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indices arc considerably higher than those of the analogous ox-
azolines. Their neutralization equivalents can be determined 
by dissolving in excess 0.1 A* HC1 and back-titrating with 0.1 A" 
XaOH to a potentiometric end point. 

4-Methyl-2-thiazoline-2-thiol (19). The route used was de­
scribed by Bose.30 A solution of 22.8 g. (0.4 mole) of 2-methyl-
.•iziridine (Chemirad Corp.) in ethyl alcohol was added slowly to 
a solution of 48 g. (0.62 mole) of CS2 in 120 ml. of ethyl alcohol. 
The addition was made at such a rate that the exothermic re­
action caused the CS2 to reflux moderately: in runs involving 
ten times the amounts specified above this addition was com­
pleted in 1.5 hr. The reaction mixture was refluxed for an addi­
tional hour, excess CS2 was distilled, and the residual alcohol 
solution was stored at 0° to yield 31 g. (58','<J of crude product. 
Two recrystallizations from C H 2 0 2 - - C 0 4 (1 :4) gave 23 g. (44';,'), 
m.p. 98.5-4)9°, lit.2" m.p. 99-99.5°. This compound unci the 
analogous 5-methyl compound (20) are almost colorless, water-
insoluble, weakly basic solids which do not reduce iodine. The 
2-thione structure is preferred20'21 on the basis of infrared spectra. 

Aminoalkanethiols (Table III).—With the exception of 21, 
which was prepared by the hydrolysis of a thiazoline thiol (see 
below), all compounds described in Table III were prepared by 
acid hydrolysis of the appropriate 2-thiazoline. In ». typical 
procedure a solution of 15.8 g. (0.122 mole) of 5-ethyl-2-methyl-2-
thiazoline in 100 ml. of 2.5 A' H O was refluxed under nitrogen for 
17 hr., then evaporated to dryness under vacuum. The residue 
was recrystallized from acetonitrile, washed on the filter with 
ether, and dried in vacuo to give 10.2 g. ( 9 4 ' ( ) of l-amino-2-
butanethiol hydrochloride, m.p. 159-160°. 

i:S0) M . ir .sn, Ber., 53 2000 (1920j . 

Previous publications from these laboratories1 have 

indicated our interest in seeking more effective oral 

hypoglycemic agents; this interest has now led us to 

investigate the structural class of sulfamylureas (I). 

It, 3 2 I 
>XSOA'HCOXHR 

lt2 

1 

Although clearly related to the well-studied sulfonyl­
ureas, very little was known about this class of com­
pounds when we began our work; very few such com­
pounds had been described chemically,2 and only a 
general statement was available3 to indicate tha t some 
members (I, P., = H) of this class had been examined 
and found to be inactive as hypoglycemic agents. 
While our work was in progress, however, some addi-

(1) (a) W. M . M c L a m o r e , G. AI. Fanel l i , S. Y. P ' a n , a n d G. D . L a u b a c h , 
. I n n . A . Y. Acad. Sci., 74 , 443 (1959); (b) G. F. Hol land , D . A. Jaeger , 
R. L. Wagne r , G. V. L a u b a c h . W. M . M c L a m o r e , a n d S. Y. P ' a n , J. .Wed. 
I'harm. Chew,., 3, 99 C1961); (c) G. F. Hol land, ,/. Org. Chem.. 26, 1662 (1961). 

i.2) S. Pe te rsen , Chem. Ber., 83 , 551 (1950). 
l.'i) H. Kusct i is , G. Korae r , W. Aumul le r , I t . Wagner , and K. \Vc.\or, 

ArziieimiUel-Forsch.. 7A, 453 (1958). 

2-Amino-t-propanethiol hydrochloride (21) was prepared by 
the hydrolysis of 4-methyl-2-thiazoline-2-thiol (19).m In a typi­
cal run a solution of 250 g. (1.88 moles) of the thiazolinethiol in 
2500 ml. of 6 X H O was refluxed for 140 hr. lodimetric assay 
of aliquots had shown that at this time the hydrolysis to amino-
thiol was 95 ' ', complete. The analogous hydrolysis of 2-thia/.o-
line-2-thiol31 had required 336 hr. The product was isolated as 
described in the preceding paragraph. 

During the recrystallization of 95'v pure 2-ammo-l-pi'opano-
1 hiol hydrochloride obtained by the hydrolysis of 700 g. of -1-
niethyl-2-thiazoline-2-thiol, we isolated 10 g. of a substance, 
m.p, 208-211°, insoluble in boiling isopropyl alcohol, which 
proved to be bis(2-amino-l-propyl) dithiolcarbonate dihydrochlo-
ride, (CH3CHNH,CH2S)2C()-2HO. 

Anal. C'alcd. for C:7HlsO2Xo0S2: C. 2!).89: H, 0.45; O . 
25.21: X, 9.90: S. 22.SO; neut. equiv., 140. Found: C, 30.40; 
H.6.0S: O , 24.86: X, 9.89; S, 23.21; neut. equiv., 136. 

As analogous intermediate, had been isolated during the in­
complete hydrolysis of 2-t hiazoline-2-1 hiol.u When the sub­
stance was refluxed with (i A' H O for 150 hr. it was converted to 
2-amino-l-propanethiol hydrochloride. 

All of the aminoalkauethiol hydrochlorides prepared by us were 
colorless crystalline solids. Home were quite hygroscopic, but 
all were reasonably resistant to oxidation by air and required no 
extraordinary precautions in handling and storage. 
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(ional sulfamylureas were disclosed and stated to have 

hypoglycemic activity.4 I n this paper the synthesis 

and hypoglycemic screening of the more important 

groups of compounds tha t were investigated are re­

ported, and structure-act ivi ty relationships are dis­

cussed. In paper I P a s tudy of the drug dynamics of 

the more promising analogs is described. 

Synthetic Methods.—The synthetic approach con­

sisted essentially of the following. An amine was 

condensed with sulfamide to give a N-substitutod or 

X,X-disubsti tuted sulfamide (Tables I and II) f i; the 

It ,KA'H + H2XSO,XH2 >• R,R2XS02XH2 + XH3 

sodium salt of the substi tuted sulfamide was then al­
lowed to react with the appropriate 3-substituted 1,1-
diphenylurea (Table III) to produce a sulfamylurea and 
diphenylamine. This latter reaction was developed 

(4) Ciba . S. A., Belgian P a t e n t 594.041 a 9 6 0 ) ; Ciba Ltd . , Brit ish 
Pa ten t 896,455; Chem. Abstr.. 67, 1250t (1962), 

(5) E . H. W i s e m a n . J. X, Pereira , K. F . Finger, a n d E. K. l ' inson, t r . , 
,/. Med. Chem.,6, 777 (19651. 

(li) K. H a m a n n . G e r m a n P a t e n t 869,005 (195:i); Chem. AI,M,\, 48, 

14l2i (1954), 
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A number of sulfamylureas of general structure KtR2NS02NHCOXHR have been prepared and screened for 
hypoglycemic activity in the rat. The more promising variations in the RiR2X portion of the molecule were 
those derived from heterocyclic amines, especially piperidines and morpholines. In these series, activity was 
maximal when R was cyclohexyl, cycloheptyl, or bicycloalkyl. Several analogs, notably certain 4,4-disubsti-
t.uted piperidine derivatives, were comparable in hypoglycemic potency to chlorpropamide. Structure-activity 
relationships are discussed, and a brief discussion is given of the use in synthetic planning of certain physical 
and chemical parameters that appear to be important determinants of drug dynamics in this class of compounds. 
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No. 

1 
Ri 

CH3 

CH3CH2 

CH3 
CH3 
CH3 

H 

R j 

CH3 

CH3CH2 

C H ( C H 2 ) J 
a-Picolyl 
p-ClC6H4CH2 

CH(CH2)6-
-(CH2)4-
- (CH 2 ) 6 -

Yield, 
.% 
76 
33 

36 
54 
19 

48 
48 
43 

TABLE I 

SULF AMIDES 

R i 
>NS0 2 NH 2 

R2 

M.p., °C. 
97-98.5 

Oil 

118-120 
106-107.5 
129-131 

58.5-89.5 
94-95 
66-67 

Crystn. 
solvent 

/ 
/ 
h 

Formula 

C2H8N202S'> 

C4Hi2N202S" 

C,H26N202S 
C,HnN302S 
C8HUC1N202S 

C6Hi302N2S» 
C4H10N2O2S 
C6Hi4N202S 

. Calcd., ', 
C H 

19.4 6.5 

4.3.7 
41.8 
40.9 

40.7 
32.0 
40.4 

8.4 

4.7 

<• Acetone. b See ref. 2. ' A. Vandi, T. Moeller, and L. F . Audrieth, / . Org. Chem., 26, 1136 (1961). 
« A. M. Pacquin, Angew. Chem., A60,316 (1948). » Water. 

N 

22.6 

14.6 
20.9 
11.9 

7.4 
6.7 
7.9 

15.8 
18.7 

9 15.7 
d Toluene. 

. Found, % 
C H N 

19.7 6.4 22.4 

43.9 
41.3 
40.9 

40.7 
32.4 
40.4 

8.5 
5.2 
4.7 

7.8 
7.0 
7.6 

14.8 
20.6 
11.8 

15.6 
18.8 
15.7 

• Ethanol. ' Ether-

No. Ri 

1 H 
2 2-CH3 

3 3-CH, 
4 4-CH3 

5 4-C2H5 

6 4-CH3(CH2)2 

7 3-CF3 

8 4-CF3 

9 4-OH 
10 3-CH30 
11 4-CH30 
12 3-CH3 

13 4-CH3 

14 4-CH3 

15 4-C2H5 

R* 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
5-CH3 

4-CH3 

4-C2H6 

4-C2Hs 

16 4,4-(CH2)4 

17 4,4-(CH2)5 

18 4-CH3 

19 4-CH3 

20 4,4-(CH2)30 

4-CH30 
4-HO 

21 4,4-0(CH2)20 
22 4,4-OCH(CH3)CH20 
23 4,4-OCH,C(CH3)2CH20 

" Benzene. h See footnote c, 
acetate. 

R ,R,NSO,NH-Na + + (cmv 

Yield 
% ' 

66 
5 

56 
52 
86 
87 
71 
68 
65 
49 
91 
86 
62 
68 
91 
92 
20 
67 
41 
77 
65 
67 
60 

Table I 

M.p., °C. 

119-120 
60-61 
98-98.5 

127-128 
128-129 

128.5-129.5 
131-132.5 
167-168 

104.5-105.5 
84-85 

142-143 
121-126 

80.5-81.5 
64.5-65 

114.5-115.5 
105.5-106.5 
129.5-130.5 

145-145.5 
118-120 
136-137 
146-147 
134-136 
133-135 

. ' Ether. d 

1. A, DMF 
N'CONHR — > 

TABLE II 

PlPERIDINE 

Crystn. 
solvent 

a 
c 
c 
c 
d 
c 
c 
c 
e 
c 

f 
d 
d 
d 
d 
d 
c 
c 
c 
c 
g 
f 
f 

SULF AMIDES 

NNS02NH2 

Formula 

CsH I2N202S" 
C6H14IS2O2O 

CeHuNaC^fe 
C6H14N202S 
C,H16N202S 
CsH18N202S 
C6H„F3N202S 
C6HnF3N202S 
C5H12N203S 
C,H14N203S 
C6H14N203S 
C,H16N202S 
C,H16N202S 
C8H18N202S 
^9tl20^2U2b 

CgHi8rS202O 

CioH2oN202fe 

C7H16N2O3S 

C6Hi4rSs03fe 

C8H,6N203S 
C-H14X204S 
C H . e N A S 
CioH2i)N204S 

Ether-petroleum ether (b.p. 

ing 3- or 4 

( 
c 

36.6 
40.4 
40.4 
40.4 
43.7 
46.6 
31.0 
31.0 
33.3 
37.1 
37.1 
43.7 
43.7 
46.6 
49.1 
49.5 
51.7 
40.4 
37.1 
43.6 
37.8 
40.7 
45.4 

39-45°). 

