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in lessening the ventricular fibrillation induced in anesthetized 
dogs by immersion tank hypothermia was measured. Quinidine 
was the reference drug used and the active compounds are listed 
in Table IX. 
____ 

127, 137 (1959). 
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-4 series of N-substituted propionanilides was synthesized as potential analgesics. The most active compound, 
N- [ I-methyl-2-( 4-hydroxy-4-phenylpiperidino)ethyl]propionanilide oxalate (27), was approximately 150 times 
more active than morphine by the artery-clip assay method in mice. 

In  the course of our search for nen-, potent analgesics, 
we have synthetized a group of K-substituted carbox- 
amides (I) , mainly K-substituted propionanilides, 
which are structurally related to  methadone in that 
the quaternary carbon atom and a phenyl group of 
methadone are replaced with a tertiary nitrogen. 
During the course of our work, two potent analgesics, 
phenarnproinid and diampromid,l were reported. 
Both compounds are N-substituted propionanilides. 
Similar conipounds were described later by Shigematsu* 
and by Caraba tea~ .~  Among our compounds, 1 and 
2 of Table I mere described in a recent patent.4 

The conipounds reported here are listed in Table I 
and may be represented by the generic formula R1- 
C6H,( CH2) .K ( COR2) CHR3CHR4 + B (I). The isomer- 
ically pure conipounds were prepared readily by reduc- 
tion of the corresponding amides, with lithium alumi- 
num hydride followed by acylation. When a-(1,2,3,6- 
tetrahydro-4-phenyl- 1 -pyrid yl) propionanilide (I I) was 
reduced in this way, followed by propionylation, the 
product isolated as the oxalate mas unexpectedly the 
saturated compound (111). The latter was also syn- 
thesized by reducing a-(4-phenylpiperidino)propion- 
anilide (IV), followed by propionylation and forma- 
tion of the oxalic acid salt. 

Salts (HI), prepared by both routes, were identical 

CH3 I1 

/ I  CsH5KHCOCHN >('6H5 
I 
CH3 COCzH5 

I V  C ~ H ~ N C H ~ C H N > C ~ H ~  I .(COOH), 

CH3 
I11 (17)  

(1) W. B. Wright, Jr., H. J. Brabander, and R. A. Hardy, Jr., J .  A m .  
Chem. Soc. ,  81, 1518 (1959); ib id . ,  26, 476, 
485 (1961). 

(2) N. Shigematsu, Yakugaku Zasshi, 81, 423 (1961): ibid., 81, 815 
(1961); N. Sugimoto, K. Okumara. N. Shigematsu, and G. Hayashi, Chem. 
Pharm. Bull. (Tokyo), 10, 1061 (1962); G. Hayashi. N. Shigematsu. and Y. 
Kowa, Yakugaku Zasshi, 81, 62 (1963). 

(3) P. M. Sarabateas, W. I?. Wetterau, and L. Grumbach, J .  X e d .  Chem., 
6,  355 (1963). 

(4) 0. E. Fancher and S. Hayao, U. S. Patent 3,037,982 (June 5, 1962). 

J. O T ~ .  Chem., 25, 1033 (1960); 

by mixture melting point determination and gave 
identical ultraviolet spectra which showed two maxima 
a t  257.5 mp (E 1050) and 264 nip (E 832). 

In  contrast, the reduction of 1-(a-anilinopropiony1)- 
1,2,3,6-tetrahydro-4-phenylpyridine (V)! an isomer of 
11, gave the unsaturated compound VI. I n  support 
of the unsaturated structure was a strong absorption 
maximum at  244.5 mp (E 14,600),6 indicating the pres- 
ence of a double bond conjugated with the aromatic 
ring. It is reported that a double bond in the systems 
ArC=CCO- or ArC=CN-6 may be reduced with 

lithium aluminum hydride, but such a reduction of the 
double bond in the grouping C6H6C=CCH2- has not 

been described previously. 

