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hydrochloride, 1.17 mg/kg, and codeine hydrochloride,
7.50 mg/kg"). The route of administration was sub-
cutaneous and the figures in parentheses are the hmits
of error 11 probit analysis.  The physical dependence
:apacity, which is the capaeity of a substance to sup-
press abstinence syviuptoms in morphine-dependent
monkevs, was very low. Doses of 2.0-48.0 mg/kg sc
produced no suppression. A dose of 60.0 mg/kg pro-
duced slight suppression in one monkey and convulsions
i another monkey .

O-Methoxyinethylphenazocine (IV) showed an anal-
gesic EDy of 3.35 mg/kg (2.94-3.81) with a duration of
203 nin, given subcutaneously in the mouse hot plate
test® (¢f. phenazocine hydrobromide, 0.25 mg/kg, and
phenazoeine OQ-methyl ether hydrobromide, 6.5 mg
kg®).  No physical dependence capacity or toxic effects
were noted at doses of 2.0-32.0 mg/kg.” The effects
of O-methoxyimethylation upon the analgesic properties
of morphine and phenazocine thus resemble those of
O-methylation in regard to potency. The interest in
the phenazocine ether IV lies in its reasonably high
potency order with no physical dependence capaeity,
in the range of doses tested.

Experimental Section

3-Methoxymethylmorphine (III).—)\lorphine (4.74 g, 0.016
mole) was dissolved in a solution of sodium (0.38 g, 0.016 g-atom)
in an ethanol-water (9:4.5 ml) mixture. Ether (30 ml) was
added and the solid which separated was collected, washed with
ethanol-ether, and dried in a vacuum desiccator. Freshly distilled
chloromethy! methyl ether (1.27 g, 0.016 mole) in CHCl; was
ndded to a suspeusion of the sodio derivative in the same solvenr
(20 ml); the reaction flask was stoppered and shaken well. The
next moruing the mixture was washed with aqueous NaOH, aud
the CHCl; was dried (KK:COs) aud evaporated. The residual oil
(3.56 g) solidified o storage i a vacuum desiccator and was
crystallized from isopropy! ether-ethaunol to give IIT (2.69 g),
mp 98° (lit.* mp 94-96°).

O-Methoxymethylphenazocine (IV). A.—Phenazociue base
(3.2 g, 0.01 mole), mp 183-185° (lit.* 181-182°), obtained from
the hydrobromide salt (prinadol hydrobromide, SK and I¥) was
dissolved i1 a warm solution of 5067 NaH dispersion (0.48 g,
.01 mole) in a 2:1 ethanol-water mixture (11 ml). Beuzeue
wits added and the solution evaporated; this process was re-
peated several times and the residue wus stored for several
diys i1 a vacuum desiceator (concenirated H.S0;). Freshly
distilled chloromethyl methyl ether (0.75 g, 0.009 mole) wax
added to a solution of the sodio derivative in CHCl; (20 ml):
the reaction flask was stoppered aud shaken well. The next
morniug the mixture was washed with alkali aud dried, and the
solvent was evaporated as above. The residue (3.35 g) wus
chromatographed on Merck alumina (100 g); benzeue eluates
vielded crude IV (1.55 g) that gave u crystalline acid succinate,
mp 131-133°, after recrystallization from isopropyl ether-
methanol.

Anal. Caled for CuxHaNOg: C,69.6: H, 7.7; N, 2.9, Found:
¢, 69.6; H, 7.5, N, 2.5,

ldlution with 17, methanol in benzene gave starting material
(1.2 g), mp 185-186°, from beuzene-Skellysolve B. The melt-
ibg poiut was not depressed by admixture with authentic
plienazocine.

B.—Phenuzocine (1.07 g, 0.0033 mole) in 1,2-dimethoxy-

(7} G. A. Denean and M. 1. Seevers, Addendumr (o he Minntes of the
Committee on Drug Addition and Nareotivs, National Aecadeiny of Stiences-
Nutioual Research Council, 19643,

(8) (1. A. Denean and M. H. Seevers, Addendum t/s the Minutes of the
Committee on Drug Addiction and Narcoties, National Academy of Sciences—
National Research Council, 1964,

vy Lo May and N B Eddy, 7. Org. Chem., 24, 1435 (10549).

