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layer wus dried, the solvent was evaporated, and the residne
was purified by ervstallization.  Ir spectra were ax expected.

6- and 7-Substituted 3-Carbamoyl-1H-3 4-dihydro-2,3-benz-
oxazines (IVe, Vi, VIIc). General Procedure. 6-Chloro-3-
carbamoyl-1H-3 4-dihydro-2,3-benzoxazine (VII¢).-—T'o u stirred
suspension of NaCNO (1.56 g, 24 mmoles) in 75 ml of anhydrons
tohiene, 23 mmolex of dry HCI in toliene wax added dropwise
at. = 10° After 2 hr of stirring, a =olntion of VIIa (2.7 g, 16
mmoles) in 40 mi of anhydrous tohiene was added and the e
perature was kepi at = 10° for 3 hr, then at 0° ovemight, The
precipitate was collected, thoronghly washed (Phl e, 11.0), and
eryvstallized (EtOIT).  Tr absorption bands were as expected.

6-Nitro-3-phenylcarbamyl-1H-3,4-dihydroe-2,3-benzoxazine
(V). —To a sohdion of Va (0.9 g, 5 mmolex) in 40 ml of anhydrons
G, phenyl isocyanate (0.65 g, 5 mmoles; was added dropwise.
The mixture was allowed to stand 3 hr at room temperature,
and the precipitate was collected and recrvsvallized (IStO11).
Absorption bands of spectra (ir) were us expected.

6- and 7-Chloro-3-guanyl-1H-3,4-dihydro-2,3-benzoxazines
(IVe, VIIe). General Procedure. 7-Chloro-3-guanyl-1H-34-
dihydro-2,3-benzoxazine Sulfate (IVe).~-A =aspen=ion of ITvVa-
HCE (1.5 g, 7.25 mmoles) and eyvanamide (031 g, 7.4 mmoles;
in 3t ml of anhydrons Cylle was refluxed 1 hr and the mixiare
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wus allowed 10 =1tand overnight 11 room temperabire. Uhe
precipitate was collected (1.75 g of 1Ve 11CL myp 22823093,
diszolved in FtOH (251nl), and transformed into the correspond-
ing snltaie by adding 0.75 1l of concentrated HaSO, and 25 mb oy
150, Absorption bands (ir) were as 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 solntion of 10 mmoles of dry TICT in
45 ml of BEtOH, Ha {18 g, 10 mmoles; wos added with siireing.,
After 10 min a1 anbient temperare, devinvipyridine (116 g,
1 mmoles} was added and the mixomre was rethixed for 2 by,
Alter cooling overnight., the precipitate was collected and re-
crestathized (RO T absorpdon bands were as expected.
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Absolute configuraiions of the 16 optical isomers of seven! sirnctnrally related, title compounds of biologieal

interest were determined.

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

figurations of the two asymmetric centers was extablished. The endocyclie center of asyinmetry introduneed in
the process was maintained intact while the asymmetry of the exocyclic center was destroyed in the conversion

to a pipradrol derivative.
2-carboxylic acid.
rednetion and by rotatory dispersion, respectively.

This was related to pipradrol by an wifbau sequence starting with (A')-(+)-piperidine-
The absohite coufigurations of desoxypipradrol and thiopipradrol were established by Bireh
The antihistamiiically more active acid maleates of Ta and
1b are stereochemically snperimposable npon le and all have the (S) confignration.

The analeptically more

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

sitperimposable upon 22.

These have the (2R:2'FY), (F), (S}, aud (R) configurations, respectively, but are not

stereochemically superimposable npon the analeptically more active (47 acid snlfate of amphetamine.

