] heptane have been de-
' - 1

hydrogenated to ~sthylpyridine and l=picoline, rospectivoly(3 ).

The dehydrogenation of 1-methyl—3fphenyl-¢-benzoylpiperidino

(III), using 5% palladium=on=charcoal, was attempted at 2L0°

and in boiling napnstalene. Thse only product isolated, in

elther case, was a red oll whose infrared asbsorption spectrum
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showed bands at 2980 cm.™ and 2770 em.”™ which are due to
aliphatlc ~CH stretching vibrations. Carbonyl absorption
appeared at 1672 cm.™ and absorption due to the N=CHs group
appeared at 1380 cm.=™*. It is quite evident that the dehydro=
genation wss unsuccessful.

Baliah and Ekambaram(17) encountered success in do=

hydrogenating substituted pliperidines and piperldinols, using
sulfur which is a more active catalyst than palladium. By
modifying thelr procedure somewhat, 1t was possibie to obtain
3=~phenyl=l=benzoylpyridine (XX) in 57% yield by heating III
in the presence of sulfur to about 1500 (Fig. 6). The infra-

red sbsorption spectrum of XX showed no aliphatic C—H bands
in the region of 2800-3000 cm.™ and no N~CHy absorption in

the vicinity of 1375 cm.™, Carbonyl absorption appeared at

1672 cm.=* and strong absorption was observed at 783 cm."‘,

757 em.~™* and 700 cm.'?. Its ultraviolet absorption spectrum
showed maxima at 248 mp (log € l;.36) and at 290 my (loz € 3.70).
l=Methyl=3=~phenyl=l=benzoylpyridinium broﬁide (¥X1),
which was obtained ir 60% yield from XX, was hydrogenated over
a platinum oxide catalyst at low pressure for 19 hours. Ine
frared anslysis of the olly product indicated a mixture of an
alcohol and a ketone. All attempts to crystallize the oil
failed. Chromatography over Florisil and élution with chloro=
form gave an o1l which crystallized. The infrared absorption
spectrum of the solid material (XXII) showed —OH stretching

absorption at 3260 cm.” and no carbinol absorption. Aliphstic
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~CH absorption appeared in the region 2700-~3000 cm.™t,
Elemental snalysis agreed with the emplirical formula,
CioHgaNO. Its melting point (119.5=121°) was significantly
different from the two other 1lsomeric alcohols, VII and XVI.
Treatment of XXII with the Croa—pyridine reagent and acti-
vated manganese dioxide resulted 1n only incomplete oxida=
tion, whereas the oxidation of VII or XVI proceeds readily.
This observation seems to lend support to the hypothesis
that VII and XVI are of the trans configuration differing
only 1in the configuration of the carbinol carbon atom and
that XXII is the clis isomer. It might be expected that the
oxidation of the c¢is alcohol would be more difficult, since
the sxial ~CHOH group is more sterically hindered than the
equatorial alcohol (trans). No pure product could be iso=
lated from the oxidation.

Since the catalytic hydrogenation of XXI gave in~
complete reducticn, another approach was tsken. XX was
reduced with sodium borohydride in the usual manner to give
3=phenyl=l=pyridylraenyl carbinol (XXIII) in 80% yield.
Quaternization of XXIII with methyl bromlde proceeded smoothly
in 93% yield., The pyridinium salt, XXIV, could not be re=
duced catalytically. In the hydrogenations of XXI and XXIV,
the finely~dispersed catslyst became clumped as soon as a
methanol solution of the compound was added to the catalyst.
The only explanation available for this clumping is that
there were traces of sulfur present which poisoned the cata=

lyst and so inhiblted the hydrogenation.
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In order to circumvent tﬂis'difficulty, XXIV was
reduced with sodium borohydride to give l=methyl=3-~phenyl-—
1,2,5,6=tetrahydro=y=pyridylphenyl carbinol (XXV) ir 8L%
yield. The weak infrared absorption spectrum showed a brosad,
weak band at 3070 cm.™*. Its ultraviolet absorption spectrum
showed no maxima above 230 mP. There was no uptake of hydroe
gen, wnen XXV was subjected to catalytic hydrogenation.' Ad=
sorption of the double bond on the surface of the catalyst
would be inhibited by interference of axlal hydrogens and of
the bulky phenyl and benzoyl groups. Thus, the catalytic
hydrogzenation of & 3,4=disubstituted pyridine or pyridinium
salt appears to be inhibited for steric reasons.

In hopes that reduction with sodium amalgzam 1In alco=-
hol might zive a mixture of stereoisomers, XXV was oxldized
with activated manganese dioxide. A yellow oll was obtained.
Its infrared absorption spectrum shcwed a broad, mediuwm band
at 3440 ecm.” and a broad, stron; band at 1655 cm.=%, Itg
ultraviolet absorption spectrum showed shoulders et 250 my,
288 mp and 345 mp . Complete oxidation using activated man—

zanese dloxlde was not possible.

In conclusion, the availabls evidence does not def i=—
nitely establish the stereochemilstry of l—methyl—ﬂ—phenyl—hp
benzoylpliperidine (III). Certainly the attempted epimeri-
zation and bromination reactions indicate strongly that III
is the trans--isomer. On the other hand, the formation of the
bicyclic quaternary salt, XIV, in the attempted dshydration of
l-methyl=3~phenyl=l~piperidylphenyl carbinol (VII) strongly

suggests that IITI is the gis~isomer.
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EXPERIMENTAL

Infrared Absorption Spectra.— The Infrered absorption
spectra were determined using & Perkin~Elmer Model 21 infrared
spectrophotometer with sodium chloride optics at settings of:
resolution, 927; response, l; gain, 5; speed, L=b, suppression,
.0; scale, standard. The spectra of solids were determined as
mulls in series 1ll~1) Halocarbon oil from 1300-4000 cm.”t and
in Nujol from 6501300 em.”™, All bands were strong except
those indicated week (W) or medium (M), and the location of
the bands 1s given in frequency units, cm.™,

Ultraviolet Absorption Spectra.— The ultraviolet
absorption spectra were determined using a Perkin~Elmer
Model 4000 recording spectrophotometer. The spectra were
determined in 95% ethanol, and the wavelength 1is given in
millimicrons (mp).

Analyticel Date.-~ Microsmnalyses were determined by

Galbraith Microanelytical Laboratory, Knoxville, Tennessese,
and by Schwarzkopf Microasnalytical Laboratory, Woodside,

New York.

Preparastion of the Startinz Materlals

Methyl Isonicotinate.= This ester was obtained from
the Reilly Tar and Chemical Corporation.

Preparation of Methyl Isonicotinate Methiodide (I).—
The methiodide of methyl isonicotinate precipitated in 87%
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yield oveé a period of 10 hr. from a solution of 0.67 mole
of methyl isonicotinete and 0.70 mole of methyl iodide in
300 ml. of acetone. After recrystallization from a water—

ethanol mixture, I melted at 177--vl79° (dec.); 1it. m.p. 1790(8).

Preparation of Methyl l=—Methylel,2,3,6=tetrahydroiso—

nicotinate (II).~ To a solution §f 120 g. (0.43 mole) of
methyl isonicotinate methiodide (I) in 350 ml. of methanol,
20 g. of sodium borohydride was added in small portions. The
vigorous reaction was moderated by external cooling. After
being stirred at room temperature for 0.5 hr., the methanol
solution was evaporated to dryness on the steam bath. The
semi=~solid residue was dissolved in water, saturatsd with
anhydrous potassium oﬁrbonete, and extracted several times
with ether. After drying oﬁer potassium carbonate, the ether
was removed, and the residual oil was distilled under 10 mm.
of pressure to give 47 g. (71%) of methyl le~methyl=l,2,3, 6=
tetrahydroisonicotinate (II), b.p. 99—102°/10 mm., lit. b.p.
95=100°/7 mm (7).

