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was added to incipient crystallization. The crude product,
m.p. 175-205°, was recrystallized once from acetic acid to
give 0.3 g.(25%,), orange needles, m.p. 210-212°.

Treatment of Dibenzalacetone DNPH with 909, Acetic
Acid and Hydrobromic Acid.—A solution of 1.2 g. (0.003
mole) of dibenzalacetone DNPH in 150 ml. of 90% acetic
acid containing 0.25 ml. of 489, hydrobromic v.as refluxed
6.5 hours. The solution was concentrated to 50 ml. and
water was added to incipient crystallization. The crude
product, m.p. 207-210°, was recrystallized from acetic
acid to give 0.7 g. (58%,), orange needles, m.p. 212-214°.
The ir;frared spectrum showed no NH peak at 3.07 u (3257
cm, ).

Reaction of 2,4-Dinitrochlorobenzene with 3-Styrvl-5-
phenyl-2-pyrazoline,—The  3-styryl-53-phenyl-2-pyrazoline
which was uscd was a crude pale-vellow viscous oil; the
N-nitroso derivative, m.p. 149-150°, was prepared to
identify the pyrazoline.® A solutivn of 7.5 g. (0.030 mole)
of 3-styryl-5-phenyl-2-pvrazoline in 100 ml. of ethanol was
added to a solution of 6.8 g. (0.034 mole) of 2,4-dinitro-
chlorobenzene in 100 mli. of ethanol. The mixture was
refluxed 2 hours during which time it turned deep red.
After much of the solvent was removed, the material was
refrigerated. The deep-red crude product which was re-
covered was taken up in hot ethanol, from which an orange
product, m.p. 207-209°, was recovered. The crude prod-
uct was recrystallized from ethyl acetate to give 6.1 g.
(59%), orange crvstals, m.p. 212-213°, This product
did not depress the melting point of the product obtained
by the treatment of dibenzalacetone DNPH with acetic
acid. The infrared spectra (2-15 u) of these products
were identical.

Amnal. Caled. for CgpH, N.O;:
13.52. Found:
12.85.

Reaction of 2,4-Dinitrochlorobenzene with 5-Phenyl-2-
pyrazoline in Absolute Ethanol in the Presence of Fused
Sodium Acetate.—The 5-phenyl-2-pyrazoline which was
used was a colorless oil and distilled at 120-124° (1 mm.);
the picrate derivative, m.p. 115-116°, was prepared to

C, 66.66;
C, 67.73, 67.32;

H, 4.38; N,
H, 4.36, 3.34; N,

(6) N. Kishner, Chem. Zentr., 88, II, 318 (1916).
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identify the pyrazoline.s A solution of 6.0 g. (0.041 mole)
of 5-phenyl-2-pyrazoline in 25 ml. of absolute ethaiol was
addea to a solution of 8.5 g. (0.042 mole) of 2,4-dinitro-
chlorobenzene in 350 ml. of absolute ethanol containing 4
g. of fused sodium acetate. The solution was refluxed for
a period of 3.5 hours and then cooled. The sodium chlo-
ride which came down was filtered off and the solution was
concentrated to about 50 ml. A red oil came down whicl
after 24 hours crystallized. The crude product was re-
crystallized first from methanol and then from acetic acid
to give 6.3 g. (499,), yellow crystals, m.p. 157-158°,
The infrared spectrum showed no NH peak at 3.07 u
(3257 cm. ™).

Anal. Caled. for Ci;H,N,Os: C, 57.69; H, 3.87; N,
17.94. Found: C, 57.33, 57.34; H, 3.79, 3.79; N, 17.89,

‘Wlien, on the other hand, 2,4-dinitrochlorobenzene and
5-phenyl-2-pyrazoline were treated in 959, ethanol in the
absence of sodium acetate, an orange product, m.p, 214~
217°, was obtained. This material did not depress the
melting point of 1-(2,4-dinitrophenyl)-3-phenyl-2-pyrazoline.

Preparation of the Low-melting Isomer of Cinnamalde-
hyde DNPH.—A mixture of 10 g. (0.05 mole) of 2,4~
dinitroplienylhydrazine in a sixfold excess of cinnamalde-
hyde was allowed to react at room temperature. After
an hour the excess cinnamaldehvde witlt the dissolved
derivative was separated by suction filtration. To the
filtrate was added 200 ml. of ethanol, followed by 200 ml.
of a 1:1 mixture of water-ethanol. The voluminous orange
precipitate was collected and dried. The crude product
was recrystallized from benzene to give a low yield of orange
needles, m.p. 196-197°. The melted material solidified
and re-melted at 248-250°. The low-melting derivative
was quatttitatively converted to the high-melting derivative
when treated with hot acetic acid. The ultraviolet spectra
in chloroform of the materials were different. The infrared
spectra of thiese isomeric cinnamaldehyde derivatives were
almost identical from 3 to 8 u. The region from 8 to 15
u showed variations in the positions and in the inteusities of
the corresponding absorption peaks.
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The Quasi-Favorskii Rearrangement.

II.!

Stereochemistry and Mechanism

By EpwarD E. SM1sSMAN AND GILBERT HiTe?:3?
RECEIVED MAy 4, 1959

Tlie skcletal rearrangement of (— )-1-metliyl-3-benzoyl-3-cliloropiperidine (IV) provides a means by whicl: the nechanism
and the stereochemistry of thic quasi-Favorskii rcarrangement inay be studied. The ( — )-a-halogenated ketone 1V afforded

racemic rearrangement acid X aud residually dextrorotatory «-livdroxy ketone VI.
rotatory dispersion (o.r.d.) studies indicate that tlie rcarrangcment is intermediated by ion pairs.