110y Melting points, determnined on a Fisher-Johus leo¢ stage, are ror.
rected. Iunfrared spectra were measared in solutions in CHCl; on a Beckinan
Model 1RS spectrophotomneter, Skellysolve 13 refers to petrolenm ether, by
60-68°. Mlicroaunalyses were carried out by Dr. 8. M, Nagy, M.LT., Bostou,
Mass,
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cthane was added dropwise to sodium naphthyl i1 the smne sol-
vent (20 ml), prepared from Na (0.1 g, 0.004 g-atom) aud uaph-
thalene (0.58 g, 0.004 mole): the dark green color disappenred
at the end of the addition. Freshly distilled chloromethy! methyl
etlier (.35 g, 0.004 mole) in 1,2-dimethoxyethune wius 1l
added. After stirring for 2 hr, the mixture was shaken with
aqueous NaHCO; and the organic phase was dried (K,CO.»
and evaporated. The residue was chromatographed on Merck
alumina (30 g); uaphthalene was eluted with Skellysolve 13,
while 25 and 50¢; beuzeie i Skellvsolve B eluates gave crude
IV (1.1 g) which was couverted to the ncld suceinate ax sthove.
The crystalline methiodide showed mp 182-183°, after erystal-
lization from acetone.

Anal. Culed for CuHgpINO,: ¢ 5020 M, 6.7; N, 2.~
Found: €, 50.1; H, 6.5; N, 2.9

II1I.! Labile Amide

Derivatives of Normeperidine

Drug Latentiation.
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The nareotic analgesic meperidine (I) is a widely used
therapeutic agent. N-Demethylation of meperidine to
normeperidine (II) has been established as an important
metabolic pathway by studies in man and the rat.?
The view that the latter process may have important
pharmacologic significance in analgesia was advanced
1 4 provocative hypothesis by Beekett und his col-
laborators.* These authors had proposed earlier that
activity of an analgesic compound iz due to association
with a specifie receptor surface in the central nervous
systeny, and that a drug-receptor complex is formed
when certain sterie requirements for the drug molecule
are satisfied. In 1956.% thev postulated that the for-
mation of the drug-receptor complex does not itself
produce analgesia, but that following absorption of the
drug on the receptor surface there occurs an oxidative
dealkyviation with the release of the N-dealkyiated
moiety.  The presence of the nor derivative on the
receptor surface was considered to initiate the analgesic
response.

In the hght of the foregoing considerations, it was
deemed desirable to prepare, for evaluation as potential
analgesies, several labile amide derivatives of nor-
meperidine. Such nonbasie derivatives niay penetrate
the blood~brain barrier more readily than basic analogs,
and, if readily hydrolyzed once in the central nervous
svstenn, will liberate normeperidine near the receptor
site. The nor compound could then initiate the analgesic
response, cither direetly or after N-methylation to
meperidine.*

The amide derivatives selected for this study were
the ethyl carbamate III, the mwonosuccinanude IV,
and the pyruvamide V. A study of the kinetics of the
alkaline hydrolvsis of carbamate esters indieated that,
for N.N-dialkylcarbamates, the mechanism of hy-
drolysis involves Iivdroxyl ion attack leading to w car-

(1) {a) Part11: =. )M, Kupchan and A\, F. Casyv, J, Wed. Chem., 10, 4534
(1967). () This investigation was supgorted by a grant from Sanh Klne
and Frenel Laboratories.

2y E. L. Way and 1. K. Adler, Jtharmacel. Rer., 12, 383 (19G0),

(3) A. 1. Beckert, \. I, Casy, and N. J. Harper, J. Fhoen Pharmacot,,
8, 874 (1958).

t41 CF. D H. Clonet, Federatw 'roe., 21, 326 11962).
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bamate ion intermediate.’ The carbamate lon 1s un-
stable and is rapidly decarboxylated to free amine and
CO,. Normeperidine ethyl carbamate (III) was pre-
pared for evaluation in the expectation that hydrolysis
of the ethyl ester would be followed in o by a facile
decarboxylation to normeperidine.