The hydrobromide of Il was prepared and melted at
190=191° after recrystallization from 1sopropyl alcohol.

Anal. Calcd. for CgHy (NOgBr: Br, 39.90. Found:
Br, 39.99.

n The methiodide of Il was prepared and after re-—

crystallization from isopropyl alcohol melted at 205-208°;
1it. m.p. 210=212° (7).

Preparation of l--Methyle3~phenyleli=~benzoylpiperidine
(III1).~ To a stirred solution of approximately 128 g. (0.71
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mole) of phenylmagnesium bromide in 500 ml. of dry ether was
added dropwise, 49.1 g. (0.32 mole) of methyl l—methyl=l,2,3, 6=
tetrahydroisonicotinate (II). The mixture was stirred and
heated under reflux for 1 hr. To the stirred reasasction mixture,
cooled in an ice bath, was added dropwise an aqueous solution
of ammonium chloride. The ether laeyer was then separated and
extracted with dilute hydrochloric acid. The acid extract
wag cooled in ice and mads alkeline with uo% agqueous potassium
carbonate. The o011l which precipitated was taken up in ether,
and the ether extract was dried over anhydrous potassium cer—
bonate. Filtration and distillation of the ethar solution
gave an olly residue. The i1eaidue was distilled at reduced
pressure to yield 34 g. of a viscous orange iiquid, b. p. 180
230°/20 mm. Trituration with and recrystallization from petro—
leum ether gave 18 g. (21%) of l-methyle3w=pheryl~ii=benzoylpip—
eridine (III), m. p. 107.5~108°. |
Anal. Caled. for C,oHeNO: C, 81.68; H, 7.57.
Found: ¢, 81.30; H, 7.47.

IR spectrum (Nujol mull No. 138j): 1678, 757 (M), 700.

UV spectrum ( Amax. (log € )): 245(4.26), Sh 276(3.81),
Sh 320(2.15).

The methiodide of III, m.p. 153—1550, waé prepared by
the addition of excess methyl lodide to a solution of III in
acetone and recrystallization of the resulting precipitste from
isopropyl &alcohol.

Anal. Calcd. for CgoHgINO: I, 30.15. Found: I, 30.43.
The hydrobromide and the hydrochloride of 1III were pre-
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pared by atandard procedures and were purified by recrystale
lization from isopropyl alcohol to give solids, m.p. 2&3—2uh°
and 269=270°, respectively. )

Anal. Calcd. for (hydrobromide) C,¢HgeBrNO: Br, 22.18.
Found: Br, 22.10.

Anal. Caled. for (hydrochloride) C,goHggeClNO: Cl, 11.2l4.
Found: Cl, 11.06.

The picrate of III was prepared and after two re-
crystallizations from an ethanol-~water mixture melted at 225~
234°.

Preparation of Methyl l=Methyl—3j~phenylisonipecotate
{IV).~ About 100 ml. of dry ether and 3 g. (0.123 g=atom) of
magnesium turnings were placed in a 500-ml. three—~necked
flask. A solution of 22.4 g. (0.143 mole) of broﬁobenzene in
100 ml. of dry ether was added in the course of 1 hr. to
maintain gentle reflux. After being_stirred for 0.5 hr., the
mixture was cooled to -50, and 65 ml. of an ether solution of
15 g. (0.097 mole) of methyl l=methylel,2,3,6=tetrahydroiso=
nicotinate (II) was added during the course of 1 hr. The
mixture was stirred for 20 min. longer at the same temperaturs.
The reaction mixture was hydrolyzed with an aqueous solution
of ammonium chloride. The ether layer was separated and X
tracted wlith dilute hydrochloric acid. The acid extracts wofo
cooled in ice and made elkaline with 4O% aqueous potassium
carbénate. The precipitated oil was taken up in ether. After

drying over potasslium carbonate, the ether was removed and the

residual oil was distilled under reduced pressure to give
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14.2 g. (67%) of methyl l=methyl~3=phenylisonipecotate (IV),
b.p. 172°/18 mm., nDé. 1.5217.

Anal. Calecd. for C, Hy¢NOg: €, 72.07; H, 8.21.
Found: C, 72.20; H, 8.35.

IR spectrum (film, No. 684): 1740 (B,S), 788 (M),

759 (M), 719 (W), 701.

Preparation of l=Methyle3~phenyl=b~piperidyldiphenyl-—
carbinol (V).- A solution of 4.6 g. (0.017 mole) of l-methyl~-

3-phenyl=lj==benzoylpiperidine(III) in anhydrous ether was added
dropwise to a 0.05 mole phenyllithium solution prepared from
0.7 g. of lithium and 7.5 g. of bromobenzene in 200 ml. of
anhydrous ether. After the addition was complete, the mix-
ture was heated under reflux for 4S5 min. and then decomposed
with water. The ether layer-was separated, dried over anhydrous
potassium carbonate, and the ether was removed by distillation.
_The remaining oll solidifled, and the solid was recrystallized
from isopropyl alecohol to give 4.7 g. (80%) of lemethyle—3—
phenyl=l~piperidyldiphenyicarbinol(V), m.p. 136—137.50.

Anal. Calcd. for CgagHg,NO: C, 83.99; H, 7.61.
Found: C, 83.92, 84.08; H, 7.87, 7.70.

IR spectrum (Mull No. 667): 3572 (M), 1600 (W),
1493 (M), 767 (M), 749 (M), 739 (M), 703, 695.

The hydrochloride was prepared and melted at 237--238o
after recryatallization from isopropyl alcohol.

Reaction of Phenyllithium with the Room Tempsrsture
Grignard Reaction Mixture. Preparation of V.- An ether

solution of 11.8 g. of the orude mixture from the room—
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temperature Grignard reaction was added dropwise to a phenyl~—
lithium reagent prepared from 3.5 g. (0.51 g—atom) of lithium
and 39 g. (0.25 mole) of bromobenzene in 200 ml. of anhydrous
ether. After the addition was complete, the mlxture was
allowed to ccol. The reaction mixture was then decomposed

with water. The ether layer was separated, dried over anhydrous
potasgium carbonate and the ether was distilled. .The resulting
dark red oll wass dissolved in isoproﬁyl alcohol; and the
solution was allowed to stand for a few hours. Scratching the
sides of the flask with a glass rod caused the precipltation

of 8.1 g. (54%) of V, m.p. 134~136°. This material did not
depress the melting point of an authentic sample of l—methyl;
3~-phenyl-ii—piperidyldiphenyl carbinol (V).

