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In the Preparation of the mononiethylene derivative 30 g. 
(0.5 more) of methylene chloride and 15 g. (0.1 mole) of 
sodium iodide replaced the a,u-dibromoakane and a reflux 
time of 68 hr. waa used. 

4,4'-Dicarboxy-a,wdip~noxy alkanes. Method A .  In a 
500 ml. three neck flask, fitted with a condenser and m e  
chanical stirrer, were placed 0.02 mole of a pure 4,4'-di- 
formyl-a,u-diphenoxyalkanc and 100 ml. of absolute etha- 
nol. The mixture waa heated until all solid had dissolved 
and 13.6 g. (0.08 mole) of silver nitrate in 28 ml. of water 
and 4.8 g. (0.12 mole) of sodium hydroxide in 10 ml. of water 
were added. At the end of a 30-min. heating period the mix- 
ture waa placed into 500 ml. of hot water and filtered while 
hot. When necessary the extraction was repeated using 
another 500 ml. of hot water. The filtrate was acidified to 
congo red with 6 N  hydrochloric acid. When the white pre- 
cipitate waa filtered, washed thoroughly with water, and 
dried a t  l l O o ,  a product of high purity was obtained. One 
recrystallization from ethylene glyc,ol monomethyl ether 
gave an analytically pure product. 

Method B .  After dissolving 0.02 mole of a 4,4'-dicar- 
bethoxy-a,w-diphenoxyalkane in hot absolute ethanol or 
its recrystallization solvent, the solution was cooled to 6C" 
and 500 ml. of a saturated solution of potamium hydroxide 
in absolute methanol were added. The mixture was refluxed 
for 30 min. If no precipitation occurred within the first 10 
min. of refluxing, solid potassium hydroxide was added 

until precipitation began. At the end of the reflux period 
the mixture was cooled in an ice bath for 15 min. and the 
precipitate waa collected. The precipitate was d h l v e d  in 
500 to lo00 ml. of hot water and acidified to congo red with 
6N hydrochloric acid. When the white solid was filtered, 
washed thoroughly with water, and dried at 110" an acid 
of high purity wm obtained. Recrystallization from ethylene 
glycol monomethyl ether gave analytically pure crystals. 

Preparation of sodium salts of 4,4'dicatboxy-a,wdiphe- 
noxyalkanes. A4,4'-dicarboxy-a,~-diphenoxyakane (5 g.) was 
placed in a 500 ml. flask and 25-50 ml. of hot water contain- 
ing a very slight excess of the equivalent amount of sodium 
hydroxide were added. The mixture was boiled until solri- 
tion waa complete, more water being added when necessary 
After filtering, the solution was placed in an ice bath for 20 
min. A t  the end of the cooling period, 250 ml. of absolute 
ethanol was added to the cold solution to initiate or com- 
plete precipitation of the sodium ealt. The solution was 
kept in an ice bath for 1 hr. before filtering. The excesa of 
sodium hydroxide was removed by washing the salt with 
25 ml. portions of abeolute ethanol until the washings were 
neutral to litmus. The salt was dried a t  110". The yield was 
nearly quantitative. 

ST. Lours 4, Mo. 
MILWAUKEE 3, Wrs. 

[CONTRIBUTION FROM THE ORGANIC CHEMICAL RESE.4RCH SICTION, LNDERLE LABORATORIES DIVISION, AMRRICAN CYANAMID 
C0.l 

Synthetic Analgesics. 11. Basic Anilides and Carbanilates' 

WII,LIhM B. WRIGHT, JR., HERBERT J. BRABANDER, AND ROBERT A. HARDY, JR. 

Received May 6, 1960 

N-( tertAminoalky1)anilides and N-( terl-aminoalkyl )carbanilates were synthesized for analgesic testing. N-( l-Methyl-2- 
piperidinoethy1)propionanilide hydrochloride, phenampromid, was chosen as an analgesic worthy of clinical investigation in 
man. This compound was resolved, and analgesic activity was shown to reside largely in the l-enantiomorph. 

