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layer was dried, the solvent was evaporated, and the residue
was purified by crystallization.  Ir spectra were as expected.

6- and 7-Substituted 3-Carbamoyl-1H-3,4-dihydro-2,3-benz-
oxazines (IVe, Vf, VIIe). General Procedure. 6-Chloro-3-
carbamoyl-1H-3,4-dihydro-2,3-benzoxazine (VIIc).—-To a stirred
suspension of NaCNO (1.56 g, 24 mmoles) in 75 ml of anhydrons
toluene, 23 mmolex of dry HCI in toluene was added dropwise
at —10°  After 2 hr of stirring, a =solution of VIIa (2.7 g, 16
mmoles) in 40 ml of anhvdrous toluene was added and the tem-
perature was kept at — 10° for 3 hr, then at 0° overnight. The
precipitate was collected, thoroughly washed (PhlMe, H.0), and
erystallized (EtOT). Tr absorption bands were as expected.

6-Nitro-3-phenylcarbamyl-1H-3,4-dihydro-2,3-benzoxazine
(Vf).—To a solution of Va (0.9 g, 5 mmole=) in 40 ml of anhydrous
CeHs, phenyl isocyanate (0.65 g, 5 mmoles) was added dropwize.
The mixture was allowed to stand 3 hr at room temperature,
and the precipitate was collected and recrystallized (EtOI1).
Absorption bands of spectra (ir) were as expected.

6- and 7-Chloro-3-guanyl-1H-3,4-dihydro-2,3-benzoxazines
(IVe, VIIe). General Procedure. 7-Chloro-3-guanyl-1H-3,4-
dihydro-2,3-benzoxazine Sulfate (IVe).~ -A suspension of TVa.
HCL (1.5 g, 7.25 mmoles) and cvanamide (0.31 g, 7.4 mmoles)
i 30 ml of anhydrous CylTs was vefluxed 1 hr and the misture

Vol. 12

was allowed 1o =tand overnight at room temperature.  The
precipitate was collected (1.75 g of Ve TICL, mp 228-230°3,
dissolved in EtOH (25 ml), and transformed into the correspond-
ing sulfate by adding 0.75 ml of concentrated IR0, and 25 wml of
16120, Ab=orption bands (ir) were a= expected.

6- and 7-Substituted 3-[2-(4-Pyridylethyl)|-1H-3,4-dihydro-
2,3-benzoxazines (IIj, VIIh). General Procedure. 7-Nitro-3-
[2-(4-pyridylethyl)]-1H-3,4-dihydro-2,3-benzoxazine Hydrochlo-
ride (IIj). - To a stirred solution of 10 mmoles of dry HCI in
453 mb of rOH, Tla {1.X g, 10 mmoles) was added with stivving.
After 10 min at ambient temperature, d-vinyvipyridine {116 g,
11 mmoles) was added and the mixture was vefluxed for 2 hr,
After cooling overnight. the precipitate was collected and ve-
ervstallized (1O Tr abzorption bands were as expected.
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Absolule configurations of the 16 optical isomers of seven! structurally velated, title compounds of biological

interest were determined.

The pheniramines were converted to a methyl phenidate in which the relative con-

figurations of the two asxymmetric centers was established. The endocyelic center of asymmetry introduced in
the process was maintained intact while the asymmetry of the exocyclie center was destroved in the conversion

to a pipradrol derivative.
2-carboxylic acid.
reduction and by rotatory dixpersion, respectively.

This was related to pipradrol by an aufbau sequence starting with (R)-(+4)-piperidine-
The absolute configurations of desoxypipradrol and thiopipradrol were established by Birch
The autihistaminically more active acid maleates of 1a and
1b are sterevchemically superimposable upon 1e and all have the (S) configuration.

The analeptically more

active hvdrochlorides (25, 19, 26) of threo-methyl phenidate, pipradrol, and thiopipradrol are steveochemically

superimposable upon 22.

These have the (2R:2'R), (R), (8), and (R) configurations, respectively, but are not

stereochemically superimposable upon the analeptically more active (+) acid sulfate of amphetamine.

Tnowledge of the ubsolute configurations of bio-
logically active compounds provides a valuable probe
for investigating their modes of action and their inter-
actions with hypothetical receptors.*  This and the
facts that the absolute configurations of the phenir-

(1) ta) The antihistaminic 3-(p-chlorophenyl)-, 3-(p-Lromophenyl)-, and
3-phenyl-3-(2-pyridyl)-1-dimethylamiropropanes; (b) the analeptic methyl
threo-2-phenyl-2-(2-piperidylacitates: (¢) the analeptic a-(2-piperidyvD-
benzhydrol and the desoxy and 1,4-thiomorpholinyl analogs.

(2) Partial support was provided hy National Institutes of Health (Grant
No. NB-03593), U. 8. Public Health Service. The authors gratefully acknowl-
edge partial financial support from Schering and Ciba Laboratories and
gifts of generous samples of the (+) acid maleate of chlorpheniramine sup-
plied by Drs. H, Wolko#f, B. Jatul, and H. Leitzow, Schering Laboratories,
of the (+) acid maleate of brompheniramine supplied by Dr. W, Schlesinger,
White Laboratories, and Dr. H. Wolkoff, Schering Laboratories, of (£)-
¢rythro-2-phenyl-2-(2-piperidylacetamide supplied Iy Dr. L. Lachman and
AMr. J. Cooper, Ciba Lahoratories, and of the antipodal hydrochlorides of
thiopipradrol made available by Dr. B. Bellean, University of Ottawa, and
Dr. H. Leo Dickison, Bristol Laboratories,

(3) (a) Presented at the 153rd National Meeting ol the American Chiemi~
cal Society, Miami Beach, Fla., April 1987. Abstracted from the M.S, and
Ph.D. theses of A. 3., Columbia University, 1965 and 1968, respectively.
Recipient, Iranian Government Scholarship, 1963-1967. Regional and
Nationa! First Prize Winner Lunsford-Richardson Awards, 1967, Graduate
Competition.  (h) Author 1o whom inquiries should be addressed.