Kuowledge of the absolute configurations of bio-
logieally aetive compounds provides a valuable probe
for investigating their modes of action and their inter-
actions with hypothetical reeeptors.t This and the
faets that the absolute eonfigurations of the phenir-

(1) (a) The antihiztaminic 3«1pechlorophenyti-, #-1p-bromophenyt)-, and
3-phienyl-3-(2-pyridyi)-1-dinel hylamircopropanes; (1)) the anateptic nlelhyl
threp-2-phenyi-2-(2-piperidyl)acitates: (¢) the analeptic a-(2-piperidyli-
Lenzhydrot and the desoxy and 1 4-thiomerpholinyt anatogs.
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White Laboratories, and Dr. 1. Wotkoff, Schering Laliorataries, of (=4)-
crythiro-2-pheny!-2-(2-piperidyl)acetamide stipptied 'y Dr. 1., Lachman and
Mr. J. Cooper, Ciha Labarataries, and of 1he antipodal hyilrochiorides of
(ldopipradrol made availabte by Dr. B. Betleaa, University nf Otcawa, and
Dr. H. Leo Dickison, Bristol Laburatories,
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Ph.D. theses of A. 8., Columbia Universily, 1965 and 1968, respectively.
Reeipient, lranian Govermment Seholarship, 1963-1067. Regional and
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i1) 1. 8. Vortoghese, JJ. Pharm, Sci., B8, 865 (1966); .J. Med. Clom.., 8, OO
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T7G (1064); B. Bellean and 1. Unranen, ihid., 6, 323 11963).

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

The salient featuves of the sequence are the cou-

155 tay KLU Brittain, 1 U D/Avey, and J. M, thini, Nidere, 188, T3
£19548); () 1*, 17, Roth and W, M. Govier, J. Pharmacol. Exp. Ther., 124, 317
i1048): (¢ F. 1L Roth, Chemotherapia, 8, 120 (1961).

1) R. Rometsch, U. 3, Patent 2,838,510 (1938).

»7) B. Beltean, .J. Yed. Clem., 2, 53 (1660).

Xy UL Porioghese, 'L L, Pazdernik, W. 1, Knhn, G. the, ;i V. Shali'ee,
thid 11, 12 (1958).

2 R B Barlow, “lulmednciion (o Clipndeat Pharnaaeslopy,” dud aed.
Tobn Wiley and Sous Ing, New York, No Y., 1964, 10 3703,
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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.®'° Destruction of the

R
R (-
Y /CH:) Ph-. R.2
Homi=at CH,CH,N
NN CH, 2.R=H; Ry = CH2CH2NM82

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

(+)48) 6a, R, = PhCO: R, = CH,CH,

la R=Cl 5, R, = PhCO; R, = COOH
b.R=DBr 7, R, = HHCL; R,= COOH
¢ R=H 8 R,=H:;R,=CONH,

9, R, = H-HCLR,= COOMe
10, R, = PhCO: R, = COOMe
11, R,=PhSO,; R,= COOMe
12, R, = PhSO,; R, = CH,OH
13, R, = PhSO,; R, = CH,Cl

3b (+)>2R2'R)
4b 23, R,=H:R,=NH,
6b 24, R,= HHCL R, = OH

25,R, = HHCL R, = OMe

HCI.H\N” RI\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, =HHCL 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).!!

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

Wolkoff'? had observed a slow base-catalyzed race-
mization of 1a indicating that the methine hydrogen
is activated by the two aromatic rings. Nevertheless,
Hofmann elimination of 1e was tried. This afforded
racemic products. Accordingly, reductions of la-e
were undertaken, This gave three mixtures of dia-
sterecisomerie, 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., 31 (B Suppl.), 116
(1961); Chem. Abstr., BT, 11154 (1962); 1. Weisz and A. Dudas, Monatsh., 91,
840 (1960).

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

(12) H. Wolkoff, Schering Corp., personal conmunication, 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® !
as erythro. Throughout this work the assignment of
erythro and threo stereochemistry is arbitrarily based
upon the stereochemical relationships of the C; and Cu
methine protons and the C; phenyl and Cy 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 described even through it would
be difficult to argue against designation of 3a, 4a, and
6a as threo structures. No current method of assigu-
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 aud (4)-6b,
respectively, and the nmr spectra of these are in accord
with the structural assignments.

The initial low yield (15%) 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, (4 )-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-benzoyl 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 o 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., T7, 521
(1955),
(14) J. Shiner and M. L. %inivh, ¢bid., 80, 4095 (1958).
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Figure 1.-=The rotatory dispersion etrves of (A )(+ )-desoxy-
pipradrol (¢ 4.86 X 1071 mole/100 ml) (oomems)) (R)-(+ )-
pipradrol (¢ 4.05 X 10~¢ mole/100 ml) G- —), and (S)-(+ -
thiopipradrol (¢ 3.96 X 107* mole 100 mb) (-~ ~ =) in 0.11 N
hydrochlorie acid.