3alcd., % 
H 

7.4 
7.9 
7.9 
7.9 
8.4 
8.8 
4 .8 
4 .8 
6.7 
7.3 
7.3 
8.4 
8.4 
8.8 
9.2 
8.3 
8.7 
7.7 
7.3 
7 .3 
6.4 
6.8 
7.6 

N 

17.1 
15.7 
15.7 
15.7 
14.6 
13.6 
12.1 
12.1 
15.6 
14.4 
14.4 
14.6 
14.6 
13.6 
12.7 
12.8 
12.1 
13.5 
14.4 
12.7 
12.6 
11.9 
10.6 

' Acetone. > Is< 

-methoxy derivatives; 

C 

36.4 
40.6 
40.5 
40.5 
43.9 
46.6 
31.1 
30.7 
33.3 
37.2 
37.3 
43.6 
43.6 
47.0 
49.2 
49.6 
51.8 
40.7 
36.9 
43.6 
37.9 
40.9 
45.2 

H 

7.2 
7.8 
8.2 
7.9 
8.4 
8.7 
5.0 
4.6 
6.8 
7.3 
7.3 
8.2 
8.4 
8.8 
8.9 
8.2 
8.5 
7.8 
7.1 
7.7 
6.3 
6 9 
7.7 

apropyl alcohol. 

N 

17.3 
15.9 
15.7 
15.6 
14.7 
13.6 
11.8 
12.1 
15.2 
14.0 
14.1 
14.6 
14.5 
13.5 
12.6 
13.2 
11.8 
13.4 
14.6 
12.6 
12.3 
11 .6 
10.5 

» Ethyl 

h y d r o l y s i s of t h e s e 
2. H«0 + 

R!R 2NS0 2NHCONHR + H2N(C6H5)2 + 
in these laboratories and was previously utilizedlb'c for 
the preparation of some sulfonylureas. The more con­
ventional reaction of a sulfamide with an isocyanate7 

was employed to make some of the sulfamylureas, 
and these are indicated in the tables by footnotes. 
Details of representative procedures are given in the 
Experimental Section. 

Since a number of secondary amines not previously 
described in the literature were prepared as intermedi­
ates, their syntheses will be discussed. Treatment of 
3-hydroxy- or 4-hydroxy-N-acetylpiperidine with so­
dium hydride and methyl iodide gave the correspond-

(7) F. Kurzer, J. Chem. Soc, 1258 (1961). 

products furnished 3- or 4-methoxypiperidine, respec­
tively. Each of the 4,4-dialkyl- and spiroalkylene-
piperidines was prepared by lithium aluminum hydride 
reduction of the appropriately substituted glutarimide. 

A number of amines were prepared from l-benzyl-4-
piperidone; Chart I illustrates the transformations 
involved. The adduct from l-benzyl-4-piperidone and 
methyllithium was hydrogenolyzed to afford 4-hydroxy-
4-methylpiperidine; methylation of the adduct prior to 
debenzylation gave 4-methoxy-4-methylpiperidine. The 
product of the reaction of l-benzyl-4-piperidone with 
the lithium reagent from 3-bromo-l-(l,l-diroethyl-
propoxy)propane was treated with strong acid to effect 
dealkylation and concomitant cyclization; hydro-
genolysis of the benzyl group afforded l-oxa-8-aza-
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No. 

1 

s 
9 

10 
11 

r. 

CH2CF2CF3 
CH[CH(CH3)2]2 

C(CH3)2CH2C(CH3)3 

CH(CH2)4-

CH(CH2 );,-'' 

C H ( C H , ) r
: 

CH(CH2)7-^ 

(CH.,)C(CH2)5-J 
Bornyl 
Isobornyl 

"O 
«•-© 

M.I,., °C. 

115-116 
77-77.5 

63-65 

131.5-133 

187-188 

143-144.5 

113-113.5 
138.5-139.5 

91-92 
98-99 

125 -126.5 

120.5-122 

13 C6H4SCH3-p 144-145 
14 C6H4N(CH3)2-/) 178-179 

" Ether. ' Ether-pent ane. '' Ethanol-water. 
1 Pentane. ' Ethyl acetate-chloroform. 

TABLE III 

Dll'HENYI.UIiKA I.)ER1V,VT1VKS 

() 
CfiH;, 

( \VL~ 
> X C N H H 

(.'rystn. 
solvent 

a 
h 

(I 
'< Ethanol. 

C 
56.6 
77.4 
77.7 

77. 1 

78.2 

77 9 
79,3 
79.3 

79 2 

71.8 
76 1 

-Calcd., 
II 

3.9 
.8.4 
X 7 

I . . ) 

7 8 

8. 1 

7 s 
.8. I 
8. I 

5,4 
6 4 

56 2 
9.0 
8.6 

10.0 

9.5 

9. 1 

8.7 

9. 1 
.8.(1 
.8.0 

8,8 

8,7 

8,4 
12,7 

/ 1 •> 

1 ! . .') 

76.8 

77.2 

77.8 

7.8,0 

77.6 
79.5 
79.2 

- > , t 

8.2 
,8.5 

i' ormula 
C,6HI3F5N20 
C..oH28N,{) 
C2,H2SN2() 

C,sH2r,N2<> 

C18H22N2Oe 

C20H24N2O 

(•2)H2fiN2<) 

C2oH21N,() 
C,3H,8N.>0 
C23H2SN20 

C2iH22N2<> 

C.1H04N0O 

C.„H„X-.OS 
C2IH21N3() 

F. L. Scott and AI. T. Scott, J. Am. Chein. Soc, 79, 6077 (1957'. 

x 
.8.4 
9.5 
8.5 

9.8 

9.5 

9. 1 

8.,8 

9 2 
8. 1 
8 . 3 

8,9 

8 , 8 

S. 5 
12.3 

CH, _ 

CH30 V -

CH:1 

HO v -

CHART I 

"A C H : i / 

J CH;,0 V 

NH 

NaH.CH .1 

-A CH:) r-
NCH,CBH, H-1M-(' , Y 

jA" 
NH 

f (CH;i)2CC2H5 

/l.CHJ.i 1 
/ 2 . H : 0 ' 0 
' 1 

Oc 

H 

fl2 Mitts * X 

H0A__ 
Cl-HOC'H..CH,0H 

NCH2C6H 

H.,0' 

c VNCH2C6H5 Q Q N C H , C A 

H, .Pd-C 

DO COH 

spiro[4.5]decane (intermediate for II-208). Ethylene 
glycol was condensed with l-benzyl-4-piperidone to 
give 8-benzyl-l,4-dioxa-8-azaspiro[4.5]decane; hydro-
genolysis of this product gave l,4-dioxa-8-azaspiro[4.5]-
decane, the precursor for 11-21. Similar reaction se­
quences, with propylene glycol or 1,3-propanediol in-

(8) In designating a compound by this method, the Roman numeral 
corresponds to the table where the compound may be found, while the 
Arabic numeral indicates its position within that table. 

stead of ethylene glycol furnished, respectively, 1he 
amine precursors for 11-22 and 11-23. 

Synthesis of l-oxa-4-azaspiro[").o]undecane (inter­
mediate for IV-3) was effected by the following sequence 
of reactions (see Chart II). Methyl 1-hydroxyeyelo-

CHART II 

OH 

BrCH.CO.C'H. 
CO,CH;! 

0CH;!C02CH:, 

C02CH, 

NH 

0 

OCH2CONH2 

CONH, 

L i A l H , 

r ^ H . NH O H.NSO.NH. 
NS0..NH, 

IV-3 

hexanecarboxylate was alkylated with methyl bronio-
acetate; the resulting diester was converted to the 
corresponding diamide; pyrolysis of the diamide 
afforded the expected imide, which was subsequently 
reduced with lithium aluminum hydride to give the 
desired spiromorpholine. The crude amine was not 
purified but was converted directly to the sulfamide 
IV-3. 

Several thiomorpholines were also made;. Alkyla-
tion of 2-mercaptoethylamine with ethyl a-bromo-
propionate afforded the expected thioether; eycliza-
tion of (his product gave 2-methyl-3-oxothiomorpholine, 
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No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Ri R2 

2-CH3 H 
2-CH3 6-CH3 

2,2-(CH2)5 

H 
H 
2-CH3 

2-CH3 
2-CH3 
2-CH3 

H 
H 
H 
2-CH3 

2-CHs 

2-CH3 
2,2-(CH2)5 

2,2-(CH2)5 

2,2-(CH2)5 

4-C2H5 H 

X 
O 
O 
o 
s 
so2 
s 
s 
so 
so2 
s 
so 
S02 

N 

TABLE IV 

MORPHOLINE-, T H I O M O R P H O L I N E - , AND PlPERAZINESITLFAMIDES 

R,. 

NS02NH2 

0 Ether-petroleum ether (b.p. 39 
hexane. * Isopropyl alcohol. 

Yield, 

% 
85 
49 
44 
70 
70 
61 
67 
85 
58 
53 
97 
74 
50 

-45°). 

M.p. 

94 

133 
121-

111.5 
201 

87.5-
149-

196.5-
161-
129-
211-
197-
137-

h Ethanol. 

°C. 

-95 
-134.5 
-122 
-112.5 
-202.5 
-88.5 
-150 
-197.5 
-162 
-130 
-212 
-199 
-139 

Crystn. 
solvent 

a 
b 
c 
d 
e 

' Chloroform-

Formula 
C6Hi2N203S 
C6H14N203S 
C9HISN203S 
O4H1OJN 2 0 2 b 2 

C4HioN204S2 

C5H12N202& 
CeHu^A 202S2 

CeHi4N20sS2 

C6Hi4A204b2 

CgHi8A202S2 

C9Hl8N20sS2 

CgHl8N204S2 

C6H15N3O2S 

•isopropyl ether. 

