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The synthesis of the respective diastereoisomers and enantiomers of N-[3-methyl-1-(2-phenylethyl)-4-piperidylj-N- 
phenylpropanamide and N-[3-methyl-l-(l-methyl-2-phenylethyl)-4-piperidyl]-N-phenylpropanamide is reported. 
Analgesic activity is evaluated in the tail withdrawal test in rats. cis-(+)-N-[3-Methyl-l-(2-phenylethyl)-4-piper- 
idyll-N-phenylpropanamide (23) is found to be an  extremely potent analgesic, up to 6684 times morphine. Com- 
pound 23 has a fast onset of action, a shorter duration of action than morphine, and an unusually high safety mar- 
gin. 

As part of a continuing effort to develop novel analgesic 
agents a series of methyl-substituted derivatives of fen- 
tanyl (1) was prepared. Fentanyl, a well-known analgesic 
characterized by high potency, a rapid onset, and short 
duration of action,lg2 belongs to a series N-[l-(2-phenyl- 
ethyl)-4-piperidyl]-N-phenylpropanamide~.~ At the time 
of the peak effect (Table IV) 1 is about 300 times more 
potent than morphine in the tail withdrawal test in rats..4 
I t  is known that methyl substitution in the side chain (Y to 
the basic nitrogen of 1 (compound 2) enhances the analge- 
sic a ~ t i v i t y . ~  On the other hand, the activity-enhancing 
effects of 3-methyl substitution in the piperidine ring of 
4-phenylpiperidine analgesics are well documented.”* 

These considerations have led to synthesis of the differ- 
ent diastereoisomers and enantiomers of N-[3-methyl-l- 
(2-phenylethyl)-4-piperidyl]-N-phenylpropanamide (3, R 
= H)  and N-[3-methyl-l-(l-methyl-2-phenylethyl)-4-pi- 
peridyll-N-phenylpropanamide (3, R = Me). The recent 
publication of Riley, et U L . , ~  has prompted us to report our 
results. 
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Chemistry. The synthesis is outlined in Scheme I. For- 
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mation of the Schiff base of methyl 3-methyl-4-oxopiperi- 
dinecarboxylate1O with aniline followed by reduction with 
NaBHr afforded an approximately 7:3 mixture of cis- and 
trans-methyl 3-methyl-4-(phenylamino)-l-piperidinecar- 
boxylate (5). Propionylation bf 5 ,  with propionic anhy- 
dride in PhMe under reflux, yielded crystalline methyl 3- 
me  thyl-4- [N-  ( 1 -propionoxy ) -N-phenylamino] - 1 -piperidine- 
carboxylate (6), which was separated in its respective cis 
and trans diastereoisomers 6a and 6b by fractional crys- 
tallization from i-PrzO-i-PrOH. 

Attempts to remove the N-carbomethoxy group of 6 se- 
lectively under either acidic or basic conditions were un- 
successful. Brief treatment of 6a and 6b with 48% HBr 
under reflux afforded the corresponding cis- and trans-3- 
methyl-N-phenylpiperidineamines 7a and 7d. Fractional 
crystallization of the d-tartaric acid salt of cis-( &)-7a 
from MezCO-MeOH and subsequent conversion to free 
base gave optically pure cis-( -)-7b. Similarly, fractional 
crystallization of the l-tartaric acid salt of cis-(f)-Ta from 
Me2CO-MeOH and subsequent conversion to free base af- 
forded corresponding cis-( +) derivative 712. Since trans- 
(*)-21, prepared from trans-(&)-7d, is at least five times 
less active than corresponding cis-( &)-2O, prepared from 
cis-(*)-7a, resolution of trans-(f)-7d was not further in- 
vestigated a t  this stage of the study. 

