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filtration and the filtrate was stored at 0° under nitrogen. After
evaporating part of the solvent under reduced pressure, the pure
amine was isolated by preparative-scale gas chromatography on a
5-ft Carbowax column at 100°; nmr spectrum in CCly, § =
2.59 (s, CHs, 6 H), 6.03 (q, 2-H of ring, 1 H), 6.74 (q, 4-H of
ring, 1 H), 7.15 (t, 5-H of ring, 1 H) ppm; J. = 1.1 ¢cps, J2s =
1.8 cps, J4s = 1.8 cps.

Anal. Caled for CH,NO: C, 64.84; H, 8.16; N, 12.60;
0, 14.40. Found: C, 64.72, 64.64; H, 8.09, 8.03; N, 12.56,
12.57; O, 14.61, 14.52.

3-Furyltrimethylammonium Iodide.—The amine was added to
excess methyl iodide at 0° and the salt was recrystallized from
anhydrous ethanol. No satisfactory melting point could be ob-
tained; it started to turn brown at 160°, with progressive de-
composition above that temperature until a black mass was
obtained at 190°.

Anal. Caled for C:HpINO: C, 33.22;
C, 33.24, 33.09; H, 4.70, 4.78.

H, 4.78. Found:
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The biocidal properties of polylysine and polyorni-
thine! has prompted us to prepare a polymer of the
next lower homolog. A crude poly-a.vy-diaminobutyric
acid had been prepared by Schmidt degradation of
polyglutamic acid? but the preparation of this polymer
by polymerization of N*-carbobenzoxy-L-u,y-diamino-
butyrie N-carboxyanhydride has not been reported.?
The action of phosphorus pentachloride on N«=7-
dicarbobenzoxydiaminobutyric acid yielded 1-carbo-
benzoxy-3-carbobenzoxyaminopyrrolid-2-one and ot
the expected N-carboxyanhydride.* More recently,?
N7-tosyl-L-a,y-diaminobutyric acid was phosgenated
and then treated with hydrochlorie acid resulting in
a sequence of ring closure, opening, decarboxylation,
and ring closure. The presumed intermediate, an N-
carboxyanhydride (NCA), was neither isolated or
characterized but the results suggested the NCA could
be prepared in this manner. The polymer was then
synthesized by methods already described for polyly-
sined except for minor details.

The polymer was an effective inhibitor of the growth
of Alternaria species at levels of 0.59, (by weight) and
caused lysis of Paramecium caudatum at levels equiva-
lent to polylysine and polyornithine (see Table I).
The polymer was not attacked by trypsin or pepsin
under the usual conditions,

Experimental Section

Melting points are uncorrected. Elementary analyses were
performed by Schwarzkopf Microanalytical Laboratory. Amino
acid analyxis was performed by Analytica Corp.
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TasLE 1

ACTIVITY AGAINST Paramectum caudatum

Survival of paramecium®

————Conen of prepp————
Prepn Dpe 1075 M 10-+ M 1072 M

Poly-vL-lysine 5-10 >3000 >3000
Poly-vL-lysine 25 10-12 3-5 <3
Poly-L-ornithine 25 13-17 5-7 <5
Poly-L-a,y-diamino-

butyric acid 50 12-14 6-8 <6
Streptomyein >3000 500 75

© Degree of polvmerization. ° Time required for complete

lysis in seconds,

Nv-Carbobenzoxy-L-«,y-diaminobutyric Acid.—vL-a,y-Diamino-
butyric acid dihydrochloride (1.9 g) was dissolved in 15 ml of
boiling water and 2 g of basic copper carbonate added with
stirring over a period of 10 min. The excess copper carbonate
was removed and washed with 5 ml of hot water on the filter.
The blue filtrate was cooled in an ice bath, 5 ml of 2 N NaOH
was added, and with rapid stirring, 2 ml of carbobenzoxy chlo-
ride and 5 ml of 2 N NaOH were added simultaneously over a
period of 1 hr. The light blue product formed was filtered,
washed with water, acetone, and ether yielding 2.2 g (709) of the
carbobenzoxyamino acid copper chelate, mp 231-233° dec.
The free acid was obtained by bubbling H.S through a stirred
suspension of the Cu salt in 50 ml of water for 30 min. The mix-
ture was heated to boiling and filtered hot. The filtrate yielded
on cooling 0.9 g of N7-carbobenzoxy-a,y-diaminobutyric acid,
mp 240-242° dec, 1it.? mp 238° dec.