(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 prepared from 1,

The degradation to the pipradrol series began with
the conversiou 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
scquence 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 tosylatc, or the correspond-
ing olefin under more vigorous conditions, afforded
iustead the alkyl halide 13.  I'recedent exists for sim-
ilar transformations. s

Although treatment of 13 with refluxing NaOMec
(AMcOH) failed to afford 14, treatment with IXNH,
(NT;) was successful.  Ozonolysis of 14 afforded the
ketonre 15, This was converted to 16, identical in all
respeets with that obtained in the following aufbau
sequence from (R)-(4)-piperidine-2-carboxylic!! acid
(17).

Following its syuthesis from picolinie acid by cata-
lytic reduction and resolution, 17 was esterified. The
crude, amino ester (18) afforded (R)-(+)-a-(2-piperidy 1)-
henzhydrol, the more aetive$ CNS stimulant antipode,
which forms a (—)-hydrochloride (19).'% The base
from 19 yiclded 16, which was alzo identical in all
respects with that preparved by the sequence 17 = 20 —
21 — 16.

The base from 19 was redueed under Birelr coni-
ditions to afford (R)-(+)-2-benzhydrylpiperidine, iso-
Inted as the (—)-hydrochloride salt (22).  Since 8 lins
the (R) coufiguration (¢f. 17) at the endocyclic center,
and since 8 is knowu® 19 to have the erythro sterco-
chemistry, it must have the (§) configuration at the
exoeyelie center,

Rometsch® had epimerized 8 to 23 which, upon

(15) 8. G. Levine, N. H. Endy, and C. F, Leffler, J. Org. Chem., 81, 3095
(1966); J. H. Brewster and C. I. Ciomnd, Jr., .J. Amer. Chem. Soc., 77, 6214
€1955H).

{16) Shorrly alter sonmpledon oF (his wapl we were obvized by Th,
'ovieghese 11 the University of Minnesorn (Lal tee and M. 't Pazdernik Lol
presented (his porlion of the ewfbav sequence at (he Medicinal Clivimiziry
Meetings in Mihiaure a€ 1he Universh v ol Konsas (MIKD iu tle sprivg o)
1964; of. ret K.
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Lydrolysis followed by esterifieation, was converted
to 24 and 25, Thus, the absolute configuration of
25, the move aefrve® CONS stinmlant antipode, i (207
2.

The rotatory dispersion curves'? of 19, 22, and 26
are shown in Figure 1. The trough at 240 g in tin:
curve of 22 was not fully accessible in the cases of
19 and 26. The anomalous digpersion undoubtedly
arises fron an optically active transition of the aromatic
systeiin. Lixeept for the diminished fine structure in
the curve of 26, the positions of the peaks, troughs, nnd
wfleetions are the same and the geneval character of
the eruves g similar. This justifies the conclusion
that the three ave stercochemically  supertmposable,
although the required stereostructure for 26 has the
(S) notation rather than the (/2) notation required lor
19 :ard 22, Thus, the mare active’ CNS stimulaut
{+)-antipode of thiopipradrol also has the (8) con-
figuration since it 1= obtained from 26 (¢f. Pigure 1),

The wore activie CNS stimulant antipodes, 19, 25,
atrd 26, are not superimposable upon the more active!®
CNS stimulant (8- -)-nntipode® of wnphetamine
sultute.  The significance of this is discussed elsewlhiere.”

The absolute counfiguratian of the antihistamineally
move aetive* acid malentes of 1a and 1b i (8) and not
(/2) as speculated by Barlow.® The significance of
this lis also been diseussed elsewlere.”!

