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TABLE I 
SULFAMIDEB 
R1 

>NS02NHz 

Crystn. Yield, C H N  
112  --Calcd., %--- --Found, 5%--- 

n N  C ni.p.. OC. solvent Formula No. R I  Ka .% 
1 <!H3 CH3 76 97-98.5 u C2H8N?02Sh 19.4 6 . 5  22.6 19 .7  6 . 4  22.4 
8 CHaCH, CH3CHa 33 Oil CaHi2Ns0zS~ 

3 CH3 CH( CH2)d 36 118-180 d C7H26NdhS 43.7 8 .4  14.6 43.9 8 . 5  14 .8  
4 CH3 a-Picolyl 54 106-107.5 e CiHiirU'3OyS 41.8 5 .5  20.9 41.3 5 , 2  20.6 

6 H CH( CH~),! 48 88.5-89.5 f C~H1302K&g 40.7 7 .4  15.8 40.7 7 . 8  15 .6  

c )  CHa p-ClCsHaCH2 19 129-131 d C8HllClK202S 40.9 4 . 7  11.9 40.9 4 . 7  11 .8  

7 -(CH,)4- 48 94-95 CaHioN202S 32 .0  6 . 7  18.7 32.4 7 . 0  18 .8  
8 -( CH2h- 43 66-67 Jh C&ax~02S 40.4 7 . 9  15.7 40.4 7 . 6  15.7 
a Acetone. b See ref. 2 .  c A. Taiidi, T. hloeller, and L. F. Audrieth, J. Org. Chem., 26, 1136 (1961). d Toluene. e Ethanol. ' Ether. 

u A. hl .  Pacquiri, dngew. Chem., A60,316 (1948). * Water. 

TABLE 11 
PIPERIDINE SULFAMIDES 

N O .  Rt R2 
1 H  H 
2 2-CH3 H 
3 3-CH3 H 
4 4-CH3 H 
5 4-CZHj H 
6 4-CHI(CHi)s H 
7 3-CF3 H 
8 4-CF3 H 
0 4 0 H  H 

10 3-CH30 H 
11 4-CH3O H 
12 S-CH3 5-CH3 
1 3  4-CH3 4-CH3 
14 4-CH3 4-C,Hz 
15 4-CZHj 4-CZHb 
16 4,4-( CHe)4 
17 4,4-(CH2)j 
18 4-CH3 4-CH3O 
19 4-CH3 4-HO 
20 4,4-(CH2)30 
21 4,4-O(CH,)20 
22 4,4-OCH(CH3)CHZO 

Yield, 
"?o X p . ,  o c .  

66 119-120 
5 60-61 

56 98-98.5 
3 2 127-128 
S6 1288-129 
S i  128. 5-129,5 
71 131-132.5 
68 167-168 
65 104.3-105.5 
49 84-85 
91 142-143 
86 121-126 
62 80.5-81.5 
68 64.5-65 
91 114.5-115.5 
92 105.5-106.5 
20 129.5-130.5 
67 145-145.5 
41 11&120 
77 136-137 
65 146-147 
67 134-136 

28 4,4-OCH?C( CHa)zCH20 60 133-135 

Crystn. 
solvent 

a 
C 

C 

C 
d 
C 
C 

C 

e 
C 

f 
d 
d 
d 
d 
d 
C 

C 

C 

C 

9 
f 
f 

---Calcd., %- 
C " 

36.6 7 . 4  17.1 
40.4 7.9 15.7 
40.4  7.9 15.7 
40.4 7.9  15.7 
43.7 8 . 4  14.6 
46.6 8 . 8  13.6 
31.0 4 .8  12.1 
31.0 4 . 8  12.1 
33.3 6 .7  15.6 
37.1 7.3 14.4 
3 7 . 1  7 . 3  14.4 
43.7 8 . 4  14.6 
43.7 8 . 4  14.6 
46.6 8 . 8  13.6 
49.1 9 . 2  12.7 
49.5 8 . 3  12.8 
51.7 8.7 1 2 . 1  
40.4 7.7 13.5 
37.1 7 . 3  14.4 
43.6 7.3 12.7 
37.8 6 . 4  12 .6  
40.7 6 . 8  11.9 
45.4 7 . 6  10.6 

--Found, %--- 
N C H  

36.4 7 . 2  17.3 
40.6 7 . 8  15.9 
40.5 8 . 2  15 .7  
40.5 7.9 15.6 
43.9 8 . 4  14.7 
46.6 8 . 7  13.6 
31.1 5 . 0  11.8 
30.7 4 . 6  12.1 
33.3 6 . 8  15.2 
37.2 7 . 3  14.0 
37.3 7 . 3  14.1 
43.6 8 . 2  14.6 
43.6 8 .4  14.5 
47.0 8 . 8  13.5 
49.2 8 . 9  12.6 
49.6 8 . 2  13.2 
51.8 8 . 5  11 .8  
40.7 7 . 8  13.4 
36.9 7 . 1  14.6 
43.6 7 . 7  12.6 
37.9 6 . 3  12 .3  
40.9 6 9 1 1 . 6  
45.2 7.7 10 .5  

Betizerie. See footnote c, Table I. Ether. Ether-petroleum ether (b.p. 39-45"). e Acetone. Isopropyl alcohol. 0 Ethyl 
acetate. 