I I  i I  

1 1  

XI (26) COCzHj 2 C& .(COOH)z 
I 

CsH5N\;CHzCHh' 
I 

C f f 3  

x (15) 
(5) a-Methylstyrene has 243 ma (( 11,500): A. E. Gillam and E. S 

Stern, "An Introduction to  Electronic Absorption Spectroscopy in Organic 
Chemistry," 2nd Ed Edward Arnold Ltd., London, 1957, p. 277. 

(6 )  W. G. Brown, Org. Reactions, 6, 480 (1951). 
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Reduction of ct-(I-hydroxy-4-phenylpiperidino)pro- 
pionanilide (VII) with lithium aluminuiii hydride gave 
the corresponding amine (17111) which showed n r w  
infrared absorption (in chloroforinj at 1.47 (OH) and 
l.,X p (SH). Propionylation of T'TII and forniatioii 
of the oxalic salt gave IX. 

'l'hc near-infrared absorption of 1X (frw base) at 
1.47 p confirmed the presence of an O H  group. Ha\- 
v v ( ~ i ~ .  heating VI11 in chloroforiii with propionyl chlo- 
ride for 7 111.. resultcd in dchydratioii to give S. It)- 
wrption at 240 8 nip i t  1U,800)5 shon-ed tlir p i ~ w ~ i i w  

of a styrene-lihe double horid 
Pharmacology.-Thc most activr compound ~ I I  

th ia series is S-[ 1-metl~y1-2-(4-I.i~dro~~-4-plieiiylpi- 
peridino)ethyl]propiorianilide oxalate (27) which is 150 
tiintis more actirc than niorphiric sulfate and about 
1000 times riioi'c active than (+)-proposyphene hy- 
drochloridt>. l'hcse conclusions are bawd on the 
151),o value:; detmiiincd by the artery-clipi iiiethod after 
subcutaneous adniiiiistration in mice. 
activity relationships in this series iiiay bc suiniiiarizcd 
as fo1lon.s (referikg to  I). 

The structure 

1%' = H > l i 1  = O("1 ( 0 ,  111, p ) .  T I  = 0 > I > 2 

> OC2H5 > CBHII and CoHi g R2 = CZH, 2 

i t ?  = CH,, 114 = H > ~3 = H, 1 ~ 4  = CH, 

B =  -N > -K>CaHr > 

A r7 

Selected analgesic results are given in Table 11. 
These compounds, though in different degrees, led to 
the development of dependence and were antagonized 
by nalorphine. For example, 27 produced less toler- 
ance development and was less antagonized by nalor- 
phine than was 16. The abstinence syiiiptoiiis in 
monkeys8 addicted to 3 i n g .  'kg. of inorphilie sulfate 
were coinpletely suppressed 12-14 hr. after withdrawal 
by 0.2 mg. 'kg. of 16. Additional pharmacological 
details will be published elsewhere. 

Experimentalg 
The detailed procedures are intended ab models for the prepa- 

ration of the compounds in Table I. 
N- [ 2-( 4-Phenylpiperidino)propyl] propionanilide Oxalate 

(111). Method A. (a) Synthesis of II.-1,2,3,6-Tetrahydro-4- 
phenylpyridine (31.8 g., 0.2 mole), a-hromopropionanilide 
(45.0 g., 0.2 mole), 2-propanol (230 ml.), and anhydrous sodium 
carbonate (21.2 g., 0.2 mole) were heated under reflux for 15 
hr. with vigorous stirring, then were filtered and cooled. The 
solid that separated was collected, washed with ether, and dried 
in air, ti1.p. 138-139', yield 45.9 g. It was recrystallized from 
aqueous acetone to give a pale yellow powder (39 g.)  of m.p. 
139 -1 40". 

(7) C. Biauchi and J. I+'ronceschini, Brit. J .  Phai.macol., 9, 280 (1954). 
(8) Private communication from G. Ileneau and 31. H. Seevers, Depart-  

ment of Pharmacology, School of Medicine, Uni\-ersity of Michigan, Ann 
Arbor. hlich. 