Substitution of the respective 3-methylpiperidineamines 
(7a-d) with 2-phenylethyl chloride or preferably 2-phenyl- 
ethyl bromide yielded corresponding 3-methyl-l-(2-phen- 
ylethyl)-N-phenyl-4-piperidineamines 8 respectively cis- 
(*)-9, cis-(-)-l l ,  cis-(+)-12, and trans-(*)-lo (Table I). 
Treatment of compounds 9-12 with propionic anhydride 
in PhMe under reflux afforded respectively end products 
cis-(f)-20, trans-(*)-21, cis-( -)-22, and cis-(+)-23 (Table 
11). Oxalates of 22 and 23a were difficult to crystallize; 
therefore, the most active enantiomer cis-( +)-23 was crys- 
tallized as nitrate salt 23b, which cocrystallized with 1 
mol of i-PrOH. Structure assignment for 20 and 21 was 
made on the basis of the 100-MHz nmr spectrum. Assum- 
ing a chair conformation for the piperidine ring, one 
would expect that  the most predominant conformer would 
have an equatorial 4-N(COEt)Ph group with an equatorial 
3-Me group for the trans compound and an axial 3-Me 
group for the cis compound. This was confirmed by the 
splitting pattern of the 4-proton on the piperidine ring. 
Cis compound 20 showed a multiplet, centered at  6 4.40, 
consisting of a doublet (J  = 12.5 Hz) of triplets (J  = 5 
Hz). On the other hand, trans compound 21 showed a 
multiplet, centered a t  6 4.53, consisting of a triplet (J  
= 12.5 Hz) of doublets ( J  = 4.5 Hz). cis-N-[3-Methyl-l- 
( l-methyl-2-phenylethyl)-4-piperidyl]-~-phenylpropanam- 
ides were prepared by substitution of 7a with l-methyl-2- 
phenylethanol methanesulfonate in boiling i-BuCOMe in 
the presence of NaZC03, affording a diastereoisomeric 
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Table I. 3-Methyl-1- (l-R-2-phenylethyl)-N-phenyl-4-piperidineamines 

Me 
/ 

Crystn Yield 
Compd R [ C Y ] ~ ' D , ~  deg solventb purified, % Mp, OC Formula 

cis- ( i) -9 
trans- ( 't ) -10 
cis-( -)-11 
cis- ( + ) -12 
cis- ( 5 )  -13 
Ki-CiS- ( k) -14 
Ki-cis-( +)-15 
Ki-cis-( -)-16 
K ~ C ~ S -  ( - ) -17 
Ki-cis-( +)-18 
K ~ - c ~ s - (  +)-19 

H 
H 
H 
H 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

A 
B 

- 4 6 . 7  
+ 4 6 . 2  

A 
C 
C 

- 5 7 . 0  A 
- 3 3 . 2  A 
$ 5 8 . 1  C 
+ 3 2 . 5  A 

6 1  
80  
77 
59 
92 
66" 
72" 
64 
72b 
66 
70 

254-255 
168-169 

169-171 
256-257 
274-275 
258-259 
276-277 
253-255 
273-276 

aL = 10 cm, c 4% in MeOH. bA = i-PrzO-i-PrOH; B = i-PrOH-Me?CO; C = i-PrOH. ?Anal. C, H, N. dOil. eGlc 99.1%. 
fGlc 98.5%. OAnal. C1. hAssuming that 13 contains a 1: 1 ratio of Kl and K?. 

Table 11. N- [3-Methyl-1- (1-R-2-phenylethyl) -4-piperidyl 1-N-phenylpropanamides 

Me 

(o>- C H 2 i 3 1 N s \ . / C o E t  

Formulae 

R 33 
Crystn Yield 

[ , ] 2 5 ~ , a  deg solventh purified, % Mp, 'C 
- 

Compd R 

cis- ( i) -20 

cis-( -)-22 
trans- ( i) -21 

cis- ( +) -23a 
cis-i+)-23b 

Ki-cis- (1)-25 
cis- ( 5 )  -24 

K?-c~s-( +)-26 
Ki-cis-( +)-27 
Kz-cis- ( - ) -28 
K,-c~s-( -)-29 
K?-cis-(+)-30 

H 
H 
H 
H 
H 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

A 
A 

- 6 . 1  A 
+ 7 . 0 4  A 
+1.0 B 

C 
C 
C 

$18.1 c 
- 1 2 . 1  C 
- 1 7 . 3  C 
+ 1 0 . 6 2  C 

64 
41 
46 
59 
67 
34 
86 
38 
42 
29 
48 
56 

163-164 
159-160 
11 1-1 12 
105-106 
95 -96 
237 238 
260- 261 
269-270 
211-215 
118 119 
213- 214 
132 133 

