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filtration and the nitrate 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 CCU, S = 
2.59 (s, CH3, 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; Ju = 1.1 cps, Ja = 
1.8 cps, Jn = 1.8 cps. 

Anal. Calcd for C6H9NO: C, 64.84; H, 8.16; N, 12.60; 
O, 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. Calcd for C7Hi2INO: C, 33.22; H, 4.78. Found: 
C, 33.24, 33.09; H, 4.70, 4.78. 
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The biocidal properties of polylysine and polyorni-
thine1 has prompted us to prepare a polymer of the 
next lower homolog. A crude poly-a.-y-diaminobutyric 
acid had been prepared by Schmidt degradation of 
polyglutamic acid2 but the preparation of this polymer 
by polymerization of Xa-carbobenzoxy-L-a,7-diamino-
butyric X-carboxyanhydride has not been reported.3 

The action of phosphorus pentachloride on Na,T-
dicarbobenzoxydiaminobutyric acid yielded 1-carbo-
benzoxy-3-carbobenzoxyaminopyrrolid-2-one and not 
the expected X-carboxyanhydride.4 More recently,5 

N7-tosyl-L-a,y-diaminobutyric acid was phosgenated 
and then treated with hydrochloric acid resulting in 
a sequence of ring closure, opening, decarboxylation, 
and ring closure. The presumed intermediate, an X-
carboxyanhydride (XCA), was neither isolated or 
characterized but the results suggested the XCA could 
be prepared in this manner. The polymer was then 
synthesized by methods already described for polyly
sine6 except for minor details. 

The polymer was an effective inhibitor of the growth 
of Alternaria species at levels of 0.5% (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 analysis was performed by Analytica Corp. 
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DP" 10"S M 10-> M 10" ' M 

5-10 >3000 >3000 
25 10-12 3-5 <3 
25 13-17 5-7 <5 

Prepn 

Poly-L-lysine 
Poly-L-lysine 
Poly-L-ornithine 
Poly-L-a, 7-diamino-

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

» Degree of polymerization. 6 Time required for complete 
lysis in seconds. 

NT-Car bobenzoxy-L-a,7-diaminobutyric Acid.—L-a,7-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 A7 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 (70%) of the 
carbobenzoxyamino acid copper chelate, mp 231-233° dec. 
The free acid was obtained by bubbling H2S 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 NT-carbobenzoxy-a,7-diaminobutyric acid, 
mp 240-242° dec, lit.' mp 238° dec. 

NT-Carbobenzoxy-L-<x,7-diaminobutyric Acid NCA.—Phosgene 
was bubbled for 30 min through a suspension of NT-earbobenzoxy-
L-tt,7-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 filtered 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) in vacuo at —20° for several days. 
There was no change in the melting point after recrystalliza-
tion. 

Anal. Calcd for C,3H14N205: C, 56.11: H, 5.72; N, 10.07. 
Found: C, 56.04; H, 5.94; N, 10.17. 

Poly-NT-Carbobenzoxy-L-a,7-diaminobutyric Acid.—NT-Car-
bobenzoxy-L-a,7-diaminobutyric acid NCA (500 mg) was dis
solved in 5 ml of redistilled dimethylformamide, and 0.035 ml of a 
10% (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 HC104 in glacial acetic acid in
dicated that the preparation had a DP of 50. 

Anal. Calcd for C12H14N2O3: C, 61.52: H, 6.02; N, 11.96. 
Found: C, 61.24; H.6.48; N, 11.60. 

PoIy-L-a,7-diaminobutyric Acid Hydrochloride.—Poly-NT-
carbobenzoxy-L-o;,7-diaminobutyric acid (100 mg) was suspended 
in 35 ml of dioxane-chloroform (2:5, v /v) and anhydrous HC1 
was bubbled through the mixture for 20 min at room tempera
ture during which time the polymer dissolved.6 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 in vacuo 
(NaOH) at room temperature giving 65 mg of a white solid, 
which was dialyzed against frequent changes of 0.01 M HC1 
for 5 days at 4° and for 2 days against distilled water at 4°. 

(7) T. Kurihara and K. Suzuke, J. Pliarm. Soc. Japan, 75, 1269 (1955). 
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After lyophyllization and drying in vacuo at room temperature, 
the polymer (50 mg) was analyzed for a,~,-diaminobufyrie acid. 
The theoretical yield of the latter was obtained on hydrolysis 
of the polymer and amino acid analysis of the hydrolysate. 

A c k n o w l e d g m e n t . T h e a u t h o r s a r e i n d e b t e d to 
D r . S. Al. Siegel a n d co -worke r s for t h e b ioas savs . 