Preparation of l=Methyl~=3~phenylwl~piperidylidenedi~
phenylmethane (VI).~ The reaction of 10 g. of lemethyle3—

phenyl=ij=piperidyldiphenylcarbinol (V) with 50 ml. of 48%
hydrobromic acid and 50 ml. of glacisl acetic acid was heated
on the stesm bath for 2 hr. and then allowed to stand overnight.
The acetic aclid was removed by distillation under reduced
pressure, and the remainder of the mixture was made alkaline
with potassium carbonate solution. The brown o1l which pre-
cipitated was taken up in ether. The ether extracts were
drled over potassium carbonate, and the ether was distilled
yielding 4.3 g. (45%) of lemethyl=3—phenyl=l~piperidylidene—
diphenylmethane (VI). The material was crystallized and re—
ocrystallization from isopropyl alcohol gave pale yellow
crystais, m. p. 121-1230.
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" Anal. Calcd. for CggHgsN: C, 88.45; H, 7.43; N, L.13.
Found: C, 88.75; H, 7.54; N, 4.03.
IR spectrum (Mull No. 828): 1616 (W), 1600 (W=M),
1497, 772, 763, 74T (M), 733, 697. |
UV spectrum ( A max. (log € )): 238(4.18).

Preparation of l=Methyl=3~phenyl=ii~piperidyldiphenyl-—

carbinol {V} from Methyl l-Methyl=3~phonylisonipecotate (IV) .=

An ether solution of 17.5 g. (0.075 mole) of methyl l=—methyl—
3~phenylisonipecotate (IV) was added dropwise to a phenyl-
lithium reagent prepared from L.6 g. (0.665 g~atom) of iithium
and 52.3 g. (0.333 mole) of bromobsnzens in 300 ml. of an-—
hydrous ether. After the additlion was complete, the mixture
was heated under reflux for 1 hr., and then decomposed by the
addition of water. The ether layer was gseparated, dried over
anhydrous potassium carbonate and the ether was distilled
ylelding 18.8 g. (65%) of l=methyl=—3=phenyl=d=piperidyl-
diphenylcarbinol (V). Recrystalliéation frdm isopropyl al—
cohol gave purse material, m.p. 121-123°. Mixed melting point
with authentic V did not depress the melting point. The in—
frared absorption speotrum‘was identical with that of an

authentic sample of V prepared from III.

Preparation of 2-Methylwbekgto=l,2,3,L, L8, 9b=~hoxa=
hydro~lH=indeno ll,2,c| pyridine (X).-

a. Hydrolysis of Methyl l=Methyl=3=—phenylisonipecotate t

l=Me thyl~3=phenylisonipecotic Acid Hydrochloride (VIII).-~ To
21 g. of methyl lemethyl~3~phenylisonipecotate (IV) were added
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4O ml. of water and 65 ml. of concentrated hydrochloric acid.
The mixture was distilled slowly until the temperature of the
distillate remained constant at 108°. The solvent was then
removed by distillation under reduced pressure yielding 22.1 g.
(96%) of impure l-—methyl=~3=phenylisonipecotic acid hydrochlo—
ride (VIII).

b. Jl=Methyle3=phenylisonipecotyl Chloride Hydrochleride (IX).-

To 22.1 g. of impure VIII was added 100 ml. of thionyl chloride,
and the mixture was allowed to stand overnight. The thionyl
chloride was then removed by distillastion under reduced pres—
sure, and to the residue was added 150 ml. of anhydrous di-
chloroethane. The resulting solution was subjected to distile
‘lation at reduced pressure.until 50 ml. of distillate was
collected. To the residual solution 50 ml. of dichloroethane
again was added, and the distillation was repeated until 50

ml. of distillate was collected. Again 50 ml. of dichloro—

ethane was added.

¢. Intramoleculsr Frisedel~Crafts Acylation of lI~Methylw 3=

phenylisonipecotyl Chloride Hydrochloride to 2=Methylebeketo=—

1,2,},&,&5,Qb-hexahxdro—lﬂ—indeno ll,Z,clpxridine (X).~ To

the above solution of IX in dichloroethene was added 30 g. of

anhydrous alumlnum chloride. A vigorous evolution of hydrogen
chloride began. The mixture was stirredrfor 0.5 hr. after the
evolution of hydrogen chloride ceased, and then poured into
350 g. of 1ce and 50 ml. of concentrated hydrochloric acid.
After standing overnight, the aqueous and organic layers werse

separated, and the aqueous layer was extracted twice with
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ether. The agueous layer was cooled in ice and made alkaline
with sodium hydroxide solution. The resulting mixture was
extracted several times with ether. The combined ether ex—
tracts were treated with Norite, dried over anhydrous potas—
sium carbonate and the ether was distilled, yielding 11.5 g.
{64% overall yield from IV) of 2-methy1-5—ket6—1,2,3,&,&3,9b—
hexahydro—lH—indeno{},2,clpyridine, m.p. 90=92.5°. Two re—
crystallizaetions from petroleum ether gave pure X, m.p. 93~94°.

Anal., Caled. for C,gH,sNO: C, 77.58; H, 7.51.
Found: C, 77.53; H, 7.67.

IR spectrum (Mull No. 907): 1709, 1606 (M), 1585 (W),
782 (M), 766 (M), 762 (M), 739 (W=M), 715 (W).

,The oxime of X was obtalned 1n quantitative yield by
the potassium hydroxide method (16). After one recrystal—
lization from 95% ethanol the oxime melted at 195-200°.

Preparation of 2~Methyl=S=hydroxy=5=phenyl=l,2,3,l,=——

lia, o~hexahydro=lH~indeno[1,2,c)pyridine. (XI).~ To & 0.05
mbie-phenyllithium solution preparsed from 0.7 g. of lithium
and 9.7 g. of bromobenzene in 100 ml. of anhydrous ether was
added L4.6 g. of the keto—indenopyridine X in anhydrous ether.
After the addition was coﬁplete, the mixture was heated under
reflux for 5 hr. and then decomposed by the addition of water.
The ether layer was separated, and the agueous 1ay6r Was 6X—
tracted twice with ether. The comblned ether extracts were
dried over anhydrous potassium carbonate and the ether was
distilled yielding 4.5 g. (72%) of 2-methyl=5=hydroxy=b-

phonyl~1,2,3,h,ua,9b~hexahydro—lﬁ-indeno[1,2,c]pyridine (X1).
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Recryatallization from isopropyl alcohol gave pure XI, m.p.
188~-190°.

Anal. Caled. for C,gHg,NC: C, 81.68; H, 7.57.
Found: ¢, 80.86; H, 7.29.

IR spectrum (Mull No. 911): 1603 (W), 1493 (W),
769 (W), 752 (M), 7h4L, 720 (W), 700 (M).

UV spectrum ( A max. (log € )): Sh 253(2.66),
258(2.82), 265(2.90), 272(2.81).

The hydrochloride of XI was prepﬁred by standard
procedures and melted at 208=210° (dec.).

Anal. Cglcd. for C;oHgaeClNO: Cl1l, 11.23.
Found: €1, 11.61; 11.43.

Preparation of Z2=MethyleS—phenyl=2,3,4,9b~tetrahydro—
1H-indenof1,2. d pyridine (XII).— A solution of 3.1 g. of |
2=me thyl=5=~hydroxy=5=~phenyl=l, 2, 3, ., 1a, 9b=~hexahydro=1H=-1nd eno-
[1,2,c]pyr1dine,(XI) in SQ ml. of 48% hydrobromic acid and
50 ml. of glacial acetic acid was heated on.the steam bath for
2 hrs. The acetic scid was removed by distlllation under
reduced pressure on & steam bath. The remalning solution was
made alkaline with aqueous potassium carbonste, and the oil
which precipitated was taken up in ether. The combined ether
extracts were dried over anhydrous potassium carbonate, and
the ether was removed by distillation ylelding 1.5 g. (52%)
of a waxy solid. Two recrystallizations from petrolsum ether
gave pure 2—methy1—5—phenyL-2,3,u,9b-tétrahydro~15—indeno—
[1,2,c) pyridine (XII), m.p. 111-112.5°.
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Anal. Calcd. for C, HyoNO: C, 77.33; H, 8.81.
Found: €, 77.47; H, 9.03.