Nv-Carbobenzoxy~L~a,y-diaminobutyric Acid NCA.—Phosgene
was bubbled for 30 min through a suspension of N7-carbobenzoxy-
L-a,y-diaminobutyric acid (1.1 g) in 60 ml of purified dioxane,
during which solution occurred. Nitrogen was bubbled through
the solution for 3 hr to remove excess phosgene. The solution
was evaporated to 10 ml under reduced pressure to remove
last traces of phosgene and 20 ml of ethyl acetate was added.
The solution was fiitered and hexane was added to the cloud point.
After several hours at —20° a small amount of yellow oil had
settled on the bottom of the flask, so the supernatant was de-
canted and hexane was added to the latter to the cloud point.
After remaining at —20° overnight the crystals were collected
and washed with hexane; yield 0.71 g, mp 54-59° (effervescing
at 67°). An additional 100 mg of product was obtained from
the mother liquor by addition of more hexane. For analysis
the product was recrystallized from ethyl acetate and hexane
and dried (NaOH, paraffin) n vacuo at —20° for several days.
There was no change in the melting point after recrystalliza-
tion.

Anal. Caled for CsHuuN:05: C, 56.11; H, 5.72; N, 10.07.
Found: C, 56.04; H, 5.94; N, 10.17.

Poly-N7-Carbobenzoxy-vL-«,v-diaminobutyric Acid.—N7-Car-
bobenzoxy-L-a,v-diaminobutyric acid NCA (300 mg) was dis-
solved in 5 ml of redistilled dimethyiformamide, and 0.035 ml of a
109, (v/v) solution of diethylamine in dimethylformamide was
added as initiator. Polymerization was allowed to proceed at
room temperature for 2 days when 10 ml of water was added.
The polymer was filtered, washed with water, and dried (NaOH)
in vacuo giving 355 mg of a white solid. Titration of the amino
end groups of this polymer with HCIO, in glacial acetic acid in-
dicated that the preparation had a DP of 50.

Anal. Caled for CoHisN:Oz: C, 61.52: H, 6.02; N, 11.96.
Found: C,61.24; H, 6.48; N, 11.60.

Poly-L-a,y-diaminobutyric Acid Hydrochloride.—Poly-Nv-
carbobenzoxy-L-a,y-diaminobutyric acid (100 mg) was suspended
in 35 ml of dioxane-chloroform (2:5, v/v) and anhydrous HCI
was bubbled through the mixture for 20 min at room tempera-
ture during which time the polymer dissolved.® Anhydrous
HBr was then passed through the solution for 0.75 hr precipi-
tating the mixed salt of the decarbobenzoxylated polymer.
Nitrogen was bubbled through the mixture to remove the excess
acid and the polymer was washed three times in the centrifuge
with ethanol-ether (1:1, v/v). The product was dried #»n vacuo
(NaOH) at room temperature giving 65 mg of a white solid,
which was dialyzed against frequent changes of 0.01 M HCI
for 5 days at 4° and for 2 days against distilled water at 4°.
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256 NOTE&

After lyophyllization and drying i eacuo ot roon tempersture,
the polymer (50 mg) was analyzed for a,--diaminobutyrie acid.
The theoretical yvield of the latter woz obtained on hydraly=is
of the polyimer and aming acid analysix of the hydraly=ore.

Acknowledgment. The authors are indebted to
Dr. 8. ML Siegel and co-workers for the bioassays.

Sulfamylsemicarbazide Hypoglyvcemic Agents. IV

JoMLMeMaNers ann L1 GERBELR

Medical Rescarch Laboratories, Chas. Pfizer & Ca., T,
Groton, Conneclicid

Lecvived October 21, 1065

Tlarly reports of the blood sugar lowering etfects of
cortain =ulfonamido-1,3,4-thiadingoles,! and more re-
cently of the corresponding  oxadiazoles? xuggested
that wunalgamation of portions of these heterocyelic
strietures into the urea portion of known hypoglycemice
<ulfonyl- and sulfamylureas® might lead to uew and more
nscful agents for the trentment of dinbetes,

The portion of the thin- and oxadiazoles which most
readily appeared to lend itselt to incorporation with
the sulfonyl- and =ulfamyluren structure was the N-
(--N-N hnkage (I}, Such a combination would con-
ceivably give rise to nsulfonvisemicarbazide (11),

RS0, XNR

I.X=0and S

R’
. L
:\———- \RN

)\ = R3O,NHCONHN(R")R”
RSONH—C g

Shortly after the work had commenced certain
sulfonylsemicarbazides were disclosed in the literature
to have hypoglycemic activity in mai*  Additional
research with these classes of compounds, therefore,
wis restricted to the sulfamylsemicarbazides,

The synthesiz of these compounds was ntost con-
veniently effected by w vartation of a method developed
in our Inboratories for the preparation of sulfonyl-
ureng.”  Ilssentially, it cousisted of the reaction of the
<odium =alt of an appropriately =ubstituted sulfamide
with a 4,4-diphenyl-1,1-tetraxubstituted semicarbazide
i a highly polar solvent. The tetrasubstituted semi-
carbazides were most readily prepared from diphenyl-
carbamoyl chloride and the requisite hydrazine. The
hydrazines were synthesized by reduction of the cor-
responding nitrosoamines.  Preparation of the sulf-
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amides and the amiines fronn which they were derived.
with o few exeeptions, have been previously reported.?