.I = 10 cm, c 4 %  in MeOH. bA = i-PrOH-Me2CO; €3 = i-PrOH; C = z-Pr20-z-PrOH. .Ana/. C. H, N. ~ C C :  calcd, 68.16: 
found, 67.72. rC: calcd, 71.88; found, 71.35. IC: calcd, 71.88; found, 71.28. C: calcd, 71.88; found. 71.19. 

mixture ( A  1:1) of c~s-3-methyl-l-(l-methyl-2-phenyl- 
ethyl)-N-phenylpiperidineamine (13). Attempts to sepa- 
rate the mixture by fractional crystallization or with the 
aid of column chromatography failed, partly owing to in- 
stability of dihydrochloride salt 13. However, separation 
was effected by countercurrent distribution between aque- 
ous buffer at  pH 2.6 (upper phase) and CHC13 (lower 
phase). After 5000 transfers a distribution r maxl 3140 (K1 
= 1.702) and r max2 3360 (K2 = 2.055), p = 1.21, was ob- 
tained.t Compounds 14 and 15 and their respective deriv- 
atives were termed K1 and K2 according to the distribu- 
tion constants. Spectral data did not show enough charac- 
teristic differences to allow unequivocal structure assign- 
ment. Propionylation of 14 and 15 afforded respectively 
end products K1-cis-(f)-25 and K ~ - c i s - ( f ) - 2 6  (Table 11). 

The enantiomers of 25 and 26 were prepared starting 
from cis-( - ) -  and cis-( +)-3-methyl-N-phenyl-4-piperidi- 
neamine (7b and 7c). Substitution with I-methyl-2-phen- 
ylethanol methanesulfonate, followed by separation uia 
countercurrent distribution, afforded respectively K1-cis- 
(-\-16 and Kz-cis-(-)-I7 (from 7b), and Kl-cis-(+)-18 

tCountercurrent dlstrlhutlons were performed at the Unwerslty of Gent 

and K~-c is - (+) -19  (from 7c, Table I ) .  Propionylation of 
16-19 yielded respectively end products K~-c is - (  +)-27, 
K~-cis-(-)-28, K ~ - c i s - (  -)-29, and K~-cis-(+)-30 (Table 
11). 

Pharmacology. Female Wistar rats of 200 f 5 g of body 
weight were used. The analgesic activity was assessed by 
measuring the warm water induced tail withdrawal re- 
f l e ~ , ~ % l l  after iv administration of the compounds to be 
tested. ED50 values and 95% fiducial limits for pro- 
nounced analgesia (reaction time > I O  sec) were calculated 
by the method of Litchfield and Wilcoxon.I2 LD50 values 
were determined after iv injection (0.2 m1/100 g of body 
weight over a period of 5 sec) . 
Results and Discussion 

All compounds tested showed a typical morphine-like 
profile. ED50 values for the all or none effect of pro- 
nounced analgesia are given in Table 111. Introduction of a 
methyl group in the 3 position of the piperidine ring of 
fentanyl (1) enhances analgesic activity. Trans compound 
21 is somewhat more potent than fentanyl (1). However, 
the corresponding cis diastereoisomer 20 is approximately 
eight times more active than 1. Analgesic activity of 20 
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Table 111. Analgesic Activity. Tail Withdrawal Rata 
~ ~~ ~ @mp$g Rz 

Rl 0 
Compd Ri Rz CO&gn~ na EDmc (confidence limits) 

1 H H 303 0.011 (0.0095-0.0140) 
2 Me H (*I 30 0.0085 (0.0067-0.0108) 

20 H Me (&)-cis 30 0.0018 (0.0013-0.0024) 

22 H Me ( - ) - c i s  30 0.068 (0.051-0.091) 
23b H Me (+)-cis  217 0.00058 (0.00049-0.00068) 
24 Me Me (*)-cis 30 0.0018 (0.0013-0.0024) 
26 Me Me ( &) - K ~ - c ~ s  30 0.0027 (0.0019-0.0038) 
26 Me Me ( A) - K ~ - C ~ S  30 0.0021 (0.0015-0.0029) 
27 Me Me ( f) -KI-cis 30 0.048 (0.037-0.061) 
28 Me Me ( -) -K2-cis 30 0.056 (0.041-0.076) 
29 Me Me ( -)-K1-cis 30 0.00075 (0.00054-0.00101) 
30 Me Me (+) - K ~ - C ~ S  30 0.0011 (0.00077-0.0014) 

21 H Me ( *)-trans 30 0.0094 (0.0070-0.0127) 

"See Experimental Section. bNumber of animals. wg /kg  iv, reaction time >10 sec. 