(9) All melting points were measured in a Biichi apparatus (Switzerland) 
and are corrected. Infrared spectra were measured with a Perkin-Elmer 
lnfracord Model 137 and Perkin-Elnrer 237 grating infrared spectrophotonie- 
ter. S e a r  infrared and ultraviolet spectra were rneitsured u,ith a Warren 
Sipectribcord 4000. Titrations were done with a Sargent recording t i trator 
Model n. 

Anal .  Calcd. for C?OHT2-U?O: S, 9.13. Fouiid: S,  9.10. 
( b )  Reduction of 11.-The above Rrnide (34.5 g., 0.112 riiolei 

in 150 nil. of tetrah,vdrofuran was added dropwise during 30 
rtiin. to a slurry of lithium aluminum hydride (6.4 g., 0.17 mole) 
in 150 nil. of tet,rahydrofuran. The mixture was refluxed for 6 
lir. and deconiposed with 6 ml. of water, 6 Inl. of 207, NaOH, 
:tiid 18 nil. of water. The dried filtrate was concentrat,ed in  
c'ac~io to a dark b r o w  sirup which distilled to  give 17.6 g. of 
1-(2-anilinoethyl-l-rnethyl)-4-phenylpiperidine, 6.p. 191-i92' 
(0.3 mni.), hE7.?3 1.56 ( S H ) .  

. L ~ L  ' c$icd. for C~~H,J,: S, !).GO. Found: S, 9.54. 
1 c) Propiony1ation.--The itbove amine (14.9 g., 0.05 mole j 

:ind 30 ml. of propionic anhydride were kept a t  25" for 2 days. 
The dark solution V-MS coucentrated in vacuo and the residue dis- 
solved in et,her. The cciiiled solution (ic-e-water bath) was shaken 
with aqueous NaOH. The ether layer was dried and treated 
rvi-ith anhydrous oxalic. acid (4.6 g., 0.05 mole) to  give a t:iti salt 

g.) which was recrystallized from niet~hanol-ether to give 
.p. 185-186" dec., ~2::'~ "i.: nip 

S ? o ~ C , H 2 0 4 :  s, 6 . X .  Foulltl: s, 
ie irieltiny puiiit of a tnirture with :L sample frorti method 

1ii.p. 1S6-187" de(..) was not depressed. The iiltraviolet. 
spectra of two sztmples were identicd. 

Method B. (a) Synthesis of IV.-4-Phenylpiperidine (51.0 
g., 0.316 niole), cu-bromopropionanilide ( 7 2  g., 0.315 niole ), 
absolute ethauol (250 ml.), and anhydrous sodium cwhonatc. 
(X3.5 g., 0.316 mole) were stirred under reflux for 22 hr. The 
ittirtiire W Z L S  filtered while hot mid the inorganic salt wits rinsed 
\vit,li :ihsolute ethariol. The clear filtrate was heated to  boiling, 
:itid water \vas added t ( i  cloudinrss. A colorless solid st:parated 
: i u d  \viis collected h:, filtration, rti*p. 1 li-120°, yield 77.9 g. (80('2),  
.-i s:miple was recryst,allized from aqueous niet,hanol t,o give 
needles of m.p. 123-12.2'; h:7x"3 2.S8 (NH), 5.91 (amide C-=O), 
iuid 6.3 p (amide 11). 

.Innl. Crilcd. for Ct.oH24XL): S, 9.09. Found: S, 9.08. 
( b  j l-(2-Anilinoethyl-l-methyl)-4-phenylpiperidine.---~- 

i~-Plieri~lpiperidino)propionanilide (76.0 g., 0.246 mole) wits 
reduced with lithium aluminum hydride as before. The reaction 
mixture \vas processed by st,andurrl procedures to give a dark 
hrown liquid, ahicmli distilled t is a 
(0.13--0.2 mm.), yi(J1d 60.2 g. ( R 3 . 3  