Pharmacological Methods and Results. - ALl com-
pounds were =ereenned in groups of $-10 rats of the
Sprague-Diovley strain, fasted for 1S I prior 1o the
experiment,  The rats were lightly anesthetized with
pentobarbital (15 mg kg ip). o blood saanple was taken
front the tatl vein, and the compound was admimstered
orally by stomach tube at oo dose of 100 mg. ke Addi-
tional blood samples were taken at 2, 4, and 6 hiealter
administration of drug. Blood glucoge was determnned
with an Auto Analvzer aceording to thie micrennethunl
recommended by the nunutactuier (Teehnicon e
strutnents - Corpoy The miasimum pereentage e
croase, with ~taadard devintion, in blood suear was
ialeulntel] and i reported as hypoelvrenie metivities
m the  tabdes. Chlorpropmanide  wax eluded
Table Tasa stindard vpoglyvecmie agent,

It can be =een that many compounds live hyvpo-
glyeemic activity equal to the standaed. ehlorprojanmnide.
In general, peak aetivity was attained when o 404-
disubstituted piperidine niolety was emploved i the
<ullamyl portion af the structre, while poor uetivity
wits assoeiated with the congeners in o whiclr the sulfanyi
portion  was sderived fronr thiomorpholine, Botl:
these ~structure -wetivity cleretertsties are also Tound
in the sulfmmyluren series® Stnee 1t was alzo evident
front the <ulfinuyvhnen study that o eveloalkyl group
on the termunal nitrogen of the uren led to comnounds
with hetter Lapoglveenne soetivity, this stenetinnl
feature wax ineorporated by svnthesis ol a0 1 1-di-
<ubstituted =ennearbazide in whiel the <ubstituents,
taken together, formed o evelie <trueure. When 1he
nlfnmyl portion of the conipounds was kept the
<une, el only vhe size of the vvelie strueture was
varted. instgnifieant chianges 1 hyvpoglveente setivity
WOTE RCCTLL

Experimental Section’

1.1-Hexamethvlene-4-{4,4-dimethyl-1-piperidinesulfamyli-
semicarbazide.— -Tn 425 (0.02 maole) of ~odimn =alt of T-nlfamyl-
1. 4-dimethvlpiperidine susperded i 610l of dimethylfornmaide
was added 8.6 g (0.025 waole) of 11 -hexoyehylene-4 4-dipherol-
<emicorbazide.  The resultiig mixture wos heated on i stewan
hath for a tovd of 45 raia; darligg Vhis tiace the dissolution of ihe
reactants was folliwed hy the forantione of o rew precipitate.
The mixture wox enoled nan e Tanle aond was filtered,  Tle
enllected sndinm <alt of the prduer wos portially dissolved oo
125 ml of water, avd the plI was ndjusted 10 6.5-7.0 by the adibi-
tion of dilute TICL The desired pronhuet (3.7 g) was filtered,
dried, wnd recrvstallized from ether,  The sulfamylsemicarlee
zides prepared hy the diphenylzeraiarlvide route were svnthe-
<ized Dy asimilar procedure e vields which varied betweene k-
100 The sulfranylsemicarhazides wwl their physical propertices
are listed b Tahles 1 aad TTL
1-Sulfamylpiperazine.- A mixtwe of Ut g (1 noles
<nlfamide nud K0.6 g (1.04 maolex) of piperazine in 200 nd of 1.2-
dimethoxyvethoue wos allowed to reflux on o <team hath over-
aight.  The rexulting mixuare wos cooled to romu temperature
and was filtered.  The solids were si=pended in 600 ml of water
and mointained ot steqaa-both temperatures for 1 hr, Tle
<uspensiote (Ld=disnlforavipipernzine) wie enoled and  filtered.
The filtrate wax conwerarated in raewo too <mall volume, mal the
precipitated solid was triturated with methanol.  The desived
product was filtered and vecrystallized froon methanol (33 g, mp

T+ Boiling puing are aueorreciinl. Melting points were determined un i
Thmnas-HMonver rapillary melting puint apparatus and are ancorreenml,
The analyses were carrieal put iy the Phvsiral Measorements Lalioratiry f
Clhas, Pfizer & Cu., T,