Both cliemical evidence and optical
A unified mechanism

lias been presented for the skcletal rearrangement of a-halogcuated ketoues possessing 110 e-hiydrogen (the quasi-Favorskii

rearrangement).

Steveus and Farkas* have obtained 1-plienyl-
cyclohexanecarboxylic acid (III) fromz the rear-
raugement of a-chlorocyclohexyl plienyl ketoue (I)
with powdered sodium hydroxide in refluxing
xylene. To explain tlie high yield (537;) of reat-
rangement acid III, they have suggested a surface-
catalyzed reaction in which the anionoid traunsition
state is formed by initial nucleophilic attack of a

(1) For the first paper in this series, see: E. E, Smissman and G.
Hite, TaIs JoURNAL, 81, 1201 (1959).

(2) This and the previous publication comprise a portion of the
thesis presented by G. H. in partial fulfillment of the requirements for
the degree of Doctor of Philosophy in Pharmacentical Chemistry at the
University of Wisconsin., Recipient of the Lunsford Richardson
Pharmacy Award, First Prize, Central Section, 1959.

(3) This work was presented, in part, at the 135th Meeting of the
American Chemical Society in Boston, Mass., April, 1959.

(4) C. L. Stevens and E. Farkas, THIS JoUrRNAL, T4, 5352 (1952).

liydroxide ion at the carbonyl carbon of the a-
halogenated ketone I. Tchoubar and Sackur’
were the first to observe this reaction. They
favored a similar semi-benzilic rearrangement in
which the migrating and the departing groups and
the two continguous carboun atoms might be ex-
pected to be planar with the groups trans.® Equally
as important as the mechanistic sequence is the
tangible but unobservable (in this case) stereo-
chemical result predicted by these*? rationaliza-
tions: that is, inversion at the reaction terminus.

With the realization of the rearrangement of
(—)-1-methyl-3-benzoyl-3-chloropiperidine (IV), it
became possible, for the first time, to observe the

(3) B. Tchoubar and O. Sackur, Compt. rend., 208, 1020 (1939).
(6) D, Y. Curtin and P, 1, Pollak, THIS JoURNAL, T8, 992 (1951),
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stereochemistry and to elucidate the miechanismi
of the quasi-Favorskii rearrangement.

The rearrangement was effected by refluxing the
(—)-a-halogenated ketone 1V with dry, powdered
sodium hydroxide in anhydrous xylene or high
boiling petroleum ether (Skelly E). The re-
action yielded (=£)-1-methyl-3-carboxy-3-phenyl-
piperidine (X), (+)-1-methyl-3-benzoyl-3-hydroxy-
piperidine (VI), which was 85-909, racemic,
benzoic acid (XII), and an unidentified amine frag-
ment. No rearrangement acid X was obtained
when ether or Skelly A were emnployed as the sol-
vents.

The dehydrohalogenated derivatives of the a-
halogenated ketones have been sought but never
detected among the products of these rearrange-
ment reactions.

Fig. 1..—Acyl-to-ring rotamers in the halogen-axial con-
formations of the two enantiowers of I-metliyl-3-benzoyi-3-
chiloropiperiditte i acidic solution.

The (—)-a-halogenated ketoie IV was quantita-
tively dehalogenated in less than 15 minutes,
whereas a-chlorocyclohexyl phenyl ketone (I)
appears to react at a much slower rate.*

The optically active ketone IV was 109, race-
mized after thirty minutes in aunhydrous refluxing
xvlene.

The (+)-a-hydroxy ketone VI was optically
stable to treatment with dryv powdered sodium
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hydroxide in anhydrous xylene after refluxing for
thirty minutes.

The rearrangement of 1-methyl-4-chloro-4-ben-
zoylpiperidine is sensitive to both the solvent
volume and the sodiunmi hydroxide content of the
svstem.’

When treated with sodium hydroxide in aqueous
acetone at room temperature for four hours, IV
was quantitatively dehalogenated. It gave (=)-
a-hydroxy ketone XI. No rearrangenient acid
X could be isolated from this reaction nor was
any found after refluxing IV or XI with 39 or
309 sodium hydroxide in agueous dioxane.

Treatment of racemic IV with niethanolic sodium
niethoxide gave a product with no carbonyl ab-
sorption in the infrared.*® However, using meth-
anol-free sodium methoxide suspended in anhydrous
refluxing xylene, IV gave a chlorine free, dextro-
rotatory oil which had the samnie infrared spectrum
except for a carbonyl band at 5.97 . No rearrange-
ment was detected.

Optical Rotatory Dispersion Studies.——The emni-
pirical axial a-halogenated ketone dispersion rule,”
developed by Djerassi and co-workers,®~!! pro-
vides a means of determining the absolute con-
figuration of a-halogenated ketones without refer-
ence to compounds of known configuration.!¢.!!
Recent work with 17a-halo-20-ketopregnanes has
suggested that the rule also may be employed to
differentiate free rotational isomers in these acetyl-
cvcloalkanes.'? Most likely this is applicable to
the general class of «-halogenated acylcycloalkanes
of this type.

The halogen atom maintains the axial orieuta-
tion bv virtue of structural constraints in the
axial a-halo-keto steroids.®® In the «-halo acyl-
cycloalkanes, the halogen is attached to the ring
carbon and the quasi-axial orientation with re-
spect to the carbouyl group is achieved by rotation
about the acyvl-to-ring bond. This is stabilized
by conforinational constraints in the 17a-halo-20-
ketopregnaties,'? and by electrostatic constraints!?
in the 3-halo-3-acylpiperidines.

(7) The reariangement of I is reported to be insensitive to the par-
ticle size of the sodinm hydroxide; ref. 4.