Experimental Section”-**

(+ )-3-Phenyl-3-(2-pyridyl)-1-dimethylaminopropane (lc¢).~
{ednetion (0.2 g ol 1007 Pd-C, 20°, 4.2 kg /em?, 200 ml of MeO1l)
of 32 g of (4 I-(p-bromophenyl)-i-12-pyridyl)-1-dimethyl-
aminopropane (1b) obtained from iis hydrogen maleate, [a]?®
+34 £ 2° (¢ 1,00, DMI) [ht.2 [o]®n +:14.4° (¢ 1.00, DMEF)],
was continned until absorption of M. ceased. The crystals
which formed on standing (4°) were redissolved by heating. The
Pd-C was removed and the filtrate was cottcentrated and dilnted
(IE10) to give 24,1 g (80¢%) of le-1Br, mp 176-177°, [«]*W
+31 s 10 e 2,04, HL,0).  dAnal. (CellaNyBr) C, 11, N. This
allorded 1e, |a]®n +437 = 2° (¢ 0.54, EtOH), bp 116--117°
(.4 mm). Reduetion of (4 )it p-chlorophenylei-2-pyridyl)-1-
dimethylaminopropane (1a) abtuined from its hydrogen maleate,
Ja]®D 420 £ 2° (¢ 2.00, 1LOY it [a]2 +235.3°), was slower
than that for 1b. If the produet vontained Cl (Na fusion) it
was reeveled ta give le, [e!™n 430 % 2° (e 10,20, EtOH), bp

(10 We wish to pxpress olle appreciadon 1o Dr. P Portoghese of the Uni-
versity al Minnesora jor the roratory dispersion eolrves, data for which wilt
L presentedt il o forcheamning paper.

(18) "I'be nitirnsace 1ese for identicat confiznrationat reaniremehis of ree
ceplors restx ppan stercochemicat snperimpasabitity alwni the asymmmedric
cencer. “Phix daes noi necessarily tead 1o blendent configurationat nocadons
in che £/0) mt Ny systene whicelc is hased apan ndomie priarities,

c1my Go N Altes, . frhormacel, Eep, Thee,, 1, 120 (1030); 1. W, Sehnhe,
L CL Reil, Lo AL Baeler, dr. WO X0 Lawrence, aud M. L. Tainler, tbd., 71,
B2 (1941,

120) 1 Phillips, J. Chene Sery, T44 019235, awt papers in 1 hds series; *. AL
Levene aml N, Wald, J. Biol, Chem., 90, 81 11031); AL W. Scehrecker, J. Ory.
Chem., 22, 33 (1057); 1. Korrer and K. Erhardt, Hebr, Chim. Actn, 34, 2202
(ohn.

P2y GLe gl VL Sti'ee, . har, Set, 86, 1041 (1967).

(22) Melling noints were Jdeterinined with o Thamas~Hoover Unimelt
apnaralns or Wafler bLlpek ail are aneorrectel. The saniples were placed in
the silicone Larh or an 1le blogk 10° below the reported nlelting poinl and
Leated at 4 vate of 2°7an.  Boiling pointy are uncerrected. lllemental and
isutopie analyses wore performed by Drs, Weiler and Stranss, Oxford, En-
cland, or by Schwarzkopf Microanalyiical Laloratories, New York, N. Y.
Snecific rotations were determined with a Zeiss 0.01° polariineter in a 1-¢lm
1ulie, Infrared specira were recorded on a Perkin-Elmer Model 421 doublee
wraling speeiropletonmerer. Phe mnr speelra were recorded an a Varian
Madet A-BON spev(onperer as 157 (w/yvy =olnrions wich tetramethytiitane
e an internal veforener srundard, Sobvenls were remived o0 vaewo.  lixeraels
wore dried over NasCOs0 VI analyses are wichin 20,49 of the theoretical
values.

{2y W Sehleshigzer, Whine Lulsrialories, personal connnunicndon, 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 lc.—To 4.8 g of l¢ dissolved in 200
ml of petroleum ether (bp 30-60°) was added 3.1 g of Mel.
The product, 6.23 g (759), dissolved (H,0) and was treated with
fresh Ag(OH). from 8.5 g of AgNO;. When the supernatant gave
no I~ test the solid was removed and the filtrate was concen-
trated toasgyrup. 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, (C1sHi3N) 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 (HCI,
pH 5-6) and the EtOH was removed. The aqueons 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-pyridylcarbinol: mp 76-77°; ir (film),
3400 and 3618 ecm ™! (free and bonded OH); HCI salt, mp 181~
182° (lit.?* 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.2> mp 169°),
Precedent exists for the reduction to the ethane derivative.?t