(4) P.%. Portoghese, J. Pharm, Sci., 86, 865 (1966); J. Med. Chem., 8, 604
(1965): B. Belleau and G. Lacasse, 144/, T, 768 (1964); B, Belleau, 1id.. T,
776 (1064); B. Bellean and .J. Puranen, 7hid., 6, 325 (1963).

amines (1), methyl phenidates (9, 25), and pipradrols
(19, 22, 26) have not been reported, that their optical
isomers exhibit significant differences in activity,” ™
and that speculation regarding the absolute con-
figuration of la and its necessarily complimentary
receptor exists in the literature® prompted this study.
Since the pheniramines, methyl phenidates, and pipra-
drols are structurally related, 2-substituted, six-mem-
bered, nitrogen heteroeyeles with an asymmetrie cen-
ter adjoining the heterocycelic ring, it was possible
to develop and to exploit a single sequence of reactions
leading to the determination of absolute configurations
of the sixteen optical isomers of the seven entities (la-e,
19, 22, 25, 26) of biological interest.

The salient features of the sequence wre the con-

5y iw) K. OCE. Brittain, P F. D’Arey, and J. . Huni, Neture, 188, T34
(19549); (L) F. F. Roth and W, M. Govier, J. Pharmacol. Exp. Ther., 124, 347
(1958): () F. E. Roth, Chemotherapia, 8, 120 (1961).

(6) R. Rometsch, U, 3. Patent 2,838,519 (1958).

17) B. Belleau, .J. Mea. Chem., 2, 553 (16460).

X1 1, Portoghese, 1. L. Pazdernik, W. L. Kulin, G. Hite, and A, =hatiee,
thid. 11, 12 (1968),

() K. B. Barlow, “Introduction to Chemieal Pharmacology,” 2nd ced.
John Wiley and Sons. Inc,, New York. N. Y., 1964, p 373,
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version of the pheniramines (1) to a methyl phenidate
(9) in which the relative configurations of the two asym-
metric centers were known.S1® Destruction of the

R
Rl\N”
Y /CH:s Ph-. R,
H-—";ACHZCHZN
SN CH, 2 Ri=HR,=CHCHNMe,

3a, R, =PhCO; R,=CH,CH,;NMe,
e 4a, R, = PhCO; R, = CH=CH,

(+)48) 6a, R, = PhCO; R, = CH,CH,
Ia,R=Cl 5, R, = PhCO; R,=COOH
b, R=Br 7, R, = HHCI]; R,= COOH
¢R=H 8 R,=H;R,=CONH,

9, R, = HHC]; R, = COOMe
10, R, = PhCO; R, = COOMe
11, R,=PhS0,; R,=COOMe
12, R, = Ph80,; R, = CH,0H
13, R, = PhSO,; R, = CH,Cl

R R
N/ 1 I~ N--
Ph-._/R, P,0C~. ZaR,

X

3b (+-(2R:2'R)
4b 23,R,=H;R,= NH,
6b 24,R, = HHCL R, = 0H

25,R, = HHCL R, = OMe

HCl-H\N/ R’\N"
Ph Ph R,
OH CH,
26 (—)(S) 14, R, = PhSO,; R, = PhC-

15, R, = PhSO,; R, = PhCO

16, R, = PhSO,: R, = Ph,COH

17, R, = H; R, = COOH (+)R)

18, R,=H; R, = COOMe

19, R,= H-HCL R,= Ph,COH (—)-(R)
20, R, = PhSO,; R,= COOH

21, R, = PhSO,; R, = COOMe

22, R, = HHCL R, = Ph,CH (-)}(R)

asymmetry of the exocyclic center led to a pipradrol
derivative (16) which was elaborated from (R)-(+)-
piperidine-2-carboxylic acid (17).11

Dehalogenation of 1a, 1b, or their acid maleates
afforded le identified as the (+)-monohydrobromide.
Thus, the (+4)-pheniramines are stereochemically su-
perimposable.

Wolkoff!? had observed a slow base-catalyzed race-
mization of la indicating that the methine hydrogen
is activated by the two aromatic rings. Nevertheless,
Hofmann elimination of 1l¢ was tried. This afforded
racemic products. Accordingly, reductions of la-e
were undertaken. This gave three mixtures of dia-
stereoisomeric, liquid amines (2). Under Schotten—
Baumann conditions, the three reaction mixtures
gave mixtures of diastereoisomeric aminobenzamides
(3). Fractional crystallization of each mixture af-

{(10) 1. Weisz and A. Dudas, Acta Pharm. Hung., 831 (B Suppl.), 116
(1961); Chem. Abstr., 87, 11154 (1962); 1. Weisz and A. Dudas, Monatsh., 91,
840 (1960).

(11) F.E. King, T.J. King, and A.J. Warwick, J. Chem. Soc., 3590 (1950).

(12) H. Wolkoff, Schering Corp., personal communication, 1963.
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forded a solid basic amide assigned the erythro con-
figuration (3a) and a residual oil containing the endo-
cyclic epimer (3b).