(c :) Propionyla tion. -The abo amine (32.5 g., 0.11 rn~ile) 
was propionylated as before arid converted to  the oxalate salt. 
The cdorless sa,lt8 was collected, washed with ether, and dried 
i n  air, n1.p. 186' de(.., yield 43.1 g. ('32%). It. was rec:ryet;tl- 
lized from aqueous met,hanol-ether to give 30.7 g. c)f a c*olorless 
] ~ ~ ~ v c l w  ( 171, ni.p.  186-17' drc. 

le 3-elloiv liquid at, 1 S2 - 18 1 
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1 -( 2-Anilinopropyl)-l,2,3,6-tetrahydro-4-phenylpyridine.- 
The reaction mixture (0.2-mole run) in benzene obtained from 
a-bromopropionyl chloride and 4-phenyl-1,2,3,6-tetrahydro- 
pyridine under Schotten-Baumann conditions was stirred with 
0.4 mole of aniline under reflux for 24 hr. Aniline hydrobromide 
was filtered, washed with benzene, and the dark benzene solution 
was concentrated in vucuo to give a tan solid mass of amide V 
which, after trituration with water and ether, melted at  120- 
127", yield 40.5 g. (66y0). 

The amide (74.4 g., 0.24 mole) was reduced with lithium 
aluminum hydride under conditions identical with those for the 
reduction of 11. The dark brown liquid distilled as a pale yellow 
viscous liquid of b.p. 192-201' (0.4 mm.), yield 47.9 g. (67.4%). 

N-[1-Methyl-2-( 1,2,3,6-tetrahydro-4-phenyl-l-pyridyl)- 
ethyl] propionanilide Oxalate (VI).-The above amine (47.9 g., 
0.164 mole) was propionylated as usual. Anhydrous oxalic 
acid (15.3 g., 0.17 mole) was added to the crude amide to give a 
light tan sticky gum which slowly solidified on scratching. The 
solid was collected, washed with ether, and dried in air, m.p. 
150-156", yield 60.1 g. (83.5y0). It was recrystallized twice 
from methanol-ether (Norit) to give 39.1 g. of a colorless 
powder (14) of m.p. 159-160" dec., 244.5 mp (E 14,600). 
Mixed with 16 (m.p. 152-153'), the m.p. was 141-151' (with 
bubbling). 

1-( 2-Anilino-l-methylethyl)-4-hydroxy-4-phenylpiperidine 
(VIII).--a-( 4-Hydroxy-4-pheny1piperidino)propionanilide (VII, 
45.0 g., 0.14 mole) was reduced with lithium aluminum hydride 
as before. The amber sirup distilled a t  202-215" (0.25 mm.); 
yield 30.3 g.; Xz:ya 2.79 (OH), 2.99 (Tu"), and 8.59 p (CO 
stretching of tertiary alcohol), but no carbonyl band around 
6 p. The near infrared spectrum (CHC13) showed bands a t  1.47 
and 1.56 p due to OH and S H ,  respectively. 

Anal. Calcd. for CZoH26NzO: N (basic), 4.52. Found: 
N (basic), 4.51 (titration). 

N- [2-( 4-Hydroxy-4-phenylpiperidino)propyl] propionanilide 
(IX).-Amine VI11 (30.0 g.) was dissolved in 50 ml. of hot ben- 
zene, and propionic anhydride (25 ml.) was added. The light 
amber solution was refluxed for 1 hr., and the solvent was re- 
moved in vucuo. The residue was taken up in ether, washed with 
sodium hydroxide solution, and dried (MgS04). The filtrate 
was treated with 8.7 g. (0.1 mole) of anhydrous oxalic acid to 
give a light tan sticky gum which gradually solidified on scratch- 
ing. This was collected by suction, washed with ether, and air- 
dried, yield 43.9 g. It was recrystallized from methanol-ether 
to give a solid which was collected, washed with ether, and dried 
invucuo, m.p. 103-105" dec., yield 31.7 g. (26). 