(+ )-erythro- and (4 )-threo-3-Phenyl-3-[2-(1-benzoyl)piper-
idyl]-1-dimethylaminopropane (3a and 3b)—A solition of 39.1
g of la hydrogen maleate was reduced (0.4 g of PtO., 18°, 3.5
kg/em?, 100 ml of HyO). 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 (+) oil (EtOH), This was recycled (0.2 g of 109, Pd-C, 20°,
4.2 kg/cm?) if it contained Cl (Na fusion). The product (2)
weighed 23 g (919,), bp 91-93° (0.1 mm). Anal. (CisHzsN:)
C, H, N. A (+) oil was also obtained from 1b hydrogen maleate
and the amines la—¢. 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
33.2 g (0.5 mole) of CsH:COClL. After 6 hr the mixtures were
extracted (CHCl;). The CHCI; 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 +30.5 + 0.5° (¢
6.95, EtOH). Anal. (CiuHyxN20;) 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
endocyclic epimer of 3a.

(+)-erythro- and (- )-threo-2-Phenyl-2-[2-(1-benzoy!)piper-
idyl]-1-propene (4a and 4b).—To a solution of 11.68 g of 3a
in 100 m! of CsHs was added 9.37 g of Mel. After 12 hr the
crystals were washed (C¢Hs), dried in vacuo, and dissolved
(D.0, 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,O. 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.0) 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 C¢Hs. After the residue dissolved and
the vapors were neutral (moist litmus paper) the C¢Hs was
removed. The residue was crystallized (Et:0) to give 5.2 g
(529%,) of 4a: mp 125-126°; [a]®D +121 = 1° (c 4.66 CClL);
nmr (CDCh), § 7.5-6.5 (m, 10, CeH;CO and Ce¢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. (CaHuxNO)
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., T5, 1489
(1953).

(25) O.Exner, V. Simak, J. Pliml, J. O. Jilek, and M. Protiva, Chem. Listy,
47, 863 (1953); 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 noles of 4a. Hofmamn deg-
radation of 3b afforded a product assigned the structure 4b:
mp 171.5-173.5°; [«]%D +92 % 1° (¢ 2.07, CCl,); nmr (CDCly),
8 7.5-6.5 (m, 10, C¢H:;CO and C¢H;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-
CH,), 2.0-1.0 ppm (m, 6, (CH,);). Anal. (CaH;NO) C, H, N.
In earlier attempts at the elimination, the quaternary hydroxide
of 3a was boiled in Et:0 (4-5 days). This afforded a 159 vield
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 (Et.0O-petroleum ether) afforded 50 mg (80%) of
6a: mp 115-116°; [«]?D +40.5 &+ 0.5° (¢ 2.61, EtOH); nmr
(CDCh), 8 7.5-6.5 (m, 10, C¢H:CO and CsH:C), 0.75 (t, 3, CCHj),
3.6-1.0 ppm (m, 12). Anal. (CaHxNO) C, H, N, Inlike manner,
4b afforded 6b, mp 123-123°, [«]?D +79.2 =+ 0.5° (¢ 1.94,
EtOH). Anal. (C2HxNO) C, H, N.

(—)-erythro-2-Phenyl-2-[2-(1-benzoy!)piperidyl]acetic Acid
(8)—0; was passed through a solution of 4.65 g of 4a in CCl,
for 2 hr, The CCl; was decanted from the gnmmy residue which
was treated with 100 ml of H2O. (2¢7) and stirred for 6 hr. The
H:0 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 NaHCOQO;. The aqueons was extracted
(CHCY;) and acidified (HCl). The extract (CHCl;) 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 (35%) of 5, mp 221-222°, [«]¥D —51 =+ 1° (¢
4,71, EtOH). Anal. (CoHaNO;) C, H, N. The atom per cent
excess of D, found to be 0.053, corresponds to less than 1 atom of
D /100 moles of & 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.®

(~)-erythro-2-Phenyl-2-(2-piperidyl)acetic Acid Hydrochloride
(7) from 5.—A suspension of 300 mg of 5 in 20 ml of 12 ¥ 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]®p ~84 =+ 2° (¢ 1.00, H,O). Anal, (CisHpe
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° (c 1.00,
6:4 EtOH-H,0)].

