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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 

.1. M. M c M . w r * vxi> (.' GERBER 

Medical llezearch Laboratories, ('has. Plizer A: Co., In/-.. 
Groton, Connecticut, 

Received October 21, I'Jtio 

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 ) . 
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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-
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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. 
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TABLE I 

PlPEIUDlJSES'UL'FAMYLSEMICARBAZIDES 

R, 
NSO.NHCONHN (CH^ 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Ri 

H 
H 
H 
H 
CH3 

CH3 

CH3 

C2H5 

Ra 

H 
H 
CH3 

CH3 

CH3 

CH3 

C2H5 

C2H5 

-(CH2)4-
- ( C H , ) r 

- (CH 2 ) 5 -
CH 30 

Chlorpropamide 
H 

" E = ether, A = acetone. 

X 

5 
6 
5 
6 
5 
6 
6 
6 
5 
6 
6 
6 

Mp, °C 

131.5-132 
157.5 dec 
162-162.5 
148 dec 
153.5 dec 
146 dec 
135.5 dec 
139.5 dec 
154.5-155 
155 dec 
152 dec 
132-133 

Crystn 
solvent" 

E 
E 
A 
E 
E 
E 
E 
E 
E-A 
E 
E 
E 

Formula 

C11H22N4O3S 

C12H24N4O3S 

C12H24XS4O3S 

C13H26N4O3S 

C13H26N4O3S 

C14H281V4O3S 

C10H30N4O3S 

C16H32N4O3S 

Ci5H28N403S 
Cl6H3oX403S 
CnH32ST403S 
Ci3H26N»04S 

. Calcd, 
C 

45.4 
47.4 
47.4 
49.0 
49.0 
50.6 
52.0 
53.3 
52.3 
53.6 
54.8 
46.7 

H 

7.6 
8.0 
8.0 
8.2 
8.2 
8.5 
8.7 
9.0 
8.2 
8.4 
8.7 
7.8 

% • 

N 

19.3 
18.4 
18.4 
17.6 
17.6 
16.9 
16.2 
15.5 
16.3 
15.6 
15.0 
16.8 

. F 
C 

45.5 
47.6 
47.9 
49.1 
49.0 
50.3 
52.3 
53.0 
52.7 
53.7 
55.0 
46.8 

b Maximum per cent fall in blood sugar and standard error at 100 mg/kg. 

ound, 
H 

7.5 
7.9 
8.0 
8.0 
8.0 
8.4 
8.6 
8.7 
8.3 
8.5 
8.7 
7.8 

% 
N 

19.5 
18.1 
18.6 
17.0 
17.5 
16.8 
15.8 
15.2 
16.6 
15.3 
15.1 
16.5 

Hypoglycemic 
activity^ 

14.8 ± 7 . 0 
11.1 ± 1.9 
26.1 ± 2 . 6 
33.9 ± 1.5 
39.1 ± 2.8 
3 4 . 9 ± 3 . 3 
4 2 . 0 ± 3 . 3 
34.4 ± 2 . 8 
35.6 ± 2.4 
30.8 ± 3 . 7 
25.0 ± 3.7 
24.8 ± 3 . 1 
35 ± 3 . 3 

TABLE I I 

M o B P H O L I N E - , THIOMORPHOLINE- , AND PlPERAZINESULFAMYLSEMICARBAZIDES 

Y NS02NHCONHN"?CrlVu 

Jo. 

1 
2 
3 
4 
5 

Y 

O 
O 

s 
CH3COX 

(CH3)2CHCON 

X 

5 
6 
5 
6 
6 

l i p , °C 

153-153.5 
154 dec. 
150.5-152 
172 dec. 
138 dec. 

Crystn 
solvent" 

A 
c 
A 
N 
B 

Formula 

C10H20N4O4S 

CnHauNaOiS 
C10H20N4O382 

C13H26N504S 
Ci6H29N504S 

. 
c 

41.1 
43.1 
38.9 
44.9 
48.0 

•Calcd, %• 
H 

6.9 
7.2 
6.5 
7.3 
7.8 

. N 

19.2 
18.3 
18.2 
20.2 
18.7 

. 
c 

41.1 
43.1 
38.9 
44.9 
47.5 

-Found, 
H 

6.7 
7.1 
6.6 
7.2 
7.2 

% • 
N 

19.3 
18.6 
18.1 
20.1 
18.5 

Hypoglycemic 
activity^ 

14.8 ± 2 . 9 
22.5 ± 2.6 

6.5 ± 1.7 
2 3 . 8 ± 3 . 5 
11.7 ± 3 . 7 

" A = acetone, N = acetonitrile, B = benzene. h See footnote b of Table I. " Not recrystallized. 