Table IV. EDsa Values at Different Time Intervals after Iv Injection in the Tail Withdrawal Test in Rats 

H r  after iv injection 
Compd '/32 1/16 '/3 '/a '/Z 1 2 4 6 8 

23b ED500 
L.L.b 
U.L: 

Fentanyl EDs0a 
L.L. 
U.L. 

Morphine EDb0a 
L.L. 
U.L. 

L.L. 
U.L. 

Pethidine ED505 

0.00095 
0.00077 
0.00115 
0.0135 
0.0117 
0,0156 
6 .35  
5 .28  
7 .63  
7.00 
5 .71  
8.58 

0.00076 
0.00061 
0.00094 
0.0119 
0.0101 
0.0141 
4.60 
3 .54  
5.97 
6.17 
4.06 
9.39 

0.00066 
0.00046 
0.00091 
0.0114 
0.0098 
0.0133 
3.80 
3.25 
4.45 
6.20 
4.13 
9 .31  

0.00067 
0.00052 
0.00085 
0.0138 
0.0121 
0.0157 
3 .63  
3.05 
4.32 
7.00 
5 .58  
8 .78  

0.00065 
0.00048 
0.00087 
0,0232 
0.0194 
0.0278 
3.15 
2.82 
3.52 
10.8 
8.57 
13 .6  

0.00113 
0.00086 
0.00146 
0.0458 
0,0391 
0.0536 
4.61 
3 .51  
6.06 
27.9 
21.4 
36.4 

0.00322 
0.00269 
0.00385 
0.168 
0.130 
0.217 
7.60 
6 .17  
9.36 
>40 

0.0090 
0.0070 
0.0116 
0,920 
0.708 
1.195 
30.0 
22.2 
40.5 
>40 

~~ 

0.0268 
0.0191 
0.0376 
1.670 
1.289 
2.164 
80.0 
36.1 
177 
>40 

0.06oO 
0.0461 
0.0781 
3.070 
1.988 
4.741 
103 
49.4 
215 
>40 

Potency Ratio 

Pet hidine 0.907 0.746 0.613 0.519 0.292 0.165 <0.190 <0.750 <2.00 <2.58 
Fentanyl 470 387 333 263 136 101 45.2 32.6 47.9 33.6 
23b 6684 6053 5758 5418 4846 4080 2360 3333 2985 1717 

Morphine 1 1 1 1 1 1 1 1 1 1 

Ortalized data represent lowest EDso in mg/kg. 6L.L. = lower limit in mg/kg. cU.L. = upper limit in mg/kg. 

resides as expected mainly in one enantiomer, namely cis- 
(+) compound 23b, which is approximately 16 times more 
potent than fentanyl, while its cis-(-) counterpart 22 is 
some 120 times less potent than 23. It is of interest to 
know the absolute configuration of 23b. Preliminary ob- 
servations, based upon the method of Cervincka13 applied 
on one of the precursors, seem to indicate a 3-S,4-R con- 
figuration .$ cis- ( &) -N- [3-Methyl- 1 - ( 1 -methyl -2-phenyle th- 
yl) -4-piperidyl] -N-phenylpropanamide (24), with an  addi- 
tional methyl group in the side chain (Y to the basic nitro- 
gen, does not show the same enhancement of activity as 
for 2 in comparison with 1; 24 has the same activity as 20. 
Moreover, the respective diastereoisomers 25 and 26 do 
not show any appreciable difference in analgesic potency. 
The analgesic activity of 25 and 26 resides also mainly in 
one enantiomer, 29 and 30. The only difference between 
K1 and K2 compounds seems to be duration of action. K2 
compounds 26 and 30 are somewhat longer acting than 
their respective counterparts 25 and 29. On the basis of 
these data 23b was selected for further investigation. ED50 
values a t  different time intervals after iv injection were 
determined for 23b, in comparison with fentanyl ( l ) ,  mor- 
phine, and pethidine (Table IV). Compound 23b reaches a 