In  the previous paper of this series2 a new potent 
analgesic, N-(l-methyl-2-piperidinoethyl)propion- 
anilide hydrochloride, phenampromida (Ia) ) was 

Q-FH-TH-N ' a - H C I  

CO- C2H5 

Ri Rz 
Ia. R,  = H, Rz = CHs 
b. RL=CH,, Rz=H 

CO-CZHs 
CHI, 

N- CH-CH-LQ 

CHf A, k, 6 
IIa. R, = H, R2 = CH3 

(1) Presented in part at the 135th Meeting of the Ameri- 
can Cl:.~.mical Society, Boston, Mass., April, 1959. 

(2) Preliminary communication, W. B. Wright, Jr., H. J. 
Brabarder, and R. A. Hardy, Jr., J .  Am. Chem. Soc., 81, 

b. RI=CHs, R,=H 

1518(1959). 
(3) The generic name "phenampromid" has been pro- 

posed fer this compound. 

described. This compound may be considered an 
analog of isomethadone (IIa), in which the di- 
methylamino moiety has been replaced by the 
piperidino group and the quaternary carbon atom 
and one of its attached phenyl groups has been 
replaced by nitrogen. 

Such a compound retains the steric require- 
ments of a potent analgesic as set forth by Beckett 
and Casy and others,' and would be expected to fit 
the same receptor surface as active analgesics such 
as meperidine, methadone, and morphine. 

The basic anilides studied in this program were 
prepared by acylation of the appropriate ethylene- 
diamines and propanediamines with an acid halide 
or anhydride. The straight chain ethylenediamine 
(Table 111) and 1,3-~ropanediamine (Table VII) 
intermediates were obtained by the well known 
procedure6 of reacting a tett-aminoalkyl chloride 
with an aniline derivative (Method A). This reac- 
tion was not useful for the preparation of branched 

(4) (a) A. H. Beckett and A. F. Casy, J .  P h r m .  and 
P h r m o l . ,  6,986 (1954); (b) 0. J. Braenden, N. B. Eddy, 
and H. Halbach, BuU. World HeaUh Organiullion, 13, 937 
(1955). 
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chain l,%propanediamines since branched chain 
ht-aminoalkyl chlorides rearrange through a 
cyclic imonium structure and form mixtures of the 
isomeric diamines. 

Branched chain alkylenediamines of unequivocal 
structure (Table 111) were obtained by lithium 
aluminum hydride reduction of amides of known 
structure (Method B). This reaction scheme is 
illustrated below for the preparation of compound 
l a  (isomethadone series, Table V) : 

CO-CZHS 0 
I I  e- CH?- Br - CH-C-Br 

I 
CH, 

I 
CHn 

piperidine 1- Ia 
propionic T anhydride 

LH3 

LiAIH, Z O  /aniline 

QNH-TH-C-N II 3 
CH3 

The other position isomers (methadone series, 
Table VI) were obtained when the amines were 
allowed to react in the opposite order. 

A series of basic carbanilates (Table VIII) 
which may be considered as nitrogen analogs of 
ethyl l-methyl+t-phenylisonipecotate, meperidine 
(111), was also prepared by the reaction 
of ethylenediamines and propanediamines with 
alkylchloroformates. The structural relationship 
between meperidine (111) and one of these com- 
pounds, ethyl N-(2ethylmethylaminoethyl)carban- 
ilate (IV), is illustrated below. 

CH3 
I11 

I 
CHI 
IV 

These compounds were tested for analgesic 
activity by two methods. A sequential modification7 
of the mouse hot plate method of Woolfe and 

(5) (a) F. Leonarci and U. V. Solmasen, J .  Am. Chem. Soc., 
70, 2064 (1948); (b) S. G. Fridman, Z h w .  Obahchei Khim., 
23, 278 (1953); (c) M. A. Stshmann and A. C. Cope, J. 
Am. Chem. Soc., 68, 2494 (1946); (d) M. W. Goldberg and 
S. Teitel, U. S. Patent 2,746,992, May 22, 1956. 

(6) (a) E. E. Fbyals, Advanced Organie Chemktry, Pren- 
tice-Hall, Inc., New York, N. Y., 1954, p. 357; (b) J. F. 
K e d ,  G. E. Ullyot, R. C. Fuson, and C. L. Zirkle, J .  Am. 
Chem. Soc., 69,2961 (1947); (c) E. M. Schultz, C. M. Robb, 
and J. M. Sprague, J .  Am. Chem. Soc., 69,2454 (1947). 