-Calcd., % . 
C 

33.3 
37.1 
46.1 
26.4 
22.4 
30.6 
34.3 
31.8 
29.7 
43.2 
40.6 
38.3 
37.3 

1 Acetone. 

H 
6.7 
7.3 
7.7 
5.5 
4.7 
6.2 
6.7 
6.2 
5.8 
7.3 
6.8 
6.4 
7.8 

N 
15.6 
14.4 
12.0 
15.4 
13.1 
14.3 
13.3 
12.4 
11.6 
11.2 
10.5 
9.9 

21.7 

' Water. 

c 
33.4 
37.0 
46.2 
26.5 
22.5 
30.6 
34.5 
31.7 
29.9 
43.1 
40.6 
38.4 
37.3 

1 Ether. 

-Found, %-
H 

6.7 

7.2 

7.6 
4 

N 
15.3 
14. 
11. 
15. 
13. 
13.8 
13.0 
12.4 
11.5 
11.0 
10.4 
9.8 

7.8 21.6 
' Chloroform-

7.1 
6.7 
6.3 

which was reduced with li thium aluminum hydride to 
2-methylthiomorpholine. In similar fashion, 2,2-di-
methylthiomorpholine was prepared from 2-mercapto-
ethylamine and ethyl a-bromoisobutyrate. Synthesis 
of l-thia-4-azaspiro[5.5]undecane was accomplished 
as illustrated in Char t I I I . Alkaline hydrolysis of 1-

CHART III 

SH 
^ H N H [H..Q] | 

^ ^ O 

sCO,H 
BrCH,CH,NH, 

SCH,CH,NH. S ^ 

XO,H 
NH LiAIH, 8 ^ 1 

O 

NH 

thia-3-azaspiro[4.5]decane-2,4-dione9 gave 1-mercapto-
cyclohexanecarboxylic acid, which was alkylated with 
2-bromoethylamine to provide l-(2-aminoethylthio)-
cyclohexanecarboxylic acid. The latter product was 
heated to 220° to give a lactam, which was reduced with 
lithium aluminum hydride to the desired spirothiomor-
pholine. Oxidation of the thiomorpholinesulfamides 
by conventional procedures gave the corresponding 
sulfoxides and sulfones listed in Table IV. 

All the primary amines employed were known ex­
cept 2,4-dimethyl-3-aminopentane and 2-aminomethyl-
bicyclo[2.2.1 ]heptane; the former was prepared by 
hydride reduction of the known 2,4-dimethyl-3-pen-
tanone oxime, and the latter by catalytic hydrogena-
tion of commercially available 2-aminomethylbicyclo-
[2.2.1]-5-heptene. 

Pharmacological Methods.—All compounds were 
screened in groups of 8-10 male rats of the Sprague-
Dawley strain, fasted for 18 hr. prior to the experiment. 
The rats were lightly anesthetized with pentobarbital 
(15 mg./kg. i.p.), a blood sample was taken from the 
tail vein, and the compound was administered orally 
by stomach tube at a dose of 100 mg./kg. Additional 
blood samples were taken at 2, 4, and 6 hr. after ad-

(9) E. R. H. Jones, F. A. Robinson, and M. N. Strachan, J. Chem. Soc, 
91 (1946). 

ministration of drug. Blood glucose was determined 
with an Auto Analyzer according to the micromethod 
recommended by the manufacturer (Technicon Instru­
ments Corp.). The maximum per cent decrease, 
with standard deviation, in blood sugar was calculated 
and reported as hypoglycemic activities in the tables. 
Chlorpropamide is included in Table V as a standard 
hypoglycemic agent. 

Structure-Activity Relationships.—With one ex­
ception, all the sulfamylureas reported in this paper 
were prepared from X,N-disubstituted sulfamides; the 
exception, VI-8, had weak activity, in accord with a 
generalization in the literature3 about hypoglycemic 
activity of this structure type. As implied by the 
generic structure I, the substituent at position 1 of all 
compounds reported here is derived from a primary 
amine10; the 1-substituent is uniformly referred to in the 
text and tables as the R substituent. 

Initially, R substituents were chosen from those 
known to be compatible with good activity in the 
sulfonylurea series,1,11 and emphasis was placed on 
variation of the sulfamide portion of the molecule. 
Sulfamylureas derived from nonheterocyclic secondary 
amines had, in general, minimal activity (Table VI), 
whereas a piperidinesulfamyl derivative (VI-14) proved 
to have very high activity. Activity appeared to be 
maximal at the six-membered piperidine ring, since the 
corresponding pyrrolidine (VI-12) and hexamethylen-
imine (VI-16) derivatives were much less active. 
Accordingly, a number of piperidinesulfonylureas were 
prepared with variation of the R substituent (see 
Table V). From compounds VI-14 and V-3, it is 
evident that peak activity for this series requires cyclo-
hexyl or cycloheptyl as the R substituent. This is 
true also in the morpholinesulfamyl series (Table VII) 
where greatest activity was observed in analogs with 
Cff-Cs cycloalkyl or bicycloalkyl R substituents. In 

(10) Compounds of the type R1R2XSO2NHCONR3R4, in which RiR2N 
and NRsR* are both derived from secondary" amines, will be reported in a 
subsequent paper: J. W. McFarland, C. F. Gerber, and W. M. McLamore, 
J. Med. Chem., 8, 781 (1965). 

(11) (a) F. J. Marshall, M. V. Sigal, Jr., H. R. Sullivan, C. Cesnik, and 
M. A. Root, ibid., 6, 60 (1963); (b) F. G. MoMahon, H. L. Upjohn, O. S. 
Carpenter, J. B. Wright, H. L. Oster, and W. E. Dulin, Current Therap. 
Res., 4, 330 (1962). 
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(CH2)3CH3 

CH(CH2)4--'
1 

CH(CH2)6 

CH(CH2)--
C(CH3)2CH2C(CH3 

TABLE V 

l.;N SUBSTITUTED P lPERI lHXESULFAMYl . l HKAS 

M . p . , " ( ' . 

98, 5-100 

135 135.5 

108-109 

105-105.5 
130-131 

< ^ 

so lven t 

b 

NHOvNHCONHR 

I o rmula 

CioH,,Ns()8S 

(\3H2,N3<)3S 

C,4H2-N3():lS 
Ci4H2sN303S 

6 (CH3)C(CH2)5- ! 150-150.5 b 
7 CH[CH(CHSW2 158-159 <• 
8" C6H4Cl-p 160-161 /; 
9 C 6 H 4 S ( C H 3 ) - ; J 139-140 /; 

10 C6H4N(CH3)2-p 157-158 b 
Chlorpropamide 

Prepared by the isocyanale met hod. '' Not recrystallized 

C,3H2iN303S 
C , 3 H 2 7 N 3 O 3 S 
C12HJ6N3O38 

C13H19N3O3S 

CuH22N,403S 

45 6 

48.0 

51 .5 

53.0 
52.6 

51,5 
51 1 
45.4 
47.2 
51 .5 

( a l r d . . ' 
11 

N .O 

8,6 
9,2 

8.3 
8.9 
5.1 
6 1 
6.8 

N 
16.0 

15.3 

13.2 
13.2 

13.8 
13.8 
13 2 
12.7 

c 
45.6 

48.2 

51 .4 

53.0 
52.6 

51 .7 
51.4 
45.3 
47,1 
51 ,0 

Mind, ' 
II 

8 , 0 

7,6 

8, I 

8,6 
8,9 

8.2 
9.0 
4.7 
6.0 
6.9 

14.9 

13.8 

13.2 
13.0 

13.8 
13.9 
13.2 
12.7 
16.7 

Hyp 
a 

20 

1 
16 
16 
21 

IE!.\ cermc 
•tivily 

± 3 . 5 

± 3 X 

± 2 , 5 

± 2.0 
± 2 . 5 

± 2,7 
± 2 7 
± 4 , 6 
± 2 , 6 
± 1 7 
± 3,3 

Ether. d Ether- pent a ne. 

No. 
1" 

2 
3" 
4 

5 

6" 

7 

8 
9" 

10" 
11" 

12 
13" 

14 
15" 

16 

R i 

CH3 

CH3 
C2H6 
C2H ; 

C2H5 

CH3 

OH3 

R. 

CH3 
C2H, 
C2H5 

CoH;, 

CH(OH2) s-

CH(CH2)r,-' 

H CH(CH2).y-' 
CH3 p-ClC6H4CH2 
CHS a-Picolvl 

- (CH 2 ) 4 -

-(CH2)4~ 
-(CH 2 )S -

-•(CH2)5-
-(CH2)6-

~(CH2)6-
" Prepared by the isocyanati 

It 

(CH2)2CH3 

C6H4N(CH3)2-p 
(CH2),CH3 
C6H4N(CH,)2-p 

CH(CH2)J 

(OH2),CH3 

CH(CH2).v-' 

CH(CH,) S
J 

(CH2)2CHS 
(CH2)2CH3 
(CH2)2CH3 

CH(CtE) s-
J 

(CH2)2CH3 

CH(CH..).v-
(CH2)2CH, 

CH(CH2)5-
i method. b Not 

T A B L E : YI 

SULFAMYLUREAS 

K I 3 2 1 
>NS0 2 NHCONHR 

R2 

M.p.. CC\ 

138.5-
139.5 

165-166.5 
89.5-90 
145-147 

135-136 

118-119 

122-123 

168-168.5 
118-119 
115-116 
148-149.5 

187.5-188 
144-145 

135-136 
120-121 

162-162.5 
recrystallized. 

Orystn. 
solvent 

h 

b 
b 
b 

b 

b 

b 

C 

b 
b 
b 

(' 
b 

b 
1, 

b 

Formula 

e6H l sN303S 

C,,H l sN403S 
CSH19N30:,8 
C,SH22N4()3S 

C:, ,HMN 3 ( )SS 

C!,,H23N3<)3S 

C,4H2,N3()3S 

C,3H25N3()3S 
C12H„C1N3()3S 
C„H„X403K 
CSH„N3()8S 

C„H2,N3()3N 
C9H19N3()3S 

C12H23N3(>3S 
CioH23N3()3S 

Ci3H25N3()3s 

'• Ether. 

C'alcd., 
C 

34.4 

46. 1 
40 5 
49,7 

47.6 

47 6 

53.0 

51 .5 
45 1 
46. 1 
40.8 

4S.0 
43,4 

49.8 
45.6 

51 .5 

H 

7.2 

6,3 
8,1 
7.0 

8,4 

8,4 

8.6 

8.3 
5. 7 
6.3 
7.3 

7.7 
7.7 

8.0 
8.0 

8.3 

,/,_ 
N* 

20.1 

19.6 
17.7 
17.8 

15.2 

15.2 

13.2 

13.8 
13.1 
19.6 
17.9 

15.3 
16.9 

14.5 
16.0 

13.8 

- I 

c 
34.2 

45.7 
40.1 
49.5 

47.4 

47.6 

53. 1 

51 .7 
45, 1 
46,6 
41.1 

48. 1 
43.2 

49.6 
45.8 

51 .4 

'ound, 
H 

7.2 

6.5 
7.8 

8,3 

8.3 

S.4 

8,2 
5.6 
6.1 
7. 1 

7.6 
7.6 

8. 1 
8,3 

8,2 

/ f . — - - • • -

N 
20.1 

19,6 
17.6 
18 0 

15.3 

15.1 

13.0 

13.6 
12.9 
19.4 
17.8 

15.4 
16.7 

14.6 
15.7 

13.7 

Hypogly­
cemic 

activity 

13 ± 3 . 5 

7 ± 1 ,4 
15 ± 3,3 
10 ± 3.3 

11 ± 2 . 0 

18 ± 4.4 

27 ± 3 2 

17 ± 2.6 
11 ± 3.3 

1 ± 3 .2 
13 ± 3.2 

8 ± 3.2 
23 ± 1 . 8 

41 ± 2 . 4 
1 ± 2 . 2 

9 ± 3 . 8 

subsequent work, therefore, emphasis was placed on 
changes in the sulfamyl portion of the molecule, re­
stricting, with a few exceptions, the R substituents to 
cyclohexyl and cycloheptyl. 