Normeperidine monosuceinamide (IV) was prepared
for evaluation on the basis of the well-established
tacilitation of hydrolysis of monoamides of dicarboxylic
acids capable of forming cyelic anhydrides.®

Normeperidine pyruvamide (V) was prepared in the
expectation that pyruvamides, like pyruvate esters,
would undergo facile hydrolysis. Electron-withdraw-
ing substituents in the acid moiety of esters are known
to accelerate the second-order alkaline hydrolysis rates,
and the rate of alkaline hydrolysis of ethyl pyruvate
was found to be particularly high®¢® Furthermore,
Sudborough found ethyl pyruvate to undergo sub-
stantial hydrolysis even in water.!

CsH; COOEt
N
R
I,R=CH,
ILR=H

111, R=COOEt
1V, R = COCH,CH,COOH
V, R =COCOCH,

Pharmacological Evaluation.—In the mouse hot
plate test for analgesic activity, normeperidine ethyl
carbamate (III) showed a mouse EDj;; of 20.15 mg/kg
(18.56-21.75) with a duration of 162 min.!! The route of
administration was subcutaneous and the figures in
parentheses are the limits of error in probit analysis.
In the hot wire tail-withdrawal test in the Wistar rat,
III showed a rat EDjy of 64.0 mg/kg (33.7-121.6).
The route of administration was oral. Meperidine was
runt ~ide by side on a blind basis, and the two com-
pounds were found to be approximately equipotent by
this procedure.'? The compound showed no toxicity or
physical dependence capacity (capacity to suppress
abstinence symptoms in morphine-dependent monkeys)
at doses ranging from 1.0 to 130.0 mg/kg.'* The
interest in normeperidine ethyl carbamate (III) lies
in its reasonably high potency order with no physical
dependence capacity, in the range of doses tested.

Normeperidine monosuccinamide (IV) and nor-
meperidine pyruvamide (V) showed no analgesic effect
up to 100 mg/kg in the mouse hotplate test.!' No
physical dependence capacity or toxic effects were noted
for either compound at doses of 2.0-40.0 mg/kg.!4

(5) L. W, Dittert and T. Higuchi, J. Pharm. Sci., 52, 852 (1963},

(6) M. L. Bender, J. Am. Chem. Soc., 79, 1258 (1957); M. L. Bender, Y.
(‘how, and ¥. Chloupek, 7bid., 80, 5380 (1958).

(7) T. Higuchi and T. Miki, ¢bid., 83, 3899 (1961); 'I. Higuchi, T. Miki,
A. C. %hah, and A. K. Herd, ibid., 86, 3655 (1963).

(8) C. K. Ingold, "Structure and Mechanisms in Organic Chemistry,"
Bell and Sons, London, 1953.

(9) L. P. Hammett, "'Physical Organic Chemistry," McGraw-Hill Book
Co., Inc., New York, N. Y., 1940.

(10) J. J. Sudborough, J. Chem. Soc., 101, 1227 (1912),

(11) We are indebted to Dr. N. B. Eddy. National Institutes of Health,
for these data; ¢f. N. B, Eddy and D. Leimbach, J. Pharmacol. Exzptl.
Therap., 107, 385 (1953),

(12) We are indebted to Dr. Maxwell Gordon, Smith Kline and French
Laboratories, through whose courtesy these tests were carried out.