Methy! (~ )-erythro-2-Phenyl-2-[2-(1-benzoy!)piperidyl]acetate
(10).—For 4 hr, a stream of HC! was passed into a suspension
of 1.78 g of 7 in 10 m! of boiling MeOH, After 10 hr the MeOH
and HCl were removed and the residite was dissolved (H,0).
This (+) solution was made basic (NaOH) and extracted (Et,0).
The Et,O was dried, filtered, and removed to give an oil which
was treated with 1.58 g (7.0 mmoles) of (C¢sH:CO),0 in 90 m!l of
dry CeHe After refluxing overnight the mixture was washed
(NaHCO;, ditute HCH). The C¢H; was dried, filtered, and removed.
Crystallization of the residue (EtOAc) afforded 1.0 g (429,) of
10, mp 125-126°, [a]®D> —63 = 1° (¢ 2.36, EtOH). Anal.
(CaHyuNOs) C, H, N.

(= )-erythro-2-Phenyl-2-[2-(1-benzoy!)piperidyl]acetic Acid
(5) from 10.—To 674 mg of 10 in 20 ml of boiling 605, 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-
CL;) and acidified (HCl). Following extraction (CHCl;) the
the CHCl; was dried, filtered, and removed. Crystallization of
the residue (EtOAc) afforded 520 mg (809) of 5, mp 219-220°,
[a]?®D —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 m! 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°, [«]%Dp —81 == 2° (¢ 1.00, H,0).

Methyl (—)-erythro-2-Phenyl-2-[2-(1-benzenesulfony!)piper-
idyl]acetate (11).—For 4 hr, HC! 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,O). The
(=) solution of 9 was made basic (NaOH) and extracted (I£t,0).
The Et;O was dried, filtered, and reinoved. The vesiduc was
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dissolved (pyridine, 50 ml) and treated with 12.0 g (67.9 mmoles)
of CeHiS0:Cl.  The solition was allowed to reflux for 1 hr.
After cooling, H,O was added to the mixture and the solid was
harvested. The solid was dissotved (Et;0) and the solution was
washed (H,0, dilute HCH. The Et,0 was dried, decolorized,
filtered, and removed. The residile was crystallized (Et.Q) to
give 16.0 g (73%,) of 11, mp 154-155°, [a]®*p —49 =+ 1° (¢ 113,
McOID.  Anal. (CopHsNOSS) C, H, N.

(= )-crythro-2-Phenyl-2-[2-(1-benzenesulfonyl)piperidyl] etha-
nol (12).—To a cold suspension of 3.00 g of LAH in 500 mi of
dry Et,0 and 200 ml of dry THF was added a solntion of 12.0 g
of 11 in 50 ml of THF. After 2 hr, the mixture was cooled and
treated with 3 ml of H,0 followed by 3 ml of 1577 NaOH solution
and 9 ml of HyO, The mixture was dried (Na,S0,)) and stirred
for 20 min.  Following filtration the cake was washed (THF), the
T was ranoved, and the residue was erystallized (16t.0) to
give 1.1 g (91€0) of 12, mp 105-106°, {a]®p —4.0 £ 0.5° ¢
4.88, MeOH). Anal. (C1sNO,S) C, I, N.

(4 )-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 CHCl; was
boiled for 24 hr. The cooled solution was acidified (IIC1) and
was extracted (CHCL). The CHCl; was dried, fillered, and
removed. The residue was erystallized (CgHg). Recrystalliza-
tion (MeOH) gave 4.00 g #66.7¢;) of 13, mp 156-157°, [«]®»
416 = 0.5° (¢ 6.0, CsHg). Anal. (Ci1..CINO,S) C, 11, N.

¢ = )-1-Phenyl-1-]2-(1-benzenesulfonyl)piperidyl]ethylene (14 1.
--To a sohttion of KNII. prepared from 469 mg of K dix
solved in 150 ml of N, wax added 4.00 g of 15 in THF. When
the red color faded, the Nty was allowed to evaporate. The
residne was mixed with dihite HCL  The =olntion was extracted
(CHCL). The CHCIL; was dried, filtered, and removed. The
residue was crystallized (I21.0) 10 give 2.010 g (50¢7) of 15 which
was recyeled.  Addition of petrolenm ciher to the mother lquor
and partial removal of the Ft:0) by boiling, afforded 300 mg
(14S0) of 14, mp 87-%8°, {a]?p —G6.8 4 1° (¢ 1.80, CsHq
Anal. (CuHaNO,8) ¢, H, N.