Planning of further analogs was influenced not only 
by structure-activity relationships but also by the 
results of a concurrent study of acidity (pKB), relative 
lipophilicity, and the drug dynamics (in the dog) of 
certain key analogs.5 In brief, these studies suggested 
that : (1) the more acidic sulfamylreas have longer 
plasma half-lives, and (2) the more polar (less lipo­
philic) sulfamylureas are rapidly excreted by the kidne3r. 
Since all sulfamylureas studied exhibited shorter half-
lives in the dog than chlorpropamide or tolbutamide, 
and since they are less acidic and more lipophilic than 
these standard sulfonylureas, it became an important 
goal of the synthetic program to provide compounds 
with increased acidity and without, loss of lipophilicity, 
all within the scope of the structure-activity relation­

ships. It was believed sulfamylureas having these 
properties would also be more rapidly and completely 
absorbed. 

The outstanding hypoglycemic activity of VI-14 
and V-3 prompted the preparation of a substantial 
series of mono- and disubstituted piperidinesulfamyl-
ureas. As can be seen from Table VIII, peak activity 
in the monosubstituted series was found in the 4-
methylpiperidine, cycloheptyl analog, VIII-6. Simi­
larly, 4,4-disubstituted analogs (Table IX), such as 
IX-3, IX-4, IX-10, and IX-17, had outstanding ac­
tivity in our screen. However, the low solubility of 
IX-4 and especially of IX-10 led to poor oral absorp­
tion. Compound IX-17 was designed to overcome this 
problem. The spiroether function wTas expected to 
confer additional polarity and solubility on the mole­
cule while maintaining the desirable 4,4-disubstitution. 
Xo absorption problem was observed with IX-17, which 
also proved to be one of the more active compounds 



November 1905 HYPOGLYCEMIC SULFAMYLUREAS. I 771 

TABLE VII 

MoRPHOLINESULFAMYLUREAS 

0 NS02NHCONHR 

No. 

1" 

2 

3 

4 

5 

G 
7 
8 

9 

10 

11 

R 

(CH2)2CH3 

CH(CH 2 ) 4
J 

CH(CH2)5 J 

CH(CH 2 ) 6
J 

CH(CH2)7J 

(CH3)t(CH2)3-i 
Bornyl 
Isobornyl 

C H 2 ^ > 

™>o 
CH[CH(CH3)2]2 

M.p„ °C. 

101-102 

138-138.5 

125-126 

107-108.5 

112.5-114 

159-160 
181-182 
167-168 

122.5-
123.5 

134-135 

135-136 

Crystn. 
solvent 

b 

h 

b 

b 

b 

b 
c 
c 

c 

d 

c 

Formula 

C8H„N304S 

C,„H19N304S 

C„H21N304S 

C12H23N.,04S 

C13H25N304S 

Ci2H23N304S 
C15H27N304S 
C16H27N304S 

CisHaO^11' 3O40 

C13H23N304S 

Ci2H26N304S 

c 
38.2 

43.3 

45.3 

47.2 

48.9 

47.2 
52.2 
52.2 

49.7 

49.2 

46.9 

-Calcd., %-
H 

6.8 

6.9 

7.3 

7.6 

7.9 

7.6 
7.9 
7.9 

6.4 

7.3 

8.2 

N 

16.7 

15.2 

14.4 

13.8 

13.2 

13.8 
12.2 
12.2 

13.4 

13.2 

13.7 

C 

38.7 

43.3 

45.1 

47.4 

48.7 

47.1 
52.1 
52.2 

49.5 

49.4 

47.3 

-Found, %-
H 

6.8 

6.8 

7.2 

7.7 

7.8 

7.5 
7.7 
7.8 

6.5 

7.3 

8.0 

N 

16.9 

15.1 

14.6 

13.8 

13.0 

13.8 
12.1 
12.0 

13.4 

13.0 

13.7 

Hypgly-

activity 

4 ± 2 . 5 

29 ± 2 . 8 

25 ± 1.0 

30 ± 4 . 0 

32 ± 1.7 

1 4 ± 1.4 
22 ± 3.5 
27 ± 2.9 

28 ± 3 . 6 

21 ± 3 . 2 

20 ± 3,3 
" Prepared by the isocyanate method. h Not recrystallized. " Ether. d Acetone-ether. 

No. 

1 

2 

3 

4 

8 

9 

10 

11 

12 

13 
14« 

15 

Ri 

2-CH3 

2-CH3 

3-CH3 

3-CH3 

4-CH3 

4-CH3 

3-CF3 

4-CF3 

4-C2H5 

4-C3H-

3-OCH3 

4-OCH3 

4-OH 
A3 

TABLE VIII 

SUBSTITUTED PIPERIDINESULFAMYLUREAS 

f^ _NS02NHCONHR 

. Calcd., %-

6H(CH2)6-

CH(CH2)6 

CH(CH2)6-

CH(CH2)6J 

CH(CH 2 ) 3
J 

C H ( C H 2 V 

CH(CH2)5J 

CH(CH2)5J 

CHCCH,)^ 

CrH(CH2)5J 

CH(CH2)6^ 

CH(CH2)« J 

CH(CH 2) 7
J 

(CH2)2CH3 

CH(CH2)6-

M.p., "C. 

149-150 

146.5-147.5 

111-112 

106-107.5 

132-133 

123.5-124.5 

130.5-131.5 

181.5-182.5 

156-156.5 

167-168 

139-140 

143-144 

150-151 
119.5-120.5 

98-99 

Crystn. 
solvent 

a 

a 

b 

a 

a 

a 

c 

a 

c 

a 

d 

d 

a 
a 

Formula 

Cl3H25N303S 

Ci4H27N303S 

Ci3H2oN303S 

C14H2,N303.S 

C,3H25N303S 

C14H27N3()3S 

C13H22F3N303S 

0131122X3^ 3O3S 

C19H27N3O3S 

Ci6H29N303S 

C13H26N304S 

C14H,7N304S 

C14H27N304S 

CgHnNsOsS 

Ci3H23N303S 

Found, 
C H C H N 

51.5 8.3 13.8 51.6 8.1 

53.0 8.6 13.2 53.1 8.5 

51.5 8.3 13.8 51.1 8.0 

53.0 8.6 13.2 52.9 8.4 

51.5 8.3 13.8 51.5 8.2 

53.0 8.6 13.2 53.1 8.8 

43.7 6.2 11.8 43.7 6.2 

43.7 6.2 11.8 44.2 6.3 

53.0 8.6 13.2 53.2 8.5 

54.4 8.8 12.7 54.2 8.6 

48.9 7.9 13.2 49.3 8.3 

50.4 8.2 12.6 50.6 8.2 

50.4 8.2 12.6 50.4 8.1 
43.7 6.9 19.4 43.7 6.9 

% • 

N 

13.8 

13.4 

13.4 

13.0 

13.7 

12.8 

11.6 

11.6 

13.3 

12.6 

13.3 

12.4 

12.7 
19.6 

Hypoglycemic 
activity 

12 ± 2 . 2 

12 ± 2 . 7 

34 ± 2.0 

27 + 2.5 

22 ± 3.5 

44 ± 2.4 

22 ± 2.4 

26 ± 2 . 8 

24 ± 2 . 8 

22 ± 2.7 

24 ± 2 . 5 

32 ± 2.5 

11 ± 4 . 6 
14 ± 1.4 

" Not recrystallized. h Hexane. e Ether-pentane. d Ether. ' Prepared by the isocyanate method. 
51.8 7.7 13.9 51.7 7.8 13.8 38 ± 3 . 5 

of this series. The chief shortcoming of compound 
IX-17 was its relatively short plasma half-life in the 
dog.6 In accord with the considerations outlined above, 
more acidic analogs were therefore prepared. Since it is 
knownlb that an R substituent which is electron with­
drawing increases acidity in the sulfonylurea series, 
the pentafluoropropyl analog, IX-18, was prepared. 
This compound was indeed more acidic and had a 
longer half-life,5 thus substantiating further the nexus 
between these two variables. The pentafiuoro com­
pound proved to be less active, although this decreased 
activity was anticipated from known structure-activity 

relationships. The spiroketal analog, IX-19, was also 
more acidic, and exhibited a longer half-life than IX-17,5 

but it too was somewhat less active. A possible acid 
stability problem was anticipated with the spiroketal, 
but there was no evidence of a major stability prob­
lem in oral administration to the rat or dog. 

As indicated above, a second structural class that 
gave early promise of good activity was that derived 
from morpholinesulfamide. Moreover, such morpho-
line derivatives as VII-4 proved to be more acidic and 
to have superior plasma half-lives as compared to the 
piperidine analogs.5 A fairly extensive exploration of 
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TABLE IX 

DlSUBSTITUTED PlPEMMNESULFAMYLUREAfS 
R i \ / n \ 

f> NS02NHCONHR 

No, 

1 

Rj 

3-CH8 

4-CH3 

4-CH3 

4-CH3 

4-CHs 
4-CHs 

4-CHs 

4-C2HB 

R2 

5-CH3 

4-CHs 

4-CH3 

4-CHa 

4-CH3 
4-CHa 

4-C2H5 

4-CoHs 

R 

CH(CH2)6-i 

CH(CH,) 4
J 

CH(CH2)i--

CH(CH.,)6
J 

s 

9 4,4-(CH2)4 

10 4,4-(CH2)4 

11 4,4-(CH2)4 

12 4,4-(CHY)5 

13 4,4-(CHo)6 

14 4-OH 4-CH3 

15 4-OCH3 4-CHs 

16 4-OH 4-C6H5 

17 4,4-0(CH2)3 

18 4,4-0(CH2)3 

19 4,4-0(CH2)0 

20 4,4-OCH2CH(CH3)0 

CH(CH2)H 
CH2CF2CF3 

CH(CH2)6-

CH(CH2)6-

C H ( C H : ) r 

CH( C H I ­

CHI CH2)7-J 

CH(CH2)5-J 

CH(CHV)6-

CH(CH2)S-J 

CH(CHo)„-' 

CH(CH.) r ' 

CH(CH2J.r : 

CH,CF,CF3 

CH(CH2)5J 

21 4,4-OCH2C(CH3)2CH20 CH(CH2)5 

M.p., °C. 

139.5-140 

167-168 

175-175.5 

138-139 

143-144 
169-170 

174-175 

138-139 

177-178 

154-155 

134-135 

204-205 

154-155 

150-151 

132-132,5 

183-184 

182.5-
183.5 

170.5-
171.5 

173-174 

131-132 

218-219 

Crystn. 
solvent 

-C'alcd., 

d 

b 

a 

a 

a 

" Ether. h Not recrystallized. 
tate-isopropyl alcohol. 

Ether-pentane. d Acetone. 

morpholine derivatives was therefore undertaken as 
indicated in Tables VII and X. As stated previously, 
cycloalkyl and bicycloalkyl II substituents appeared 
to be optimal (Table VII), and emphasis was placed on 
variations in the morpholine portion (Table X). With 
the exception of the 2-methylmorpholine derivative X-3, 
which was the most active morpholine analog examined 
in our screen, there appeared to be no particular ad­
vantage in substitution of the morpholine ring. The 
spiro analogs X-7 and X-8, designed as more lipophilic 
members of the relatively acidic morpholine series, were 
particularly disappointing. Such thiomorpholines as 
X-9 and X- l l were comparable in activity to the corre­
sponding morpholine analogs, but in the dog they were 
converted to the corresponding sulfoxides, which were 
rapidly excreted.5 The high polarity of thiomor-
pholine sulfoxides and sulfones appeared to account for 
(he short half-lives generally observed, presumably 
owing to rapid renal excretion. Even X-19, with the 
additional bulk of the spiro ring, was no exception. 