ZUnpublished results. 

peak effect (lowest EDSO value) after 7.5 min; the peak ef- 
fect lasts until 30 min after administration. Fentanyl, 
morphine, and pethidine reach a peak effect after 7.5, 30, 
and 3.75 min, respectively. Relative potency ratios (mor- 
phine = 1) are given for each time interval (Table IV). 
LDso values, after iv injection, and safety margins in 
acute experiments in rats (expressed by the ratios LD50/ 
lowest ED50 in the tail withdrawal test) are summarized 
in Table V. Compound 23b has a six times higher safety 
margin than fentanyl and a 22 times higher safety margin 
than morphine. 

It can be concluded that cis-( +)-N-(3-methyl-l-(2-phen- 
ylethyl)-4-piperidyl]-N-phenylpropanamide (23) is an ex- 
tremely potent analgesic agent, up to 6684 times mor- 
phine. Compound 23 has a fast onset of action, a shorter 
duration of action than morphine, and an unusually high 
safety margin. 

Experimental Section 
Melting points were taken on a Tottoli melting point apparatus 

and are uncorrected. All compounds were routinely checked for 
their structure by uv and ir spectrometry (uv, Beckman DK-2A; 
ir, Perkin-Elmer 421). Nmr spectra were recorded by means of a 
Bruker HX-60 spectrometer. Optical rotations were determined 
with a Perkin-Elmer 141 polarimeter. Where analyses are indicat- 
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Table V. LD;, Values a f t e r  I V  In jec t ion  in  Ratso 

Safe ty  
Compd  LDjo L.L. U.L. marginb  

23b  1 08 0 80 1 47 1 : 1662 
Fen tany l  2 91 2 31 3 67 1:255 
Morphine  238 108 523 1 : 7 5  6 

30 2 26 0 35 0 1 : 4  89 Peth id ine  

10.2 m1/100 g of body weight over a period of 5 sec. 
_ ~ _ _  

LD,,/lowest ED5,. 

ed by symbols of the elements, analytical results obtained for 
those elements were within &0.4% of the theoretical values. 

Methyl 3-Methyl-4-(phenylamino)-l-piperidinecarboxylate 
(5) .  A mixture of methyl 3-methyl-4-oxo-1-piperidinecarboxylate 
(4 )  (32 g, 0.187 mol), PhNHz (22 g, 0.21 mol), and a few crystals 
of TsOH in PhMe (160 ml) was refluxed for 3 hr and the HzO col- 
lected with the aid of a Dean-Stark trap. The mixture was al- 
lowed to cool and the solvent removed in cacuo. The residue was 
distilled in cacuo to afford methyl 3-methyl-4-phenylimino-1-pi- 
peridinecarboxylate 4a (38 g, 82.5%): bp 149-158" (0.1-0.4 mm).  
Anal. (C14H18N202) N. To a solution of 4a (38 g, 0.154 mol) in 
MeOH (130 ml) was added in small portions NaBH4 (5.3 g, 0.141 
mol) and the mixture was warmed at  50" for an additional 60 
min. H2O (70 ml) was added dropwise; the mixture was concen- 
trated to a volume of about 100 ml and extracted with PhMe. 
The organic phase was dried (MgS04) and the solvent removed in 
L 'UCUO.  The residue was distilled in cacuo to give 5 (35 g, 91.52%): 
bp 171-172" (0.1-0.15 mm). A m i .  (C14HzoNzOZ) N. Compound 5 
consisted of an approximately 7:3 mixture of cis and trans dia- 
stereoisomers, based upon the crude yield of cis-6a and trans-6b 
obtained by propionylation of 5,  