( —)-1-Benzenesulfonyl-2-benzoylpiperidine (15).—<For 1) min,
03 was passed through a solntion of 300 mg of 14 in 5t ml of
dry EtOAc at —75°  After 2 hr, excess (3 was removed with
Ne.  After removing the EtOA¢, 50 mb of pH 7 buffer containing
Al of HLOy (3047) was added 10 1lie vestidite. In 1 hy, the eryse
tols were harvested. Recrystallization (Ft.O-petrolenm ether)
gave 410 mg (8197) of 15, mp 103-104°, [a]2p —20 £ 17 (¢
7.00, THF). Anal. (C:H,,NO8) C, 11, N.

( —)-a-{2-(1-Benzenesulfonyl)piperidyl]benzhydrol (16).--A
soltion of 329 mg of 15 in 20 ml of anhydrous Et,0 was added
ta a 30-ml solution of C¢H:MgBr obtained by treating 146 mg of
Mg with 942 mg of C¢H:Br in Et,0.  After bailing the mixtnre
for 3 hr, it was added to dilute HCL The .0 was dried,
filtered, and removed. The residue was cervetallized (Et.0) to
give 200 mg (4991 of 16, mp 167-169°, [a]®p —67 = 2° ¢
1.19, THF). Adnal. (CoHNOS; ¢, T N.

(H)-(+)-Piperidine-2-carboxylic Acid (17).-~To 124 g of
pyridine-2-carboxylic acid and 150 g of (4 )-tartaric acid was
added 11 of EtOH and 500 il of 11.0. Dissohition was effected
by gentle warming. Hydrogenation (2.0 g of P1O., 20°, 4.2 kg/
em?) resulted in gradnal formatvian of a erystalline product
during the 48-72 hr vwsually required to complete the reduction.
The erystals were harvested and dissolved in a minhmnm amonnt
af boiling H:0. The mixinre was filtered and diluted with 500
mt of EtOH.  The crystals obtained on cooling were recrystal-
hzed to constant melting point, 191-192° dee, and specifie
rotation, Ja]?p 422,01 % 1° (¢ 5.00, H.0} [Ht.2 mp 192-19:3°,
Jee)®n 4223 5= 1° (¢ 6.4, 1.0}, The enantiomerie salr, mp
LO1-102° dece it p 191--193), [«)2b —22.0 &= 1° (¢ 5.00,
H.O) [hu [@]®p =220 4 1° (¢ 6.4), H,0),% [a]®p —20° (¢
800, H,0)%) was obtained by carryving ont a Ph(OAc), precipita-

727y 11 C. Bevermaw, Kee. Trav, Chim., T8, 134 (1939).
¢18) A, V. Rolertson and 1. Marion, Cun. J. Ckem., 87, 829 (1959}.

tion? of (4 )-tartaric actd on the residue from the hydrogenation
mother lignor and by snbsequent resolution with (= )-tartaric
acid. A 20-g sample of the (4 )kDbitartrate salt (mp 191-192°1
afforded 8.85 ¢ of 17 using Beyerman's¥ methad: mp 2762777
dec, [a]®n +25.5 = 1° (¢ 3.00, 11,0) [11.Y mp 267 dee, te**n
+20.2 4 12 (¢ 5106, HoOW. nal. (CellNOs €, 1, No The
(= eacld melted ar 272-273° (H{.2% mp 271-272%,% mp 2667 *74
la}Bp —23.8 4 1° 010, 1,07 [HE Jal®n =24 2 12 10 280,
H.0),% [al®p —=25.8° (¢ 5.00, H,0)»].