(8) R. E. Lyle. 3. A Leone, H. J. Troscianiec and G. H. Warner,
J. Org. Chem., 24. 330 (1939).,

(9) The a-halogenated ketone dispersion rule may be stated as

follows: "In viewing the optically active chromophore [for nomen-
clature, see C. Djerassi and W, Klyne, Proc. Chem. Soc., 55 (1937)]
=C-C- (X = (I, along the carbonyl bond with the

L

O X
oxygen closer tf the observer's eyve and with the halogen down, if the
halogen atom is to the right of the carbonyl group, the sign of the single
Cotton effect enrve will be positive; if to the left, negative, providing
the halogen atom bears an axial or quasi-axiai orientation with respect
to the carbonyl group.”

(10) C. Djerassi and W. Klyne, THrs Jourrsat, T9, 1506 (1837).

f11) C. Djerassi, J. Osiecki, R. Rinicker and B. Rinicker, /hid., 80,
1216 11958).

(12) C. Djerassi, L.
(1959,

113) Flectrostatic interactions can be used to predict the preferred
rotational isomers of a pair of enantiomers; however, there is no
rigorons chemical proof that 3-halo-3-acylpiperidines, in which such
interactions are operable, will conform to the rile. This tentative
extension was snggested by C. Djerassi (personal communication).

(14) For more subtle electrostatic effects observed with o.r.d., see
C. Djerassi and L. E. Geller, Trtrahedron, 3, 319 (1958).

Br. not I, 1),

lFornagnera and O, Mancera, ybyd,, 81, 2383
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Fig. 2.—The optical rotatory dispersion curves of: 1,
(+)-1-methyl-8-benzoyl-3-hydroxypiperidine (VI) in 0.1 N
hydrochloric acid; 2, (+)-1-methyl-3-benzoyl-3-hydroxy-
piperidine (VI) in octane; 3, (—)-1-metliyl-3-benzoyl-3-
chloropiperidine (IV) in 0.1 N hydrochloric acid; 4, (—)-1-
methyl-3-benzoyl-3-chloropiperidine (IV) in octane.

Examination of molecular models reveals that
the more stable conformations of the two enantio-
morphic forms of 1-methyl-3-benzoyl-3-chloro-
piperidine are those in which the chlorine is axial
with respect to the ring. In acidic solution, the
preferred antipodal rotational conformers are those
in which the carbonyl oxygen electrons are closer
to the cationoid nitrogen (Fig. 1, A, C not B, D),

Application of the dispersion rule to A and C
requires that A represents the absolute configura-
tion of (—)-1-methyl-3-benzoyl-3-chloropiperidine
(¢f. IV) since A predicts a negative single Cotton
effect curve in agreement with the observed result
(Fig. 2).

The o.r.d. curve of the sanie enantiomer was ob-
tained in octane solution. It exhibited a positive
Cotton effect (Fig. 2). Inversion of the sign of the
Cotton effect by changing solvent is rationalized
in the following manner. There was an electro-
static attraction between the cationoid nitrogen
and the carbonyl oxygen electrons in an acidic
medium. In a non-polar medium, an electrostatic
repulsion between the free electron pair on nitrogen
and the carbonyl oxygen electrons exists. There-
fore, the more stable forms of the antipodal ro-
tational conformers can be chosen (Fig. 3, F, H
not E, G).

The dispersion rule requires that F represents
the absolute configuration of the (—)-a-halogen-
nated ketone (¢f. IV), the saine conclusion ar-
rived at in the argument above.

Inspection of inolecular models indicates that the
more stable conformations of the two enantio-
morphs of 1-methyl-3-benozyl-3-hydroxypiperi-
dine are those in which the hydroxyl is
axial with respect to the ring. By the same
reasoning used for the a-halogenated ketones, the
more representative rotational conformers in
acidic solution will be J and K (Fig. 4).

Application of the dispersion rule to these pro-
jections indicates that J, which predicts a negative
Cotton effect curve, in accordance with the ob-
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Fig. 3.—Acyl-to-ring rotaniers in the halogen-axial con-
formations of the two enantiomers of 1-methy1-3-benzovl-3-
chiloropiperidine in octane.

8 |
N—CHe He
—5—=0
J
OH

Fig. 4.—The preferred acyl-to-ring rotamers in the
hydroxyl-axial conformations of the two enantiomers of 1-
metliyl-3-benzoyl-3-hydroxypiperidine in acidic solution.

served result (Fig. 2), represents the absolute con-
figuration of the (+4)-a-hydroxy ketone (cf,
VI).1

In octane solution, the (4)-a-hydroxy ketone
shows a negative Cotton effect curve (Fig. 2).
Unlike the «-halogenated ketone, no inversion in
the sign of the Cotton effect is observed in passing
between octane and 0.1 N acid. The bases upon
which acceptance of the applicability of the dis-
persion rule to these a-hydroxy ketones rests's
could only be valid if the same configurational
rotamer were responsible for the negative Cotton
effect observed in both acid and octane solutions,
thatis, J (Fig. 4).

It was predicted that a stabilizing influence of the
hydroxyl group favored that rotamer in which the
carbonyl oxygen was closer to the nitrogen (J or
its antipode).

Inspection of molecular models suggested that
intramolecular hydrogen bonding of the C;-
hydroxyl to the tertiary amine function would
account for a negative Cotton effect from J, not
its antipode, by virtue of the partial positive charge
imparted to the nitrogen. The prediction was
confirmed by infrared evidence (Table I).

Consequently, J represents the absolute con-
figuration of the (+)-a-hydroxy ketone (¢f. VI).
This conclusion is in accord with the o.r.d. data
obtained in acid solution.