Preliminary human pharmacology data indicate that 
several of these sulfamylureas (VII-4, VII-9, IX-4, 
IX-10, IX-17, and IX-19) have a blood sugar lowering 
effect in man. 

Formula 

O M H 2 - N 3 0 3 S 

C13H2bX303S 

C14H27X3038 

C15H29X3038 

N C If 

53.0 8.6 13.2 

51.5 8.3 13.8 

53.0 8.6 13.2 

Found, 
(' H 

Hypogly­
cemic 

N acri.-ity 

54.5 S..S 13.0 16 ± 2 . 0 

51.4 8.4 14.0 30 ± 2 . 5 

52.8 8.4 12.9 44 ± 2 . 7 

54.5 8.8 12.7 54.4 8.4 12.8 48 ± 2 

Ci6HaiN803S 55.6 9.0 12.2 55.7 8,9 12.0 21 ± 1 , 7 

CuHi8F5Na03S 36,0 4,9 11.4 35.8 4.7 11.3 25 ± 1 . 4 

C16H29X303iS 54.4 8.8 12,7 54,7 8,7 12,4 34 ± 2 . 0 

d7H3 3X303S 56.8 9.2 11,7 56,8 9,0 11.7 29 ± 2.7 

Ci«H29N303S 55.9 8.5 12.2 55.7 8.3 12.1 29 ± 3 8 

C17H31N303S 57.1 8.7 11.8 57.0 8.6 11.9 43 ±3 .1 ) 

C1SH33X303S 58.2 9.0 11.3 58,0 8.8 11.0 22 ± 3.9 

CnHaiNsOaS 57,1 8,7 11,8 57.1 8.6 11.7 9 ± 1 . 4 

C18H33N303S 58 2 9.0 11.3 57.8 9.0 11.5 15 ± 2 . 2 

Ci3H25X304S 48.9 7.9 13.2 48.5 7.7 12.9 37 ± 4 . 3 

C15H29X304iS 51.8 8.4 12.1 51.6 8.4 12.0 30 ± 1 , 9 

Ci8H27N304S 56.7 7.1 11.0 56.7 7.1 10.9 15 ± 2 . 1 

C16H27N304S 52.2 7.9 12.2 52.5 7.8 12.2 38 ± 2.0 

Ci2HisF5Ns04S 36.4 4.6 10.6 36.1 4 ,3 10.8 24 ± 2 . 7 

48.3 Cl4H25X306si 

C17H29X305S 

",2 12,1 48.6 7.3 12.1 36 ± 3,2 

7.5 10.8 52.8 7.5 10.9 26 ± 2 0 

C17H31X305S 52.4 8.0 10.8 52.5 8.0 10.8 17 ± 2 , 3 
Benzene-ether. ; Ethyl acetate. ' Acetonitrile. '• K1 hyl ace-

Experimental Section12 

l-(l-PiperidinesuIfonyl)-3-cyclohexylurea.—To 3.7 g. (0.02 
mole) of the sodium salt of 1-sulfamylpiperidine suspended in 40 
ml. of dimethylformamide was added 6.17 g. (0.021 mole) of 
X,N-diphenyl-N'-cyclohexylurea. The resulting mixture was 
heated on a steam bath overnight. The solution was poured into 
200 ml. of water and extracted with ether, and the aqueous layer 
was acidified with 6 A" HC1. The solid which precipitated was 
filtered, washed with water, and dried in vacuo over P203 . 

The sulfamylureas prepared by the diphenylurea route were 
synthesized by a similar procedure in which the yields varied 
from 50-75%. The sulfamylureas and their physical proper­
ties are listed in Tables V-X. 

1 -(1,1 -Dioxo-2-methyl-4-thiomorpholinesulfonyl )-3-cyclo-
heptylurea.—To a solution of 2.5 g. (0.008 mole) of l-(2-methyl-4-
thiomorpholinesulfonyl)-3-cycloheptylurea in 50 ml. of glacial 
acetic acid was added dropwise 2.5 g. of K M n 0 4 dissolved in 125 
ml. of water. The reaction mixture was cooled so that the 
temperature did not exceed 30°. When the reaction was com­
plete, the excess permanganate was decomposed by the addi­
tion of a sodium bisulfite solution. The reaction mixture was 
cooled, and the precipitated solid was filtered, washed with 
water, and dried; yield 2.2 g. The physical and analytical data 
for this compound are listed in Table X. 

(12) Boiling points are uncorrected. Melting points were determined 
on a Thomas-Hoover capillary melting point apparatus. The analyses 
were carried out by the Physical Measurements Laboratory of Chas. Pfizer 
& Co. 
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TABLE X 

MORPHOLINE-, THIOMORPHOLINE-, AND PiPERAZINESULFAMYLUREAS 

X ^ NS02NHCONHR 
X-J 

No. 

1 

2 

3 

4 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

0 

O 

O 

O 

O 
O 

O 

O 

s 
so2 

s 
so. 
s 
so 

so 

so2 

s 
so 
so2 

Ri 

2-CH;, 

2-CH3 

2-CH3 

2-CH3 

2-CH3 
2-CH3 

R2 

H 

H 

H 

H 

CH(CH2)5-J 

(5H(CH2)6J 

C H 2 ^ 

CH2CF2CF 3 

6-CH3 CH(CH 2) 6
J 

6-CH3 CH2CF2CF3 

2,2-(CH2)5 

2,2-(CH2)5 

CH(CH2)5
J 

C H ( C H 2 V 

H 

H 

2-CH3 

2-CH3 

2-CH3 

2-CH3 

H 

H 

H 

H 

2-CH3 

2-CH3 

CH(CH2)6-

CH(CH2)6-

2-CH3 2-CHs CH(CH2; 

2-CH3 2-CH3 

2,2-(CH2)5 

2,2-(CH2)6 

2,2-(CH2)5 

M.p., °C. 

154-155 

96.5-97 

115-116 

97.5-98.5 

170-171 
157-158 

132-133 

163-165 

130-130.5 

84-86 

119-120 

115-116 

143-144 

140.5-
141.5 

J 161.5-
162.5 

i6
J 169-170 

CH(CH 2 ) 6
J 147-150 

CH(CH2)6J 202-204 

CH(CH 2) 6
J 201-202 

—1 

CH(CH2)6-

CH(CH2 

CH(CH 2 ) 6
J 

CrH(CH2)6J 

Crystn. 
solvent 

a 

a 

a 

a 

b 
a 

c 

e 

f 

e 

f 

a 

a 

Formula 

Ci2H,3N304S 

C13H25N304S 

Ci4H23N304S 

. Calcd., % 
C H N 

47.2 7.6 13.8 47.1 

48.9 7.9 13.2 48.9 

51.0 7.0 12.8 51.2 

Hypogly-
Found, % cemic 

C H N activity 

7.8 13.7 2 4 ± 4 . 7 

7.8 12.8 23 ± 2 . 5 

7.0 12.7 47 ± 3 . 7 

CsHiiFjNsOiS 30.4 4.0 11.8 30.4 3.9 11.6 16 ± 3 . 2 

Ci4H27N304S 50.4 8.2 12.6 50.3 8.1 12.5 11 ± 2 . 3 

CioHwFsNsOiS 32.5 4 .4 11.4 32.8 4.5 11.4 18 ± 2 . 5 

CisHaaNaOiS 53.4 8.1 11.7 53.6 8.3 11.3 13 ± 1 . 9 

C17H3iN304S 54.7 8.4 11.2 54.7 8.5 11.0 1 ± 2 . 5 

C12H23N303S2 44.8 7.2 13.1 44.3 7.1 13.1 20 ± 2 . 8 

C12H23N305S2 40.8 6.6 1 1 9 40.4 6.7 11.9 11 ± 2.8 

Ci3H26N303S2 46.5 7.5 12.5 46.5 7.3 12.4 33 ± 3 . 0 

Ci3H25N305S2 42.5 6.9 11.4 42.1 6.9 11.5 14 ± 3 . 0 

C14H27N303S2 48.1 7.8 12.0 48.4 7.7 11.8 15 ± 3 . 0 

CuH27N304S2 46.0 7.4 11.5 45.6 7.2 11.5 27 ± 2 . 4 

Ci3H25N304S2 44.4 7.2 12.0 44.4 7.1 11.8 2 8 ± 1 . 6 

C~H(CH2: 

C2H5N H H CH(CH2)5J 144-145 
° Ether. h Benzene. c Isopropyl ether. d Acetone-isopropyl ether. 

* Benzene-isopropyl ether. * Isopropyl alcohol. 

C14H27N306S2 

C I 7 H 3 I N 3 0 3 S 2 

Cl7H3lN304S2 

Ci7H3iN30oS2 

Cl3H26N40sS 

44.1 7.1 11.0 44.3 7.3 10.6 27 ± 3 . 2 

52.4 8.0 10.8 52.6 7.8 10.7 15 ± 1 . 6 

50.3 7.7 10.4 50.1 7.5 10.0 11 ± 3 . 2 

48.4 7.4 10.0 48.8 7.4 9.9 11 ± 1 . 1 

49.0 8.2 17.6 48.9 8.4 17.4 18 ± 3 . 0 
Not reorystallized. f Water-ethanol. « Benzene-ether. 

1-Sulfamylpiperidine.—A mixture of 105 g. (1.1 moles) of 
sulfamide and 85 g. (1.0 mole) of piperidine in 100 ml. of di-
methoxyethane was heated under reflux on a steam bath over­
night. The resulting solution was cooled in ice, and the pre­
cipitated product was filtered and dried. This general pro­
cedure was used for the preparation of all the sulfamides (Tables 
I and I I ) . 

4-SulfamyIthiomorpholine 1-oxides and 1,1-dioxides were 
prepared according to a general literature procedure12 (Table VI). 

Preparation of Sulfamide Sodium Salts.—To a solution of the 
sulfamide in methanol was added an equimolar amount of sodium 
methoxide in the same solvent. The resulting solution was con­
centrated to a small volume and the desired sodium salt was pre­
cipitated by the addition of diethyl ether. 

N,N-Diphenyl-N'-cycloheptyIurea.—To a mixture of 102 g. 
(0.44 mole) of diphenylcarbamyl chloride and 88.9 g. (0.88 mole) 
of triethylamine in 220 ml. of ethanol was added 50 g. (0.44 mole) 
of cycloheptylamine. The resulting solution was allowed to re­
flux at steam-bath temperatures overnight. Cooling the reac­
tion mixture in a salt-ice bath precipitated the crude product 
which was filtered, washed with water, and dried. Recrystal-
lization from ethanol gave 106 g. of the pure product. This 
procedure typifies that used in the synthesis of all the diphenyl-
urea intermediates (Table I I I ) . 

l-Acetyl-4-hydroxypiperidine.—To 50.5 g. (0.5 mole) of 4-
hydroxypiperidine dissolved in 200 ml. of methylene chloride 
was added, with cooling and stirring, 54 g. (0.53 mole) of acetic 
anhydride over a period of 20 min. The solution was heated 

(13) M. M. Klenk, C. M. Suter, anil P. Archer, ./. Am. Chtm. Hoe. 
3848 (1948). 

to reflux on the steam bath for a period of 2 hr. The solvent and 
acetic acid were removed under vacuum, and the residue was dis­
tilled to give the desired product, yield 68 g., b.p. 143-145° (0.01 
mm.). 