cis- and  trans-Methyl 3-Methyl-J-[N-( 1-propionoxy)-N-phe- 
nylamino]-1-piperidinecarboxylate (6a,b). A solution of 5 (248.3 
g, 1 mol) and propionic anhydride (198 g, 1.39 mol) was stirred 
and refluxed overnight. The reaction mixture was allowed to cool, 
alkalized with dilute NaOH solution, and washed with HzO. The 
organic phase was dried (MgS04) and the solvent removed in 
L'UCUO. Fractional crystallization from i-PrOH-i-PrzO ( 1: 1) afford- 
ed 6a (214 g, 70.37~) and 6b (29 g, 9.5%). Recrystallization afford- 
ed pure 6a: mp 153-154". d n a i .  ( C ~ ; H Z ~ N ~ O ~ )  C, H, N. Pure 6b 
was obtained similarly: mp 133-134". .4nal. (C17H24N203) C, H. 
N. 

CIS-( i -3-Methyl-N-phenyl-?-piperidineamine Hydrochloride 
(7a). A mixture of 6a (130 g, 0.427 mol) and 48% aqueous HBr 
(750 ml) was refluxed for 3 hr, allowed to cool, alkalized with 
NaOH, and extracted with PhMe. The organic phase was dried 
(MgS04), the solvent removed in ~'acuo, and the residue distilled 
in uacuo to give 7a (74 g, 91%): bp 140-145" (0.4 mm). Conversion 
to the HC1 salt and crystallization from i-PrOH gave pure 7a: mp 
222-224". Anal. (C1~Hl&.HC1) C, H, N. Similarly, starting 
from 6b, trans-7d was obtained as crude oil: base titration calcu- 
lated for C12HlgNz: 190.28; found, 194.44. 

Optical Resolution of 7a. To a boiling solution of 7a (99 g, 0.52 
mol) and (+)-tartaric acid (78.15 g, 0.52 mol) in a minimal 
amount of MeOH was added boiling MezCO until slight turbidi- 
ty. The mixture was allowed to crystallize overnight, The precipi- 
tate (70 g) was collected by filtration and the filtrate set aside. 
Recrystallization from MezCO-MeOH afforded 54.5 g of the d -  
tartrate: [n]% -19.7" (MeOH).  Conversion to free base gave 31 g 
of cis-(-)-7b: mp 91-92"; [ c ~ ] ~ ~ D  -5.9" (MeOH). Anal. (CizHisNz) 
C, H, S.  

The filtrate was concentrated in cacuo; the residue was dis- 
solved in HzO, alkalized with dilute KaOH, and extracted with 
CHC13. The organic phase was dried (MgS04) and the solvent re- 
moved in uacuo. The residue (57 g, 0.3 mol) and (-)-tartaric acid 
(45.26 g, 0.3 mol) were dissolved in a minimal amount of boiling 
MeOH, MezCO was added until slightly turbid, and the mixture 
was allowed to stand overnight, The precipitate (74 g) was col- 
lected by filtration and recrystallized from MezCO-MeOH afford- 
ing 60.5 g of the 1-tartrate: [nI2'o +20.3" (MeOH). Conversion to 
free base gave 33 g of cis-(+)-7c: mp 93.5-94.5"; [a]% +6.1" 
(MeOH). A n d  (CIzH18Nz) C, H, K. 

cis-(  +)-3-;Methyl- 1 -(Z-phenylethyl)-N-pheny1-4-piperidine- 
amine Dihydrochloride (9). A suspension of 7a (5.8 g, 0.026 
mol), 2-phenylethyl chloride (3.8 g, 0.027 mol), NazC03 (10.6 g, 
0.1 mol), and a few crystals of KI in i-BuCOMe (200 ml) was 
stirred and refluxed overnight, The precipitate was removed by 
filtration and the solvent removed in vacuo. The oily residue was 

dissolved in i-PrzO and neutralized with HC1 in i-PrOH. The pre- 
cipitate was collected by filtration and recrystallized from i-PrzO 
to give pure 9 (5.8 g, 61%): mp 254-255". Anal. ( C ~ O H Z ~ N Z . ~ H C ~ )  
C, H, N. Corresponding t rans- ( f ) - lO was prepared similarly 
starting from 7d. 