(15) The use of thie dispersion rule to assign absolute configurations
to the a-hydroxy ketones is justified on these bases: (a) The hydroxy
group is not expected to prodiuce any new conformational or elec-
trostatic changes in these structures in acidic media. (b) Both the
(—)-a-halogenated ketone and the (+4)-a-hydroxy ketone give nega-
tive Cotton effect curves in 0.1 N acid, a fact which indicates that in
both compounds the stereochemical environment about the carbonyl
group is the same. (c) In a series of twenty axial or quasi-axial a-
hydroxy and a-acyloxy steroidal ketones whose o.r.d. characteristics
have been reported in the literature, all but four have been correctly
accompanied by this extension of the rule (C. Djerassi, O. Halpern, V.
Halpern, O. Schindler and Ch. Tamm, Helv. Chim. Acta, 41, 250
(1958); E. W, Foltz, A. E. Lippman and C. Djerassi, TH1S JoURNAL,
77, 4359 (1955) ).
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Discussion

The niechanism involves an initial unimolecular-
type ionization of the (—)-a-halogenated ketone
IV. The charge separation is facilitated by a
1-3 internal, bimolecular-type, nucleophilic substi-
tution “1-3 SN2i” on the a-carbon bearing the
halogen by the electron pair on nitrogen.!® This
affords a configuration retaining intimate (inter-
nal)!® ion pair (V) which yields (4)-alcohol VI
of retained configuration by anion exchange and
subsequent collapse to VI. Greater separation of
the charges in V gives an ‘“‘internally solvated”
racemic cation which is probably present as a sol-
vent separated (external) ion pair (VII). Par-
ticipation of the phenyl group through a pheno-
nium ion intermediate (quasi-cyclopropanone inter-
mediate, IX), anion exchange and collapse of this
external ion pair IX leads to racemic acid X.
Racemic a-hydroxy ketone (X1I) is formed from VII
upon anion exchange and collapse of the resulting
racemic ion pair. Participation of the carbonyl
oxygen (VII — VIII) gives, by anion exchange and
collapse of the resulting ion pair, unstable, racemic,
internal hemi-ketal VIII. Stabilization of VIII
constitutes an alternate route to racemic a-
hydroxy ketone XTI,

It was stated above that the rearrangeuent of 1-
methyl-4-chloro-4-benzoylpiperidinc is sensitive to
both solvent voluimme and sodimu hvdroxide con-
tent of the syster. Therefore, in view of thie ex-
perimeintal evidence, hydroxyl ion in solution uced
unot play a role in the rearrangeient and the re-
action is postulated to occur at the sodiwmn hydroxide
ionic surface. :

The validity of tlie mechanisi is dependent upou
the fact that the (—)-a-halogenated ketone (IV)
and the (+)-a-hydroxy ketone (VI) have the satie
relative configuration. The interpretation of the
o.r.d. data bears this out and leads to the assigu-
ment of the absolute configurations shown m IV
and VI. The optical specificity and the racemi-

(16) These data were abstracted from a paper by G. Hite, E. E.
Smissman and R. West, THIs JoUrRNAL, 82, 1207 (1960).

(17) The spectra were run in carbon tetrachloride using a Perkin-
Elmer, model 112, single beam, infrared spsctrophotometer (0.01 M,
cell path 10 mm.).

(18) A. T. Bottini, C. A. Grob and E. Schumachei, Chemistry &
Indwstry, 757 (1958).

(19) For nomenclature, see S, Winstein, B, Clippinger, A. A. Fain-
berg, R. Heck and C. G. Robinson, THIs JoUrNAL, 78, 328 (1956).
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zation of IV in refluxing anhydrous xylene place
the ion pair postulate on a secure foundation.
Classical theory used to rationalize the chemical
results provides further evidence to justify this
mechanism.

While it is impossible to say which of the two
conformers (IVa, IVe) is the more abundant at
135°, the IVa conformation would be the mniore
likely precursor of dehydrohalogenated products.
Facile unimolecular elimination in a non-polar
solvent is considered imptobable, Bimolecular
eliminations are less hindered in non-polar uedia,
but this is considered unlikely since experimental
evidence indicates that the nucleophile concentra-
tion [OH] is low or non-existant in these anhydrous
niedia. The rate differential, attributed to the
anclhimeric effect of the nitrogen, has precedent in
tlie higlier rates of reaction of halogenated piperi-
dines compared with their cyclohexyl counter-
parts.’®® The SN2i attack postulated is not
without precedent in the classical Favorskii re-
arrangenient.? Since the conformation in which
the cllorine is equatorial (IVe) is the only one in
which this type of attack could be effected, it is 1ot
surprising that no dehydrohalogenation products
can be detected. Consequently the reaction pro-
ceeds entirely through the IVe conformation.