Anal. Calcd. for C,Hi3N02: C, 58.7; H, 9.2; N, 9.8. Found: 
C,58.3; H,9 .2 ; N,9 .6 . 

l-Acetyl-4-methoxypiperidine.—l-Acetyl-4-hydroxypiperidine 
(15.7 g., 0.1 mole), dissolved in 55 ml. of dimethylformamide, 
was treated with 5.3 g. (0.11 mole) of a 50% sodium hydride 
suspension. The mixture was stirred for 20 min. and then 
treated with 17 g. (0.12 mole) of methyl iodide. The resulting 
solution was heated on a steam bath for 2 hr. Ether, 300 ml., 
was added to the cooled reaction mixture, and the precipitate of 
Na l was removed by filtration. The ether and dimethylform­
amide were removed in vacuo, and the residue was distilled; yield 
13.5 g., b.p. 86° (0.05 mm.). Redistillation gave the pure prod­
uct, yield 11.5 g., b.p. 76° (0.01 mm.). 

Anal. Calcd. for C8H15N02: C, 61.1; H, 9.6; N, 8.9. Found: 
C, 60.5; H, 10.0; N, 9.1. 

4-Methoxypiperidine.—A mixture of 11.5 g. (0.073 mole) of 1-
acetyl-4-methoxypiperidine and 5.6 g. (0.14 mole) of NaOH in 45 
ml. of water was heated under reflux overnight. The reaction 
mixture was cooled, saturated with Na2C03 , and extracted several 
times with ether. The ether extracts were combined and dried 
(MgS04), and the solvent was removed in vacuo. Distillation 
of the residua] oil gave 6.2 g. of the product, b.p. 66° (10 mm.). 

Anal. Calcd. for C6Hi3N0: C, 62.6; H, 11.4. Found: C, 
62.1; H, 11.2. 

The hydrochloride melted at 132-133°, lit.14 m.p. 137.5-139.5°. 
70, 

(14) R. R. Renshaw and R. C. Com), ibid., 60, 745 (1938). 
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Anal. Calcd. for C6H13X0-HC1: C, 47.5; H, 0.3; X, 9.2. 
Found: C, 47.6; H, 9.3; X, 8.9. 

The picrate melted at 108-109°. 
Anal. Calcd. for C6Hi3XO-C6H,NaO;: C, 41.7; H, 5.0: X, 

16.2. Found: C, 41.9; H, 4.9; X, 16.2. 
l-Acetyl-3-hydroxypiperidine.—In a preparation analogous to 

that of l-aeetyl-4-hydroxypiperidine, 50.5 g. (0.5 mole) of 3-
hydroxypiperidine and 54 g. (0.53 mole) of acetic anhydride in 
200 ml. of methylene chloride gave 57.0 g. of l-acetyl-3-hydroxy-
piperidine, b.p. 115° (1.0 mm.). 

Anal. Calcd. for C H u X O , : C, 58.7; H, 9.2; X, 9.8. Found: 
C, 58.6; H, 8.8; X, 10.0. 

l-Acetyl-3-methoxypiperidine.—By a methylation procedure 
similar to that used to prepare l-acetyl-4-methoxypiperidine, 
35.7 g. (0.25 mole) of l-acetyl-3-hydroxypiperidine in 100 ml. 
of dimethylformamide was treated with 13.2 g. (0.28 mole) of 
50t:c XaH and 39.0 g. (0.28 mole) of methyl iodide to give 26 g. of 
the product, b.p. 143-145° (23 mm.). 

Anal. Calcd. for C8H, sX02 : C, 61.1; H, 9.0; X, 8.9. Found: 
C, 60.6; H, 9.4; X, 8.7. 

3-Methoxypiperidine.—l-Acetyl-3-methoxypiperidine (26 g., 
0.17 mole) and 12 g. (0.3 mole) of NaOH in 75 ml. of water were 
refluxed overnight. The reaction mixture was saturated with 
K>C03 and extracted with ether. The ether extracts were dried, 
and the ether was removed in vacuo. Distillation of the residue 
gave 10 g. of the desired product, b.p. 24° (0.2S mm.), lit.15 b.p. 
159-160° (748 mm.). 

Anal. Calcd. for C6Hi3XO: C, 62.6: H, 1.1.4; X, 12.2. 
Found: C, 62.1; H, 11.4; X, 12.3. 

4,4-Dimethylpiperidine.—To a slurry of 22.8 g. (0.6 mole) of 
LiAlH4 in 500 ml. of anhydrous ether under a nitrogen atmosphere 
was added over a 2-hr. period 28.2 g. (0.2 mole) of 3,3-dimethyl-
glutarimide in 1200 ml. of ether. Stirring and cooling were 
maintained during the addition period. The reaction mixture 
was allowed to warm to room temperature and was then heated 
under reflux for 2.5 hr. The mixture was cooled and 65 ml. of 
ice water was added slowly. The ether layer was separated, 
and the aqueous phase was extracted with two 500-ml. portions 
of ether. All ether extracts were combined and dried (MgS04) . 
Removal of the ether and distillation of the residue gave 7.5 g. 
of the product, b.p. 52-53° (22 mm.), lit. b.p. 135-138°,16 145 
146°.i' 

Anal. Calcd. for C7H16X: C, 74.3; H, 13.4; X, 12.4. Found: 
C, 73.9; H, 12.8; X, 13.0. 

4-Ethyl-4-methylpiperidine.—In an analogous manner 100 g. 
(0.65 mole) of 3-ethyl-3-inethylglutarimide and 76 g. (2.0 moles) 
of LiAlH4 gave 55.2 g. of the desired product, I).p. 60-70° (12 
mm.). 

The hydrochloride was recrvstallized from ethanol, m.p. 228 -
229°. 

Anal. Calcd. for CSH,-X-HC1: C, 58.7; H, 11.1; X, 8.6. 
Found: C, 58.8; H, 11.3; X, 8.8. 

4,4-Diethylpiperidine.—By a similar method 50 g. (0.3 mole) 
of 3,3-diethylglutarimide18 and 38 g. (1.0 mole) of LiAlH 4 gave 
30.6 g. of the desired amine, b.p. 52-53° (2.0 mm.). 

The hydrochloride was recrvstallized from ethanol; m.p. 
205-206°. 

Anal. Calcd. for C s H 1 9 XOHCl: C, 60.8; H, 11.3; X, 7.9. 
Found: C, 60.9; H, 11.5; X, 7.9. 

8-Azaspiro[4.5]decane.—3,3-Tetramethyleneglutarimide (50 
g., 0.3 mole) was reduced in a similar manner to give 18 g. of the 
product, b.p. 40-41° (0.1 mm.). 

Anal. Calcd. for C9H,-X: C, 77.6: H, 12.3; X, 10.1. Found: 
C, 77.5; H, 12.2; X, 10.4. 

3-Azaspiro[5.5]undecane.—In like manner 50 g. (0.28 mole) 
of 3,3-pentamethyleneglutarimide and 31.5 g. (0.83 mole) of 
LiAlH.i in 4 1. of ether gave 36 g. of the product, m.p. 58-60°. 
This amine was used without further purification. 

l-BenzyI-4-hydroxy-4-methylpiperidine.—To a solution of 
methyllithium prepared from 141.9 g. (1.0 mole) of methyl iodide 
and 13.9 g. (2.0 g.-atoms) of lithium wire in 1 1. of ether under a 
nitrogen atmosphere was added 94.5 g. (0.5 mole) of l-benzyl-4-

(15) K. Pau l and S. TchelitchefT, Bull. for. chim. France, 341 (1947); 
Chem. Abstr., 41, 6 5 6 9 o ( 1 9 4 7 ) . 

(16) L. Schmer l ing and J . P. West . J. Am. Chem. Sot-.. 74, 2885 (1952). 
(17) G. K o m p p a , Ann. Arad. Sri. Feniticae, 3A, « (1911): Chem. Ahulr.. 

7, 1359 (1913). 
(18) U. G. Mal l a rd and ('. (). Wils.m, ./, Am. I'harm. .4*«„•., 43 , 24ti 

(1954j . 

piperidone in 100 ml. of ether over a period of 2 hr. The reac­
tion mixture was then heated under remix for 1 hr. After 
cooling, 55 ml. of water was added dropwise. The ether layer 
was separated and dried (MgSOj). The water layer was further 
extracted with four 200-ml. portions of ether, and the dried ether 
extracts were combined and concentrated to an oil. Distilla­
tion of the residual oil gave the product, yield 01.2 g., b.p. 1 is 
121 ° (0.3 mm.), which crystallized on standing, m.p. 57 -5,s°. 

Anal. Calcd. for C13H,»N(): C, 76.1 ; H, 9.3; X, C.N. Found: 
(', 76.1; H, 9.3: X, 7.0. 

The picrate melted at 127-128.5°. 
Anal. Calcd. for CJ3Hi9XC-C6H.1X3()7: C, 52.5; 11,5.1: X, 

12.9. Found: C, 52.6; H, 5.1 ; X, 13.0. 
4-Hydroxy-4-methyIpiperidine.— A mixture of 36 g. (0.165 

mole) of ]-benzyl-4-hydroxy-4-methylpiperidine and 10 g. of 
10'i palladium on charcoal in 150 ml. of absolute ethanol was 
first treated with 10 ml. of 12 X H O and wras then shaken in an 
atmosphere of hydrogen at an initial pressure of 3.5 kg./cm.-
(50 p.s.i.). After 16 hr., the catalyst was filtered and the filtrate 
was concentrated to dryness. The residue was washed with 
acetone, dried, and then dusted into an excess of 50c<, aqueous 
KOH. The basic solution was extracted with ether, and all 
ether extracts were combined and dried (KOH). Removal of the 
ether and distillation of the residue gave 18 g. of the desired prod­
uct, b.p. 1 15- 117° (30 mm.). 

Anal. Calcd. for C6H13XO: C, 62.6: H, 11.4: X, 12.2. 
Found: C, 62.4; H, 11.2; X, 11.6. 

l-Benzyl-4-methoxy-4-methylpiperidine.—To 60 g. (0.3 mole) 
of l-benzyl-4-hydroxy-4-methylpiperidme in 150 ml. of di­
methylformamide was added 17.2 g. (0.36 mole) of a 5()f;'c XaH 
suspension. The reaction mixture was stirred for 1 hr. followed 
by the dropwise addition of 47.0 g. (0.033 mole) of methyl iodide 
over a period of 2 hr. The. resulting mixture was allowed to st ir 
at room temperature for 3 hr. and at steam-bath temperature 
for 1 hr. Ether (250 ml.) was added to the cooled reaction mix­
ture and the resulting precipitate was filtered. The ether and 
dimethylformamide were removed under vacuum, and the 
residue was distilled to give the product, yield 43.0 g., b.p. 84° 
(0.01 mm.). 

Anal. Calcd. for C l4H21XO: C, 76.7; H, 9.7; X, 6.4. Found: 
0 ,76 .5 ; H,9 .7 ; X, 6.8. 

The picrate was recrvstallized from isopropyl alcohol; in.]). 
126-127°. 

Anal. Calcd. for C14H21XO-06H3X307: 0 , 5 3 . 6 : H, 5.4; X, 
12.5. Found: C, 53.7; H, 5.1; X, 12.8. 

