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bamate ion intermediate.® The carbamate ion iy 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 riz0 by a facile
decarboxylation to normeperidine.

Normeperidine monosuccinamide (IV) was prepared
for evaluation on the basis of the well-established
facilitation of hydrolysis of monoamides of dicarboxylie
acids capable of forming cyclic 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.!

C¢H; COOEt
N
R
I, R=CH,
ILR=H
111, R =COOEt
IV, R = COCH,CH,COOH
V, R =COCOCH,

Pharmacological Evaluation.—In the mouse hot
plate test for analgesic activity, normeperidine ethyl
carbamate (IIT) showed a mouse EDj; of 20.15 mg/kg
(18.56-21.75) with a duration of 162 min.!! Theroute 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,
ITII showed a rat ED;y of 64.0 mg/kg (33.7-121.6).
The route of administration was oral. Meperidine was
runt side 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
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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 CHCl; (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,S0.), and evaporated nunder reduced pressnre
to a light brown oily residue. The residue was dissolved in
Skellysolve A and cooled and rubbed to indice crystallization.
The crystalline produict was recrystallized four times from Skellg'-
solve A to yield 4.03 g of colorless crystals: mp 37-38°; Aomy”
5.82 (ester C=0), 5.95 (carbamate C=0), 6.25, 14.40 (aryl ring),
8.0 u (ester C-O-C).

Anal. Caled for CsHuNOs: 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.SOy)
and evaporated to dryness under reduced pressure. The residue
was treated with succinic anhydride (5.5 g, 0.055 mole) and the
mixture was heated on the steam bath for | hr.  The oily reaction
product was rubbed to induce crystallization, aud then recrystal-
lized twice from benzene:; yield 12.80 g; mp 130-133°; Agac®
2.85 (OH), 5.82 (broad, ester and acid C=0), 6.10 (amide C=0),
6.23, 14.40 (aryl ring), 8.05 u (ester C-O-C).

Anal. Caled for CisHasNO:: C, 64.85; H, 6.95; N, 4.20.
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, Eastmau, redistilled) in CHCl; (20 ml) was
added SOCl, (4.76 g, 0.04 mole), and the solution was heated
under reflux for 1 hr. To the stirred, refluxing solution, 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 continned for an
additional 75 min. The mixture was extracted three times with
water, and the CHCl; layer was dried (Na,804) and evaporated to
dryness nnder rednced pressure. Crystallization from Skelly-
solve B yielded 4.68 g of prodnet, mp 92-94°. Reerystallization
from Skellysolve B, with Norit treatment, yielded the analytical
sample: mp 94-96°; ASECY 5.82 (ester and ketone C=0),
6.10 (amide C=0), 6.25, 14.40 (aryl ring), 8.1 u (ester C-0-C).

Anal. Calcd fOl' C17H21NO4Z C, 67.31: H 698. :\T. 4.62.
Found: C,67.22: H,7.04; N, 4.79.

(14) G. A. Deneau aud M. H. Szevers, Atldendmin 1o the Minutes of tle
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 correcteil.
Infrared absorption spectra were determined in CHCl; on a Beckman model
IR3A recording spectrophiotometer, Microanalyres were carried out hy
Mr, J. F. Alicino, Metuchen, N.J. Skellysolve 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 pL-4,5-dihydroxy-
2-pyridylalanine, a structural analog of 3,4-dihyvdroxy-
phenylalanine (DOPA). In previous studies amino
acid analogs containing the pyridine ring in place of