1. A, DnIF 

2 .  Ha0 
RlR2SS02NH-Na+ + (C6H&NCONHR +- 

in these laboratories and was previously utilizedlb,c for 
the preparation of some sulfonylureas. The more con- 
ventional reaction of a sulfamide with an isocyanate' 
mas 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 literslture 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- 

RiRzXS02NHCONHR + HzN(CsHj)2' 

(7) F. Kurzer, J .  Chem. Soc., 1268 (1961). 

irig 3- or 4-methoxy derivatives; hydrolysis of these 
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. 
.4 number of amines were prepared from l-benzyl-4- 

piperidone ; Chart I illustrates the transformations 
involved. The adduct from 1-benzyl-4-piperidone and 
niethyllithium 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 1-benzyl-4-piperidone with 
the lithium reagent from 3-bromo-l-(l,l-dimethyl- 
propoxy)propane mas treated with strong acid to effect 
dealkylation arid coriconiitant cyclization; hydro- 
genolysis of the benzyl group afforded 1-oxa-8-aza- 
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0 Ether. Ether-peiit:tne. 1 k:thariol-w.ater. 
f Pentane. Ethyl acetate-chloroform. 

N a H .  i'H I I 

c 
X , 4 

! I  .; 
s .-I 

! I  4 

',I .-I 

!I, 1 

\ i  

!I 2 
\ I  
h : j  

i :I 

h i  

s *-I 
1" :I 

HCI-HO('H C" OH I IH  

spiro [4.q5]decane (iiiterinediate for ZI-208). Ethyleiie 
glycol was condensed with 1-benzyl-4-piperidone to 
give 8-benzyl-l,4-dioxa-8-azaspiro [4.5]decane ; hydro- 
genolysis of this product gave 1,4-dioxa-8-azaspiro [4.5]- 
decaiie, the precursor for 11-21. Similar reaction se- 
quences, with propylene glycol or 1 ,.?-propanediol i ti- 

(8) In  designating a cornpound by this method, the Woman nulneral 
corresponds to the tahle where the cornpound may he found, while t!lrL 
.\rahic numeral indicates its position within that  table. 

C ( H \ R I ' I I  

OH OCH,CO,CH, 

1.1 A! tl , I 

1iexaiiccarhoayl:tte was alkylated with iiiethyl hroiiio- 
ac-etate; the redti i ig diester U-T'B' roriverted to the  
corresponding diamide; pyrolysis of the diainide 
afforded the exi)ecated imide, which was sub~eyuently 
reduced with lithium alumiriuni hydride to give the 
deiired spiromorpholiue. The crude aniine was not 
purified but was converted directly to the sulfamide 

811.;ylw- 
i w t l  of 2-inercaptod hj-lainlire with chthyl a-bromo- 
propionate afforded the cxpc ed thioether; cyclizs- 
i i o i i  of i hi- 1)roduc.t gave Z-ii~c~th~1-3-oxothioillorpholiti(~, 

IV-3. 
Several thioniorl)holiiit~~ were :d+o inad(.. 
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TABLE 15' 
MORPHOLINE-, THIOMORPHOLINE-, AND PIPERAZINESULFAMIDES 

R'.- 

R2 wS02"2 
Yield, Crystn. ---Calcd., %--- ---Found, %-- 

C H N  C H N  No. RI Ra X 70 M.p.,  OC. solvent Formula 

1 2-CH3 H 0 85 94-95 U C5HI2N2O3S 33.3 6 . 7  15.6 33.4 6 . 7  15.3 

3 2,2-( CHz), 0 44 121-122 C C9HI8N2O3S 46.1 7 . 7  12.0 46.2 7 . 6  11.6 
2 2-CH3 6-CH3 0 49 133-134.5 b C6&4N203S 37.1 7 . 3  14.4 37.0 7 . 2  14.4 

4 H  H s 70 111.5-112.5 d C4HioS202S2 26.4 5 . 5  15.4 26.5 5 . 4  15.2 
5 H  H SO2 70 201-202.5 e C4H&20& 22.4 4 .7  13.1 22.5 4 . 7  13.2 
6 2-C& H S 61 87.5-88.5 a CbH12N20aS2 30.6 6 . 2  14 .3  30.6 6 . 1  13.8 
7 2-CH3 2-CH3 S 67 149-150 f C ~ H I ~ ? ; ~ O Z S ~  34.3 6 . i  13.3 34.5 6 . 7  13.0 