163-165°). The analytical sample was recrystallized once again; 
mp 168-170°. 

Anal. Calcd for d H u N A S : C, 29.1; H, 6.7; N, 25.4. 
Found: C, 29.4; H, 6.7; N, 24.9. 

l-Sulfamyl-4-acetylpiperazine.—To a suspension of 16.5 g 
(0.1 mole) of 1-sulfamylpiperazine in 230 ml of methylene chloride 
was added slowly 11.2 g (0.11 mole) of acetic anhydride. The 
resulting mixture was refluxed for 2 hr, and was then cooled and 
filtered, to yield 20 g, mp 177-179°. The product was further 
purified by re crystallization from ethanol; mp 179-181°. 

Anal. Calcd for C6H13N303S: C, 34.8; H, 6.3; N, 20.3. 
Found: C, 34.4: H, 6.1; N, 20.3. 

l-SuIfamyl-4-isobutyroylpiperazine.—By a similar procedure, 
12.7 g (0.077 mole) of 1-sulfamylpiperazine and 11.0 g (0.07 mole) 
of isobutyric anhydride in 100 ml of CH2C12 gave 11.7 g of the 
desired product, mp 179-181°. 

Anal. Calcd for C8H„N303S: C, 40.8; H, 7.3; N, 17.9. 
Found: C, 40.6; H, 7.1; N, 17.9. 

l,l-Pentamethylene-4,4-diphenylsemicarbazide.—To a solu­
tion of 171 g (0.75 mole) of diphenylcarbamoyl chloride in 300 ml 
of dimethoxyethane was added 153 g (1.51 moles) of 1-amino-
piperidine. The addition was made dropwise, with cooling, over 
a period of 2-3 hr. The mixture of product and hydrazine hydro­
chloride was filtered and suspended in 1500 ml of water. Fil­
tration of the aqueous suspension, followed by drying of the fil­
tered solids afforded 186 g of crude product, mp 154-158°. 
Two recrystallizations from acetone gave 142 g of pure product, 
mp 167.5-169°. Concentration of the aqueous filtrate gave 
97.8 g of recovered 1-aminopiperidine as the hvdrochloride salt. 

Anal. Calcd for Ci8H21N30: C, 73.2; H, 7.2; N, 14.2. 
Found: C, 73.0; H, 7.2; N, 14.1. 

l,l-Hexamethylene-4,4-diphenyIsemicarbazide.—In an analo­
gous manner 91 g (0.39 mole) of diphenylcarbamoyl chloride and 
90 g (0.78 mole) of 1-aminohomopiperidine in 150 nil of dime­

thoxyethane gave 80.6 g of the desired product, mp 107.5-108.5°, 
and 55 g of recovered 1-aminohomopiperidine as the hydrochlo­
ride salt. 

Anal. Calcd for Ci9H23N30: C, 73.8; H, 7.5; N, 13.6. 
Found: C, 73.8; H, 7.4; N, 13.8. 

1-Aminopiperidine.—1-Nitrosopiperidine (44 g, 0.386 mole) 
was reduced with zinc dust and acetic acid8 to give 36.5 g of the 
pure product, bp 41-44° (12 mm), lit.9 bp 146° (728 mm). 

Anal. Calcd for C6Hi2ST2: C, 60.1; H, 12.1; N, 28.0. 
Found: C, 59.7; H, 11.8; N, 27.9. 

1-Aminohomopiperidine.—By a similar procedure 180 g (1.4 
moles) of 1-nitrosohomopiperidine gave 86.8 g of the desired 
hydrazine, bp 86-86.5° (25 mm). 

Anal. Calcd for C6Hi4N2: C, 63.1; H, 12.4; N, 24.5. 
Found: C, 62.9; H, 12.0; N, 24.9. 

1-Nitrosohomopiperidine.—To 79.5 g (0.8 mole) of hexamethyl-
enimine was added, with cooling, 80 ml of 12 N HC1. The viscous 
liquid was warmed to 70°, and 69 g (1.0 mole) of NaN0 2 in 160 ml 
of water was added. During the addition, which required 1 hr, 
the product separated as an oil on the surface. After an addi­
tional 2 hr of stirring at 70°, the product was extracted with 
ether. The ether layer was dried, and the ether was removed 
in vacuo leaving an oil. Distillation of the residual oil gave 72.7 
g of the desired product, bp 83-86° (2.0 mm). 

Anal. Calcd for C6Hi2N20: C, 56.2; H, 9.4; ST, 21.9. 
Found: C, 56.4; H, 9.6; N, 21.8. 
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