Assignment of the erythro stereochemistry to 3a is
justified since it affords 5 which is already designated®:1°
as erythro. Throughout this work the assignment of
erythro and threo stereochemistry is arbitrarily based
upon the stereochemical relationships of the C; and C.
methine protons and the C; phenyl and C,» methylene
moieties. This is in agreement with established® !
stereochemical assignments for 8 and 23. All stereo-
chemical designations are based on this chemical
lineage since they are consistent and unique to the
sequence of reactions deseribed even through it would
be difficult to argue against designation of 3a, 4a, and
6a as threo structures. No current method of assign-
ment is without ambiguity.

Hofmann elimination of 3a and 3b afforded (+)-
methines assigned the structures 4a and 4b, respectively.
The reduction of 4a and 4b to (4)-6a and (+)-6b,
respectively, and the nmr spectra of these are in acecord
with the structural assignments.

The initial low yield (159,) of 4a opened the ques-
tion of possible epimerization of the exocyclic center
in the elimination sequence. The methine from 3a
must be designated as one of two possible diastereo-
isomers, (+)-erythro or (- )-threo, one of which might
have arisen by exocyclic epimerization. The isolation
of this epimer, possibly in the presence of a larger
quantity of the exocyclic epimer (and perhaps some of
the conjugated olefin), might have been fortuitous.
Thus, it was necessary to prove that the stereochem-
istry of 4a is the same about the exocyclic center as
that of 3a, 4b, and 1.

Since 4a and 4b are clearly epimeric at the endocyeclic
center and are not antipodes, the stereochemistry of
the exocyclic center in 4a and 4b must be the same.
In investigating a facile route to the N-benzoy! analog
of 15, attempts to epimerize 4a in acid or base failed.
In both cases the nmr spectra and the specific rotations
of the neutral product were the same as that of the
starting material. This indicates that exocyclic epi-
merization is unlikely during or following the elimina-
tion sequence. Hofmann elimination of the quaternary
deuterioxide of 3a afforded 4a containing five atoms of
deuterium in excess of the normal isotopic abundance
per 100 molecules of 4a. Deuterium exchange into
the @ and v positions'®* of the quaternary deuterioxide
of 3a or the 1 and 3 positions of the methine 4 is in-
dependently verifiable by proceeding one step further
along the selected degradative pathway. Thus, ozon-
olysis of deuterio-4a afforded 5. This step resulted in
the loss of one of the carbon atoms in question while
the second remained chemically and sterically intact.
The acid 5 contained less than one atom of deuterium
in excess of the normal isotopic abundance per 100
molecules of 5. Thus, epimerization was negligible
and 1, 3a, 4a, and 4b must have the same stereochem-
istry about the exocyclic center.

That 3a, 4a, and 5 have the erythro stereochemistry
was shown by hydrolysis of 5 to 7, identical in all
respects with that prepared from the known®1® amide

(13) W.von E. Doering and A. K. Hoffmann, J. Amer. Chem. Soc., 77, 521
(1955).
(14) J. Shiner and M. L. Smith, bid., 80, 4095 (1958).
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(8). Lpimerization did not occur in this step since the
product of the sequence, 8§ — 7 — 9 — 10 — 5, was
identical in all respeets with that prepaved from 1.

The degradation to the pipradrol series began with
the conversion of the free amino ester from 9 to the
benzenesulfonamide (11). The choice of a suitable
blocking group and its interposition at this point in the
sequence was mandated by the nature of subsequent
reactions in the sequence leading to 15. Reduetion
(LLAH) of 11 afforded the corresponding alcohol (12).
The attempt to prepare the tosylate, or the correspond-
ing olefin under more vigorous conditions, afforded
instead the alkyl halide 13. Precedent exists for sim-
ilar transformations.*®

Although treatment of 13 with refluxing NaOMe
(MeOH) failed to afford 14, treatment with KNH,
(NII3) wus successtul.  Ozonolysis of 14 afforded the
ketone 15, This was converted to 16, identical in all
respects with that obtained in the following aufbau
sequence from (R)-(+4)-piperidine-2-carboxylic!' acid
(17).

Tollowing its synthesis from picolinie acid by cuta-
lytic reduction and resolution, 17 was esterified. The
crude, amino ester (18) afforded (R)-(+)-a-(2-piperidy)-
benzhydrol, the more active® CNS stimulant antipode,
which forms a (—)-hydrochloride (19).% The base
from 19 yielded 16, which was also identical in all
respeets with that prepared by the sequence 17 — 20 —
21 — 16.

The base from 19 was reduced under Bireh con-
ditions to afford (R)-(-+)-2-benzhydrylpiperidine, iso-
Inted as the (—)-hydrochloride salt (22). Since 8 hus
the (R) configuration (¢f. 17) at the endoeyelic center,
and since 8 is known® to have the erythro sterco-
chemistry, it must have the (S) configuration at the
exoeyelie center.

Rometseh® had epimerized 8 to 23 which, upon

(15) 8. G. Levine, N. H. Eudy, and C. F. Leffler, J. Org. Chem., 31, 3095
(1966); J. H, Brewster and C. J. Ciotti, Jr., J. Amer. Chem. Soc., 17, 6214
{1955).

