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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 knomn.6.10 Destruction of the 
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2, R, = H; & = CH2CHzNMez 

4a, R, = PhCO; & = CH-CHp 
6a, R, = PhCO; &= CHzCH, 

5,  R, = PhCO b = COOH 
7, R, = HHC1; &= COOH 
8, R1 = H; & = CONH, 
9, R1 = H.HCI; & = COOMe 

10, R, = PhCO; & = COOMe 
11, R, = PhSO,; & = COOMe 

‘CHJ 3a, R, = PhCO; R2=CH2CHZNMez 

(+)<SI 
Ia,R=CI 
b,R=Br 
c, R =  H 

12, R1= PhSO2; & = CH,OH 
13, R, = PhSOZ; & = CHzC1 

3b (+>(ZR:Z’R) 
4b 23,R,=H;&=NH, 
6b 24, R, = H.HC1; b = OH 

25, R, = H.HC1; & = OMe 

Ph 
I 

OH 
26 (-HS) 14, R, = PhSO,; R, = Phe- 

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

17, R, = H; & = COOH (+)-(R) 
18, R, = H; R, = COOMe 

16, R1= PhSO,; &= PhzCOH 

19, R,=HHCl; R,=PhZCOH (-)-(I?) 
20, R, = PhSO,; & = COOH 
21, R1 = PhSO,; & =5 COOMe 
22, R,= H.HC1; & PhzCH ( - ) - (R)  

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

Dehalogenation of la ,  lb,  or their acid maleates 
afforded IC identified as the (+)-monohydrobromide. 
Thus, the (+)-pheniramines are stereochemically su- 
perimposable. 

Wolkoff l 2  had observed a slow base-catalyzed race- 
mization of l a  indicating that the methine hydrogen 
is activated by the two aromatic rings. Nevertheless, 
Hofmann elimination of IC was tried. This afforded 
racemic products. Accordingly, reductions of la-c 
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) I. Weisz and A. Dudan, Acta €‘harm. Hung . ,  31 ( R  Suppl.), 116 
(1961): Chem. Abstr., 57, 11154 (1962): 1. M’eisz and A. Dudas, Monateh., 91, 
8.10 (1960). 

(11) F. E. King, T. J. King, and.4. J. Warwick, J .  Chem. SOC., 3590 (1950). 
(12) IT. Wolkoff, Schering Corp., personal cornmunicatiun, 1963. 

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 i t  affords 5 which is already designated6,I0 
as erythro. Throughout this work the assignment of 
erythro and threo stereochemistry is arbitrarily based 
upon the stereochemical relationships of the Cz and C L J  
methine protons and the C2 phenyl and Cz! methylene 
moieties. This is in agreement with establishedGS1O 
stereochemical absignments 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. KO current method of assign- 
ment is without ambiguity. 

Hofmann elimination of 3a and 3b aff’orded (+)- 
methines assigned the structures 4a and 4b, respectively. 
The reduction of 4a and 4b to (+)-6a and (+)-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, (+)-erythro or (+)-tkreo, 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 endocyclic 
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 S-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 mere 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 a and y  position^'^^^* 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 steiically 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 wai negligible 
and 1, 3a, 4a, and 4b must have the same stereochem- 
istry about the exocyclic center. 

That 3a, 4a, and 5 have the ei,yt/iiw stereochemistry 
was shown by hydrolysis of 5 to 7. identical in all 
respects with that prepared from the knawn6~10 amide 

(13) W. von E. Doering and A.  Ii. Hoffmann, J .  Amer.  Ciiem. Soc., 77, 921 
(1955). 
(14) J. Shiner and R I .  L. Smith, ibid. ,  80, 4096 (1968). 
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127-128" (1.0 inm). The HBr salt melted at  176-177', mmp 
(with that obtained from l b )  176-177'. The hydrogen maleates 
of l a  and l b  also dehalogenate under these conditions to give IC. 

Hofmann Elimination on 1c.-To 4.8 g of IC dissolved in 200 
nil of petroleum ether (bp 30-60") was added 3.1 g of NeI.  
The product, 6.23 g (75Yc), dissolved (HzO) and was treated with 
fresh Ag(OH)2 from 8.5 g of AgN03. When the supernatant gave 
no I- test the solid was removed and the filtrate was coiicen- 
trated to a syrup. This was heated at  0.5 mm. The distillate was 
redistilled to give 1.96 g (50%) of a (i) oil, bp 91-94' (0.5 mm). 
Anal. (C14H13irJ) C, H, S. The distillate of a second reaction, 
1.67 g, was dissolved (EtOH, 10 ml) and treated with 0 3  a t  
-75". The reaction mixture was flushed (X2) and 0.42 g of 
NaBH4 was added. After 12 hr the mixture was acidified (HC1, 
pH 5-6 )  and the EtOH was removed. The aqueous was made 
basic (Na2C03) and extracted (petroleum ether). The extract 
was dried, decolorized, filtered, concentrated, and cooled to give 
40 mg of a (=t)-phenyl-2-pyridylcarbinol: mp 76-77"; ir (film), 
3400 and 3618 cm-1 (free and bonded OH); HC1 salt, mp 181- 
182' (lit.24 mp 76-78 and 182-184'). The petroleum ether 
soluble oil, largely (*)-2-phenyl-2-(2-pyridyl)ethane, afforded 
160 mg of picrat,e (acetone), mp 169-171" (lit.25 mp 169'). 
Precedent exists for the reduction to the ethane derivative.26 