The isolation of racemic acid X is in agreenient
with the common intermediate VIII from whicl it
and the remainder of the alcohol (racemic, XI)
is derived. The rearrangement takes place in the
racemic external ion pairs and not by a sewi-
benzilic mechanism. To explain the high yield
of rearrangement acid III nucleophilic attack at
the carbonyl group should be deferred. If CG-0O%
is present together with CB-OH and Cg-C:H;
on one carbon atom, high yields of rearrangenient
acid III are difficult to rationalize in view of the
known facility of participation of neighboring
groups in some pinacolic displacement reactions
that is, C8-0° >> CB-CH; > CB-OH.?.%

If ion pairs were intermediates in these rear-
rangemeunts, compound I would give a higher
vield of rearrangenient acid IIT than its bromo
aualog.* Since thie C-Br boud is miore polariz-
able than the C-Cl bond, the bromo aunalog would
be less able to ruaiutain the coufiguration of ex-
ternal ions VII and IX. Amnion exchange and for-
matiotr of VI and XI would predominate. Reuar-
rangcinent should be favored by high temiperature
aud non-polar solvents. Tlese trends are evident
in the a-halocyclohexyl phenyvl ketone serics?
atid in our own work. The still lower yields of -
nicthyl-4-carboxy-4-plienylpiperidine (25%)! aud
(#)-1-methyl-3-carboxy-3-phenylpiperidine (510
C%) also fit this rationalization since the carbon-to-
chlorine bond is made u1ore polarizable in the latter
due to the proximity of the lone pair of electrons ou
nitrogen in their respective precursors,

(20) R. B. Loftfield, ¢bid., T8, 4707 (1951); 1. J. Borowitz,
Ph.D. Thesis, Columbia University, 1956; A. 5. Kende, “Organic
Reactions,” in press; and N, L., Wendler, R. P. Graber and G. G.
Hazen, Tetrahedron, 3, 144 (1938).

(21) J. F. Lane and D. R, Walters, THIs JoURNAL, T3, 4238 (1951).

(22) This order of aptitude is observed in the reaction of IV with
sodinm methoxide in methanol. Thig, and the methoxide reactinn
in non-polar solvents, is the snbject of a paper now in preparation by
E. E. 5. and G. H.; ¢f. ref. 8.
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The mechanism suggested by Stevens and
Farkas* and by Tchoubar and Sackur® are con-
travened by the ion pair mechanism. Because of
the dominant role played by the nitrogen in the
piperidines, it may be argued that this does not
represent a ‘‘classical quasi-Favorskii rearrange-
ment.” Ultimate resolution of this point can be
achieved by rearrangement of a suitably consti-
tuted, non-nitrogenous, optically active, «-halo-
genated ketone which is now being prepared.
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his helpful comments thereon; to Dr. Jackson
Hester for a sample of (—)-10-camphorsulfonic
acid; and to Dr. W. Wildman of the National
Institutes of Health for an O.R.D. measurement of
the acid X.

Experimental
All melting points were obtained in a Hershberg-tvpe, sili-
cone filled melting point apparatus equipped with Anschiitz
immersion thermoeters. The samples were placed in the

circulating silicone bath 10° below the reported melting
points and heated at the rate of 1-2° per minute. Elemen-
tal analyses were performed by Drs. Weiler and Strauss,
Oxford, England. A Zeiss~Winkel polarimeter was used to
determine specific rotations (a'D).

Resolution of (+ )-1-Methyl-3-benzoyl-3-hydroxypiperi-
dine (XI).—The racemic alcohol XI and (4 )-10-camphor-
sulfonic acid were dissolved in equimolar amounts in two
separate portions of ethylacetate and then mixed. Recrys-
tallization from ethyl acetate afforded the (+)-10-camphor-
sulfonate salt of (- )-1-methyl-3~benzoyl-3-hydroxypiperi-

dine (VI), m.p. 145-146° dec., oD (absolute ethanol)
+28.4°,
Anal. Caled. for CosHpNOeS: C, 61.17; H, 7.37; N,

3.10; S,7.10. Found: C,61.00,H,7.39; N,3.18; S, 6.34

Treatment of the racemic amine XI with (—)-10-cam-
phorsulfonic acid afforded the (— )~10-camphorsulfonate salt
of (—)-1-methyl-3-benzoyl-3-hydroxypiperidine, m.p. 145-
146° dec., a%D (absolute ethanol) —28.3°,

The free (+ )-amino alcohol VI was recrystallized from
Skelly A; m.p. 72.5 — 73°, a¥D (absolute ethanol) +11.4°;
R.D. (Fig. 2) in 0.1 N hydrochloric acid (¢ 0.072), 25°,
negative Cotton effect curve: [alwo + 15°, [alss + 25°,
lelsoo + 35°, [alio —25°, [alwe —150°; (¢ 0.014) [(1]360
—430°, [alsars —545°, lalsso —450°. [alsme + 55°, [ales +
355°, (el + 700°, [a]ns + 985°, [alste + 1045°; R.D. (Fig.
2) in octane (¢ 0,089), 25°, negative Cotton effect curve:

laloo + 15°, [aelss + 10°, [alsoo + 5 [ee]soo — 85°, [alars
— 345°, [a]v70—'420 ) e 3625—3 5°, 04355—435, a Jaso
—340°; (¢ 0.017) [a]34o + 210°, [a]gzo + 880°, [alsno +
1000° [ ]mo + 905

Amnal, Caled. for CyHyNO,: C, 71.20; H, 7.81; N,
6.29, Found: C, 71.18; H, 8.07; N, 6.28.
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The free (— )-amino alcohol was recrystallized from Skelly
A, m.p. 72.5-73°, %D (absolute ethanol) —11.6°, aud gave
o.r.d. curves in both octane and 0.1 N hydrochloric acid
which were perfectly antipodal to the curves obtained for the
(4 )-amino alcohol VI in tliese solvents.

Resolution of (4 )-1-Methyl-3-benzoyl-3-chloropiperi-
dine.—The racemic amine was dissolved in cold (0°) abso-
lute ethanol. Thiswasadded slowly to an equimolar amount
of (4 )-10-campliorsulfonic acid in warm absolute ethanol.
The crystals were redissolved in absolute ethanol (3 ml. per
g. of salt) and to tlie warm solution was added liot ethyl
acetate (6 ml. per g. of salt). After eleven recrystalliza-
tions, the pure (4 )-10-camphorsulfonate salt of (—)-1-
methyl-3-benzovl-3-chloropiperidine (IV), m.p. 182-183°
dec., o®p (water) +11.6°, was obtained.