IR spectrum (Mull No. 1006): 3100 (B,M), 755 (M),
745.

Preparation of l=—Methyl—3—phenyl-li~piperidylphenyl~
carbinol (VII).~ An ether solution of 5 g. (0.018 mole) of

l—methyl=3—-phenyl=ii~benzoylpiperidine (III) was added drop=-
wise to a slurry of 2 g. (0.053 mole) of lithium aluminum
hydride in 300 ml. of anhydrous ether. There was no visible
reaction during the addition. After the addition was com-
plete, the mixture was heated under reflux for 23 hr. and then
decomposed by the cautious addition of water. The precipitate
was removed by flltration, and the aqueous and organic layers.
wore separated. The aqueous layer was extracted once with
ether. The combined ether extracts were dried over anhydrous'
potassium carbonate, and the ethér was removed by distillation
yielding 5 g. (100%) of l=methyle—3=phenyl=l~plperidylphenyl—
carbinol (VII). Two recrystallizations from isopropyl alcohol
gave pure VII, m.p. 159=160.5°.

Anal. Caled. for C,gHaaNO: ¢, 81.10; H, 8.24.
Found: C, 81i.41; H, 8.27. |

IR spectrum (Mull No. 1157): 3409 (W), 757 (M), 699.

The hydrochloride was preparsd and melted at‘245—2u7°

after reorystallization from isopropyl alcohol.

Reactions of l=Methyle3=phenyl=li~piperidylphenyl-
carbinol (VII).

a. With LB% Hydrobromic Acid and Glacial Acetic Acid. Pre—
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paration of XIV.— A aoiutioh of 5 g. of lemethyle3~phenylel|—
piperidylphenylcarbinol (VII) in 50 ml.'ofVAS% hydrobromic
acid and 50 ml. of glacial acetic acid was heated on the steam
bath for 4 hr. After standing overnight, the acetic acd was
removed by distillation under reduced pressure. The remaining
acildic solution was cooled in an ice bath and made alkaline
with aqueous potassium carbonate. The mixture was extracted
several times with ether. The combined ether extracts were
dried over anhydrous potassium carbonate and treated with
Norite, and the ether was removed by distillation. A pasty
‘product remainad, and after treatment with petroleum ether
yielded 2.4 g. (39%) of a solid materiasl. Reorystallization
from isopropyl alcohol gave pure XIV, m.p. 209—2110.

Anal. Calcd. for CygoHggBrNe.CagHa0: €, 65.343; H, 7.48;
Br, 19.76. Found: C, 65.13, 65.16; H, 7.51, 7.37; Br, 19.95.

IR spectrum (Mull No. 1287): 3395, 785 (M), 73k, 715,
(M), 698. "

UV spectrum ( Aax. (log € )): Sh 252(2.48),
258(2.59), 263(2.57), 269(2.42).

b, With 48% Hydrobromic Acid and Glacial Acetic Acid. Pre~

paration of XVI.=~ A solution of 5 g. of l~methyle=3=phenylel-—
piperidylphenyloarbinol (VII) in 50 ml. of 48% hydrobromic
acid and 50 ml. of glacial.acetic acid was heated on the steam
bath for several hours. After the mixture stood overnight,
the acetic acid was removed by distillation under roauced
pressure. The remaining acldic solution was made alkaline

with aqueous potessium carbonate and extracted with ether.
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The combined ether extracts were treated with Norite and dried
over anhydrous potassium carbonate, and the ether was removed
by distillation. Upon concentration of the ether solution a
80lid began to precipitate. The precipitate was coilected and
washed with anhydrous ether yielding 1 g. (20%) of an isomeric
alcohol, XVI, m.p. 196=208°. XVI gave & negative Beilstein
test, was soluble in ether and insoluble in water. Two re-—
crystallizations from ligroin (b.p. 60=90°) gave purse XVI,
m.p. 195~199°.

Anal. Calcd. for G, HgsNO: €, 81.10; H, 8.24.
Found:« C, 81.00; K, 8.18. |

IR spectrum (Mull No. 1338): 3150 (B,M), 760, 700.

UV speotrum ( N pax. (log € )): 247(2.46), 251(2.55),
257(2.63), Sh 260(2.57), 263(2.5l), 267(2.4l).

c. With Qﬁz Hydrobromic Acid and Glacial Acetic Aoi‘. Pro=—

paration of _XV .~ A solution of 17.1 g. of l=methyl=3e

phenyl—i=piperidylphenylcarbinol (VII) in 60 ml. of L48% hydro—
bromic acid and 60 ml. of glacial acetic acid was heated on
thevsteam bath for 1 hr. The mixture was allowed to stand
overnight. The acetic acid was removed by distillation under
reduced pressure, and the remalning acidic solution was made
alkaline with aqueous potassium carbonate. The mixture was
eitracted with ether. The combined ether extracts were dried
over anhydrous potassium carbonate, and the ether was removed
by distillation. The residue was triturated with petroleum
ether yielding 5.9 g. (30%) of a solid material. Washing the
solid with ligroin (b.p. 60-90°) gave pure XV, m.p. 221-224°.
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XV was soluble in water, insoluble in ether and gave a positive

silver nitrate test.

Anal. Calcd. for C;goHggBrN: C, 66.28; H, 6.4).
Found: €, 66.19; H, 6.63. |

IR spectrum (Mull No. 1393): Identical with that of
XIV.

Oxidation of XVII with Activated Manganese Dioxide to

1-Methyl=3~phenyl-li=~benzoylpiperidine (III).=~ A solution of

0.5 g. of XVII in 50 ml. of chloroform was stirrsed for 6 hr.
with 10 g. of manganese dloxide which was prepared by the
method of Attenburrow et al(ls). The reaction mixture was
sllowed to stand overnight, and the manganese dioxide was
collected by filltration through a fine sintered glsss funnsl.
The yellow chloroform solution was concentfated'loaving 0.5 g.
(100%) of crystals. Two recrystellizations from 1sopropyl
alcohol gave a solid, m.p. 108=110°. This materisl did not
depress the melting point of an esuthentic sample of lemethyl-
3=phenyl—=l=benzoylpiperidine (III). The infrared absorption
spectrum of the product obtained from this reaction was

identlical with that of authentic III.

Reduction of Methyl l-~Methyl=3-phenylisonipecotate
(IV) with Lithium Aluminum Hydride. Attempisd Preparation of
l—Mo thyl~3~phenyl~i~piperidylmethanol Hydrochloride (XVII).-

A solution of 21.3 g. (0.09 mols) of IV in anhydrous ether
was added dropwise to a slurry of 2 g. (0.053 mole) of 1lithium

aluminum hydride in 300 ml. of anhydrous ether. When the
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addition was completed, the mixture was heated under reflux
for 45 min. The exceas hydride was decomposed by the cautious
addition of water. The ether layer was separated and dried
over anhydrous potassium carbonate. After removal of the
carbonate by filtration, anhydrous hydrogen chloride was passed
through the ether solution precipitating 22.1 g. (77%) of a
hydrochloride. Two recrystallizations from i1sopropyl alcohol
gave a pure hydrochloride, m.p. 295=298°.

Anal. Calcd. for C;zHgoCINO: €, 64.58; H, 8.3l.
Found: C, 71.07, 71.33; H, 7.74, 7.67.