(13) We are indebted to Drs, G. A. Denean and M, H, Seevers, University
«f Michigan, for these data.
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Experimental Section®

Normeperidine Ethyl Carbamate (III).—To a stirred, ice-
cooled solution of normeperidine hydrochloride (8.07 g, 0.03
mole, Winthrop, mp 134-137°) in CHC}; (25 ml) were added
triethylamine (6.00 g, 0.06 mole) in CHCl; (15 ml) and (dropwise)
ethyl chloroformate (3.24 g, 0.03 mole, Eastman) in CHCl;
(15 ml). The solution was stirred in the cold for 2 hr and
then at room temperature overnight. Ether was added to
complete precipitation of triethylamine hydrochloride, and the
precipitate was filtered. The filtrate was washed twice with
water, dried (Na,SO,), and evaporated under reduced pressure
to a light brown oily residue. The residue was dissolved in
Skellysolve A and cooled and rubbed to induce crystallization.
The crystalline product was recrystallized four times from Skellg’-
solve A to yield 4.03 g of colorless crystals: mp 37-38°; Ao "
3.82 (ester C=0), 5.95 (carbamate C=0), 6.25, 14.40 (aryl ring),
8.0 u (ester C-0-C).

Anal. Caled for CsHuNO,: C, 66.86; H, 7.59; N, 4.59.
Found: C,66.96; H, 7.63; N,4.79.

Normeperidine Monosuccinamide (IV).—A solution of nor-
meperidine hydrochloride (15 g, 0.055 mole) in water (25 ml) was:
treated with excess concentrated NH,OH. The suspension was
extracted three times (CHCl;) and the extract was dried (Na,SOs)
and evaporated to dryness under reduced pressure. The residue
was treated with succinic anhydride (5.5 g, 0.055 mole) aud the
mixture was heated on the steam bath for 1 hr,  The oily reaction
product was rubbed to induce crystallization, aud then recrystal-
lized twice from benzene: yield 12.80 g; mp 130-133°; Aga’®
2.85 (OH), 5.82 (broad, ester and acid C=0), 6.10 (amide C=0),
6.25, 14.40 (aryl ring), 8.05 u (ester C-O-C).

Anal. Caled for CisHaNOs: C, 64.85;
Found: C,65.07; H,7.09; N, 4.44.

Normeperidine Pyruvamide (V)—To a solution of pyruvic
acid (3.52 g, 0.04 mole, Eastman, redistilled) in CHCl; (20 m]) was
added SOCI; (4.76 g, 0.04 mole), aud the solution was heated
under reflux for 1 hr. To the stirred, refluxing solutiou, a solu-
tion of normeperidine hydrochloride (5.39 g, 0.02 mole) and tri-
ethylamine (2.02 g, 0.02 mole) in CHCl; (25 ml) was added drop-
wise over the course of 45 min, and refluxing was continued for an
additional 75 min. The mixture was extracted three times with
water, and the CHC]l; layer was dried (Na,80;) and evaporated to
dryness under reduced pressure. Crystallization from Skelly-
solve B yielded 4.68 g of product, mp 92-94°. Reerystallization
from Skellysolve B, with Norit treatment, yielded the analytical
sample: mp 94-96°; AT 5.82 (ester aud ketone C=0),
6.10 (amide C=0), 6.25, 14.40 (aryl ring), 8.1 u (ester C-0-C).

Anal. Caled for CisHaNOy: C, 67.31:  H. 6.98; X, 4.62.
Found: C,67.22: H,7.04; N, 4.79.

H, 6.95; N, 4.20.

(14) G. A. Denean aud M. H. Szevers, Addendinu to the Minutes of the
Committee on Drug Addiction and Narcotics, National Academy of 8ciences~
National Research Council, 1965,

(15) Melting points, determined on a Fisher-Jolins Lot stage, are corrected.
Infrared absorption spectra were determined in CHCl; on a Beckman model
1R3A recording spectrophotometer. WMicroanalyses were carried out by
Mr, J. F. Alicino, Metuchen, N. J. Skellvsolve A refers to petroleum ether,
bp 40-60°.

pL-4,5-Dihydroxy-2-pyridylalanine, an
Analog of 3,4-Dihydroxyphenylalanine!
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We wish to report the synthesis of pr-4,5-dihydroxy-
2-pyridylalanine, a structural analog of 3,4-dihydroxy-
phenylalanine (DOPA). In previous studies amino
acid analogs containing the pyridinte ring in place of

(1) This work was supported in part by grants from1 The Robert A. Welch
Foundation of Texas (Grant No, B-133) and from the 7. 8, Public Health
Service (Grant No. AM 07599-04),