Anal. Caled. for CyHNC10:8: C, 58.78; H, 6.86; N,
2.98; Ci, 7.54; S, 6.82. Found: C, 58.70; H, 6.94; N,
3.02; Cl, 7.74; S, 6.72.

Pure (—)-1-methyl-3-benzoyl-3-chloropiperidine (I1V) was
obtained from the above salt by the method described for
the preparation of amines for use in the rearrangement;
m.p. 25-26°, «¥D (absolute ethanol) —4.2°; R.D. (Fig.
2) 1n octatte (¢ 0.082), 27°, positive Cotton effect curve:
[elroo —19°, [alws —15°, lalwe —5°, [alw + 70°; (0.016)
[a]wo + 125°, [also + 175°, [elue + 25°, [alne —375°,
[(11307-5 — 600°, [dlaoo - 550°; R.D. (Fig. 2) in 0.1 N hy-
drochloric acid (¢ 0.119), 29°, negative Cotton effect curve:
latoo —1°, labes —12°, [alse —15°, [almo —32°, [alues —
550, [a]m - 320; (C 0023) [a]s;o + 430, [a]gso + 1300, [ak‘so
+ 218°, [almo + 218°, [alurs + 235°, [elas + 182°.

Anal. Caled. for Ci3sHieNOCH: Cl, 14.91. Found: Cl,
14.86.28

Rearrangement of (—)-1-Methyl-3-benzoyl-3-chloro-
piperidine (IV).—An analytically pure sample of the (+)-
10-campliorsulfonate salt of the (— )-antine I'V was dissolved
in water treated with excess sodium bicarbonate and ex-
tracted with purified Skelly A. After drying over sodium
sulfate, the solvent was removed under a stream of
dry nitrogen until the concentration of free amine was about
6 g. per 25 ml. of solution. If cloudy, the solution was
treated with carbon, filtered through sintered glass, and
rapidly cooled in an acetone-Dry Ice-bath. Scratching
usually initiated crystallization. The remainder of the
solvent was removed under reduced pressure at 0°. The
crystals were dried (0° (0.1 mm.)) overnight, stored under
vacuum, and placed in the refrigerator until used.

A dry reaction vessel was charged with 200 ml. of anhy-
drous xylene and 10.0 g. (0.25 mole) of freshly prepared,
finely powdered, dried (150-160° (0.01 mm.), 12 hours)
sodium hydroxide. The slurry was brought to reflux and
50 ml. of a solution containing 5.943 g. (0.025 mole) of (— )-
amine IV in anhydrous xylene was introduced in a period of
10 minutes. The mixture was immediately cooled in an
acetone~Dry Ice-bath and flushed with carbou dioxide
gas.2¢

Test for Unreacted o-Halo Ketone.—Twenty-five mil. of
the xylene solution was siphoned, mixed with 100 ml. of
anhydrous ether, filtered through sintered glass, mixed with
filter cell and carbon, and refiltered. The amines were
extracted with 0.2 N hydrochloric acid. The aqueous layer
was washed with purified Skelly A, treated with sodium
bicarbonate, and extracted with Skelly A. After drying
over sodium sulfate and treating with carbon, the solvent
was removed leaving a colorless chlorine-free oil, 0.450 g. of
which crystallized on cooling.

The remainder of the reaction mixture was diluted with
400 ml. of anhydrous ether, aud extracted witli small por-
tions of water until the washings were neutral. Extraction
of the amines as outlined above afforded an additional 4.10
g. of material.

Test for Dehydrohalogenated Products (Unsaturation).—
One gram of the above oil was dissolved in glacial acetic
acid or in 5% hydrobromic acid and treated with bromine.
After neutralizing with sodium bicarbonate, extracting with
Skelly A, drying, and decolorizing with carbon, tlie oil ob-
tained was bromine free.

(23) This was a gravimetric analysis performed in our laboratory
due to the instability of this compound.

(24) Continued heating does not increase the yield of rearrangement
acid X; itlowers the yield of e-hydroxy ketone (VI, X1I) and increnses
the yield of heneole asidi  Flushing quenches the reaction:

EpwaRrD E. SMissMAN AND GILBERT HITE
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Optical Rotation of the Amine Fraction.—The isolated
amines were recrystallized from Skelly A vielding residually
dextrorotatory 1-methyl-3-benzoyl - 3 - hydroxypiperidine
(VI) a®p + 1.3° (889, racemic). The total yield was 4.55
g. (0.021 mole, 849%,).

Isolation of Benzoic Acid (XII).—The aqueous extract
from the reaction mixture was acidified to pH 2.0 with
hydrochloric acid and extracted with ether. After drying
and removing the solvent, the solid was placed under vacuum
(0.1 mn1.) overnight. Titration showed the presence of
1.150 g. (0.013 mole, 5%) of benzoic acid wliich was isolated
and crystallized, m.p. 120°.

Isolation of Rearrangement Acid (X).—The acidic aqueous
solution from which the benzoic acid had been extracted
was neutralized to pH 7.00. The pH was checked intermit-
tently as the solvent was removed. The residue was dried
(80° (0.01 mmm.), 8 hours), ground to a fine powder, and ex-
tracted witli chloroform in a soxhlet apparatus for 10 hours.
Removal of the solvent gave 0.600 g. of a solid which, when
recrystallized from chloroform, yielded 0.385 g. (0.017 miole,
7.09%) of pure rearrangement acid m, m.p. 250-250.5° dec.
(lit.' m.p. 250-250.5° dec.).