IR spectrum (Mull, No. 1795): 3278 (B,W), 747 (W),
10 (W=M).

Reaction of XVII with Thionyl Chloride. _Preparation

1=Me thyle3~phenyl-ii=piperidylmethyl Chloride Hydrochloride
(XVIIJ).~ XVII (7.9 g.) was added to 30 ml. of thionyl chlo-
ride cooled in an 1ce bath, and the mixture was allowed to
stand overnight. The thionyl chloride was removed by distile
lation under reduced pressurs on a steam bsth.. Anhydrous
benzene (30~40 ml.) was added, and the benzene was removed by
distillatioﬁ under reduced pressure. The process was re~
peated with 35 ml. more. A tan solid (3 g., 37%) was collected.
Two recrystallizations from lsopropyl alcohol gave pure l—
me thyle3=phenyl=l=~piperidylmethyl chloride hydrochlorids
(XVIII), m.p. 174=176°. |

Anal. Calcd. for Cy3HygClgN: C, 60.00; H, 7.36.

Found: ¢, 60.52, 60.24; H, 7.54, 7.60.
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IR spectrum (Mull, No. 1560): 780 (W), 751, 734 (w=M),
695.

Attempted Reactions of l=Methyle3j=phenyl=i~benzoyl-
piperidine (III).

a. With Bromine.-~ A solution of 0.3 g. of the hydrobromide
of III in 25 ml. of chloroform was treated with 0.17 g. of
bromine, and the mixture was heated gently under reflux for
30 min. The‘solvent was removed by distillation under re—
duced pressure, and methanol was sdded. Phenol was added to
destroy any excess bromine or perbromide. Upon addition of
ether an orsnge oil precipltated. A chloroformeether mixture
was used to effect crystallization. 0.1 g. of white needles,

m.p. 243—2&&0, was the only product isolated. The product
was shown to be identical with the hydrobromide of III by

infrared analysis and by a mixed melting point with an

authentic sample of the hydrobromide of III.

b. With Bromine in Glacial Acetic Acid.-~ The hydrobromide of

III (2.1 g.) was treated with 1 ml. of bromine in 60 ml. of
glacial acetic acid, and the mixture was 1lluminated for 9 hr.
with a 150~watt incandescent lamp. Hydrogen bromide gas was
evolved, and the solution changed from dark red to orange.

The mixture was allowed to stand for 30 hr. Most of the acetic
aclad waé removed by distillation under reduced pressure on the
steam bath. The residue was dissolved in methanol, and phenol
was added to destroy any excess bromine or perbromide. The

0il which preciplitated crystallized upon addition of a few



61.

drops of isopropyl alcohol. 1.57 g. (62%) of a white solid
(XIX), m.p. 169=171°, was obtained. |

Anal. Calcd. for C,gHg3BrgNO: C, 51.95; H, 4.82.
Found: C, 51.37: H, 4.77.

IR spectrum (Mull, No. 1590): 1666, 1595 (W),
751 (M), 701.

UV spectrum ( A pax. (log € )): 252(3.92),
334(3.25).

A small amount of XIX was converted to the free base.
The solid obtained in thls manner gave a positive Bellstein
test.

IR spectrum (Mull, No. 1886): 3440 (B,M), 3380 (B,S),
1642 (W), 1615 (M), 1595 (M), 765 (M), 702 (M).

UV spectrum ( N pax,): 238, 260, 336.

¢. Unsuccessful Isomsrization with 48% Hydrobromic Acid.-—

III (0.3 g.) was treated with 20 ml. of ;8% hydrobromic ascid,
and the solution was heated under reflux for 7 hr. The mixture
was then poured 1nto cold water, made alkaline with aqueous
potassium carbonate, and extracted with ether. The combined
ether extracts were dried over anhydrous potassium carbonate.
Removal of the ether by distillation gave an oil which orys—
tallized upon trituration with petroleum ether. Ons recryse
tallization from petroleum ether gave white needles, m.p. 108
110°, which did not deprasss the melting polnt of an authentic
sample of III.

d. Unsuccessful Isomerization with Sodium EBthoxide. III

e O PO i res. SR S eSO

(0.5 g.) was added to a sodium ethoxide solution prapared
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from 50 ml. of absolute ethanol and sodium metal (0.10 g.).
The clear solution was heated under reflux for 24 hr. The
ethanol was removed by distillation leaving an oily resildue
which crystallized upon trituration with petroleum ether.
Recrystallization from petroleum ether gave fine, flowery
neadles, m.p. 108-109°. Mixed melting point of this product
with an authentic sample of III did not depress. Infrared
analysis of this productlSQOwed it to be identical with the

infrared spectrum of III.

e. Unsuccessful Isomerization with Sodium Hydride in RefluXe

ing Xylene.— A solution of III (0.5 g.) in xylene (4O ml.)
was treated with sodium hydride (0.065 g.), and the mixture
was heated under reflux for 24 hr. ' After cooling the reaction
mixture, glacial acetic acid (0.16 g.) was added followed by
the additlion of water. The organic layer was extracted with
dilute hydrochloric acid, and the acid extracts were made
alkaline with aqueous sodlum carbonate. The oil which pre-
cipitated was t;ken up in ether. The ether solution was dried
over anhydrous potassium carbonate, and the ether was dis—
tilled leaving a s0lid materlasl. Recrystallization from |
petroleum ether gave white nesdles, m.p. 107-1080. Mixed
melting point of thils product with an authenfic sample of III

dld not depress.

f. Unsuccessful Isomerization with Vinyl Acetate and Sulfuric

Acid.-~ III (1.0 g.) was treated with vinyl acetate (8.8 ml.)
and sulfuric acid (0.01 ml.). The mixture was heated under

reflux for 3 hr. The solution was concentrated to one-=half
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its origlinal volume, and the solution was cooled. When ether
was added, a gummy substance precipitated. Aqueous potassium
carbonate was added, and the mixture was extracted with ether.
The ether was dried over anhydrous potassium carbonate, and
the ether was distilled. The residue waes heated with petro=
leum ether and then cooled, whereupon fine, flowery needles,
m.p. 10%—1090, were obtained. Mixed melting point of this

product with an authentic sample of III did not depress.

Sulfur Dehydrogenation of l=Methyle3~phenyleli—benzoyle

piperidine (III). Preparation of 3=Phenylei=benzoylpyridine

{XX) .~ 1l=Methyle3=~phenyl=l=benzoylpiperidine (III) (12.3 g.&
0.044 mole) and sulfur (4.5 g.; 0.14]1 g~atom) were heated in

a 100 ml. round=bottomed flask in a Wood's metal bath. The
temperature of the bath was grqdually increased, and at about
120° the evolution of hydrogen sulfide began. The temperature

was increased and kept constant at 180°. After 45 minutes of

heating the evolution of Lydrogen sulfide had ceased. Heating
was continued for 15 minutes longer. The dark red mixture was
cooled to room temperature and extracted with ether. The dark
red ethereal solution was filtered, and then extracted 5 times'
with SO-mi. portions of dilute hydrochloric acid. The acid
extract was made alkaline with aqueous sodium carbonate. The
red oil which precipitated was taken up in ether. The com=
bined ether extracts were treated with Norife, dried over an—

hydrous potassium carbonate and filtered. After removal of
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the ether\by diétillation, an oil (6.5 g.; 57%) remained.
Treatment of the oil with petroleum ether (b.p. 30=60°) gave
5.3 g. of crystalline material, m.p. 110-113°. Recrystal-
lization from ethyl ether gave L.9 g. of pure 3=phenyle-—
benzoylpyridine (XX), m.p. 1l4=115".