S u l f a m y l s e m i c a r b a z i d e H y p o g l y c e m i c A g e n t s . IV 
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E a r l y r e p o r t s of t h e blood s u g a r lower ing effects of 
Tfain s u l t b n a m i d o - l , 3 , 4 - t h i a d i a z o l e s , 1 a n d m o r e re -
Mitly of t h e c o r r e s p o n d i n g oxad iazo lcs 2 s ugges t ed 
mt a m a l g a m a t i o n of p o r t i o n s of t he se he te rocyc l i c 
r u e t u r e s i n to t h e u r e a p o r t i o n of k n o w n h y p o g l y c e m i c 
i lfonyl- a n d su l f amylu reas : i m i g h t lead t o n e w a n d m o r e 
seful a g e n t s for t h e t r e a t m e n t of d i a b e t e s . 
T h e p o r t i o n of t h e t h i a - a n d oxad iazo lc s w h i c h m o s t 
tidily a p p e a r e d t o lend itself to i n c o r p o r a t i o n wi th 
te su l fonyl - a n d s u l f a m y l u r e a . s t ruc ture was t he X -
- X - X l i nkage ( I ) . Such a c o m b i n a t i o n would eon-
i v a b l y g ive rise to :t s u l f o n y l s e m i c a r b a z i d e ( I I ) . 

I N — N 

•X-"^R' 

x—N; 
RSO.NH—Cv 

•OH 

I. X - 0 and S 

"-R" = RSO,NHCONHN(R')R'' 

II 

S h o r t l y af ter t h e w o r k l iad c o m m e n c e d c e r t a i n 
su l fony l semica rbaz idos were disc losed in t h e l i t e r a t u r e 
to h a v e h y p o g l y c e m i c a c t i v i t y in man.4"' ' A d d i t i o n a l 
r e sea rch w i t h t h e s e classes of c o m p o u n d s , the re fo re , 
w a s r e s t r i c t e d t o t h e s u l f a m y l s e m i c a r b a z i d e s . 

T h e s y n t h e s i s of t h e s e c o m p o u n d s w a s m o s t con
v e n i e n t l y effected b y a v a r i a t i o n of a m e t h o d d e v e l o p e d 
in o u r l a b o r a t o r i e s for t h e p r e p a r a t i o n of su l fonyl 
ureas. ( i E s s e n t i a l l y , if cons i s t ed of t h e r e a c t i o n of t h e 
s o d i u m sal t of tin a p p r o p r i a t e l y s u b s t i t u t e d su l f amide 
w i t h a 4 , 4 - d i p h e n y l - l , l - t e t r a s u b s t i t u t e d s e m i e a r b a z i d e 
in a h igh ly po la r so lven t . T h e t e t r a s u b s t i t u t e d seni i -
c a r b a z i d e s were m o s t r ead i ly p r e p a r e d f rom d i p h e n y l -
c a r b a m o y l ch lo r ide a n d t h e r equ i s i t e h y d r a z i n e . T h e 
h y d r a z i n e s w e r e s y n t h e s i z e d b y r e d u c t i o n of t h e cor
r e s p o n d i n g n i t rosos imines . P r e p a r a t i o n of t h e sulf-

M . J a n b o n . I'. Lazet'L-es, am! J. U. Met ropo l i t ansk i , Montpeltier Med.. 
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J. M. M c M a n t t s , J . W. M c F a r l a n d , C. V. Gerber , W. VI. I t c L a i n u i e , 
. L). Laubach , ihid.. 8, 7156 (1963). 
W. E, Dul in , U. Osier, and I'. C M c M a b o n , I'rnc. Sue. Exptl. Bull. 
107, 245 (1901). 
J. B . Wright and R. K. Wil le t te , ./. Med. I'harm. Chem., 5, 815 i 11)62). 
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a m i d e s a n d t h e a m i n e s from wh ich t h e y were de r ived , 
w i t h a few excep t ions , h a v e been p r ev ious ly r e p o r t e d . " 