(1) This work was supported in part by grants fromm The Robert A. Welell
Foundation of Texas (Grant No., B-133) and from the U, 8, Public Health
Service (Grant No. AM 07589-04),
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U benzene ring (2-pyridylalanine and d-liydroxy-2-
pyvridyvlalanine. =truetural analogs of phenylalanine
and tyrosine, respectively) have proved ta he effective
antiimetabolites.??  The substitution of the pyridine
ving for the benzene rig in DOPA should. in all prob-
ability, provide an analog that would =erve as an effee-
1ive DOPA antagonist.  The hydroxyl group on the 4
position of the pyridine ring of the analog probably
exists botl in the enol and keto forns: however, i
would be antieipated that the analog in either the enol
or keto fort would =erve ax an antogonist of DOPA.
The synthesis of 4.3-dilyvdroxy-2-pyridylalanine was
carried out using 2-chloromethyl-a-hydroxy-4H-pyran-
4-one (ehlovekojic acid. Ty ux starting material. and the
sccrence of reactions ix shown in Seheme 10 The con-
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densation product (ILI) from the reaction between
codicacetamidocyanoacetic ester and 2-chloromethyl-i-
methoxy-4 H-pyrau--one (1) was treated with NH,OH
under heat and pressure to effect substitution of the
heteroevelic oxygen atom with the heterocyelie nitro-
ven atour.  The produet, a dark viscous oil, gave o
strong ninhydrin reaction (indicating at least partial
hvdrolysis); however, all efforts to obtain a erystalline
material were unsuccessful.  Further hydrolysis in
alkaline solution vielded vr-t-hydroxy-3-methoxy-2-
pyridylalanine (IV).  The desired produet, o1-4,5-
dihvdroxy-2-pyridylalanine  (V), wuas obtained by
cleavage of the Ad-methoxy group with concentrated
HI.

Biological Data. ‘The cffect of pi-4,3-dihydroxy-2-
pyridy] alanine on the oxidation of pL-DOPA by tyro-
<inase was determined by an assay procedure described
i the legend of Figure 1. As shown in Figure 1, the
analog ix a competitive ithibitor of tyrosinase activity
on DODPA, with an inhibitor constant, K, of 3.2 X
to-# 3. Iaterestingly, the analog does not serve as
A substrate for oxidation by the enzynie. at least as
far as colored pigient ix concerned.  The analog does
produee a yellow-hvown solution on standing in the
presence of oxyvgen (ag does DOPA), but in contrast
to DOPA the reaction ix extremely =<low and rvequires
clevated temperatures.
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1vrosiiase preparation cNmritional Biochemicals Corpoy, 1o
When iuhibition by the malog was <tndied, the reaction mixture
also contained 20 umotes of ve-4,5-dihydroxy-2-pyridyvialanine.
The reaction was initiared by vhe addition of enzyme md the
rate was followed by measnring the change b absorbance (dne
tu pigment prodaetiong at 400 mg on a recording spectrophuiom-
cler.  The temperatore of the cenction mixtnre was 25°.

A study of the effect of vL-4,5-dihydroxy-2-pyvidyl-
alanine on the aetivity of DOPA decarboxylase ex-
tracted from hog kidnev! was also eonducted.  The
assay method wax patterned after a manometrie pro-
cedure for the determination of DOPA decarboxylasce
activity  reported by Schales and  Sehales The
analog i= w <ubstrate for the decarboxylation reactian.
and thie decarboxylation wate is approximately one-
tenth the mte of decarboxylation of pL-DOPA. When
the rates of decarboxylation were studied in reaction
niixtures containing both the analog and DOPA (at
cotteentrations not sufficient to saturate the enzyme).
the resulting decarboxylation rate represented the swun
of the individual decarboxylation rates. Due to the
low water =olubility of the analog (limit, approxi-
mately 10 gmoles ‘ml), coneentrations of analog and
DOPA =ufficientiv high to completely saturate the
enzynie could not be obtained. Tt is probable that
decarboxvlation rates would not be additive at satu-
rating coneentrations of hoth substrates, since both
would he eonmpeting for the saume active site on the
onzZyvnme.