(7) A. C. Osterberg, J. D. Haynes, and C. E. Rauh, J. 
Phcmnneol. Ezptl. Therap., 122, 59A (1958). 

Macdonald8 and Eddy et aL9 and the rat-tail 
radiant heat procedure of D'Amour and Smithlo 
were used, Phenampromid (Ia) was found to ap- 
proximate the potency of codeine in mice and 
meperidine in rats." Extensive pharmacological 
evaluation led to  the selection of this compound 
for trial in man. Clinical results indicate that 
phenampromid is a narcotic-type analgesic in 
man and also possesses antitussive activity. 

Structure-activity relationships in this series of 
N-(tert-aminoalky1)anilides formed a consistent 
pattern. Good activity was particularly sensitive 
to changes in the,alkylene chain between the two 
nitrogens. For example, phenampromid (Ia), with 
an alkylene chain analogous to isomethadone, 
was a potent analgesic while the isomeric metha- 
done analog, N-(2-piperidinopropyl)propionanilide 
(Ib) , was virtually devoid of analgesic activity. 
When the acyl portion of the anilide moiety was 
varied, optimum activity was obtained with the 
propionyl group. Substituents in the aromatic ring 
generally reduced analgesic activity. The aliphatic 
Mt-amino group could be varied somewhat with 
retention of activity, but the piperidino radical 
gave the best results. The corresponding N-(tert- 
aminoalky1)carbanilates (Table VIII) showed poor 
analgesic activity compared to codeine, meperi- 
dine, and the anilide series. 

When analgesics containing an asymmetric 
center are resolved, one enantiomorph is usually 
much more active than the other.4 A similar relation 
was found with phenampromid. The l-enantio- 
morph was more active and the d-enantiomorph 
was much less active than the racemic form 
(Table I). 

TABLE I 
RELATIVE ACTIVITIES OF ENANTIOMORPHS 

dl-Phenampromid 13 

d-Phenampromid 36 
LPhenampromid 9 

Morphine sulfate 3 
Meperidine 11 

ADGo = the subcutaneous dose which elevates the rat- 
tail radiant heat response time hy 100% in 50% of the 
animals. 

Resolution was accomplished by treating an 
ethanol solution of phenampromid with Z-malic 
acid. Z-N- (l-Methyl-2-piperidinoethy1)propion- 
anilide-Lmalate, m.p. 178-179.5", [alg - 16.3 

(8) G. Woolfe and A. D. Macdonald, J .  Pharmacol. 
Ezptl. Therap., 80,300 (1944). 

(9) N. B. Eddy, C. F. Touchberry, and J. E. Lieberman, 
J .  Phannaeol. Ezptl. Therap., 98, 121 (1950). 

(10) F. E. D'Amour and D. L. Smith, J .  Pharmacol. 
Ezptl. Therap., 72,74 (1941). 

(11) A. C. Osterberg and C. E. h u h ,  The Phannaeobgkt, 
1 (No. 2), 78 (1959); Abstracts of Papers, Fall Meeting, 
Am. Soc. Pharmacol. Exptl. Therap., Aug.Sept., 1959, 
Coral Gables, Fla. 
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(2% in water) , precipitated. This salt was emily 
converted to  Z-N-(l-methyl-2-piperidinoethyl)pro- 
pionanilide hydrochloride, m.p., 202-203" and 
[a]g - 18.9 (2% in water). If the ethanolic solution 
of phenampromid was treated instead with d- 
tartaric acid, d-N-(l-methyl-2-piperidinoethyl)pro- 
pionanilide-d-tartrate, m.p. 204.5-205.5' and [.]E 
i- 23.7 (2% in water), separated and was in 
turn converted to d-N-( l-methyl-2-piperidino- 
et,hyl)propionanilide hydrochloride, m.p. 202-203" 
mid [a]g + 18.9 (2% in water). 