(16) Shortly after completion of this work we were advised by Do P
Portoghese of the University of Minnesota that he and Mr, I, Pazdernik hud
presented this portion of the aufbau sequence at the Medicinal Chemixry
Meetings in Miniature ot the University of IKansas (MIKIL) in the spring ol
1966 of. rel 8.
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hydrolysis followed by esterification, wax converted
to 24 and 25. Thus, the absolute configuration of
25, the more active® CNS stimulant antipode, ix (2/7:
2R

The rotutory dispersion curves' of 19, 22, and 26
are shown in Figure 1. The trough at 240 mpu in the
curve of 22 was not fully accessible in the eases of
19 and 26. The anomalous dispersion undoubtedly
arises from an optically active transition of the aromatic
system.  Lixeept for the diminished fine structure in
the curve of 26, the positions of the peaks, troughs, and
inflections are the same and the general charaeter of
the cruves 1s similar.  This justifies the conclusion
that the three are stercochemically superimposable,
although the required stereostructure for 26 has the
(N) notation rather than the (R) notation required for
19 and 22.%  Thus, the more aetive” ONS stimulant
{+-antipode of thiopipradrol also has the (8) con-
figuration since it i= obtained from 26 (¢f. Figure 1).

The more active CNS stimulant antipodes, 19, 25,
and 26, are not superimposable upon the more active!
CNS stimudant (8)-(+)-antipode® of amphetamine
sulfate.  The significance of this is discussed clzewhere.®

The absolute configuration of the antihistaminically
more active® acid madeates of 1a and 1h ix (N) and not
() as speculated by Barlow.? The significance of
this has also been diseussed elsewhere.®!

Experimental Section 7>

( 4+ j=3-Phenyl-3-( 2-pyridyl)-1-dimethylaminopropane (1c).-
Reduction (0.2 g of 10¢; Pd-C, 20°, 4.2 kg/cm?, 200 ml of MeOlH)
of 32 g of {+ F3-(p-bromophenyl)-3-(2-pyridyl)-1-dimethyl-
aminopropane (1b) obtained from its hydrogen maleate, [a]%D
434 4 2° (¢ 1.00, DM [lit.® [«]®p +34.4° (¢ 1.00, DMF)],
was continued until absorption of Hy ceased. The crystals
which formed on standing (4°) were redizsolved by heating. The
Pd-C was removed and the filtrate was concentrated and diluted
(F1,0) to give 24.1 g (80¢%) of 1e 1TBr, mp 176-177°, [a]*'n
431 = 10 (e 2.04, HO). Anal. (CisHaN,Br) C, 1, N. This
afforded le, [a]?p +37 & 2° (¢ 9.54, EtOH), bp 116-117°
0.4 mm). Reduction of (+)-3-(p~chlorophenyl-3-(2-pyridyl)-1-
dimethylaminopropane (1a) obtained from its hydrogen maleate,
[a]® +20 £ 2° (¢ 2.00, ILO) dit.® [o]*h +23.5°), was slower
than that for 1b. If the produet contained Cl (Na fusion) it
was recveled to give le, [a)®p 30 = 2° (¢ 10.20, EtOH), bp

(171 We wish to express our appreciation to Dr. P. Portoghese of the Uni-
versity of Minnesota [or the rotatory dispersion curves, data for which will
Lie presented in a fortheoming paper.

(18) The ultimate test for identical configurational requirentents of re~
ceptors resty apon stereochemical superitnposability about the asymmetric
center. Thix does not necessarily lead to identical configurational notations
in the (7)) and (8) systemn which is hased upon atomie priorities.

(1 GoAL Alles, . Pharmacol, Eep. Ther,, 1, 129 (1939); 1. W, Schulte,
L) Reif, Jo AL Bacher, dro WO S, Lawrence, and M. L. Tainter, ibid,, T1,
62 (1941).

1200 HL Phillips, J. Cliem, Soey, T4 01423), and papers in this series; P AL
Levene and A, Walti, J. Biol. Chem., 90, 81 (1931); A, W. Sehrecker, J. Ory.
Chem., 22, 33 (19571: . Warrer and K. Erhardt, Helr. Chim. Acta, 34, 2202
(1951,

(211 G Hite and AL Shafi‘ee, /. Pharm, Sei., 86, 1041 (1967).

(22) Melting points were determined with a Thomas-Hoover Unimelt
apparatus or Kofler block and are uncorrected. The samples were placed in
the silicone bath or on the block 10° below the reported melting point and
heated al a rate of 2°/min. Boiling points are uncorrected. Elemental and
isotopic analyses were performed by Drs. Weiler and Strauss, Oxford, En-
gland, or by Schwarzkopf Microanalytical Laboratories, New York, N. Y.
Specifie rotations were determined with a Zeiss 0.01° polarimeter in a 1-dm
tube. Infrared spectra were recorded on a Perkin-Elmer Model 421 double-
grating specirophotometer. The ninr speetra were recorded on a Varian
Model A-600 spectrometer as (57 (w/v) solutions with tetramethylsilane
us an internal reference stundard, Solvents were removed in vacuo.  lixtracts
were dried over NaweCOsn A analyses are within 20,44 of the theoretical
values.

205 WL Behlesinger, White Laboraiories, personal conununication, 1962,
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127-128° (1.0 mm). The HBr salt melted at 176-177°, mmp
(with that obtained from 1b) 176-177°. The hydrogen maleates
of 1a and 1b also dehalogenate under these conditions to give le.