Experimental Section

2-Chloromethyl-5-methoxy-4H-pyran-4-one (II) was prepured
by methyvlation of T with dimethyl sulfate according tu the method
uf Yabuta.t
Ethyl 2-Acetamido-2-cyano-3-(5-methoxy-4H-pyran-4-on-2-yl)-
propionate (III).—Fthyl acetamidocyanoacetate (36.1 g, 0.212
mole) was dissolved in 250 ml of dry dimethylformamide¢
(DMF). Sodium hydride (3.08 g, 0.212 mole) was added portion-
wise (2 hry with eooling and stirring.  When the exothermic re-
(1 WU Hartmow, B, U Akawie ond Wo Go Clark, J. Biol. Chera, 216,
307 (1953,
(At O, Belales aud R, 3. Sclwles, Arvh, Biockent, Biuphys., 24, 83 (1t
‘63 T, Yabuda, J. Cheo, Sne., 128, AT5 (1924),
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action was complete, 2-chloromethyl-5-methoxy-4H-pyran-4-one
(ITy (37.2 g, 0.212 mole), was added and the reaction mixture
was stirred for 24 hr at room temperatire. The DMF was dis-
tilled #n wvacuo. and the solid residiie was extracted with hot
CHCl;-ethanol (80:20) and filtered. The filtrate was taken to
drvness in vacuo, and the dark residue wax recrystallized twice
with charcoal trearment from ethanol-water. The resnlting white
needles weighed 33.7 g and had mp 179.5-181° (uncor).

Anal. Caled for C14H15N205 C, 54. ’)4:' T’I 523 I\, 9.09.
Found: C, 54.55; H, 4.91; N, 8.99.

pL-4-Hydroxy-5-methoxy-2-pyridylalanine (IV).—A mixture
of 29.0 g of III and 60 g of concentrated NH,OH was placed in
a ~tainless steel bomb; the bomb was sealed and placed in an
oven at 85-90° for 2.5 hr. The reaction mixture, a dark liquid,
wa~ then concentrated in vacuo, and the residual NH,OH was
removed by taking up the viscous residue in methanol and again
concentrating in racuo. The concentrate was ninhydrin positive
(dark blue), but repeated attempts to effect crystallization were
un=uccessful. Hydrolysis of this residue was effected by heating
28.0 g of the residue nnder refinx several hours in a suspension of
45 g of Ba(OH), in 200 ml of water. After removal of solid Ba-
(OH), by filtration, the filtrate was neutralized by the addition
of COs (Dry Ice). The BaCO; which precipitated was removed
by filtration, and the filter cake was washed with water to remove
any adsorbed amino acid. Remaining Ba?* was removed from
the filtrate by addition of 109, H.80, antil BaSO, no longer pre-
cipitated. After filtration the filtrate was concentrated in vacuo,
aud the light brown residue was recrystallized (after decoloriza-
tion by charcoal treatment) from ethanol-water to yield 14.0 g
of white, hygroscopic crystalline material, mp 252-255° dec.
Paper chromatography of the product with BuOH-AcOH-H.0O
(4:1:1) gave a single ninhydriu spot (light brown), Rr 0.13.

Anal. Caled for C9H19N204'0.5H201 C, 4:887. H, 592, N,
12,66. Found: C, 48.78; H, 6.10; N, 12.53.

pL-4,5-Dihydroxy-2-pyridylalanine (V).—A solution of 1.0 g
of IV and 3 ml of concentrated HI was heated under reflux for
3.5 hr. The HI was then removed ¢n vacuo, and the residue was
taken up in a small volume of water. The resulting solution was
neutralized with concentrated NH,OH, whereupon a precipitate
of the amino acid formed (the amino acid is sparingly soluble
in water). Complete removal of the amino acid from solution
was effected by the addition of ethanol, and the crystalline ma-
terial was collected by filtration. After decolorizing with char-
coal, the amino acid was finally recrystallized from ethanol-
water, and after drying overnight at 80° (vacuum desiccator,
Ps0;) weighed 0.90 g, mp 236-241° dec. Paper chromatography
of the amino acid in BuOH-AcOH-H:0 (4:1:1) gave a single
ninhydrin spot (light brown) with an R¢ of 0.13. The amino
acid reacted with FeCl; to produce a deep purple color, indicating
cleavage of the methoxy group in the 5 position of the pyridine
ring.