A small sample was converted to the free base, extracted with 
ether, and dried. Removal of the solvent in ~ U C U O  gave a sirup 
whose near infrared spectrum (CHC13) showed an OH band at  
1.47 p, but no XH band at  1.56 p .  

N- [2-( 1,2,3,6-tetrahydro-4-phenyl-l -pyridyl)propyl] propion- 
anilide Oxalate (X).-Amine VI11 (28.7 g., 0.09 mole), propionyl 
chloride (37.0 g., 0.4 mole), and 100 ml. of chloroform were re- 
fluxed for 1.5 hr. and left overnight. The solvent and excess acid 

chloride were removed in vucuo to leave an amber sirup which was 
dissolved in a small amount of methanol and made basic with 
sodium hydroxide solution. The free base was extracted with 
ether and dried (llgS0,). The solvent was removed in vacuo 
to give a sirup. The infrared spect,rum (CHC1,) showed an 
ester band at 5.79 (ni) and amide band at  6.10 p (s). Esterifica- 
tion seemed to be incomplete. It' was again dissolved in 100 ml. 
of chloroform, and 15 ml. of propionyl chloride was added. The 
solution was refluxed for 5 .5  hr. and left overnight. The re- 
action mixture was worked up as before. The infrared spectrum 
of the free base (CHC13) showed a weak ester band at 5.80, a 
strong amide band at  6.10 p ,  but no OH band. The sirup was 
dissolved in ether, filtered, and treated with anhydrous oxalic 
acid (9.0 g., 0.1 mole) t o  give a sticky gum which soon solidified 
on scratching, yield 37.3 g. It was recrystallized from methanol- 
ether to give 19.7 g. of a colorless solid (15), m.p. 193.5-194.5' 
dec., 240.8 mp ( E  16,800). 

N- [ l  -Methyl-2-( 4-hydroxy-4-phenylpiperidino)ethyl] pro- 
pionanilide (27). A. 1-( a-Anilinopropionyl)-4-hydroxy-4-phen- 
1ypiperidine.-A toluene solution of a-bromopropionyl chloride 
(68.6 g., 0.4 mole) was added slowly with stirring to an ice-cold 
suspension uf 4-phenyl-4-piperidinol ( i 0 . S  g., 0.4 mole) in 750 
nil. of toluene and 130 ml. of 20c; sodium hydroxide. Stirring 
was continued overnight. The layers u-ere separat,ed, and t,he 
dried t,oluene layer was concentrated in UUCZLO t,o half its volume. 
This concentrate and aniline (74.4 g., 0.8 mole) were heated 
under reflux with stirring for 16 hr. The solvent was removed 
in vacuo to leave a solid mixt.ure of amide and aniline hydro- 
bromide. This was suspended in water and left overnight. 
The amide was collected, washed with water, and dried. The 
solid was triturated in ether and again collected and dried, 
yield 112.9 g. (8iY0), m.p. 147.5-148.5'. 

Anal. Calcd. for CZOHZ4K2OZ: SI 8.64. Found: N, 8.65. 
B. 1-(2-Anilinopropyl)-4-hydroxy-4-phenylpiperidine.- 

The above amide (113 g.) 0.35 mole) was reduced wit,h lithium 
aluminum hydride as before. The reduction was repeated since 
the infrared spectrum still showed absorption at  6.1 p. The 
crude amine was distilled using a short-path column, b.p. 195- 
210" (0.2-0.3 mm.), yield 39.5 g. (36.6%). No amide absorp- 
tion (6.1 p )  appeared in the spectrum of this product. 
Anal. Calcd. for C2aHz6N20: S,  9.03. Found: X, 9.04. 

C. N-24 4-Hydroxy-4-phenylpiperidino)-l-methylethyl] - 
propionanilide Oxalate.-A solution of the above compound 
(39 g., 0.125 mole) was treated with propionic anhydride as 
before and convert,ed to the oxalate salt. The salt was collected 
and recrystallized twice from a methanol-ether solution, yield 
41 g. ( 7 2 5 ; ) ,  11i.p. 165.5-167.0' dec. 
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