Hofmann Elimination on 1¢.—To 4.8 g of 1¢ dissolved in 200
ml of petroleum ether (bp 30-60°) was added 3.1 g of Mel.
The produet, 6.23 g (759%), dissolved (H.;0) and was treated with
fresh Ag(OH); from 8.5 g of AgNOs. When the supernatant gave
no I~ test the solid was removed and the filtrate was concen-
trated to asyrup. This was heated at 0.5 mm. The distillate was
redistilled to give 1.96 g (509%) of a (=) oil, bp 91-94° (0.5 mm).
Anal. (C4HisN) C, H, N. The distillate of a second reaction,
1.67 g, was dissolved (EtOH, 10 ml) and treated with O; at
—75° The reaction mixture was flushed (N:) and 0.42 g of
NaBH, was added. After 12 hr the mixture was acidified (HC],
pH 5-6) and the EtOH was removed. The aqueous was made
basic (Na.CO;) and extracted (petroleum ether). The extract
was dried, decolorized, filtered, concentrated, and cooled to give
40 mg of a (= )-phenyl-2-pyridylearbinol: mp 76-77°; ir (film),
3400 and 3618 cm ™! (free and bonded OH); HCI salt, mp 181~
182° (lit.2* mp 76-78 and 182-184°). The petroleum ether
soluble oil, largely (= )-2-phenyl-2-(2-pyridyl)ethane, afforded
160 mg of picrate (acetone), mp 169-171° (lit.?® mp 169°).
Precedent exists for the reduction to the ethane derivative.2¢

(4 )-erythro- and (+ )-threo-3-Phenyl-3-[2-(1-benzoyl)piper-
idyl]-1-dimethylaminopropane (3a and 3b).—A solution of 39.1
g of 1a hydrogen maleate was reduced (0.4 g of PtO,, 18°, 3.5
kg/cm?, 100 ml of H,0). If the absorption of H; was incomplete,
fresh PtO, was added and the reaction was continued until ab-
sorption of H; ceased. The Pt was removed and the filtrate was
made alkaline (Na,CO;). The amine was extracted (petroleum
ether) and the solvent was dried, filtered, and removed to give
a (+4) oil (EtOH). This was recycled (0.2 g of 109, Pd-C, 20°,
4.2 kg/em?) if it contained Cl (Na fusion). The product (2)
welghed 23 g (91%), bp 91-93° (01 mrn) Anal. (CmHzeNz)
C, H, N. A (+) oil was also obtained from 1b hydrogen maleate
and the amines la—c. The (+) oils from 1a, 1b, and lc were
treated with various acids to effect separation of the diastereo-
isomeric amines, but to no avail. To 20 g of each of the (+)
oils obtained from la-c¢ was added 200 ml of 109, NaOH and
30.2 g (0.5 mole) of CsH:COCIL. After 6 hr the mixtures were
extracted (CHCl;). The CHCl; was dried, filtered, and removed.
Each of the residues was crystallized (Et;0) to give 10 g (35
average yield) of 3a: mp 134-136° [a]®D +50.5 &= 0.5° (c
6.95, EtOH). Anal. (C;HyN:0;) C, H, N. The combined
mother liquors afforded small additional quantities of 3a on stand-
ing (4°) for several months. The residual Et;O-soluble (+) oil
eventually solidified (low melting point) when the Et,O had
evaporated. This material is assigned the structure 3b, the
endocyeclic epimer of 3a.

(+)-erythro- and (+ )~threo-2-Phenyl-2-[2-(1-benzoyl)piper-
idyl]-1-propene (4a and 4b).—To a solution of 11.68 g of 3a
in 100 m! of C¢Hs was added 9.37 g of Mel. After 12 hr the
crystals were washed (C¢He), dried in wvacuo, and dissolved
(D20, 99.9 atom 9, excess of D). To this was added Ag(OD),
prepared as follows. To 100 ml of absolute MeOH was added
8.0 g of clean Na. Upon completion of the reaction, the MeOH
was removed and was replaced with D;O. The solution was boiled
to remove MeOH and was added to a solution of 28.0 g of anhy-
drous AgNO; in D,0O. The precipitate was washed (D;0) until
the filtrate was free of NO;~ and was only slightly basic. This
was then added to the solution of the quaternary iodide. The
mixture was stirred until the supernatant gave no I~ test.
The solid was removed and the filtrate was washed (D,0O) until
the washings were only slightly basic. The filtrate and washings
were combined and concentrated to a syrup which was boiled
in 150 ml of anhydrous CsHs. After the residue dissolved and
the vapors were neutral (moist litmus paper) the C¢Hg was
removed. The residue was crystallized (Et:0) to give 5.2 g
(52%) of 4a: mp 125-126°; [a]®Dp +121 % 1° (¢ 4.66 CCl);
nmr (CDCl;), 8 7.5-6.5 (m, 10, C¢H;CO and C¢H:C-), 6.4-5.6
(m, 1, CH=C), 5.5-4.9 (m, 3, C=CH, and PhCHC=C), 4.1-2.6
(m, 3, CHNCH,;), 2.2-1.0 ppm (m, 6, (CH,);). Anal. (CaH:sNO)
C, H, N. The atom per cent excess of D, found to be 0.218,

(24) N. II. Cantwell and E, V. Brown, J. Amer. Chem. Soc., 75, 1489
(1953).

(25) O. Exner, V. Bimak, J. Pliml, J. O. Jilek, and M. Protiva, Chem. Listy,
47, 863 (1933); Chem. Abstr., 49, 337 (1955).