cis- ( -  -3-Methyl- 1 - (2-phenylethy1)- N-phenyl-d-piperidine- 
amine (11). A suspension of 7b (5.25 g, 0.03 mol), 2-phenyleth- 
yl bromide (6.25 g, 0.033 mol), SazC03 (6.5 g, 0.06 mol), and a 
few crystals of KI in i-BuCOMe (200 ml) was stirred and refluxed 
overnight. Work-up as described for 9 afforded the dihydrochlo- 
ride salt (7.8 g) which was converted to free base 11 (6.8 g, 77%) 
as a yellow oil: glc 99.1% ( 2  m, 3% SE30, Chromosorb 80-100 AW 
HMDS); [ c ? ] ~ ~ D  -46.7" (MeOH). Corresponding cis-(+) compound 
12 (glc 98.570, [ c ~ ] ~ ~ D  +46.2") was obtained similarly, starting 
from 7c. 

cis-( f )-3-Methyl-1-( l-methyl-2-phenylethyl)-LV-phenyl-4- 
piperidineamine Dihydrochloride (13). A mixture of 7a (5.7 g, 
0.03 mol), 1-methyl-2-phenylethanol methanesulfonate (7 g. 0.033 
mol), and NazC03 (8 g, 0.075 mol) in i-BuCOMe (300 ml) was 
stirred and refluxed for 48 hr. The mixture was allowed to cool 
and extracted with HzO, the organic phase dried (MgS04J, and 
the solvent removed in L ' U C U O .  The residue was crystallized as the 
HCI salt from i-PrzO-i-PrOH to give 13 (10.5 g. 92%): mp 169- 
171".Anal. (CzlHzsNz.2HC1) C, H,  X. 

Separation of Diastereoisomeric cis-3-Methyl-l-(l-methyl- 
2-phenylethyl)-N-phenyl-4-piperidineamine by Means of 
Countercurrent Distribution. Buffer at pH 2.6 (2.18 ml of 0.2 M 
NazHP04 and 17.82 ml of 0.1 N citric acid) was used as upper 
phase and CHCl3 as lower phase. The cell train, consisting out of 
500 cells with a volume of 23 ml, was fed with 10.5 g of base of 13, 
spread over 22 cells. After 5000 transfer steps the following sepa- 
ration was obtained: r maxl 3140, K1 = 1.702 and r maxp 3360, 
Kz = 2.055. This allowed the recuperation of 3.5 g of 14 (3370) 
spread over 25 cells (K1 = 1.60), 1.1 g of a mixture of 14 and 15 
spread over 35 cells, and 3.77 g of 15 (3670) spread over 45 cells 

Compounds 16-19 were obtained similarly by countercurrent 
distribution of the substitution products prepared from l-methyl- 
2-phenylethanol methanesulfonate and 7b or 7c, respectively. 

cis- ( f ) -N- [3 -Methyl- 1-( 2-phenylethyl)-4-piperidyl]-N-phenyl- 
propanamide Oxalate (20). A solution of 9 (15 g, 0.05 mol) and 
propionic anhydride (13 g, 0.1 mol) in PhMe2 (400 ml) was refluxed 
overnight. The mixture was allowed to cool and alkalized with 
"40H. The organic phase was washed several times with H2O 
and dried (MgS04) and the solvent removed in cacuo. The resi- 
due was crystallized as the oxalate salt from SlelCO-i-PrOH af- 
fording pure 20 (14 g, 64%): mp 163-164"; 100-MHz nmr (CDC13) 
6 1.0 (t ,  3, -COCH2CH3), 1.12 (d. 3. :3-CH3), 1.92 im, 2, 4 0 -  
CHZCHJ), 4.40 (d, of t ,  1, J = 12.5, 5 Hz, H4). 7.15 and 7.29 (2 
br s, 10). Anal. ( C ~ ~ H ~ O N Z O - C ~ H ~ O ~ )  C,  H. N. 