9 2-CH3 2-C& Sop 58 161-162 e C ~ H ~ ~ S ~ O ~ S Z  29.7 5 . 8  11.6 29.9 5 .8  11.5 

11 2,2-(CHa)a so 97 211-212 h C9Hi8N203S2 40.6 6 . 8  10.5 40.6 6 .7  10.4 

13 4-C& H N 50 137-139 b C6HibX3O2S 37.3 7 . 8  21.7 37.3 7 . 8  21.6 

8 2-CH3 2-CH3 SO 85 196.5-197.5 d C ~ H I ~ N Z O ~ S ~  31.8 6 . 2  12.4 31.7 5 . 9  12 .4  

10 2,2-( CH2)j S 53 129-130 9 CgH18S202S2 43.2 7 . 3  11.2 43.1 7 . 1  11.0 

12 2,2-(CHzh so2 74 197-199 h CgH&204S2 38 .3  6 . 4  9 . 9  38.4 6 . 3  9 . 8  

4 Ether-petroleum ether (b.p. 39-45'). Ethanol. Chloroform-isopropyl ether. Acetone. e Water. ' Ether. 0 Chloroform- 
hexane. h Isopropyl alcohol. 

which was reduced with lithium aluminum hydride to 
2-niethylthiomorpholine. In similar fashion, 2,2-di- 
methylthiomorpholine was prepared froni 2-mercapto- 
ethylamine and ethyl a-bromoisobutyrate. Synthesis 
of 1-thia-4-azaspiro [5.5]undecane was accomplished 
as illustrated in Chart 111. Alkaline hydrolysis of 1- 

CHART 111 

thia-3-azaspiro [4.5 ]decane-2,4-dioneg gave l-niercapto- 
cyclohexanecarboxylic acid, which was alkylated with 
2-bromoethylamine to provide 1-(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-aniinopentane and 2-aminomethyl- 
bicyclo [2.2.l]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. .&. Robinson, and M. N. Straohan, J .  Chem. S o c . ,  
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 S,K-disubstituted sulfamides; the 
exception, 1-1-8, 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 a t  position 1 of all 
compounds reported here is derived from a primary 
aminelO; 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,'>l' 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, i t  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 
CrCs cycloalkyl or bicycloalkyl R substituents. In 

(10) Compounds of the tgpe RIRzSSOZNHCOKRJR~,  in whlch RIRsN 
and NRsRi are both derired from secondary amines. wlll be reported in a 
subsequent paper. J .  W. McFarland, C. F. Gerber, and W. M. MoLamore. 
J .  Med Chem., 8 ,  781 (1965). 

(11) (a) F. J. Marshall, M. V. Sigal, Jr., H. R .  Sullivan, C. Cesnlk, and 
M. A Root, abzd.,  6 ,  60 (1963); (b) F. G .  Mchlahon, H. L. Upjohn, 0. S. 
Carpenter, J. B Wright, H.  L. Oster, and W. E. Dulin, C u r ~ n l  Therap. 
Rea., 4, 330 (1962). 
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46 ti 6 I I!) 4 
4 1 1  7 1  l i 8  

subsequent work, t herefow, eni1)haii. was placed oii 

changes in the sulfamyl 1)ortiori of the  molecule, r c b -  

stricting, with a few exreptions, the R wbstituents to 
ryclohexyl and cycloheptyl. 

I'lanning of further analogq was influenced riot o d y  
by i t  ructure-activity relationships but also by the 
results of a concurrent study of acidity (pK,), relative 
lipophilicity, and the drug dynamics (in the dog) of 
vcrtain key analogq.6 In  brief, these studies suggested 
that : (1) the more acidic sulfaniylreas have longer 
plasma half-lives, and ( 2 )  the more polar (less lipo- 
philic) sulfamylureas are rapidly excreted by the kidney. 
Since all sulfamylureas studied exhibited shorter half- 
lives in the dog than chlorpropamide or tolbutamide, 
and since they are less acidic and more lipophilic tharr 
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 struct urc-activity relatioil- 

shil)\. I t  w>is hclieved sulfaniylurea.; Iiwviiig 1 hcwl 
properties would also be more rapidly and coniplei rly 
absorbed. 