(26) O. Exner, Chem. Listy, 47, 869 (1953); Chem. Abstr., 49, 316 (1955).
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corresponds to 5 atoms of D/100 moles of 4a. Hofmann deg-
radation of 3b afforded a product assigned the structure 4b:
mp 171.5-173.5°; [a]?D +92 4 1° (¢ 2.07, CCl,); nmr (CDCly),
8 7.5-6.5 (m, 10, CsH;CO and CsH;C), 6.4-5.6 (m, 1, CH=C),
5.4-4.9 (m, 3, C=CH,; and PhCHC=C), 4.1-2.6 (m, 3, CHN-
CH2), 2.0-1.0 ppm (m, 6, (CHz)a) Anal. (CelesNO) C, H, N.
In earlier attempts at the elimination, the quaternary hydroxide
of 3a was boiled in Et;O (4-5 days). This afforded a 159, yield
of 4a. Reduction (0.2 g of 109, Pd-C, 20°, 1.05 kg/cm?, 10 ml of
MeOH) of 61 mg of 4a afforded a quantitative uptake of Ha.
Removal of Pd-C, evaporation of the MeOH, and crystallization
of the residue (EtyO-petroleum ether) afforded 50 mg (80%) of
6a: mp 115-116°; [a]?> 4+40.5 &= 0.5° (¢ 2.61, EtOH); nmr
(CDCly), 8 7.5-6.5 (m, 10, CsH:CO and CsH;C), 0.75 (t, 3, CCHy),
3.6-1.0 ppm (m, 12). Anal. (C3H;:NO) C, H, N, Inlike manner,
4b afforded 6b, mp 123-125°, [a]®D +70.2 £ 0.5° (¢ 1.94,
EtOH). Anal. (CuHyu:NO) C, H, N.

(— )=erythro-2-Phenyl-2-[2-(1-benzoyl)piperidyl]acetic Acid
(5)—0; was passed through a solution of 4.65 g of 4a in CCl,
for 2 hr. The CCl; was decanted from the gummy residue which
was treated with 100 ml of H.0; (2¢7) and stirred for 6 hr. The
H,O was decanted and the residue was dried in vacuo. The
residue obtained by evaporation of the CCls was treated in the
same manner and the oxidized products were combined and
treated with excess NaHCO; The aqueous was extracted
(CHC) and acidified (HC1). The extract (CHCIL) of the acid
aqueous was dried, filtered, and evaporated to give a residue.
This was crystallized (EtOH-H,0) and recrystallized (EtOAc)
to give 1.7 g (359%) of 5, mp 221-222°, [«]%D —51 £ 1° (¢
4.71, EtOH). Anal. (CyHxNO;) C, H, N. The atom per cent
excess of D, found to be 0.033, corresponds to less than 1 atom of
D/100 moles of 5. Under the mild conditions of the work-up,
it is unlikely that D was washed out of the 2 position of the acid
in view of the vigorous conditions known to be required to effect
epimerization.t

(= )=erythro-2-Phenyl-2-( 2-piperidyl)acetic Acid Hydrochloride
(7) from 5.—A suspension of 300 mg of 5 in 20 ml of 12 N HCl
was allowed to reflux for 48 hr. After cooling and removing the
starting material, the filtrate was evaporated leaving a solid
which was crystallized (EtOH-Et;0) to give 153 mg (63%) of 7,
mp 233-235°, [a]®D —84 £ 2° (¢ 1.00, HyO). Anal. (CizHie
CINO;) C, H, N.

(= )-erythro-2-Phenyl-2-(2-piperidyl)acetamide (8) was pre-
pared as described in the literature,’ from (== )-erythro-2-phenyl-
2-(2-piperidyl)acetamide, mp 168-169°, [«]*D —64 =+ 2° (¢
2.00, 6:4 EtOH-H,0) [lit. mp 162-163°, [«]®p —68° (¢ 1.00,
6:4 EtOH-H,0)].

Methyl ( — )-eryihro-2-Phenyl-2-[2-(1-benzoy])piperidyl]acetate
(10).—For 4 hr, a stream of HCI was passed into a suspension
of 1.78 g of 7 in 10 ml of boiling MeOH. After 10 hr the MeOH
and HCl were removed and the residue was dissolved (H.O).
This (+) solution was made basic (NaOH) and extracted (Et,O).
The Et,0 was dried, filtered, and removed to give an oil which
was treated with 1.58 g (7.0 mmoles) of (CsH3;CO),0 in 90 ml of
dry CeHe After refluxing overnight the mixture was washed
(NaHCO;, dilute HC1). The C¢H¢was dried, filtered, and removed.
Crystallization of the residue (EtOAc) afforded 1.0 g (429,) of
10, mp 125-126°, [«]?» —63 =+ 1° (¢ 2.36, EtOH). Anal.
(CmHgaNOa) C, H, N.

(= )-erythro-2-Phenyl-2-[2-(1-benzoyl)piperidyl]acetic Acid
(5) from 10.—To 674 mg of 10 in 20 ml of boiling 609, EtOH-
H,0, was added 5% NaOH at a rate sufficient to maintain the
solution basic to phenolphthalein. When the color persisted for
30 min the EtOH was removed. The solution was washed (CH-
ClL) and acidified (HCl). TFollowing extraction (CHCl;) the
the CHCl; was dried, filtered, and removed. Crystallization of
the residue (EtOAc) afforded 520 mg (80%) of 5, mp 219-220°,
[@]®p —50 == 1° (¢ 2.08, EtOH), mmp (with that prepared from
4a) 219-221°.

(= )-erythro-2-Phenyl-2-( 2-piperidyl)acetic Acid Hydrochloride
(7) from 8,—To 17.0 g of 8 was added 75 ml of 12 N HCL. The
mixture was boiled for 9 hr. The crystals were harvested on
cooling. Recrystallization (EtOH-Et.0) afforded 16.7 g (84%)
of 7, mp 233-235°, [a]%Dp —81 = 2° (¢ 1.00, H;0).