Compounds 21-30 (Table 11) were prepared similarly, starting 
respectively from 10-19 (Table I ) .  

t rans- (  f J -N-[3-Methyl-l-(2-phenylethyl)-4-piperidylJ-N-phe- 
nylpropanamide oxalate (21 ) :  mp 159-160"; 100-MHz nmr 
(CDCI3) 6 1.0 (t ,  3, -COCHzCH3), 1.02 (d, 3, 3-CH3), 1.90 (m,  2. 
-COCHzCH3), 4.53 ( t  of d, 1, J = 12.5, 4.5 Hz, H4),  7.13 and 7.30 
(2 br s, 10). Anal. ( C Z ~ H ~ O N ~ O . C ~ H ~ O ~ )  H, N ;  C: calcd. 68.16; 
found, 67.72. 

cis - ( f ) -S- [3-Methyl- 1-( 1 -methyl-2-phenylethyl)-4-piperidyl]- 
,V-phenylpropanamide hydrochloride 24: mp 237-238"; 60-MHz 
nmr (CDC13) 6 0.99 (t ,  3, -COCHzCH3), 1.19 (d,  3, 3-CH3), 1.45 
(d. 3, -CHzCH(CH3)N<), 1.95 (m: 2, -COCHzCH3), 4.48 (m,  1. 
H4). '7.14 and 7.28 (2  br s. 10). Anal. (Cp4H32X20.HCl) C, H. N. 
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(K2 = 2.07). 
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The antagonistic property of ethyl p-(4-ethoxycarbonyl-4-phenyl-l-piperidinoethyl)fumaranilate (5) was investi- 
gated. Compound 5 was found to antagonize morphine analgesia in a complex manner which could not be de- 
scribed as a simple competitive or noncompetitive type. The antagonism, however, lasted for over 6 hr suggesting 
that 5 has a high affinity for the analgesic receptors. Compound 5 appeared to possess dependence liability in the 
single-dose suppression test. In the electrically stimulated isolated guinea pig ileum, 5 acted like an agonist. No 
antagonistic activity of 5 was apparent in the latter two tests. 

In a previous communication, we reported the synthesis 
and analgesic potencies of six N-acylanileridines having 
various alkylating moieties.’ One compound, namely, 
ethyl p-(4-ethoxycarbonyl-4-phenyl-l-piperidinoethyl)fu- 
maranilate ( 5 ) ,  appeared to significantly inhibit morphine 
analgesia. Since the specific narcotic antagonist, nalox- 
one, prevented this inhibition by the anileridine deriva- 
tive, i t  was suggested that this compound might have the 
capacity to  alkylate analgesic receptors selectively. A fur- 
ther quantitation of the inhibition of morphine analgesia 
by 5 is recorded in  the present paper. 

Since i t  was of interest to  see whether or not the alkyl- 
ating N-acylanileridines could affect narcotic receptors 
other than those for analgesia, two other pharmacologic 
parameters were utilized. It is generally known tha t  if ani- 
mals become physically dependent on one narcotic, they 
exhibit cross dependence to  the other narcotic agents. 
Taking advantage of this fact, the capacity of the various 
alkylating N-acylanileridines to supress morphine absti- 
nence was assessed. The other parameter employed was 
the effect of N-acylanileridines on the electrically stimu- 
lated isolated guinea pig ileum. Studies on the ileum were 
of interest since i t  has been demonstrated that the agonis- 
tic activity of a series of analgesics in this preparation cor- 
related remarkably well with the analgesic potency in 
man.2-4 

Experimental Section 
Compounds. All the compounds used in this study were those 

synthesized and described previously.1 They were anileridine 
derivatives containing either various alkylating functions (2-7) or 
nonalkylating groups (8-10) that are structurally similar to the 
alkylating moieties. 

Estimation of ED,,. Male Sasco mice (Omaha, Neb.) weighing 
between 20 and 30 g were used in these determinations. The anal- 
gesic assay used was a modification of the hot-plate method de- 
scribed by Eddy and Leimba~h.~  The animal responses were 
made quantal by establishing an end point at the mean peak ef- 
fect in each group which represented an increase in the reaction 
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time of an individual animal of greater than three standard de- 
viations of the control mean reaction time for all animals used in 
the group. For example, if an animal initially had a reaction time 
of 8 sec and the standard deviation for this particular group of 
animals was 3 sec, a reaction time after drug treatment of >17 
sec would be considered a significant increase in the reaction 
time. An animal having a 10-sec reaction time in this group 
would be considered a positive responder if the reaction time ex- 
ceeded 19 sec. The usual control time in these animals was about 