( +)-erythro- and ( +)-threo-3-Phenyl-3-[2-( 1-benzoy1)piper- 
idyl] -1-dimethylaminopropane (3a and 3b).-A solution of 39.1 
g of l a  hydrogen maleate was reduced (0.4 g of PtO?, 18", 3.5 
kg/cm2, 100 ml of HzO). If the absorption of H, was incomplete, 
fresh PtOt was added and the reaction was continued until ab- 
sorption of H2 ceased. The Pt was removed and the filtrate was 
made alkaline (Na2C03). 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 10% Pd-C, 20", 
4.2 kg/cmz) if it contained C1 (Na fusion). The product 12) 
weighed 23 g (917,), bp 91-93' (0.1 mm). Anal. (C16H26S2) 

C, H, K. A (+ )  oil was also obtained from l b  hydrogen maleate 
and the amines la-c. The (+) oils from la, lb, and IC 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 10% NaOH and 
35.2 g (0.j mole) of C&&OCl. After 6 hr the mixtures were 
extracted (CHCl,). The CHC1, was dried, filtered, and removed. 
Each of the residues was crystallized (EtzO) to give 10 g (357, 
average yield) of 3a: mp 134-136", [aI3O~ +503 i 0.5" ( c  
6.95, EtOH). Anal. (Cz3H30N,03) C, H, N. The combined 
mother liquors afforded small additional quantities of 3a on stand- 
ing (4') for several months. The residual EtzO-soluble (+) oil 
eventually solidified (low melting point) when the Et20 had 
evaporated. This material is assigned the structure 3b, the 
endocyclic epimer of 3a. 

( + )-erylhro- and ( + )-threo-2-Phenyl-2- [2-( 1-benzoy1)piper- 
idyll-1-propene (4a and 4b).-To a solution of 11.68 g of 3a 
in 100 ml of CsH6 was added 9.37 g of NeI.  After 12 hr the 
crystals were washed (CGH6), dried in cacuo, and dissolved 
(&O, 99.9 atom % 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 S a .  Upon completion of the reaction, the MeOH 
was removed and was replaced with D20. The solution was boiled 
to remove hIeOH and was added to a solution of 28.0 g of anhy- 
drous Agvoa in D20. The precipitate was washed (D20) until 
the filtrate was free of NO3- 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 (D20) 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 CsHe. After the residue dissolved and 
the vapors were neutral (moist litmus paper) the C&. was 
removed. The residue was crystallized (EtZO) to give 5.2 g 
(52%) of 4a: mp 125-126'; [ a ] " ~  +I21 & 1' (c 4.66 CClr); 
iimr (CDCla), 6 7.5-6.5 (m, 10, CGH~CO and C&C-), 6.4-5.6 
(m, 1, CH=C), 5.5-4.9 (m, 3, C=CHZ and PhCHC=C), 4.1-2.6 
(m, 3, CHNCH,), 2.2-1.0 ppm (m, 6, (cH2)3). Anal. (C21H23xo) 
C, H, N. The atom per cent excess of D, found t o  be 0.218, 

(24) N. 11. Cantwell and E. V. Brown, J .  -4mer. Chem. Soc., 75, 1489 

(25) 0. Exner, V.  Simak, J. Pliml, J. 0. Jilek, and M. Protiva, Chem. Listy ,  

( 2 6 )  0. Gxner, Chem. Lisly, 47, 8ti9 (1953); Chem. Abatr., 49, 316 (1Y65). 

(1953). 

47, 863 (1953); C h ~ n .  Alstr. ,  49, 337 (1955). 

corresponds to  5 atoms of 1)/100 moles of 4a. Hofniaiin deg- 
radation of 3b afforded a product assigned the structure 4b: 
mp 171.5-173.5'; [ a I z 6 ~  $92 f 1 "  ( c  2.07, CCld); nmr (CDCla), 
6 7.5-6.5 (m, 10, C&CO and CsH,C), 6.4-5.6 (m, 1, CH=C), 
5 .44 .9  (m, 3, C=CH2 and PhCHC=C), 4.1-2.6 (m, 3, CHN- 
CH,), 2.0-1.0 ppm (m, 6, (CH&). Anal. (CZIHZ,NO) C, H, N. 
In  earlier attempts a t  the elimination, the quaternary hydrovide 
of 3a was boiled in E t 2 0  (4-5 days). This afforded a 1570 yield 
of 4a. Reduction (0.2 g of lOy0 Pd-C, 20', 1.05 kg/cm2, 10 ml of 
RIeOH) of 61 mg of 4a afforded a quantitative uptake of H?. 
Removal of Pd-C, evaporation of the RIeOH, and crystallization 
of the residue iEt20-petroleum ether) afforded 30 mg (80%) of 
6a: mp 115-116"; [aIz7o $40.5 =t 0.5' (c 2.61, EtOH); nmr 
(CDCl?), 6 7.5-6.5 im, 10, C,&CO and CeH,C), 0.75 it, 3, CCH3), 
3.6-1.0 ppm (m, 12). Anal. (C21H~,IVO) C, H, N. In like manner, 
4b afforded 6b, mp 123-125', [ a I z 6 ~  +79.2 3I 0.5" ( c  1.94, 
EtOH). Anal. (C21H~,X0) C, H, S. 