EXPERIMENTAL 

Preparation of salts. The salts were prepared by treating 
an ethanolic solution of the base with ethanolic hydrogen 
chloride or aqueous nitric acid. If the salt did not precipitate 
upon cooling or dilution with ether, the mixture was concen- 
trated to remove the solvent and then treated with ether. 
Trituration and cooling caused crystallization. Unless 
otherwise noted, the salts were recrystallized from ethanol 
or ethanol by addition of ether. 

2-Bromopropionamides. The 2-bromopropionamideslg were 
prepared by the following general procedure, which com- 
bines features of several literature procedures. A solution of 
1 mole of the appropriate amine in 150 ml. of ether was 
added dropwise to a stirred solution of 0.5 mole of 2-bromo- 
propionyl bromide in 500 ml. of ether. Cooling was applied 
during this addition to hold the temperature below 15". 
The reaction mixture was stirred for 1-2 hr. longer and then 
filtered to remove the amine hydrobromide. The precipitate 
was washed with ether, the ether filtrates were evaporated, 
and the residues were distilled. Alternatively, the ether solu- 
tion of crude 2-bromopropionamide was not distilled but 
was washed with dilute hydrochloric acid, dried over anhy- 
drous magnesium sulfate, and treated directly with an 
amine as described below. These compounds are skin irri- 
tants and should be handled with care. 

6Aminopropionamides (Table 11). A mixture of 1 mole of 
the 2-bromopropionamide (distilled or prepared in situ in 
ether) and 2 moles of the appropriate amine was refluxed in 
benzene for 6-20 hr. and then filtered to remove the pre- 
cipitated amine hydrobromide. The filtrate was concentrated 
and then treated with an excess of aqueous potassium hy- 
droxide. The desired product usually precipitated, and was 
filtered and recrystallized from ethanol. When precipitation 
did not occur, the oil was extracted with ether and distilled. 

Alkylenediamines (Tables I11 and VII). Method A. A 
mixture of 1 mole of the dialkylaminoalkyl chloride hydro- 
chloride, 1.5 moles of the appropriate aniline, 2.0 moles of 
sodium carbonate, and about 500 ml. of toluene was re- 
fluxed with stirring for about 18 hr. and then cooled. One 
mole of 5N potassium hydroxide was added and the organic 
layer was separated. The aqueous layer was extracted with 
ether and the combined organic layers were dried over mag- 
nesium sulfate and distilled. Many of these compounds gave 
poor analyses even after redistillation. In spite of this they 
generally gave satisfactory reaction products. 

Method B. A solution of 0.1 mole of the 2-aminopropion- 
amide in 100 ml. of tetrahydrofuran was added dropwise to a 
solution of 0.2 mole of lithium aluminum hydride in 200 ml. 
of tetrahydrofuran. The mixture was refluxed for 5-8 hr., 

(12) (a) C. A. Bischoff, Ber., 31, 2847 (1898); (b) N. L. 
Drake, C. M. Eaker, and W. Shenk, J .  Am. Chem. Soc., 70, 
677 (1948); (c) E. K. Harvill, R. M. Herbst, and E. G. 
Schreiner, J. Org. Chem., 17, 1597 (1952); (d) J. von Braun, 
F. Dengel, and A. Jacob, Ber., 70B, 994 (1937); (e) W. E, 
Weaver and W, M, Whaley, J .  Am, Chs" Soc., 69, 1144 
(1947), 

and then cooled and treated with 7.6 ml. of water, 23 ml. 
of 15% sodium hydroxide, and finally with 23 ml. of water. 
The reaction mixture was filtered and the precipitate was 
washed with tetrahydrofuran or ether. The organic layers 
were dried and distilled. 

Method C. A mixture of 37.2 g. of 1-[2-(m-anisidino)pro- 
pyllpiperidine (prepared by Method B) and 150 ml. of 48y0 
hydrobromic acid was refluxed for 42 hr. and then concen- 
trated. The gummy residue was treated with dilute alkali 
until about p H  9 was reached. The precipitate was filtered, 
washed with water, and recrystallized from ethanol. The 
yield of m-( l-methyl-2-piperidinoethylamino)phenol, m.p. 
150-152", was 16.7 g. (48%). 

m-( 2-Piperidinopropy1)phenol was prepared by essentially 
the same procedure except that the product was a viscous 
oil which was purified by distillation and used without 
analysis. 