Anal. Caled for CinwNzOyHgOl C, 444:5
Found: C, 44.23; H, 5.58; N, 12.82.

Ultraviolet absorption spectrum showed at pH 3, Amax 270 my,
Amin 256 mu; at pH 12, Amax 294-296 myy, Amin 250-252 mu. These
absorption maxima and minima were identical with those of a
sample of 4,5-dihvdroxv-2-hydroxymethylpyridine.

H, 5.60; N, 12.96.

Synthetic Biologically Active Polymers. 1V.
N!-Acylsulfanilamide-Formaldehyde Copolymers
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Department of Chemistry, Clarkson College of Technology,
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In continuing investigations aimed at attempting to
discern the effect of polymerization on drugs, we had
occasion to study the copolymerization of sulfanil-

(1) For previous papers in this series see: (a} L. G. Donaruma and J.
Razzano, J. Med. Chem., 9, 258 (1966): (b) R. J. Cornell and L. G. Dona-
ruma, J. Polymer Sci., 8A, 827 (1965): J. Med. Chem., 8, 388 (1965).

(2) This work was taken in part from the thesis to be submitted by Mr.
John Razzano in partial fulfillment of the requirements for the Ph.D. degree.
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amide (Ia), sulfabenzamide (Ib), and sulfacetamide

(Ie) with formaldehyde.

NH, NHCH,
HCHO HCl
SO,NHR SO;NHR |,

Ia,R=H IIa, R=H
Ib, R = C¢H,CO IIb, R= C;H,;CO
Ie, R=CH,CO IIe, R=CH,CO
NHCH,
Ua coned HCL ¢
SO;H
C:H;CO,Na
Ibor e _HO, 1la + or
~NaOH CH,CO,Na

NH, NHCH,
_HCHO. HC1 H.$0-50.
THO.a I

The copolymerization processes were carried out,
general, by the method previously reported.t? Hy-
drolysis of IIa with concentrated HCI yielded IIL.
The structure of III was previously related® to the
structure of a polymer obtained by the sulfonation of
an aniline~formaldehyde copolymer (IV). Basic hy-
drolysis of both IIb and IIc¢ yielded ITa. Acidic hy-
drolysis of IIa derived from both IIb and Ilc yielded
III. Elemental analyses and infrared spectra seem to
confirm the assighed structures.

The copolymers appeared to be monodisperse. The
intrinsic viscosities of Ila, IIb, and Ilc in dimethyl
sulfoxide (DMSO) at 25° were found to be 0.07, 0.24,
and 0.10, respectively.

It was reported previously that a sulfapyridine-
formaldehyde copolymer exhibited antimalarial activity
above that of sulfapyridine per se.'® Therefore,
copolymers Ila—c were screened for antimalarial
activity employing the procedure previously reported.!2
The screening results are summarized in Table I.

Experimental Section

Sulfanilamide-Formaldehyde Copolymer (Ila).—A mixture
containing 1.67 g (0.0097 mole) of sulfanilamide (Ia), 50 ml of
water, 1 ml of 4%, aqueous HCI, and 1 ml! of 379, aqueous formal-
dehyde solution wax heated at reflux for 8 hr. A resin was
deposited. The reaction mixture was cooled and filtered. The
resin was pulverized and extracted with boiling water several
times to remove nnreacted monomers. The yield of dry washed
product was 1.03 g (57.8%). The product softened at 187-190°.
The intrinsic viscosity of the product in DMSO was 0.07; in-
frared data (em~1): 3400 w, 3250 =, 3100 &, 2010 m, 2300 w, 2300
w, 1650 m, 1570 s, 1490 s, 1390 w, 1290 s, 1140 s, 1080 =, 990 m,
885 w, 820 s.

Anal. Caled for C;HgN,0,8: C, 45.6; H, 4.37; N,
S, 17.40. Found: C, 43.95: H, 5.03: N, 14.30; 8, 16.00.

15.20;