Methyl (4 )-1-Benzenesulfonylpiperidine-2-carboxylate (21,.
~-To a solation of 5.0 g of 17 and 4.0 g of NaOH in 50 ml ol 1.0
was added 812 g of CHS0.CL o After 1 hr, the mixmre was
filtered. The agueans was acidified 1 TTC1) and extracted (15101
The Tt.0) was dried, filtered, and evaporated. The emde (43
residhie (MeOT) was dissolved in dryv: MeOIl. For ¢ br, HCT wax
passed throngh the solntion a1 =753, The MeOH and HCT were
removed and the residne was crystallized (MeOM) to give 1.2
g {93070 of 21, mp 61-64°, [e]®D £33 & 1% e 505, Cll
Anad, (CullisNOGS) C, N

| = )-a~[3-(1-Benzenesulfonyl)piperidyl]benzhydroel (16) from
21.--A =ahution of 1.42 g of 21 in 25 ml of dry FeO was addal
to 30t ml of « solution of CeHMgBr prepared by treating 720
mg of Mg with 4.71 g of Col;Brin Et20. The mixture was hoiled
for 6 hr and was added to dilnie HCL  The Fi.0 wax dried
(Na.80,), filteredd, and removed.  The residne wns heared
(50-60°) 71 raearo 10 remove (Cillad and CelliBr. The residne
was crvstallized ( FtuO-petrolenmn ether) to give 250 mg (1255
of 16, mp 157-169°, Jal® ~64 =4 2° (¢ 121, THIY, nunp
{of 1hix aleohol with that preparved from 153 167-169°%  1nal.
(Co N OsSY C, T1, N

{ £23+( = -~ 2-Piperidyl)benzhydrol Hydrochloride (19 iy
HCT was passed for 12 hr throngh a suspension of 6.0 g i465.4
mmoles) ol 17 i 50 mi of dry MeOIT at 0°. The MeOlH and 1HC1
were removed.  The residue was dissolved (11.0). The solation
wax made basic (NaOH) and extracted (CHCL).  The CHCL
was dried, filtered, and removed.  The cemde, =45 residne
(E0Y was dissolved in 20 ml of dry 0. The =olntion was
added 1o A0 ml of a solntion nf CsHNMgBr prepared by freating
455 g of Mg with 514 g of CgI.Br in dry PO, After 12 hr,
the mixtire was adiled 10 NHLCE sohiion. The =ohition was
made basie (NaOH1 and was mixed with Celive. The Celire
cake ohtained on filtration was washed with hot FEn.O. The
ErO wash was used to extract the basic agneons. The Et.0
was dried, filiered, and removed. The residae was crystallized
(petrolenm erther ' to give 4.6 g (3771 0f 19 free base, mp 98-00°,
[ee]®fp 382 - (L3 ¢ 4.00, MeOID) [Hrs mp 08-100° and 07
082, la]®n --30.8° and +58.5° (¢ 2, MeOH . Anol. (CrllaNO,
C, H, N. The HCE salt £19) prepared in Fio0) was reery=tallized
NeOIH-Et,05:  mp 203-206° dec, [a]®D =3l 1% i¢ 5.00,
MeOH) [lits mp 288-289° dee and 30:4-500° dec, [o]*n - (5,67
(e 1, THO)Y and [af®p = 068.8° (0 2, 11,03

( — }J=a~{2-{1-Benzenesulfonyl)piperidyl]benzhydrol (16) from
19.- I’y a reflaxing sohition of 300 mg ol the (4 3-base rom 19
i pryridine was added 200 mg of CdL20.CHin 3 mlb ol pyrdine.
Heating was mntinned for 30 min. The mixinre was cooled
amd was added 1o dilnte HCL Phe acidie mixtire was exirieted
(CHCL). The CHCL; wax dried, filtered, and removed. The
residie was erystallized (Ft.0-perrolenm ether) 1o give 270 mg
(2,205 of 16, wp 167--169°. Mixiure melting poinis with the
samples prepared [rom 15 and 21 were mudepressed.

V [2)+( = }-2-Benzhydrylpiperidine Hydrochloride 122).--1o «
<ohtrion af 6 mg of 19 in 30 ml of FrO was added 100 ml of
NiL, a few drops of dry ENOH, aud 5t mg of L chips. When the
blue color disappenred, the NTh was evaporated.  "T'he resdne
wiax mixed with TLD and the mixime was exivaered 2 Fuos
The Et.0 was bied, iliered, and vemoved.  The oil was dissolved
(105 The i 4 solition was treated with HHCT and the precipi-
tate was crvsinllized dF1OH=1007 10 give 504 mg (7170 of 22:
mp S18-310°, Jo[#n 0 = 1% ie 248, MOl taol «Culae
NChH ¢, T, N.