The outstanding hypoglyceniic activity of 1'1-14 
and V-3 prompted the preparation of a substant ial 
series of mono- arid disubstituted piperidinesulfani?-I- 
ureas. As can he seen from Table VIII, peak ac*tivitj 
in  the inonorubstituted seriw was found ~ I I  t h c  k- 
iiiethylpiperidinc. cycloheptyl analog, T'III-B. Sinii- 
larly, 4,4-disubstituted analogs (Table IX) ,  w c h  a5 
1x4, 1x4, IX-10, and IX-17, had outstanding a(>- 
tivity in our vreen. However, the low solubility of 
IX-4 and especially of IX-IO led to poor oral absorp- 
tion. Conipourid IX-17 was designed to overconie this 
problem. The spiroether function was expected to 
confer additional polarity and solubility 011 the mole- 
cwle while maintaining the desirable 4,4-disubqtit~tioii. 
So ahwrljt ion prohlcni was obsci-rred with IX-17, \vIi1(~11 
:tlso proved to bc oiic of the inore activc c*onil)ouiid\ 
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TABLE VI1 
MORPHOLINESULFAMYLUREAS 

~”NSO~NHCONHR 
U 

Crystn. ----Calcd., %--- 

l a  (CH2)nCHS 101-102 1) C,HljN304S 38 2 6 S 16 7 
NO. R M.p , ‘ C .  solvent Formula C n N 

I I 
2 CH(CH2)r-’ 138-1 38.5 h CiOHiyN304S 43.3 6 . 9  15.2 

r --I 
3 CH(CH?)j’ 125-1 26 h C,,H2,N304S 45 .3  7 . 3  14.4 

4 CH(CH2)eJ 107-108. ,5 h Cl,H?3X30aS 4 7 . 2  7 . 6  1:3.8 

5 CH(CH$ 112.5-114 1) Cl3HzbN3O4S 48.9 7 . 9  13 .2  

r -- 
r -  

G (CH3)b(CH~),J  159-160 h Ci2H23N304S 47 2 7 6 13 8 
7 Borriyl 181-182 c C15H27N3048 52 2 7 9 12 2 
8 Isobornyl 167-168 c C1SH27N304S 52 2 7 9 12 2 

9 CH a 122 5-- C CI3H&,O4S 49 7 6 4 13 4 
123 I )  

10 C H j G  134-135 d C13H23N304S 49 2 7 3 13 2 

11 CH[CH(CH,)?]j 135-136 c Cl2HZ6N3O4S 46 9 8 2 13 7 
a Prepared by the isocyanate method. * X o t  recrystallized. Ether. Acetone-ether. 

NO. Ri 

1 2-CH3 

2 2-CH3 

3 3-CH3 

4 3-CH3 

5 4-CH3 

6 4-CH3 

7 3-CF3 

8 4-CF3 

9 4-CzH5 

10 4-C3Hi 

11 3-OCH3 

12 POCHI 

13 4-OH 
14e A3 

15 A3 

R 

TABLE T’III 
SEBSTITUTED PIPERIDINESULFAMYLUREAS 

R ’ c N s o 2 m  c m m  

M.P., oc. 