Pharmacological M e t h o d s and R e s u l t s . All com
p o u n d s were sc reened in g r o u p s of 8-1 f) r a t s of t he 
Sprague- D a w l e y s t r a i n , fas ted for IS h r pr ior to t he 
e x p e r i m e n t . T h e r a t s wei'e l ighl ly a n e s t h e t i z e d wi th 
p e n t o b a r b i t a l (15 n ig kg ip ) , ti b lood .-ample was t a k e n 
from t h e tail vein , a n d t h e c o m p o u n d was a d m i n i s t e r e d 
oral ly by s t o m a c h t u b e a t a dose of 100 m g kg. Add i 
t iona l b lood s ample s were t a k e n at 2. 4. a n d (> hi' af ter 
a d m i n i s t r a t i o n of d rug . Blood g lucose was d e t e r m i n e d 
wi th an A u l o A n a l y z e r a c c o r d i n g 10 t h e mic ron i e lhnd 
r e c o m m e n d e d b y 1 he m a n u f a c t u r e r (Tochn icon lii-
sH'imioiits C o r p . ) . T h e m a x i m u m p e r c e n t a g e de
crease , wi th Mai idard d e v i a t i o n , in b lood suga r war-
ca l cu l a t ed a n d is r e p o r t e d as h y p o g l y c e m i c ac t iv i t i e s 
in t he t ab les . C h l o r p r o p a m i d e was included in 
T a b l e I as a s t a n d a r d h y p o g l y c e m i c a g e n t . 

It can be seen t h a t m a n y c o m p o u n d s h a v e h y p o 
g lycemic a c t i v i i y equa l to t lie s t a n d a r d , c h l o r p r o p a m i d e . 
In genera l , peak a c t i v i t y was a t t a i n e d when a 4 .4-
d i s u b s t i t u t e d p ipe r id ine m o i e t y wa.s e m p l o y e d m the 
st i l famyl por t ion of t h e s t r u e t u r e . whi le poor a c t i v i t y 
was a s soc ia t ed wi th t h e congene r s in which t h e st ih 'amyl 
poi ' t ion was de r ived from t h i o m o r p h o l i n o . Bol l : 
t hese s t r u c t u r e - ac t iv i ty c h a r a c t e r i s t i c s a r e also found 
in t he su l f amylu rea s e r i e s / S ince it was also ev iden t 
from t h e su l f amy lu rea s t u d y tha t a cye loa lky! g r o u p 
on the t e r m i n a l n i t rogen of t h e urea led to c o m p o u n d s 
wi th b e t t e r h y p o g l y c e m i c a c t i v i t y , th i s s t r u c t u r a l 
f ea tu re was i n c o r p o r a t e d by s y n t h e s i s ot' a 1.1-di-
s i i b s t i t u t e d s e m i e a r b a z i d e in which t h e subs ! i i u e i i K 
t a k e n toge the r , fo rmed a cyclic s t r u c t u r e . W h e n the 
s i i l famyl po r t ion of t he c o m p o u n d s was kept t he 
s a m e , a n d on ly t h e size of t h e cyclic s t r u c t u r e was 
var ied , insignificant c h a n g e s in h y p o g l y c e m i c a c t i v i t y 
were seen. 

Experimental Section7 

l,l-Hexamethylene-4-;4,4-dimethyl-l-piperidinesulfarnyl ;-
semiearbazide.-- To4.2Sg (0.02 mole ) of sodium salt of 1-sulfainyl-
4.4-dimethylpiperidine suspended in 60 ml of dimethylformamide 
was added ,s.O g i'(l.()2,s mole) of l,l-hexarnethylene-4,4-diphen\ 1-
semicarbazide. The resulting mixture was heated on a. steam 
bath for a total of 45 min; during this time the dissolution of the 
reactants was followed by the formation of a new precipitate. 
The mixture was cooled in tin ice bath and was filtered. The 
collected sodium salt of the product was partially dissolved in 
12o ml of water, and t h e p l l was adjusted to 6.5-7.0 by the addi
tion of dilute HC1, The desired product (M.7 g) was filtered, 
dried, and recrystallized from ether. The sulfamylsemicarba
zides prepared by the diphenylsemirarba/.ide route were synthe
sized by a similar procedure in yields which varied between 50--
70 ' , . The sulfamylsemicarbazides and their physical properties 
are listed in Tables I and I I . 

1-SuIfamylpiperazine. A mixture of * Hi. J g t l .o mole oi 
sulfamide and 89.6 g ( 1.04 moles) of piperazine in 200 ml of 1.2-
dimethoxyethane was allowed to reflux on a steam bath over
night. The resulting mixture was cooled to room temperature 
and was filtered. The solids were suspended in 600 ml of water 
and maintained at steam-bath temperatures for 1 hr. The 
suspension i 1,4-disulfamylpiperazine) was cooled and filtered. 
The filtrate was concentrated in racuo to a small volume, and the 
precipitated solid was triturated with methanol. The desired 
product was filtered and recrystallized from methanol (53 g, mp 

7.) Boiling po in ts are uncorrected. Meltinu po in t s were de t e rmined on a 
d 'hun tas -Uoover capi l lary meltintc point a p p a r a t u s and are uncorrec ted . 
The analyses were carried out by the Physical .Measurements Labo ra to ry of 
( 'litis. Pfizer i Co. . Inc. 