Acylaled alkylenediamines (Tables IV-VII). Method D. A 
solution of 0.05 mole of the alkylenediamine in about 25 ml. 
of the appropriate anhydride was heated on the steam bath 
for 2-4 hr. and then distilled. The products usually analyzed 
correctly without redistillation. 

Method E .  m-Hydroxy-N-(2-piperidinopropy1)propionani- 
Zide. A mixture of 6.2 g. of nz-(2-piperidinopropyl)phenol, 
2.7 g. of propionyl chloride, and 25 ml. of benzene was 
heated on the steam bath for 3 hr., cooled, and then treated 
with 5.8 ml. of 5N sodium hydroxide. The benzene layer 
was separated, and the residue was extracted with ether in 
which the product appeared to be more soluble. The organic 
layers were combined, dried over magnesium sulfate and 
distilled. The yield of m-hydroxy-iV-(2-piperidinopropyl)- 
propionanilide, b.p. 210-215' (0.1 mm.), was 43%. The 
infrared absorption curve showed a strong band a t  6.08 p 
and a very weak band a t  5.67 p, evidence that amidation 
rather than esterification had occurred. 
N-(tert-Aminoalky1)carbanilates (Table VIII). A solution 

of 0.05 mole of the ethylenediamine in about 50 ml. of 
ethanol or benzene was cooled and 0.05-0.07 mole of the 
alkyl chloroformate was added. The reaction mixture was 
refluxed for 1-3 hr. and then concentrated to remove the 
solvent. An excess of aqueous potassium hydroxide was 
added (with cooling) and the product was extracted into 
ether. The ether extracts were dried over magnesium sulfate 
and then distilled under reduced pressure. 

Resolution studies. I-N-( 1 -Methyl-2-piperidinoethy1)propi- 
onanilide hydrochloride. A solution of 22.5 g. (0.168 mole) of 
l-malic acid and 46.0 g. (0.168 mole) of N-(l-methyl-2- 
piperidinoethy1)propionanilide in 400 ml. of ethanol was 
cooled, and the precipitate which separated was filtered and 
washed with ethanol and then ether. The yield of crude 
1-N-( 1 -methyl-2-piperidinoethyl)propionanilide- 1- malate, 
m.p. 168-173', was 34.2 g. Three recrystallizations from 
ethanol resulted in 24.3 g. (71%) of pure product, m.p. 
178.5-179.5"and -16.3 (2% in water). 

Anal .  Calcd. for CzlHszNzOs: C, 61.7; H, 7.9; N, 6.9. 
Found: C, 61.7; H, 7.8; N, 7.1. 

A mixture of 20.4 g. (0.05 mole) of l-N-(l-methyl-2- 
piperidinoethy1)propionanilide-l-malate and 120 ml. (0.12 
mole) of 1N sodium hydroxide was extracted with ether. 
The ether extracts were washed with water, dried over mag- 
nesium sulfate, and treated with 30 ml. of 2.1N ethanolic 
hydrogen chloride. The precipitate was filtered and recrys- 
tallized frpm ethanol by addition of ether. The yield of 
1-N-( l-methyl-2-piperidinoethy1)propionanilide hydrochlo- 
ride, m.p. 202-203" and [ C Y ] :  -18.9 (2% in water), was 8.2 
g. (36% over-all). 

Anal .  Calcd. for C1TH&lNsO: C, 65.7; H, 8.8; C1, 11.4; N, 
9.0. Found: C, 65.5; H, 8.6; C1, 11.7; N, 9.0. 

d-N-( 1 -Methyl-Bpiperidinoethy1)propionanilide hydro- 
chloride. A solution of 12.6 g. (0.084 mole) of &tartaric acid 
and 46 g. (0.168 mole) of N-( l-methyl-2-piperidinoethy1)- 
propionanilide in 350 ml. of ethanol was cooled, and the 
precipitate which separated was washed with ethanol and 
then ether. The yield of crude &N-( l-methyl-2-piperidino- 
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ethy1)propionanilide-d-tartrate, m.p. 194-197', was 30.7 g. 
Three recrystallizations from ethanol resulted in a 71% 
yield of pure product, m.p. 204.5-205.5" and [a]: f23.7 
(2% in water). 