149-150 

146 5-147 5 

111-112 

106-107 .i 

132-133 

123 -5-124 5 

130 .i-i3i 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 

n 

a 

c 

U 

c 

a 

d 

d 

a 
n 

a 

----Found, $+---- 
C H N 

3 8 7  6 8  1 6 9  

4 3 3  6 8  1 5 1  

4 5 1  7 2  1 4 6  

4 7 4  7 7  1 3 8  

48 7 7 8 13 0 

47.1 7 . 5  13.8 
Fi2.1 7 . 7  12.1 
52.2 7 . 8  12 .0  

49.5 6 . 5  13.4 

4 9 4  7 3  1 3 0  

47.3 8 0 1 3 . 7  

--Calcd., %-- ---Found, %- 
C H N C H N  

51.5 5 . 3  13.8 51.6 8 . 1  13.8 

j 3 . 0  8 . 6  13 .2  ,53.1 8 . 5  13.4 

,5i .5  8 . 3  1 3 . 8  51.1 8 . 0  13 .4  

63 .0  8 . 6  13 .2  s . o  8 . 4  13 .0  

5I.R 8 .3  13.8 51.5 8 2 13 .7  

53.0 8 . 6  13.2 53.1 8 . 8  12.8 

43.7 6 . 2  11 .8  43.7 6 2 11.6 

43.7 6 . 2  11.8 44.2 6 . 3  11.6 

53 .0  8 . 6  13.2 53.2 8 . 5  13.3 

54.4 8 .8  12 .7  54 .2  8 6 12.6 

48.9 7 . 9  13 .2  49.3 8 3 13.3 

50.4 8 . 2  12.6 50.6 8 . 2  12.4 

5 0 4  8 2  1 2 6  5 0 4  8 1  1 2 7  
4 3 7  6 9  1 9 4  4 3 7  6 9  1 9 6  

51.8 7 . 7  13.9 ,51,7 7 . 8  13 .8  

Hypgly- 
cemic 

activity 
4 f 2  5 

2 9 f 2  S 

2,5321 0 

3 0 i 4 0  

3 2 i l  7 

1 4 4 ~ 1 4  
2 2 f 3  5 
2 7 f 2  9 

2 8 f 3  6 

2 1 f 3 2  

2 0 2 3  3 

Hypoglycemic 
activity 

12 i 2 . 2  

12 i 2 . 7  

34 f 2 . 0  

27 + 2 . 5  

22 f 3.5 

44 f 2 . 4  

22 i 2 . 4  

26 f 2 . 8  

24 f 2.8 

22 i 2 . 7  

24 f 2 . 5  

32 f 2.5 

11 f 4 . 6  
14 f 1 . 4  

38 i 3 . 5  
(1 N o t  recrystallized. b Hexane. c Ether-pentane. Ether. Prepared by the isocyanate method. 

of this series. The chief shortcoming of compound 
IX-17 was its relatively short plasma half-life in the 
dog.5 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,6 thus substantiating further the nexus 
between these two variables. The pentafluoro com- 
pound proved to be less active, although this decreased 
activity w a ~  anticipated f roiii k i  iowii s t  ruc t ure-;Lc t ivi t y 

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 plaqma half-lives as compared to the 
piperidine -4 fairly esteiisive exploration of 
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4-CH3 4-CH3 
4-CH3 4-CHs 

4-CHa 4-CiH 

4-C2Ha 4-C2Hd 

4,4-(CH?)i 

4,4-(CH2 I i  

4,4-(CH?)I 

4,4-[ CH2 I 

4,4-( CH2 )a  

4-OH 5-CH3 

1 0 C H j  4-CH3 

4 0 H  4-CsHj 

4,4-O(CH? 13 

4,4-0( CH?)3 

20 ~ ,COCH~CH(CHI)O 

21 4,4CICH2C(CH3)2CH?O 

R 

CH( CH?)I' 

CH( CH?)I-' 
1- - 

C'H(CH?),-- 

CHI CH? I-- 

CH( CHr), ' 

CH( CH2)j- 

R, 

R, 
SO,NHCONHR 

3I .p . ,  "C. 

139. .5--140 

167-168 

175--17,5, 5 

138- 1 :39 

143-144 
169--17O 

174--175 

138- 189 

177-lib 

154-1,55 

1;34-13.j 

304-20.5 

1.54-1 5s 

15(3-lt51 

1:33-1:32, 5 

7 83-184 

183.5- 

17O. 5- 
183.5 

171.5 

17:2-- 1 74 

1:31-1:32 

2 18-2 19 
Ether. Kot recrystallized. I<ther-pentane. Acetone. 

tate-isopropyl alcohol. 

morpholine derivatives therefore undertaken ah 
indicated in Table? TI1 and X. A\\ stated previously, 
c.pcloalky1 aiid bicycloalkyl It iuhstituentq appeared 
t o  be optimal (Table TII), :uid emphasis wab placed on 
variatioiiil in the morpholine 1)ortiori (Table X). With 
the exception of the 2-methylmorpholiiie derivative X-3, 
which xas  the most active morpholine analog exanlined 
in our screen, there appeared to be no particular ad- 
vantage in  iub5titution of the niorpholine ring. The 
q i r o  analog.. X - i  and X-8, designed as more lipophilic 
member\ of the relatively acidic niorpholine series, were 
particwlarly disappointing. Such thioniorpholines as 
X-(3 arid X-11 were comparable in activity to the corre- 
yonding nior1)holine analogi, but in the dog they were 
cvnvert ed to  the corresponding sulfoxides, which mere 
rn1)idly cxcreted.5 The high polarity of thiomor- 
I)holiiie wlfoxides and sulfones appeared to account for 
t hc chort 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 (YII-4, VII-9, IX-4, 
IX-10, IX-17, and IX-19) haye a blood sugar lowering 
effect in  man. 

Experimental Section'? 
1-(1-Piperidinesulfonyl)-3-cyclohexylurea.-To 3.7 g. (0.02 

mole) of the sodium salt of 1-sulfamylpiperidine suspended ill 40 
nil. of dimethylforniamide \vas added 6.17 g. (0.021 niolr) of 
S,~-diphenyl-T\"-c?clohesvlurea. The resulting mixture wit? 
heated on a steam bath overnight,. The solution was poiired i i i t o  

200 ml. of water aiid extracted with ether, and the aqiieoiis 1: ty~r  
was acidified v-ith 6 .\- HCI. The solid which precipitated tvxs 
filtered, washed with water, and dried in vacuo over I'?O;. 