Anal. Calcd. for C,,H;sNO: C, 83.37; H, 5.05.
Found: ¢C, 83.07; H, 5.14.

IR spectrum (Mull, No. 2739): 3040 (W), 1672, 1480
(W), 1450 (M), 1402 (W), 1314 (M), 94O, 927 (M), 846, BOL (W),
783, 765 (W), 757, 707, 700,

UV spectrum ( Apax. (log €)): 248(L4.36), 290(3.70).

Preparation of l-Methyl=3-—phenyl benzoylpyridinium
Bromide (XXI).—~ A solution of 6.5 g. of impurs 3=phenyl=l—
benzoylpyridine (XX) in LO ml. of acetone was saturated with
methyl bromide. The flask was tightly stoppered and allowed
to stand overnight. The flask was cooled, and the stopper
was removed. The solution was concentrated on the steam bath.
Upon cooling a crystslline solid (2.5 g.) prscipitated. The
mother liquor was saturated again with methyl bromide, and
the foregolng procedure was repeated ylelding an additional
2.8 g. of solid. The total yleld of l=methyle3=phenyl~ij—
benzoylpyridinium bromide (XXI) was 5.3 g. (60%). Recrystal-—
lization from acetone gave pure XXI, m.p. 22l.5-226°.

Anal.. Calcd. for C,gH,¢BrNO: C, 64.42; H, L.55.
Found: €, 64.53; H, 4.68,

IR spectrum (Mull, No. 2759): 2965 (M), 2920 (M),
1670, 1636 (W), 1450 (M), 770 (W), 755 (W), 724 (W),
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710 (M), 695 (M).

Catalytic Hydrogenation of l=—Methyle3=phenyleli-—
benzoylpyridinium Bromide (XXI). Preparation of l=Methyle3—

phenxlzgcgigeridzlphonxl Carbinol (XXII).~ A solution of
5.3 g. of lemethyl=3=phenyl=l=~benzoylpyridinium bromide (XXI)

in 50 ml. of methanoi was reduced with hydrogen at low pressure
over 0.2 g. of platinum oxide for 19 hours. The catalyst was
collected by flltration, and the solvent was removed by distil—
lation. The resldue was dissolved in water, and the solution
was made alkaline with aqueous sodium carbonate. The white
8olid which precipitated was taken up in ether. The athereal
solution was dried over anhydrous potassium carbonate, fil-—
tersd and the ether was removed by distillation. A pasty oil
(3.5 g.; 75%) remained.

The oil was subjected to chromatography over a column
(22 em. x 3 cm.) of Florisil (100/200 mesh). A solution of
the cil in ligroin (b.p 60~90°) was placed on the Florisil.
Fractions 1=l were collected using ligroin (b.p. 60=90°) as
the eluent and contained nothing. Fractions 5-=8 wofe COl=
lected using benzene as the eluent and contained nothing.
Fractions 9=12 were collected using chloroform as the eluent.
Fraction 9 was blank. Fractions 10-12 yielded a total of
1.5 g. (32%) of a éolid, m.p. llh—118°. Fractions lL=16 were
collected using methanol as the eiuent. Fraction 1l contained
only a trace of oil. Fraction 15 contained an oil whose ine-

frared spectrum (smear, No. 8 (Infracord)) showed broad
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hydroxyl absorption at 3300 om™ and broad carbonyl absorp-
tion at about 1665 om™d.

The solid obtained from fractions 10=12 was recrystal=
lized from petroleum ether (b.p. 30=60°) yielding C.6 g. of
colorless needles of l=methyl=3=~phenyl=l|=piperidylphenyl car—
binol, m.p. 119.5=121°.

Anal. Calcd. for CygHasNO: C, 81.10; H, 8.2y4.

Found: ©, 81.32; H, 8.35.

IR spectrum (Mull, No. 2835): 3260, 3040 (W), 3005
(W), 2910 (M), 2855 (W), 2820 (W), 2750 (M), 2710 (W), 765 (M),
704, 696,

Sodium Borohydride Reduction of 3~phenyled|=benzoyl-

pyridine (XX). Preparation of 3=Phenyl=l—pyridylphenyl Car—

binol (XXIII).~ Sodium borohydride (1 g.; 0.026 mole) was

added in small portions with stirring to a solution of 2.1 g.
(0.008 mole) of 3~phenyl=l~benzoylpyridine (XX) in 50 ml. of
methanol. After the addition was complete, stirring was con=
tinued for 0.5 hr. The solvent was removed by distillation,
water was edded and the mixture was extracted with chloroform.
Upon removal of the solvent an oil remained. Cryastallization
of the oil was effected with petroleum ether (b.p. 30=60°) to
give 1.7 g. (80%) of 3=phenyl=l=pyridylphenyl carbinol (XXIII).
Recrystallization fromvpetroléum ether gave pure XXIII, m.p.
142-143°.

Anal. Calcd. for C,gHasNO; C, 82.73; H, 5.79.
Found: €, 82.82; H, 5.73.

IR spectrum (Mull, No. 3058): 3100 (B,S), 2840 (B,M),
1080 (W), 1053 (M), 760 (M), 755, 695.
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Preparation of 3=Phenyl=li=pyridylphenyl Carbinol
Methobromide (XXIV).- A solution of 1.7 g. of 3=phenylelj—

pyridylphenyl carbinol (XXIII) in acetone was saturated with
methyl bromide. After standing for 1 hour, colorless crys-
tals precipitated to give 2.15 g. (93%) of 3=phenyl—i~pyridyl-—
phenyl carbinol methobromide (XXIV), m.p. 22L—223°. Recrys—
allizatlion from an acetone-~isopropyl alcohol mixture did not
raise ths melting point.

Anal. Calcd. for C,oH,;oBrNO: ¢, 6l.05; H, 5.09.
Found: C, 64.32; H, 5.33.

IR spectrum (Mull, No. 3076): 3180, 3010 (M), 2930
(W), 1635 (M), 1055 (M), 769 (M), 750 (M), 735, 720, 70k, 696.

Sodium Borohydride Reduction of 3~—Phenyl=li—pyridyl—

phenyl Carbinol Methobromide (XXIV). Preparation of l=Methyl-
henyle—l,2,5,6=tetrehydr ridylphenyl Carbinol (XXV) .-

To a solution of 2 g. of 3=—phenyl=li=pyridylphenyl carbinol
methobromide (XXIV) in 50 ml. of methanol was added in small
portions, 3 g. of sodium borohydride. _After being stirred at
room temperature for 30 min., the methanol solution was
evaporated to drynesas on the steam bath. The s0lid residue
was dissolved in water, and the aqueous solution was extracted
several times with ether. After drying the extracts over an—
hydrous potassium carbonate, the ether was removed by dlstil-
lation yielding 1.3 g. (84%) of a solid matarial, m.p. 153-
155°. Recrystallization from an ethanol=water mixture gave

1.1 g. of pure l=methyl=3phenyl=l,2,5,t=tetrahydro=i~pyridyl—
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phenyl carbinol (XXV), m. p. 154.5-156°.

Anal. Calcd. for C,¢Ha,NO: ¢, 81.67; H, 7.58.
Found: €, 81.66; H, 7.56.

IR spectrum (Mull, No. 3099): 3070 (B,W), 776 (W=M),
759, 715, 696.