The hydrochloride was recrvstallized from ethyl acetate; m.p. 
194-195°. 

Anal. Calcd. for C l 4H 2 iXOHCl: 0 , 6 5 . 7 ; H, 8.7; X, 5.5. 
Found: 0 ,65 .5 ; H, 8.5; X, 5.5. 

4-Methoxy-4-methylpiperidine.—A solution of 65.7 g. (9.3 
mole) of l-benzyl-4-methoxy-4-methylpiperidine in 300 ml. of 
ethanol was shaken with 20 g. of 15% palladium on charcoal 
overnight in a hydrogen atmosphere at an initial pressure of 3.5 
kg./cm.2 (50 p.s.i.). The catalyst was filtered and the ethanol 
was removed in vacuo. Distillation of the residue gave 22.9 g. 
of product, b.p. 95-110° (10 mm.); 13.2 g. of recovered stalling 
material was obtained as a higher boiling fraction. 

The hydrochloride melted at 178-179°. 
Anal. Calcd. for C7H16X0-HC1: C, 50.8; H, 9.7; X, 8.5. 

Found: 0 , 50.5; H, 9.6; X, 8.4. 
1 -Benzyl-4-hydroxy-4-( 3-amyIoxypropyl )piperidine.—To a 

solution of 3-amyloxypropyllithium, prepared from 105 g. (0.5 
mole) of 3-bromo-l-( 1 ,l-dimethylpropoxy)propane19 and 6.94 g. 
(1.0 g.-atom) of lithium wire in 600 ml. of ether, was added 63 g. 
(0.33 mole) of l-benzyl-4-piperidone in 100 ml. of ether over a 
period of 2 hr. The reaction mixture was allowed to stir at room 
temperature overnight, and was then refluxed for 1 hr. Water (26 
ml.) was added to the cooled mixture. The ether layer was 
separated and dried (MgS04). The insoluble materials at the 
ether-water interface were dissolved in 300 ml. of water and ex­
tracted further with five 100-ml. portions of ether. The com­
bined ether layers were dried and concentrated to an oil. Dis­
tillation of the residue gave the desired product, yield 89.2 g., 
b.p. 1SO-1880 (0.2 mm.) 

The hydrochloride melted a t 181-182°. 
Anal. Calcd. for C50H.»NO2-HCl: C, 67.5; H, 9.6: X, 3,9. 

Found: C, 67.4: H, 9.7: X, 3.9. 

i HI) W. H. lteufruw I). Oaken, ('. [,auer. a n d T . A. Wal t e r , ./. Oiy. Chem., 

26, 935 (DiliIV 
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8-BenzyI-l-oxa-8-azaspiro [4.5] decane.—A mixture of 6.1 g. 
(0.02 mole) of l-benzyl-4-hydroxy-4-(3-i-amyloxypropyl)piper-
idine and 4.56 g. (0.024 mole) of p-toluenesulfonic acid mono-
hydrate in 35 ml. of xylene was heated at reflux overnight with 
removal of the water formed by a Dean-Stark trap. A solid was 
collected by filtration and dissolved in water. The aqueous solu­
tion was made strongly basic by addition of 10% NaOH solution 
and was then extracted with ether. The ether extract was dried 
and concentrated to an oil. Distillation of the residue gave 3.6 
g. of product, b.p. 108-110° (0.04 mm.). 

Anal. Calcd. forC,6H2iNO: C, 77.8; H, 9.2; N, 6.1. Found: 
C, 77.6; H, 9.1; X, 6.1. 

The picrate was recrystallized from ethanol; m.p. 130-131°. 
Anal. Calcd. for C1 5H2 1NOC6H3N30,: C, 54.8; H, 5.3; X, 

12.2. Found: C, 54.9; H, 5.2; N, 12.2. 
l-Oxa-8-azaspiro[4.5]decane.—A mixture of 23.1 g. (0.1 mole) 

of 8-benzyl-l-oxa-8-azaspiro[4.5]decane and 10 g. of 10% pal­
ladium on charcoal in 200 ml. of absolute ethanol was shaken 
in an atmosphere of hydrogen overnight at an initial pressure of 
3.15 kg./cm.2 (45 p.s.i.). The catalyst was filtered and the 
ethanol was removed by distillation at atmospheric pressure. 
The residual oil was distilled to give 11.0 g. of the desired product, 
b.p. 95-96° (15 mm.). 

Anal. Calcd. for C8H15XO: C, 68.0; H, 10.7; X, 9.9. Found: 
C, 67.6; H, 10.6; N, 9.6. 

The picrate was recrvstallized from ethanol; m.p. 178-180°. 
Anal. Calcd. for C8H15NO-C6H3N307: C, 45.4; H, 4.9; X, 

15.1. Found: C, 45.4; H, 4.9; X, 15.4. 
The hydrochloride was recrystallized from ethanol; m.p. 

170-171°. 
Anal. Calcd. for C8Hi5XO-HCl: C, 54.1; H, 9.1; X, 7.9. 

Found: C, 54.1; H, 9.0; N, 7.9. 
8-Benzyl-l,4-dioxa-8-azaspiro [4.5] decane Hydrochloride.—A 

solution of 37.9 g. (0.20 mole) of freshly distilled l-benzyl-4-
piperidone and 18.6 g. (0.3 mole) of ethylene glycol in 500 ml. of 
chloroform was saturated with HC1 gas at room temperature. 
A Hercules-type moisture t rap was fitted to the flask, and the 
solution was heated under reflux until no more water collected 
in the trap. The solvent was removed in vacuo, and the residue 
was recrystallized from a mixture of methanol-isopropyl ether; 
vield 47.4 g., m.p. 253-258°. 

Anal. Calcd. for CnH^XCyHCl : C, 62.3; H, 7.5; X, 5.2. 
Found: C, 62.3; X, 7.5; X, 4.7. 

8-Benzyl-l,4-dioxa-2-methyl-8-azaspiro[4.5]decane hydro­
chloride was prepared in an analogous manner starting with 37.9 
g. (0.20 mole) of l-benzyl-4-piperidone and 21.6 g. (0.30 mole) of 
1,2-propanediol. The resulting ketal was recrystallized from a 
mixture of isopropyl alcohol and isopropyl ether; yield 34.5 g., 
m.p. 187-189°. 

Anal. Calcd. for Ci5H21X02-HCl: C, 63.5; H, 7.8; X, 4.9. 
Found: C, 63.6; H.7 .7 ; X, 5.3. 

9-Benzyl-l ,5-dioxa-3,3-dimethyl-9-azaspiro [5.5] undecane 
Hydrochloride.—By a similar procedure 37.9 g. (0.2 mole) of 1-
benzyl-4-piperidone and 31.2 g. (0.3 mole) of 2,2-dimethylpropyl-
ene glycol gave 49.1 g. of the spiroketal after recrystallization 
from a mixture of methanol and diethyl ether; m.p. 246-248°. 

Anal. Calcd. for C „ H 2 5 X 0 H C 1 : C, 65.6; H, 8.4; X, 4.5. 
Found: C, 65.6; H, 8.2; X, 4.8. 

l,4-Dioxa-8-azaspiro[4.5]decane.—A solution of 26.9 g. (0.1 
mole) of 8-benzyl-l,4-dioxa-8-azaspiro[4.5]decane hydrochloride 
in 150 ml. of water was shaken with 5.0 g. of 5% palladium on 
charcoal in an atmosphere of hydrogen at an initial pressure of 
3.5 kg./cm.2 (50 p.s.i.) until the theoretical amount of hydrogen 
was absorbed. The mixture was filtered, and the filtrate was 
made basic by the addition of concentrated KOH. The aqueous 
solution was then extracted three times with 50-ml. portions of 
methylene chloride. The combined extracts were dried (Xa2-
SO4), filtered, and evaporated to yield a clear oil. The oil was 
distilled to give 5.2 g. of pure product, b.p. 91° (12 mm.). This 
compound has since been prepared by Stach, et al.,w b.p. 108-
110° (26 mm.). 

Anal. Calcd. for C,Hi3X02 : C, 58.7; H, 9.2; X, 9.8. Found: 
C, 58.6; H, 9.0; X, 9.7. 

l,4-Dioxa-2-methyl-8-azaspiro[4.5]decane.—A mixture of 28.3 
g. (0.1 mole) of 8-benzyl-l,4-dioxa-2-methyl-8-azaspiro[4.5]-
decane hydrochloride, 150 ml. of methanol, and 5.0 g. of 5% 
palladium on charcoal was shaken in an atmosphere of hydrogen 
a t an initial pressure of 3.5 kg./cm.2 (50 p.s.i.). When the theo-

(20) K. Stach, M. Thiel, and F. Rickelhaupt, Monalsh., 93, 1090 (l!)fi2). 

retical amount of hydrogen had been absorbed, the catalyst was 
filtered, and the filtrate was evaporated to dryness. The residue 
was recrystallized from isopropyl alcohol-isopropyl ether to 
give 20.1 g. of the hydrochloride salt. The salt was treated with 
aqueous KOH to liberate the free base, which was used immedi­
ately. 

The hydrochloride melted at 172-173°. 
Anal. Calcd. for C8Hi6NCvHCl; C, 49.6; H, 8.3; X, 7.2. 

Found: C, 49.6; H, 8.2; X, 7.2. 
1,5-Dioxa-3,3-dimethyl-9-azaspiro [5.5] undecane.—Similarly 

31.2 g. (0.1 mole) of 9-benzyl-l,4-dioxa-3,3-dimethyl-9-azaspiro-
[5.5]undecane hydrochloride was debenzylated to give 19.0 g. 
of the expected secondary amine hydrochloride. The free base 
was generated by treatment of the salt with aqueous KOH. 

The hydrochloride was recrystallized from isopropyl alcohol; 
m.p. 238-241°. 

Anal. Calcd. for C10Hi9XO2-HCl: C, 54.2; H, 9.1; X, 6.3. 
Found: C, 54.3; H, 9.0; X, 6.3. 

Methyl 1-Methoxycarbonylmethoxycyclohexanecarboxylate.— 
Under an atmosphere of nitrogen, a solution of 144 g. (0.91 mole) 
of methyl 1-hydroxycyclohexanecarboxylate21 in 250 ml. of dry 
dimethylformamide was treated portionwise with 45.5 g. (0.91 
mole) of 50% XaH in mineral oil. After the addition of sodium 
hydride was complete, 133 g. (0.91 mole) of methyl bromoacetate 
was added dropwise with stirring and cooling. The reaction 
mixture was then heated on a steam bath for 30 min. The mix­
ture was cooled and filtered, and the filtrate was evaporated under 
reduced pressure to yield an oil. Fractional distillation afforded 
starting ester, 35.4 g., b.p. 44-48° (0.15 mm.), and product, 67.3 
g., b.p. 93-96° (0.15 mm.). 

Anal. Calcd. for Ci,Hi806: C, 57.4; H, 7.9. Found: C, 
57.0; H, 7.6. 