Neither a 209 aqueous solution nor a 8% methanolic
solution of this material (1 dn.) shiowed optical activity in
the Zeiss-Winkel polariineter. An o.r.d. curve further cc
roborated this finding.

The hydrochloride salt of (=)-1-methyl-3-carboxy-3-
phenyl-piperidine was prepared from a sample of the rear-
rangement acid isolated from the rearrangement of the (=)-
1-methyl-3-benzoyl-3-chloropiperidine ! Recrystallization
from acetic acid-benzene gave white crystals, m.p. 274.5-
275.5° dec. (lit.» m.p. 265°).

Anal. Caled. for C3H;;NO,-HCl: C, 61.05; H, 7.09;
N, 5.48; Cl, 13.86. Found: C, 61.11; H, 7.10; N, 5.39,
Cl, 13.92.

The ethyl ester livdrochloride was synthesized from tlie
above material by treatment with thionyl chloride and sub-
sequent ethanolysis of the acyl halide hydrochioride. Re-
crystallization from ethyl acetate afforded ethyl (=%)-1-
methyl-3-phenyi-3-piperidine-carboxylate hydrochloride,
m.p. 177.5-178.5° dec. (1it.28 m.p. 177-180°).

Tlie melting points of the known racemic rearrangement
acid, its hydrochloride salt and its ethyl ester hydrochloride
were identical with and undepressed by admixture with sam-
ples of these materials derived from the rearrangement acid
isolated from the rearrangement of ( —)-1-methyl-3-benzoyl-
3-chloropiperidine (IV). .

Reaction of (~—)-1-Methyl-3-benzoyl-3-chloropiperidine
(IV) with Sodium Hydroxide in Acetone-Water.—Wheu
0.405 g. (0.0017 mole) of the optically active amine IV was
treated for 4 hours at room temperature with 0.100 g. (0.0025
mole) of sodium hydroxide in 509, acetone-water, an opti-
cally inactive, chlorine-free oil, 0.325 g. (0.0015 mote, 87%),
was obtained. The infrared spectrum and melting point
were identical to those of (=)-1-methyl-3-benzoyl-3-hy-
droxvpiperidine (XI). )

Reaction of (+)-1-Methyl-3-benzoyl-3-chloropiperidine
with Methanolic Sodium Methoxide.—To 50 ml. of freshly
prepared absolute methanol was added 1.15 g. (0.05 mole)
of cleann sodium. After the sodium had reacted, 4.75 g.
(0.02 mole) of the racemic amine was added. The solvent
was removed at reduced pressure after allowing the reaction
mixture to stand overniglit at rocm temperature. The
residue was extracted with petroleum ether, treated with
carbon, and filtered through sintered glass. Removal of the
solvent afforded a colorless, chlorine-free oil. The infrared
spectrum sliowed neitlier hydroxyl nor carbonyl bands. On
this basis and from the results of Lyle? the oil (4.25 g.,
0.018 mole, 91 ) obtained from this reaction is assigned the
structure of an epoxy ether, 2-methoxy-2-phenyl-5-methyl-
1-ox-5-azaspiro[2.5]octane. .

Reaction of (—)-1-Methyl-3-benzoyl 3-chloropiperidine
with a Methanol-free Slurry of Sodium Methoxide in An-
hydrous Refluxing Xylene.—To 50 ml, of freshly prepared
absolute inethanol was added 2.3 g. (0.10 mole) of clean
sodium. After the sodium had reacted the miethanol was
removed under reduced pressure and the residue was dried at
100° (0.5 mm.) for 2 hours. The white powder was harvs
ested, quickly powdered in a niortar, and redried at 100
(0.1 mm.) for 12 hours: To the methanol-free slurry o

(25) F. Bergel, N. C. Hindleyi A&, L. Marrlson and H: Rinderknecht,
J, Chemt, Snei, 271 (1944),
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sodium methoxide in 50 ml. of anhydrous refluxing xylene was
added 50 ml. of a xylene solution containing 4.75 g. (0.02
mole) of (—)-1-methyl-3-benzovl-3-chloropiperidine (IV).
After refluxing for 30 minutes the mixture was cooled in a
Dry Ice-acetone-bath and filtered through sintered glass.
The solvent was removed under reduced pressure and re-
placed with 100 ml. of petroleum ether. This solution was
treated with carbon and refiltered. Removal of the sol-
vent gave a chlorine~free, colorless, dextrorotatory oil. The
infrared spectrum showed no hyvdroxyl absorption, but did
have a carbonyl absorption at 5.97 u. In all other respects
the spectrum was identical to that of 2-methoxy-2-phenyl-5-
methyl-1-ox-5-azaspiro[2.5]octane.

Optical Stability of (—)-1-Methyl-3-benzoyl-3-chloro-~
piperidine (IV) in Refluxing Anhydrous Xylene.—To 50 ml.
of anhydrous refluxing xvlene was added 0.463 g. (0.0019
mole) of (—)-1-methyl-3-benzoyl-3-chloropiperidine (%D
(absolute ethanol) —5.0°). The solution was refluxed for
30 minutes, cooled, and extracted with 0.2 N hydrochloric
acid. The acid aqueous was washed with petroleum ether,
treated with excess sodium bicarbonate, and extracted with
petroleum ether. The solvent was removed after dryng the
extract over sodium sulfate, treating with carbon, and filter~
ing through sintered glass. The resulting colorless oil
showed an %D (absolute etlianni) —4.1° corresponding to
109% racemization.

STRUCTURE AND ACTIVITY IN TETRACYCLINES
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The optical rotations were obtained using the conventional
method as well as an analytical method based on the organic
chlorine??® content of an aliquot of the solutions taken for the
polarimetric examinations.