UV specstrum: No absorption maxima above 230 mu.

Oxidation of l=Methyl=3=—phenyl=l,2,5,6=tetrahydro=l-—
pyridylphenyl Carbinol (XXV) with Activated Manganese Dioxide.

Attempted Preparation of l=Methyl=3—phenyl=il,2 b=~tetrahydro—
4—~pyridylphenyl Ketone (XXVI).-~ A solution of 0.375 g. of 1l—

methyl=3=~phenyl=l, 2,5, b~tetrahydro=i=pyridylphenyl carbinol

(XXV) in 50 ml. of chloroform waes stirred for 3 hr. with 8 g.
of activated manganese dioxide. The manganese dioxide was
removed by flltration through a fine, sintered glass funnel.
To the chloroform solution 8 g. of manganese dioxide again
was added, and the mixture was stirred for 3 hr. The filtru--
tion was repeated. Again 8 g. of manganese dloxide was added;
end the mixture was stirred for .5 hr. The filtration was
repeated. The chloroform solution was treated with Norite
and filtered, and the chloroform was removed by distillation.
The residue was taken up in ether, and the ether solutlon was
treated with Norite. Concentration of the colorless ether
solution gave 0.19 g. of an o0il which could not be crystallized.
, IR spectrum (Film, No. 3181): 3440 (B,M), 3030 (M),
1655 (B,8), 1175 (M), 1072 (M), 940 (M), 764 (B,S), 700 (B,S).

UV spectrum { A max.): Sh 250, Sh 288, sh 345.
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Proparation of leMgthylei=cyanopyridinium Bromide
(XXVIII).— A solution of 20 g.‘of h—~cyanopyridine (XXVII) in
75 ml. of acetone was saturated with methyl bromide. The
flask was tightly stoppered and allowed to stand for 2 days,
whereupon 32.5 g. (85%) of l—methyl=l—cysnopyridinium bromide
(XXVIII), m.p. 219=220°, were collected. Recrystallization
of the solid from isopropyl alcohol gave pure XXVIII, m.p.
225=227° (dec.). ,

Anal. Calcd. for C,H.BrNg: Br, 40.15; Found: 40.23.

IR spectrum (Mull, No. 2092): 3080 (M), 2975, 2240
(W), 1631 (M), 858, 717 (W).

Sodium Borohydride Reduction of l=Methyleli=cyano-
pyridinium Bromide (XXVIII). Preparation of l=Methylel, 2,3,
6-tetrahydroiscricotinonitrile (XXIX).- To & solution of 20

g. (0.10 mole) of l-methyl-l=cyanopyridinium bromide (XXVIII)
in 125 ml. of methanol was added L4.65 g. (0.12 mole) of sodium
borohydride portionwise. The exothermic reaction was moder—
ated by external cooling with an i1se bath. After belng stirred
at rocom temperature for 15 min., the methanol solution was
evaporated to dryness on the steém bath. The semi=solid resi-—
due was dissolved in water, saturated with anhydrous potassium
cérbonate, and the mixture was extracted several times with
ether. After drying over potassium carbonate, the ether
solution was concentrated, and the residual oil was distilled
under 0.7 mm. of pressure. l=Methylel, 2,3, b=~tetrahydroiso~

nicotinonitrile (XXJX) was collected in two fractions: b.p. 85=



70.

88°, ng91.4967; and b.p. 86-90°, n2% 1.4967. The total yield
of XXIX was 8.7 g. (70%).
| An analysis of this product was not obtained, since
the o0ll decomposed rapidly and the infrared absorption
spectrum indicatéd that other products were present.

IR spectrum (Film, No. 2085): 3040 (W), 2935, 2835
(M), 2780, 2235 (W), 2215 (M), 1642, 1592 (M), 1380 (M).

UV spectrum ( A max.): 246, 397.

Reaction of l=Methylel,2,3,6=tetrahydroisonicotino=-

nitrile (XXIX) with Phenylmagnesium Bromide.=~ To a stirred
solution of phenylmagnesium bromide (0.21ll mole) prepared

from 5.2 g. (0.214 g.-atom) of magnesium and 34 g. (0.215
mole) of bromobenzene in 300 ml. of anhydrous ether was added
dropwise 8.7 g. (0.072 mole) of l—methyl~l,2,3,b6=tetrahydro-
isonicotinonitrile (XXIX). The mixturé ﬁas stirred and
heated under reflux for 2 hr. and allowed to stand overnight.
To the stirred reaction mixture, cooled in an ice bath, was
added dropwise an squeous solution of emmonium chloride. The
ether layer was separated and extracted with hydrochloric
acid (20%). The acid extract was cooled in ice and made al—
kaline with MO% aqueous potassium carbonate. The 01l which
precipitated was taken up in ether, and the ether extracts
were dried over anhydrous potassium carbonate. Filtration
and conoentration of the ether solution gave a dark red oil.
The 01l was distilled under reduced pressure to give two
fractions: 5.9 g., b.p. 165~170°/20 mm.; and 2.6 g., b.p. 170~
204° /20 mm. |
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Fraction 1

IR spectrum (Film, No. 2102): 3040 (W), 2917 (M),
2825 (w), 2770 (M), 2210 (W), 1660, 1595 (M), 755 (M), T45
(M), 719 (W), 696.

UV spectrum ( \ pax.): 252, Sh 330~335.
Fraction 2

IR spectrum (Film, No. 2103): 3040 (M), 3010 (M),
2920, 2825, 2770, 2230 (W), 1681 (B,S), 758, 698.

Sodium Borohydride Reduction of l=Methyl=li=benzoyl-

pyridinium Bromide (XXXI). Preparation of l=Methylel,2,3,t=—
tetrahydro-—li=pyridylphenyl Carbinol (XXXII).- A solution of

32 g. (0.115 mole) of le=methyl=l=benzoylpyridinium bromide
(XXO(I) in 150 ml. of methanol was treatedlwith 8 g. (0.21
mole) of sodium borohydride in essentially the same manner as
that of Kerlin(13). In this way, lemethyl-—l,2,3,6=tetrahydro-—
L=pyridylphenyl carbinol (XXXII) was prepared in 50~55% yields.

Oxidation of l=Methylel,2,3,6~tetrahydro=i=pyridyle

phenyl Carbinol (XXXIT) with Activated Mangsnese Dioxide.

Preparation of l=Methylel,2,3,6~tetrahydro=ii=pyridylphenyl
Ketons (XXXIII).~ A solution of 9 g. of l—methyl=l,2,3, 6~

tetrahydro-l=pyridylphenyl carbinol (XXXIIf in 125 ml. of
chloroform was stirred for 1l hr. with 65 g. of activated
manganese dloxlde. The manganess dloxide was removed by
filltration through a sintered glass funnel which was packed

with Filter—~cel. The filtrate was concentrated on a steam

bath using a Rinco evaporator. It was necessary to control
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to room temperature, otherwise extenaive decomposition occurred.
A dark red oil (8.5 g.) was obtained. All attempts at crys-
tallization were unsuccessful,

IR spectrum (Film, No. 2122): 3040 (W), 2920 (M), 2825
(W), 2770 (M), 1645 (B,8), 1375 (M), 775 (W), 750 (M), 700.

A picrate of the o0ll was preparsed in the usuasl manner.
The yellow solid was recrystallized twice from 95% ethanol
giving the picrate of 1-ﬁethyl—1,2,3,6—tetrahydro—4—pyridyl——
phenyl ketone (XXXIII), m.p. 159=161° (dec.).