The siilfamyhreas prepared by the diphenyliirea rolite tvwc 
synthesized by a similar procedure in which the yields varied 
from 50-755.  The sulfamylureas aiid their physical proiwr- 
ties are listed in  Tables V-X. 

1-( 1,1-Dioxo-2-methyl-4-thiomorpholinesulfonyl)-3-cyclo- 
hepty1urea.-To a solution of 2.5 g. (0.008 mole) of 1-(2-methyl-4- 
thiomorpholinesuIfcinyl)-3-cycloheptylurea in 50 mil. of g1:tcial 
acetic acid was added dropwise 2 .5  g. of KMn04  dissolved i t1  123 
nil. of water. The reaction mixtiire was cooled so tha t  t h e  
temperature did not exceed 3 0 " .  When the reavtiori was coni- 
plete, the excess permanganate was decomposed by the adtli- 
tiori of a sodiiim bisiilfite solution. The reactioii mixtiire was 
cooled, and the precipitated solid was filtered, washed with 
water, and dried; yield 2.2 g. The physical and siialytical data 
for this compound are listed in Table X. 

(12) Boiling pointa 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 
B c o .  
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NO 

I 

3 

3 

4 

5 
6 
R 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

X 

0 

0 

0 

0 

0 
0 

0 

0 

S 

SO? 

S 
SO? 

R 
SO 

so 

SO? 

S 

so 
SO? 

C2HjN 

RI R2 

2-CH:g H 

2-CHs H 

2-CH3 H 

2-CH3 H 

2-CH3 6-CH3 
2-CH3 6-CH3 

TABLE X 
~IORPHOLIKE-, THIOMORPHOLINE-, AXD PIPERAZINESULFAMYLUREAS 

Rl 

'XIONSO~NHCONHR 
R, /c/ 

R 

2-C& 2-CH3 

2,2-(CHa)j 

2,2-( CH?)5 

2,2-(CH2), 

H H 

Crystn. 
M.p.,  "C. solvent 

154155 a 

96.5-97 a 

115-116 u 

97.5-98.5 u 

170-1 7 1 b 
157-158 a 

132-133 C 

163-165 d 

130-130 5 e 

84-86 f 
119-120 e 

115-116 f 

143-144 a 

140.5- U 
141 5 

161.5- b 
162 5 

169-170 9 

147-150 h 

202-204 i 

201-202 i 

144-145 u 

Hypogly- 
---Calcd.. %- ---Found, %--- cemic 

Formula C H N C H N activity 

C12HnK304S 47.2 7 . 6  13.8 47.1 7 . 8  13.7 2 4 f 4 . 7  

C13H2j?Y1304S 48.9 7 .9  13.2 48.9 7 . 8  12.8 23 i 2 . 5  

C14H?$?r'rO48 .51.0 7 . 0  12.8 51.2 7 .0  12 .7  4 7 j z 3 . 7  

CgH14FjKj304S 30.4 4 . 0  11.8 30 .4  3 . 9  11.6 1 6 f 3 , 2  

C14Hz7N304S 50.4 8 . 2  12.6 50.3 8 . 1  12 .5  11 f 2 . 3  
CloHlaFSX30aS 32.5 4.4 11.4 32.8 4 . 5  11.4 18 f 2 . 5  

Cl&eNiOaS 53.4 8 . 1  11.7 53.6 8 . 3  11.3 13 f 1 . 9  

C17H313'304S 54 .7  8 . 4  11.2 54.7 8 . 5  11.0 1 1 2 . 5  

CIzH23X303S2 44.8 7 .2  13 .1  44.3 7 . 1  13.1 2 0 f  2 . 8  

CizH233'30& 40.8 6 . 6  11 9 40.4 6 . 7  11.9 11 f 2 . 8  

C~~HZSN~O& 46.5 7 . 5  12.5 46.5 7 . 3  12.4 33 i 3 . 0  

C13Hp,N30sS? 42.5 6 . 9  11 .4  42.1 6 . 9  11.5 14 f 3 . 0  

C14H?7N&8? 48.1 7 . 8  12.0 48.4 7 .7  11.8 1 5 * 3 , 0  

C14H27N304S2 46.0 7 . 4  11.5 45.6 7 . 2  11.5 2 i  f 2.4  

C I ~ H Z ~ N ~ O ~ S ~  44.4 7 .2  12.0 44.4 7 . 1  11.8 28* 1 . 6  

Ci4H27N30SSz 44.1 7 . 1  11.0 44.3 7 . 3  10.6 27 f 3 . 2  

Ci,H3iN303S? 52.4 8 . 0  10.8 52.6 7 . 8  10.7 1 5 f  1 . 6  

Ci7HaN30aSz 50.3 7 . 7  10 .4  50.1 7 . 5  10.0 l l f 3 . 2  

Ci7H3i?yr30jS? 48.4 7 .4  10.0 48.8 7 . 4  9 . 9  11 f 1 . 1  

C I ~ H ~ B N ~ O ~ S  49.0 8 . 2  17.6 48.9 8 . 4  17.4 1 8 * 3 . 0  
Ether. * Benzene. Isopropyl ether. Acetone-isopropyl ether. Not recrystallized. f Water-ethanol. 0 Benzeneether. 