1-Carbamoylmethoxycyclohexanecarboxamide.—A solution of 
64.6 g. (0.28 mole) of methyl 1-methoxycarbonylmethoxycyclo-
hexanecarboxylate in 600 ml. of methanol was cooled in an ice 
bath and saturated with XH3 . The reaction flask was loosely 
stoppered and stored for 3 days at room temperature. A small 
amount of crystalline material precipitated and was filtered; 
2.0 g., m.p. >300° d e c ; this proved to be piperazine-2,5-dione. 
The filtrate was concentrated to 300 ml. to give, on cooling, 24.2 
g. of the desired product, m.p. 176-181°. The analytical sample 
was recrvstallized from acetonitrile: m.p. 176-178°. 

Anal Calcd. for C9H16X203: C, 54.0; H, 8.1; X, 14.0. 
Found: C, 53.9; H, 7.9; X, 14.5. 

l-Oxa-4-azaspiro[5.5]undecane-3,5-dione.—A 500-ml. erlen-
meyer flask containing 29.6 g. (0.148 mole) of 1-carbamoylmeth-
oxycyclohexaneearboxamide was heated at 200-205° for 6 hr., 
during which time the evolution of XH 3 was noted. The con­
tents of the flask, upon cooling to room temperature, were taken 
up in a mixture of methanol and water (1:3), treated with Darco, 
and filtered hot. The filtrate on cooling yielded colorless needles 
of the product, yield 17.9 g., m.p. 122-124°. A small sample 
of this material was recrystallized for analysis; m.p. 123-124°. 

Anal. Calcd. for C9Hi3X03 : C, 59.0; H, 7.2; X, 7.7. Found: 
C, 58.8; H, 7.3; X, 7.6. 

l-Oxa-4-azaspiro [5.5] undecane.—With mechanical stirring 
and cooling, and under a nitrogen atmosphere, a suspension of 
4.93 g. (0.130 mole) of LiAlH4 in 50 ml. of dry tetrahydrofuran 
was treated dropwise with a solution of 12.0 g. (0.065 mole) of 
l-oxa-4-azaspiro[5.5]undecane-3,5-dione in 100 ml. of dry tetra­
hydrofuran. On completion of the addition, the reaction mix­
ture was stirred overnight at room temperature. About 15 ml. 
of acetic acid was added cautiously to the reaction mixture with 
cooling and stirring, followed by addition of 50 ml. of water. 
The solid materials were filtered, and the cake was washed with 
tetrahydrofuran and then water. The filtrate was evaporated 
under reduced pressure, and the oily residue (13 g.) was stirred 
with a mixture of 1 N KOH and isopropyl ether. The aqueous 
phase was washed once with isopropyl ether. The combined 
organic layers were dried (Xa2S04), filtered, and evaporated under 
reduced pressure to give crude l-oxa-4-azaspiro[5.5]undecane, 
5.6 g. This crude amine was not purified further but was con­
verted directly to the sulfamide by a procedure outlined pre­
viously. 

2-Methylthiomorpholine.—To a suspension of 2.26 g. (0.02 
mole) of /3-mercaptoethylamine hydrochloride in 150 ml. of 
cold ethanol was added 2.64 g. (0.04 mole) of KOH. To this 

(21) P. J. Tarbouriech, Compf. rend., 149, 604 (1910); Chem. Abalr., 4, 
583 (1910). 
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cooled mixture was then added 3.64 g. (0.02 mole) of ethyl a-
bromopropionate in 20 ml. of ethanol. The reaction mixture 
was allowed to warm to room temperature and was heated to 
reflux for 3 hr. The mixture was then cooled and filtered, and 
the filtrate was evaporated to dryness. The residue was taken 
up in chloroform and dried (NanSOi). Removal of chloroform 
gave 1.7 g. of 3-oxo-2-methylthiomorpholine, m.p. 82-82.5°. 

To 11.4 g. (0.03 mole) of LiAlH4 suspended in 250 ml. of cold 
ether was added 20.7 g. (0.157 mole) of 3-oxo-2-methylthiomor-
pholine in 1 1. of ether at such a rate as to maintain a gentle ether 
reflux (3-4 hr.). The reaction mixture was further heated under 
remix for 2 hr., cooled, and treated dropwise with 33 ml. of ice 
water. The ether layer was separated, dried (KOH), and con­
centrated in vacuo. The residual oil was distilled to give 13 g. 
of the desired product, b.p. 55° (4 mm.), lit.'22 b.p. 103°. 

Anal. Calcd. for C5HnNS: C, 51.2: H. 0.5: N. 12.0. Found: 
50.9; H, 9.5; X, 11.8. 

2,2-Dimethylthiomorpholine.—In a similar manner 113 g. (1.0 
mole) of mercaptoethylamine hydrochloride, 112 g. (2.0 mole) of 
KOH, and 195 g. (1.0 mole) of ethyl a-bromoisobutyrate in 450 
ml. of ethanol gave 61 g. of 3-oxo-2,2-dimethylthiomorpholine, 
m.p. 108.5-110°'. 

By the same reduction procedure, 61 g. (0.4 mole) of 3-oxo-2,2-
dimethylthiomorpholine and 30.3 g. (0.8 mole) of LiAlH; in 
700 ml. of ether gave 43.5 g. of the product, b.p. 66° (12 mm.). 

Anal. Calcd. for C6H13XS: C, 54.9; H. 10.0: X, 10.7. 
Found: C, 54.8; H, 9.8; N, 10.5. 

1-Mercaptocyclohexanecarboxylic Acid.—Under a nitrogen 
atmosphere, a solution of 14.0 g. (0.0076 mole) of l-thia-3-aza-
spiro[4.5]decane-2,4-dione , , and 15 g. of XaOH in 100 ml. of 
water was heated under reflux for 48 hi'. The solution was 
cooled, a small amount of precipitated material was filtered, and 
the filtrate was washed twice with diethyl ether. The aqueous 
solution was adjusted to pH 1 with 12 A" HCl and was again 
extracted with ether. This ether extract was then extracted 
three times with 100-ml. portions of saturated N"aHC03 solution. 
The combined bicarbonate extracts were adjusted to pH 1, and 
150 ml. of ether was added to the flask. The mixture was stirred 
overnight. The ether phase was then separated, dried, and 
evaporated to give 10.0 g. of the product, n-h\> 1.5130. This prod­
uct would not crystallize, and distillation was not attempted. 

l-(2-Aminoethylmercapto)cyclohexanecarboxylic Acid.—A 
flask, flushed with nitrogen, was charged with a solution of 45.2 
g. (0.282 mole) of 1-mercaptoeyclohexariecarboxylic acid in 100 
ml. of 10')o NaOH. To the stirred, ice-cooled solution was 
added dropwise over a 30-min. period 57.8 g. (0.282 mole) of 2-
bromoethylamine hydrobromide in 202 nil. of 10'^ NaOH solu­
tion. The reaction solution was allowed to warm to room tem­
perature and was then adjusted to pH 5 by addition of acetic acid. 
The resulting precipitate was filtered and washed with hot metha­
nol to give crude product, 28.0 g.. m.p. 247-249°, An analyti­
cal sample was prepared by sublimation at 0.1 mm. (bath tem­
peratures 240°), m.p. 244-245°. 

Anal. Calcd. for C9X17X02S: C, 53.2; H, 8.4: N, 6.9. 
Found: C, 53.3; H, 8.2; X, 6.6. 

l-Thia-4-azaspiro[5.5]undecan-5-one.—Under a nitrogen at­
mosphere and without solvent, 5.0 g. (0.0246 mole) of l-(2-
aminoethylmercapto)eyclohexanecarboxylic acid was heated at 
220° for 75 min. during which time water vapor evolved. After 
cooling, the contents of the flask were taken up in hot 1,2-di-
methoxyethane. The solution was filtered and allowed to cool. 
The precipitated solid was filtered, yield 2.05 g., m.p. 184-185°. 

(22) Ii. Idson and P . V.. Spoerri , .1. Am. Chen,. So,:., 76, 2902 (19">4). 

A second crop of 0.16 g., m.p. 183-184°, was obtained by con­
centration of the dimethoxvethane filtrate. 

Anal. Calcd. for 09N l f,XOS: O, 58.3: II, 8.2: N . 7.6. Found: 
C, 58.1: II, 8.1 ; X, 7.2. 

I-Thia-4-azaspiro[5.5]undecane. A predned three-neck 1000-
ml. round-bottom flask was flushed with nitrogen and charged 
with 6.45 g. (0,170 mole) of LiAlH, and 100 ml. of dry tetra-
hydrofuran. During all operations in the reaction flask vigorous 
stirring was maintained. The mixture was heated under reflux 
for 30 min. and was then cooled in an ice bath. A solution of 20.0 
g. (0.108 mole) of l-thia-4-azaspiro[5.5 jUiidecaii-5-one in 300 ml. 
of dry warm dioxanc was added dropwise over a period of 1 hr, 
to the cooled reaction mixture. During The addition, the di-
oxane solution was warmed by means of a heat lamp to prevent 
the solute from crystallizing. After the addition was complete, 
the mixture was allowed to warm to room temperature and was 
stirred overnight. The mixture was then treated with 40 ml. of 
glacial acetic acid and then with 200 ml. of water. Insoluble 
solids were filtered, and the filtrate was evaporated under re­
duced pressure to yield 28 g. of a gum. The gum was stirred 
in a mixture of 1 A" KOH and isopropyl ether until all the gum 
was in solution. The ether phase was separated, washed twice 
witli 1 A' KOH and three times with water. The organic phase 
was dried, filtered, and evaporated to give 14.0 g. of an oil, which 
was fraetionallv distilled to give the product, 11.7 g.. b.p. 141 
142.5° (22 min,). 

Anal. Calcd. for C3Ii17NS: C. 63.1 : H, 10.0: N. 8.2. Found: 
0, 63.2: 11. 9.9: X, 8.0. 

2,4-Dimethyl-3-amylamine.—2,4-L)iniethyl-3-pentanone o,\-
ime23 (65 g., 0.5 mole) in 150 ml. of dry ether was added dropwise 
under a nitrogen atmosphere to a suspension of 70 g. (1.S3 moles) 
of LiAlHi in 1500 nil. of ether. The reaction mixture was al­
lowed to stand at room temperature overnight. Excess hydride 
was hydrolyzed by the cautious, dropwise addition of 200 ml. of 
cold water. The ether layer was separated, and the aqueous 
phase was extracted with five 200-nil. portions of ether. Com­
bined ether extracts were dried (KOH), and the ether was re­
moved in vacuo. Distillation of the residue gave 38.7 g. of the 
product, b.p. 36-38° (22 mm.). 

The hydrochloride was recrystallized from a large volume of 
ether: m.p. 193-194°, 

Anal. Calcd. for C7X,7Ndl.Cl: C. 55.4: II, 12.0: N, 9.2. 
Found: C, 55.2: H, 12.0: N, 9.4. 

2-AminomethylbicycIo[2.2.1]heptane.—A solution of 48.7 g. 
(0.3 mole) of 2-arninoniethylbicyclo[2.2.1]-5-heptene hydro­
chloride in 100 ml. of absolute ethanol was shaken with 3.0 g. of 
platinum oxide in an atmosphere of hydrogen at an initial pres­
sure of 3.5 kg./cni.2 (50 p.s.i.). After 2 hr., the uptake of hydro­
gen was complete, and the catalyst was filtered. Concentration 
of the resulting filtrate gave 39.1 g. of the desired product as the 
hvdrochloride, in.]). >320°. 

'Anal. Calcd. for C a N„NdICl : C, 59.4; 11,10.0; N. s.7. 
Found: C, 59.9: II. 10.1: N, 8.6. 
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