Anal. Calcd. for C,aHyeNO°CgHaNsO;: C, 53.02; H, 4.22.
Found: €, 53.03; H, 4.37.

IR spectrum (Mull, No. 2130): 2940 (B,W), 1640 (W),
1625 (M), 1608 (M), 1360 (M), 781 (W), 74O (W), 700 (M).

Reaction of l=Methyl~l,2,3,6=~tetrahydro=li=pyridyl—
phenyl Ketone (XXXIII) with Phenylmasgnesium Bromide in the

Presence of Cuprous Chloride.— To a stirred solution of

phenylmagnesium bromide (0.032 mole) prepared from 0.77 g.
(0.032 g~atom) of magnesium and 5.1 g. (0.033 mole) of bromo-—
benzene in 200 ml. of anhydrous ether was added 0.03 g. of
cuprous chloride. The mixture was stirred for 15 min. A
golution of 3.2 g. of impure l—ﬁethyL—l,2,3,6—tetrahydro-w—
pyridylphenyl ketone (XXXIII) in 50 ml. of ether was added

dropwise. After the addition was complete, the mixture was

stirred and heated undsr reflux for 2 hr. To the stirred
reaction mixture, cooled in an ice bath, was added dropwise

an aqueous solution of ammonium chloride. The ether layer
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was separated and e#tracted with hydrochloric acid (20%) .
The sold extract was cooled in ice and made alkaline with
Lo% aqueous potassiaum carbonate. The oll which preciplitated
was taken up in ether, and the ether extracts were dried over
potassium‘carbonate. Removal of the ether by distillation
gave a dark red oll which could not be crystallized.

IR spectrum (Film, No. 2363): 3340 (B,M), 3070 (N),
3040 (M), 1678, 1595, 1495, 753, 737 (M), 695.

A plcrate of the 01l was prepared in the usual msnner.
The y;llow 8olid was recrystallized twice from 95% ethanol
giving bright yellow plates, m.p. 223=227°. Mixture melting
with an authentic sémple of the picrate of l=methyle=3=phenyl-
l~benzoylpiperidine (III), m.p. 225=-234°%°, did not depress.
The infrared absorption spectra (Nujol mulls, Nos. 2367 and

2371) of the two picrates were identical.
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SUMMARY

The reaction of phenylmagnesium bromide with methyl
l-me thyl-l,2, 3, 6~tetrahydroisonicotinate (II) at room tem—
perature gave l-methylea—phenyl-h—benzoylpipefidine (I11).

In order to establish the stereochemistry of III, equili-
bration reactions with acid and base wére attempted. It was
found that in every case, no reaction occurred and III was
recovered. Attempted bromination of III gave only the hydro~
bromlde of III. On the basis of these preliminary results,
III was assigned the trans—configuration, since the failure
of III to equlilibrate indidates that the hydrogen alpha to
the cérbonyl is axially-—oriented. |

The reaétion of phenylmagnesium bromide with II at
=7° gave methyl l-—methyl=3~phenylisonipecotate (IV). III and
iV were found to have the same stereochemistry, since the
reaction of phenyllithium with III and IV gave one and the
same carbinol, l-—methyl=3=phenyl=ij~piperidyldiphenyl carbinol
(V). The ester, IV, was successfully converted to 2-methyl-
5—keto~1,2,3,&,&3,9b—hexahydro-1H-indeno[;1,2,c] pyridine (X).
Aithouéh X undoubtedly has & ¢is ring~fusion, the stereo=
chemistry of IV does not necessarily have to be cis. Plati
and Wenner(h) fcund that either racemate of methyl l=me thyl-
j=phenylnipecotate gave the same 1ndenopyridine. Isomerizae
tion of the trans to the ¢cls racemate probably occurs duriﬁg

the Friedel=Crafts cyclization. Several compounds derived
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from X were prepared.

Lithium aluminum hydride reduction of III gave le-

1 methyl=3=phenyl=i~piperidylphenyl carbinol VII in quantitative
yield. The stereochemistry of VIII should be the same as that
of III and manganese dioxide oxidation of VII gave III. 1In
an attempt to dehydrate the carbinol VII, a glacial acetic
ecid L48% hydrobromic acid mixture, which had been used pre-—
viously with success, was employed. It was found that from
three different attempted dehydrations three different pro-
ducts were 1isolated.

In the first, a solid which had been recrystallized
from isopropryl alcohol was isolated. Its high meltineg point,
solubility in watér, insolubility in ether &nd positive silver
nitrate test gave strong evidence in favor of a quaternary
salt. Elemental analyses agreed with the empirical formula,
C;,H,,BrN;CaHBO. Structure XIV 1s the only one which accounts
for all of the experimental facts.

In the second reactiomn, the use of isopropyl alcohol
was avolided. A solid differing from XIV only in melting
point and only slightly in the infrared spectrum was obtained.
Elemental analysis agreed with the empirical formula, C,gHgaN.
Structure XV accommodates all the experimental facta. If the
assigned structures are correct, then their formations can
be rationalized only if it is assumed that VII 1is the trans
carbinol. '

In the third reaction, an isomeric alcohol, C;gHgaiiv,

was obtained. The position of =~OH stretching absorption in
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its infrared absorption spectrum was different than that of
VII. It also differed in melting point. Mangane;e dioxide
oxidation of this carbinol, XVI, to III suggests that the
two aloohols differ only in the configuration of the carbinol
carbon atom. |

Bromination of .III under forcing conditibns gave a
so0lid hydro=-bromide (XIX) whose elemental analysis agreed
with the empirical formula, C;gHg;BrgNO. The infrared ab—
sorption spectrum of XIX. showed a carbonyl bond at 1666
cm.™, and the ultraviolet absorption spectrum showed maxima
at 252 mp (log €=3.92) and 334 mp (log € = 3.25). Conversion
of XIX to the free base gave a s0lid whose iInfrared absorption
spectrum showed ~OH stretching absorption at 3440 cm.=* (B,M)
and 3380 em.”* (B,S) and a weak band at 1642 em.™™. Its
ultraviolet absorption spectrum showed maxima at 238 qp,'
260 mu, and 336 mp. The structure of the free base has not
been determined. Compound XIX 18 l~methyle3=phenyl=li~bromo—
h=~benzoylpiperidine hydrobromide.

l=Mo thyl=3=~phenyl=l=~benzoylpiperidine (III) was
successafully dehydrogenated with sulfur to give 3=phenyle -
benzoylpyridine (XX). Catalytic hydrogenation of\L—methyl-}m
phenyl=l=~benzoylpyridinium bromide (XXI) gave a mixture of
products from which a small amount of l=methyle3=phenylelj--
piperidylphenyl carbinol (XXII) was isolated. XXII was found
to be different from VII and XVI by melting point and by ine
frared analysis. Catalytic hydrogenations of 3-~phenylelj=-

pyridylphenyl carbinol methobromlide (XXIV) and  l=methyle3=
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phenyl=l, 2, 3, 6=tetrahydro=i=pyridylphenyl carbinol (XXV) were
unsuccessful. The failuré of these hydrogenations may be due
to catalyst polisoning by a trace of sulfur.

Thus, the results of this research have not produced
conclusive evidence for either the gis or the trans cone
flguration for lemethyl—3=phenyl-i~benzoylpiperidine (III)
and related compounds. Most of the experimental evidence
points to the trans configuration, but this is countered by

the results obtained from the attempted dehydration reactions
of VII.
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