Optical Stability of (+ )-1-Methyl-3-benzoyl-3-hydroxy-
piperidine (VI) under the Conditions of the Quasi-Favorskii
Rearrangement.—Optically active amine, «3D (absolute
ethanol) +10.6°, was recovered after subjection to the condi-~
tions described above for the quasi-Favorskii rearrange-
ment. The optical rotation of tlie material was un-
changed.

The Effect of Solvent Volume and Sodium Hydroxide
Concentration on the Rearrangement of 1-Methyl-4-ben-
zoyl-4-chloropiperidine.—The rearrangements were carried
out as reported earlier.! In a series of three reactions 3.45g.
(0.0145 mole) of l-methyl-4-benzoyl-4-chloropiperidine in
50 ml. of anhydrous petroleum ether, b.p. 125° (Skelly E),
was added to 50, 200 or 200 ml., of Skelly E con taining
3.50, 3.50 or 18.0 g. of finely powdered, dry (180° 0.1
mm.), 12 hours) sodium hydroxide (0.0875, 0.0875 and
0.450 mole), respectively. These reactions yielded 0.540,
0.191 and 0.730 g. of 1-methyl-4-carboxv-4-phenylpiperidine
(0.00247, 0.00087 and 0.00333 mole) corresponding to 17,
6 and 239 vields, respectively.

Mabisox, Wisc.
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The 6-Deoxytetracyclines.!

Further Studies on the Relationship between Structure

and Antibacterial Activity in the Tetracycline Series

By J. R. D. McCormick, ELMER R. JENSEN, PHILIP A. MILLER AND ALBERT P. DOERSCHUK
REecEIVED NOVEMBER 13, 1959

The preparation by hyvdrogenolysis and the properties of 6-deoxytetracycline, 6-deoxy-6-demethyltetracycline and
6-deoxy-5-hydroxvtetracycline are described. A description is given of a hydrogenation sequence starting with the tetra-
cyclines and proceeding, apparently by way of the anhydrotetracyclines, to some 8-hydroxytetralone derivatives; some of
these products are characterized. Relationships between structure and antibacterial activity in the tetracycline series are

described.

Continuing work on the broad-spectrum anti-
biotie, tetracycline (I),?~* has shown that three
changes can be made in the fundamental structure

CH; OH H N(CHy:.

:o 0'¢, CONH,

H HH
I

of this compound with retention of its characteristic
antimicrobial activity. For purposes of this study,
a compound is considered to possess characteristic
tetracycline activity if it exhibits as much as one-
tenth the activity of tetracycline against all of a
number of organisms in both n vitro and in vivo
tests. These changes are replacement of 5-

(1) J. R. D. McCormick and E. R. Jensen, South African Patent
512/58, June 6, 1958; J. R. D. McCormick and E. R. Jensen, South
African Patent 513/58, June 6, 1958. Abridgements of these patents
were published in the Union of South Africa Patent Jourmal, issue of
July 9, 1958, p. 22. A later preliminary communication of Stephens,
et al. (THIS JoURNAL, 80, 5324 (1958)) described two members of this
series (f-deoxytetracycline and 6-deoxy-5-hydroxytetracycline).

(2) The trade mark of the American Cyanamid Co. for tetracycline is
Achromyecin,

(3) J. H. Boothe, J. Morton, J. P. Petisi, R. G. Wilkinson and J. H.
Williams, THIs JoURNAL, 75, 4621 (1953).

(4) L. H. Conover, W. T, Moreland, A, R. English; C. R, Stephens
and F. J. Pilgrim, ibid., 78, 4623 (1953).

hydrogen by hydroxyl,? 7-hydrogen by chlorine?.*
or bromine,® and 6-methyl by hydrogen.” The
first two changes are in the direction of more com-
plex structures, confer additional modes of in-
stability on the molecule,®%® and give little infor-
mation on the minimal structural requirements for
antimicrobial activity. On the other hand, the
third change, replacement of 6-methyl by hydrogen,
produces a simplified molecule retaining high activ-
ity and possessing enhanced stability toward both
acid and base.” Other localized changes in the
tetracycline molecule, reported earlier and pertinent
to the question of the structural requirements for
activity, resulted in marked decreases in antimicro-
bial activity. These changes were (Table I):
conversion of 2-carboxamide to nitrile,'® replace-

(5) F. A. Hochstein, C. R. Stephens, L. H. Conover, P. P. Regna,
R. Pasternack, P. N. Gordon, F. J. Pilgrim, K. J. Brunings and R. B.
Woodward, ibid., 78, 5455 (1953).

(6) P. Sensi, Il. Farmaco Sci. Ed., 10, 346 (1955); A. P. Doerschuk,
J. R. D. McCormick, J. J. Goodman, S. A. Szumski, J. A. Growich,
P. A. Miller, B. A. Bitler, E. R. Jensen, M. A. Petty and A. S. Phelps,
THIS JOURNAL, 78, 1508 (1956).

(7) I. R. D. McCormick, N. O. Sjolander, U. Hirsch, E. R, Jensen
and A. P. Doerschuk, ¢b:d., 79, 4561 (1957).

(8) C. R. Stephens, L. H. Conover, R. Pasternack, F. A. Hochstein,
W. T. Moreland, P. P. Regna, F. J. Pilgrim, K. J. Brunings and R. B.
Woodward, ibid., 76, 3568 (1954).

(9) C. W. Waller, B, L. Hutchings, C. F, Wolf, A. A. Goldman, R,
W. Broschard and J, H. Williams, bid., T4, 4981 (1952).

(10) Prepared from tetracycline by the method presented in ref. 12
for the preparation of 7-chlorotetracyclinonitrile,