Anal. Calcd. for C Z ~ H ~ Z N ~ O ~ :  C, 59.4; H, 7.6; N, 6.6. 
Found: C, 59.2; H, 7.8; N, 6.6. 

This product was converted to the hydrochloride by the 
procedure described above for the 1 isomer. The over-all 
yield of d-N-( 1-methyl-2-piperidinoethy1)propionanilide hy- 
drochloride, m.p. 202-203' and [a]: $18.9 (2% in water) 
was 8.1 g. (35%). 

Anal. Calcd. for C1,HZ7CIN~0: C, 65.7; H, 8.8; C1, 11.4; 
N, 9.0. Found: C, 65.6; H, 8.8; C1, 11.2; N, 9.4. 
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A series of N-( tert-aminoalky1)anilides and -carbanilate5 containing the phenalkyl moiety has been prepared. Some of these 
compounds show analgesic potency in the codeine to morphine range. N -  [2-( Methylphenethylamino)propyl] propionanilide 
sulfate, diampromid, has been chosen for clinical trial in man. 

N-( 1-Methyl-2-piperidinoethy1)propionanilide 
hydrochloride (I)? phenampromid, which may be 
considered a nitrogen analog of isomethadone, 
was reported in the previous papers of this series2 
to have analgesic activity similar to meperidine. 

Other investigatorss have shown that replacement 
of the N-methyl group by a phenalkyl group in 
analgesics such as meperidine, racemorphan, and 
a-prodine often results in increased activity. We, 
therefore, were interested in determining whether 
increased potency could be obtained by introducing 

CO-CZHs CN-CH~CH-N~ I HCI 
- I 

CHJ 
I 

R CO-Rz 
=alkyl, - ,N-CnHzn-A+yR1 

(1) (a) Presented in part a t  the 135th Meeting of the 
American Chemical Society, Boston, Mass., April, 1959; 
(b) W. B. Wright, Jr., R. A. Hardy, Jr., and H. J. Brabander, 
U. S. Patent 2,944,081, July, 1960. 

(2) W. B. Wright, Jr., H. J. Brabander, and R. A. Hardy, 
Jr., J. Am. Chem. Sac., 81, 1518 (1959); J. Org. Chem., 
26,476 (1961). 

(3) (a) T. D. Perrine and N. B. Eddy, J. Org. Chem. 21, 
125 (1956); (b) E. L. May, J. Org. Chem. 21, 899 (1956); 
(c) J. Weijlard, P. D. Orahovats, A. P. Sullivan, G. Purdue, 
F. D. Heath, and K. Pfister, J. Am. Chem. Sbc., 78, 2342 
(1956); (d)  B. Elpern, L. N. Gardner, and L. Grumbach, 
J .  Am. Chem. Soc., 79, 1951 (1957); (e) B. Elpetn, W. "et- 
terau, P. Carabateas, and L. Grumbach, 133rd Meeting of 
the American Chemical Society, April, 1858, Abstracts of 
Papers, p. IlM., Aba. No. 18. 

- alkyl 
I1 

TABLE I 
ANALGESIC ACTIVITY 

CHQ CH3 

H 
m-CH3 
p-CHs 
p-c1 
P-F 
H 
m-CH3 
p-N& 
H 
H 

Meperidine 
Morphine 

b 

1 
1 
1 
1 
1 
2 
2 
2 
2 
3 

H 8 
H 2 
H 3 
H 6 
H 6 
H 4 
H 14 
H 16 

m-CH30 15 
H 17 
H 4 

11 
3 

AD60 = The subcutaneous dose which elevates the rat 
tail radiant heat response time by 100% in 50% of the 
animals. N- [ 2-( Cinnamylmethylamino)propyl] propionani- 
lide. 

phenalkyl groups in our series of N-(tert-amino- 
alky1)anilides and -carbonilates. Such compounds 
are represented by formula 11. 

One general procedure used for these com- 
pounds is that described in our previous papere2 
This consisted of acylation of the appropriate 
alkylenediamines with an acid chloride or anhy- 
dride (Tables IV, V, VI). Conventional alkylation 
of an aniline with a tert-aminoalkyl halide gave the 
straight chain diamines' (Tables I11 and V). Lith- 