( - )-erythl.o-2-Phenyl-2- [2-( 1-benzoyl)piperidyl] acetic Acid 
(5).-03 was passed through a solution of 4.65 g of 4a in CC1, 
for 2 hr. The CCIa w&s decanted from the gummy residue which 
was treated with 100 ml of H202 ( 2 7 , )  and stiried for 6 hr. The 
H20 was decanted and the residue was dried in zacuo. The 
residue obtained by evaporation of the CCla was treated in the 
same manner and the oxidized pioducts weie comblned and 
treated with excess NaHC03. The aqueous nas  extracted 
(CHCI,) and acidified (HC1). The extract (CHCl,) of the acid 
aqueous was dried, filtered, and evaporated to give a residue 
This was crystallized (EtOH-H20) and recrystallized (EtOAc) 
to  give 1.7 g (35%) of 5, mp 221-222", [a1270 -51 f 1" i c  
4.71, EtOH). Anal. (C20H,,S03) C, H, N. The atom per cent 
exceqs of D, found to be 0.053, corresponds to less than 1 atom of 
D/100 moles of 5. Under the mild conditions of the mork-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.6 

( - )-erythro-2-Phenyl-2-( 2-piperidy1)acetic Acid Hydrochloride 
(7) from 5.-A suspension of 300 mg of 5 in 20 ml of 12 S HC1 
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-Et20) to give 153 mn 163%) of 7. 

( - j:er&hro-2-Phenyl-2-(2-piperidyl)acetamide (8) wa7 pre- 
pared as described in the literature,e from ( i )-erythro-2-phenyl- 
2-(2-piperidyl)acetamide, mp 168-169", [a] 26D -64 =t 2" (c  
2.00, 6:4 EtOH-H20) [lit.6 mp 162-163", [a]% -68' (c 1.00, 

Methyl ( - )-erythro-2-Phenyl-2- [2-( 1 -benzoyl)piperidyl] acetate 
(lo).-For 4 hr, a stream of HC1 was passed into a suspension 
of 1.78 g of 7 in 10 ml of boiling AIeOH. After 10 hr the MeOH 
and HC1 were removed and the residue was dissolved (H20).  
This (+) solution was made basic (KaOH) and extracted (EtnO). 
The Et20 was dried, filtered, and removed to give an oil which 
was treated with 1.58 g (7.0 mmoles) of (c6H&o),o in 90 ml of 
dry CeH6. After refluxing overnight the mixture was washed 
(KaHC03, dilute HCl). The C6H6was dried, filtered, and removed. 
Crystallization of the residue (EtOAc) afforded 1.0 P (42%) of 

6:4 EtOH-H20)]. 

10; mp 125-126', [aIz7n -63 =t 1" (c 2.36, EtOH). Anal. 
(CnHraNOa) C, H. N. , ~ ~. ~, 

( - )-eryth;o-2-Phenyl-2- [2-( 1-benzoyl)piperidyl] acetic Acid 
(5) from 10.-To 674 mg of 10 in 20 ml of boiling 607, EtOH- 
HzO, was added 5% SaOH 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- 
c1,) and acidified (HC1). Following extraction (CHCl,) the 
the CHCl, was dried, filtered, and removed. Crystallization of 
the residue (EtOAc) afforded 520 mg (80%) of 5, mp 219-220", 
[ ( Y ! ~ ~ D  -50 3~ 1" (c 2.08, EtOH), mmp (with that prepared from 
4a) 219-221". 

( - )-erythro-2-Phenyl-2-( 2-piperidy1)acetic Acid Hydrochloride 
(7) from 8.-To 17.0 g of 8 was added 75 ml of 12 N HC1. The 
mixture was boiled for 9 hr. The crystals were harvested on 
cooling. Recrystallization (EtOH-EtnO) afforded 16.7 g (8451) 

Methyl ( - )-er~thro-2-Phenyl-2- 124 1 -benzenesulfonyl)piper- 
idyllacetate (ll).-For 4 hr, IICl was passed into a siispension 
of 15.0 g of 7 in 75 ml of boiling dry AIeOH. The lIeOIl and 
HCl were removed and the residue was dissolved (HZO). The 
( - )  solution of 9 was made basic (NaOH) and extracted (Et&). 
The E120 was dried, filtered, arid removed. The residue WBS 

Of 7, mp 233-235", [ a I z 6 D  -81 3I 2' (C  1.00, HzO). 