Methyl (—)-erythro-2-Phenyl-2-[2-(1-benzenesulfonyl)piper-
idyljacetate (11).—For 4 hr, FICl was passed into a suspension
of 15.0 g of 7 in 75 ml of boiling dry MeOH. The MeOH and
HCl were removed and the residue was dissolved (H:0). The
(—) solution of 9 was made basic (NaQH) and extracted (Et,0).
The Et;0 was dried, filtered, and removed. The residue was
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dissolved (pyridine, 50 ml) and treated with 12.0 g (67.9 mmoles)
of C;H:80,Cl. The solution was allowed to reflux for 1 hr.
After cooling, H:0 was added to the mixture and the zolid was
harvested. The solid was dissolved (Et,Q) and the solution was
washed (H.0, dilute HCl). The Et,0O was dried, decolorized,
filtered, and removed. The residue was crystallized (Et.0) to
give 16.0 g (73%7) of 11, mp 154-135°, [a]®p —49 4 1° (¢ 1.13,
MeOH). Anal. (CxHuNOS) C, H, N.
(—)-erythro-2-Phenyl-2-{2-(1-benzenesulfonyl )piperidyl]etha-
nol (12).—To a cold suspension of 3.00 g of LAH in 500 ml of
dry It;0 and 200 ml of dry THF was added a solution of 12.0 g
of 11 in 50 ml of THF. After 2 hr, the mixture was cooled and
treated with 3 ml of HyO followed by 3 ml of 1597 NaOH solution
and 9 ml of H:O. The mixture was dried (Na,S0,) and stirred
for 20 min.  Following filtration the cake was washed (THT), the
THE was removed, and the residue was crvstallized (Et.0) to
give 10.1 g (91¢) of 12, mp 105-106°, [a]®p —4.5 = 0.5° (¢
4.88, MeOH). Andl. (CisH45NOsR) C, H, N.
(+)-erythro-2-Phenyl~2-[2-(1-benzenesulfonyl )piperidyl] ethyl
Chloride (13).—A solution of 5.70 g of 12, 3.53 g (20.0 mmoles)
of tosyl chloride in 30 ml of pyridine and 50 ml of CHCI; was
boiled for 24 hr. The cooled solution was acidified (HCl) and
was extracted (CHCL). The CHCl; was dried, filtered, and
removed. The residue was erystallized (CsHe). Recrystalliza-
tion (MeOH) gave 4.00 g (6€6.7¢%) of 13, mp 156-157°, [«]®D
+16 = 0.5° (¢ 6.0, CsHs).  Anal. (CyH2CINOS) C, H, N.

{ —)=1-Phenyl-1-[2-(1-benzenesuifonyl)piperidyl]ethylene (14).
---To a selution of KNH, prepared from 469 mg of K diz-
solved in 150 ml of NH; was added 4.00 g of 15 in THF. When
the red color faded, the NH; was allowed to evaporate. The
residue was mixed with dilute HCl. The =olution was extracted
(CHCY;). The CHCl; was dried, filtered, and rvemoved. The
residue was erystallized (Ei,0) 1o give 2.00 g (30¢7} of 15 which
was recyeled.  Addition of petroleum ether to the mother liguor
and partial removal of the Et.() by boiling, afforded 500 mg
(149.) of 14, mp 87-88°, [«]?*p —66.8 =+ 1° (¢ 1.80, CsHql.
Anal. (CiyHaNOS) C, H, N.

( —)-1-Benzenesulfonyl-2-benzoylpiperidine (15).—For 10 min,
O3 was passed through a solution of 300 mg of 14 in 50 ml of
dry EtOAc at —753°  After 2 hr, excess O3 was removed with
No.  After removing the EtOA¢, 50 ml of pH 7 buffer containing
A5 mlof 11,0, (3097) was added 1o the residue. In 1 hy, the erys-
tals were harvested. Recrystallization (Et.O-petroleum ether)
gave 410 mg (819¢) of 15, mp 103-104°, [«]®n —20 £ 1° (¢
7.00, THF). Anal. (CsH, :NOS) C, H, N.

( — )-a={2-(1-Benzenesulfonyl )piperidyl|benzhydrol (16).-—A
solution of 329 mg of 15 in 20 ml of anhydrous Et;O was added
to a 30-ml solution of C¢H;MgBr obtained by treating 146 mg of
Mg with 942 mg of C4H:Br in E,0.  After boiling the mixture
for 3 hr, it was added to dilute HCL  The Et,0 was dried,
filtered, and removed. The residue was crystallized (Et.0) to
give 200 mg (499) of 16, mp 167-169°, [«]®n —67 = 2° (¢
1.19, THF). Anal. (CoHaNOGS) C, T, N

( R)~( 4+ )-Piperidine-2-carboxylic Acid (17).—To 123 g of
pyridine-2-carboxylic acid and 150 g of (4 )-tartaric acid was
added 11 of EtOH and 500 ml of H,O. Diszolution was effected
by gentle warming. Hydrogenation (2.0 g of PtO,, 20°, 4.2 kg/
em?) resulted in gradual formation of a crystalline product
during the 48-72 hr usually required to complete the reduction.
The crystals were harvested and dissolved in a minimum amount
of boiling H:0. The mixture was filtered and diluted with 500
ml of EtOH., The ervstals obtained on cooling were recrystal-
lized to constant melting point, 191--192° dec, and specific
rotation, [a]2p +22.1 £ 1° (¢ 5.00, TLOY [lt.¥ mp 192-193°,
la]®p 223 == 1° (¢ 6.4, 1,01, The enantiomeric salt, mp
191--192° dec (lit.? mp 191-193), [«]?p —22.0 4= 1° (¢ 5.00,
H.0) [Nt [a]®n —225 3: 1° (e 6.45, H0),% [a]®p —20° (¢
N.00, Hy0)%] was obtained by carrving out a Pb(OAc) precipita-