* Benzene-isopropyl ether. * Isopropyl alcohol. 

1-Su1famylpiperidine.-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 11). 

4-Sulfamylthiomorpholine 1-oxides and 1,l -dioxides were 
prepared according to a general literature procedure13 (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'-cyclohepty1urea.-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 prodiict. This 
procedure typifies that used in the synthesis of all the diphenyl- 
urea intermediates (Table 111). 

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 soliition was heated 

(13) hl.  XI. Tilenk, C. 11. Surer, ani1 H. Arch?r, .I. A m .  Chum. S o c . ,  70, 
3848 (1048) .  

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~H13N02: C, 58.7; H, 9.2; K, 9.8. Found: 
C, 58.3; H, 9.2; N,9.6. 

1 -Acetyl-4-methoxypiperidine.-l-Acetyl-4-hgdroxypiperidine 
(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 
KaI was removed by filtration. The ether and dimethylform- 
amide were removed in uacuo, and the residue was distilled; yield 
13.5 g., b.p. 86" (0.05 mm.). Redistillation gave the mire mod- 

Y 

Ilct, yield 11.5 g., b.p. 76" (0.01 mm.). 

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

4-Methoxypiperidine.-A mixture of 11.5 g. (0.073 mole) of 1- 
acetyl-bmethoxypiperidine 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 
(RIgS04), and the solvent was removed in vacuo. Distillation 
of the residiial oil gave 6.2 g. of the product, b.p. 66" (10 mm.). 

Anal. Calcd. for CeH13NO: C, 62.6; H, 11.4. Found: C, 
63.1; H, 11.2. 

The hydrochloride melted at  132-133", lit." n1.p. 137.5-139.5'. 

(14) R. R. Renaiian aril! I t .  C'. COIIII, ~ b d d . ,  60, 745 (1938). 



.4nal. Calcd. for C6H13PU'O.HCI: <', 47.5: H, !i.:<: S, 9.2. 

The picrate melted at 108-109'. 
;lnal. Calcd. for C6H13SO.CsH,N3O;: C, 41.7; H, 3.0: S, 

16.2. Found: (1, 41.9; H, 4.9; K, 16.2. 
l-Acetyl-3-hydroxypiperidine.-ln a preparation analogous to  

that of l-sc.etyl-4-hydroxypiperidine, 50.5 g. (0.5 niole) of :I- 
hydroxypiperidine and 54 g. (0.53 mole) of acetic. anhydride i r i  

200 nil. of methylene chloride gave 57.0 g. of' I-:ic~etyl-:<-hy(lr~i\~- 
piperidine, h.p. 115' (1.0 n i n i . ) .  

;inul. Calcd. for C;HuSO,: (', 7 ;  H,  9 .2;  S,  9.S. k'oiit i(1: 
(', 5S.6; H, 8.8: N, 10.0. 

l-Acety1-3-methoxypiperidine.---Uy :L iiiettiyhtiou prcwedrirc 
siiiiilar t1o that used to  prepare I-aret l-l-inettiiixypipe~i(liii~~, 
X5.7 g. (0.2-5 mole) of 1-acetyl-:<-hydro. .piperiditie i i i  100 t i l l .  
of diriietliylfurmamide was t reated with 13.2 g .  ( 0 . 2 X  mole) of 
50' b NaH and 39.0 g. (0.28 mole) of methyl iodide to give 2ij  g. of 
the product, b.p. 143-145" ( 2 3  inin. 1. 

Anal. Calcd. for CsHljNO?: C, 61.1 : H, !4,0; S. 3.!l. Fo~iiiil: 
C, 60.6; H, 9.4; S, 8.7.  
3-Methoxypiperidine.--1-Ac.etyl-:3-riietliouypipel.idintr ( 2 6  g., 

0.17 mole) tirid 12 g. (0.3 mole) of XaOH in 75 1111. ( ~ f  water wei'e 
refliixeti overnight. The reac~tiori mixture was saturated witti 
K&03 aiid extracted with ether. The  ether extracats were dried, 
xiid the ether was removed in caciio. 1)isiillatioir of the residiw 
gave 10 g. of  the desired prodiirt.  11.11. 24' (0.2s nii i i . ) ,  l i t . i 3  h.11. 
I,~!4--1B0° (748 inin.). 