{27y H. C. Beverman, Rec. Trav. Chim., 78, 134 (1959).
(28) A. V. Robertson and L. Marion, Can, J. Chem., 87, 829 (1959).
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tion? of (4 )-tartaric acid on the residue from the hydrogenation
mother liquor aud by subsequent resolution with (—)-tartarie
acid. A 20-g sample of the (- )-bitartrate salt (mp 191-192°)
afforded 8.85 g of 17 using Beyerman's¥ method: mp 276-277"
dec, [a]%D +23.5 = 1° (¢ 3.00, 1,0 [1it.7 mp 267° dec, et
4+26.2 4 1° (r 3106, HoOV]. Anal. (Gl NOy) C, T, N The
{—J-acid melted atr 272-273° (lit.2% myp 271-272°.2 mp 266° 25,
[a]®D ~25.8 4 1° (¢ 3.10, H,0) [Ht. [al®p ~25.4 + 17 (¢ 255,
H,0),% {a]®p ~25.8° (¢ 5.00, H.O).

Methyl (4 )-1-Benzenesulfonylpiperidine-2-carboxylate (21,.
~To a solution of 3.0 g of 17 and 4.0 g of NaOH in 50 ml of 1,0
was added 8,12 g of CHS0,CL After 1 hr, the mixture was
filtered. The aqueous was acidified (HCl) and extracted (110,
The Et.0 was dried, filtered, and evaporated. The crude (4
residite (MeOT) was dissolved in dry MeOH. For 6 hr, 1TCI was
paxsed through the =olution at —75°. The MeOH and HCI were
removed and the residue was crvstallized (MeOH) to give t0.2
g (937 of 21, mp 61-63°, [«]2'D +34 =& 1° (o 503, Cillan
Anat, (CuHeNOS) C, H, N,

{ — )==[3-(1-Benzenesulfony!)piperidylbenzhydrol (16} [rom
21.--A solution of 1.42 g of 21 in 25 ml of dry EGO was added
to 50 ml of a solution of C¢H;MgBr prepared by treating 729
mg of Mg with 4.71 g of CelI;Br in Et:0. The mixture was boiled
for 6 hr and was added to dilute HCL  The 19,0 was dried
(Na,R0,), filtered, and removed. The residue wus heated
(30-60°) in racno to remove (Cglly), and CeH;Br. The rexidue
was crvstallized (Fi.0-petroleum ether) to give 250 mg (1237
of 16, mp 167-169°, o)™ —64 4 2° (¢ 121, THE), mmp
{of this aleohol with that prepared from 15) 167-169°. inal.
(ColIuNOSY C, 1T, N

( Rj-( — )--( 2-Piperidyl)benzhydrol Hydrochloride (19). Dy
HCT was passed for 12 hy through a suspension of 6.0 g (6.4
mmoles) of 17 in 30 ml of dry MeOIT at 0°. The MeOI and HCI
were removed. The residue was dissolved (11,0).  The =olution
was made basic (NaOM) and extracted (CHCL). The CHCI
was dried, filtered, and removed. The crude, () residue
(Ei,0) was dizcolved in 30 ml of dry ErO. The solution was
added to 30 ml of a =olution of CsH;MgBr prepared by {reating
438 g of Mg with 314 g of CeH:Br in dry EO. After 12 hr,
the mixture was added to NTL(CT solution,  The =olution was
made basie {NaOH) and was mixed with Celite. The Celite
cake obtained on filtration was washed with hot EtO. The
Its0 wash was used to extract the basic agueous. The kt,0
was dried, filtered, and removed. The residue was crextallized
(petroleum ether’ to give 4.6 g (3777 of 19 free base, mp 98-09°,
[@]®p +38.2 £ 0.5° e 4.00, MeOIT) [lit.* mp 98-100° and 97
08°, [@]%D +59.8° aud +58.5° (e 2, MeOH). . And. (CrlIyNO,
C, H, N. The HCI salt (19) prepaved in K0 was recry=tallized
(MeOIT-Et.00:  mp 205-296° dec, [a]2p —41.= 1° (¢ 5.00,
MeOH) [lit.f mp 288-289° dee and 303-305° dee, [o]®n ~65.67
ie 1, HyO) and [a]®p —68.8° (¢ 2, 11,0

{ — )=-;2-(1-Benzenesulfonyl)piperidyl| benzhydrol (16) from
19.--To a refluxing solution of 300 mg of the (4 )-baze from 19
in pyridine was added 200 mg of CI150.CLin 3 ml of pyridine.
Heating was continued for 30 min.  The mixture was cooled
and was added to dilute HCL  The acidie mixture was extracted
(CHCYL). The CHCl was dried, filtered, and removed.  The
residue was erystallized (Et.0-petrolewm ether) 1o give 270 mg
(59.2€,7 of 16, mp 167--169°.  Mixture melting points with the
samples prepared from 15 and 21 were undepressed.

( f2)-( — )-2-Benzhydrylpiperidine Hydrochloride (22).--To
solittion of 600 mg of 19 in 30 m! of Et.0 wax added 100wl of
NH, a few drops of dry EtOH, and 50 mg of Li chips. When the
blue color disappeared, the NIy was evaporated.  The vesidue
was mixed with H,0 and the mixture was extracted (FnO0
The Ft.0 was dried, filtered, and removed. The oil was dissolved
(F6O). The ¢4 i =olution was treated with 11CHand the precipi-
tate wax erv=tallized (JOT-ELO) 1o give 504 mg (73.77 1 of 22:
mp 318-310°, o 20 =0 3= 10 (¢ 238, MeOID) tnad. (CiHy,-
NChH ¢, H, N.