, t n rc l .  Calcd. for CeHlrXO: C', ti2.6: H, 11.4: X, 12.2. 
FCJII I I~ :  
4,4-Dimethylpiperidine.--To a slurry of 22.8 g. (0.6 Inole) of 

I,iAlH, in 500 nil. of anhydrous ether under a nitrogen atmosphere 
was added over a 2-hr. period 28.2 g. (0.2 niole) of :3,3-dimethyl- 
glutariniide in 1200 ml. of ether. Stirring and cooling were 
inairitairied diiring the additioii period. The reaction mixture 
\vas allowed t o  warm to  roorn temperatiire arid was then heated 
iiritier reflirx for 2.5 hr. The niixt,iire \vas cooled and 65 nil. of 
ic*e water was added slowly. The ether layer was separated, 
a t i d  the aqiieoiis phase was extracted wit,h two 500-ml. portions 
c ~ f  ether. All  ether extracts were cmrnhined aiid dried (NgSOa). 
I~etnoval of the ether arid distillation of the residue gave 7 . 5  g. 
(11 the prodric*t, 11.p. .i2 -53' (22  n in i .  1, lit. h.p. 135-1:3Xo,16 145 
I 4 t i O . l ;  

.lnnl. (Idcd. for C;HlaX: C, 74,:3; H ,  l:3.4: S, 12.4, Foiiiitl: 

(',73.9; H, 12.8: S, IY.0. 
4-Ethyl-4-methylpiperidine.--Iii a11 niialogous niyiiier 100 g. 

(0.65 mole) of 3-ettiy1-3-iiiettiylglutai.iiiiide and 76 g. (2.0 moles) 
(IF I,iAIHa gave 53.2 g. of the drsiretl prodiic.t, h.p.  ti!) 70' ( 1 1 '  
111111.!. 

The hydrochloride was rec:ryst,allized f rom etliariol, i i i .1~. 228 - 
229 O. 

. A d .  C d ~ d .  for CsHiiN. C , 3 8 . 7 :  H, 11.1: S,Q.O. 
Found: C, 5X.S; H, 11.3; S 

4,4-Diethylpiperidine.-By a Yiriiilar method 50 g. (0.3 inole) 
of 3,3-diethylglutarimide1s aiid 38 g. (1  .O niole) uf LiAlHl gave 
30.6 g. of the  desired amine, h.p. 52-53' (2.0 nirn.). 

The hydrochloride was recrystallized froni ethanol: r i i . p .  

20,5--206". 
i l r ~ u l .  Calcti. for C,H,,NO.HCl: C', 6 0 3 ;  H, 11.3; K ,  7.9. 

F(.lirnd: C, 60.9: H, 11.5; N, i.9. 
8-Azaspiroj4.51 decane.-:3,3-TetraiiiethyIerieglutaririiide (.iO 

g,,  0.8 niole) was reduced in a siiriilar iiiaiiner to give 18 g. o f  the 
product, b.p.  40-41" (0.1 nini.). 

r lnul .  Calcd. for CYHl;X: (:, 77.6: H, 12.3: S, 10.1. Fuitiid: 

Found: C, 47.6; H, 9.3; N, 8.9. 

C,62.1; H, 11.4: 9, 12.3. 

C, 7 7 . 3 ;  H, 12.2; S, 10.4. 
3-Azas~iro15.5lundecane.-In like niariner 50 g .  (0.28 mole) 

o f  :<,3-peiitaniethyleneglutariniide and 91.5 g. ('G.83 mole) o f  
l,iAIH.i i n  4 1. o f  ether gave 86 g. of the product, m.p. .58-60". 
This aniine was used without further purifimtion. 

l-Benzyl-4-hydroxy-4-methylpiperidine.-To a solution of 
tiiettiyllithium prepared froin 141.9 g. (1.0 mole) of methyl iodide 
:tiid 13.9 g. (2.0 g.-atoins) o f  lithium wire in 1 1. of ether under a 
iiitrugeri atmosphere was added 94.5 g. (0.5 mole) of  l-henzyl-4- 

piperidone ii i  100 nil. of ether over :t period lit' ? lir. 'I'tic. rv:ii.- 
tiori mixture was then  heated iiiitler refliis for I hr. I i ' t t i r  
cwoliiig, 55 nil. of water  was added dropwise. ' l Y i ( ~  i*i htlr 1:iyc.r 
way separated and dried (XlgSO4). The water l i t j ~ ~ r  UR.S further 
extracted with foiir 200-ml. portions of ether, :mil the dried et1ir.r 
wtracts were cwmhiried and coiicwitrated t o  i i i i  oi l .  Ilist i l h -  
l i c i i i  of the residiial oil gave tlir prodii(*t, yield 91 .? p., t1.p.  I I S  
121 ' I 0.:3 iiiiii.), w1iic.h c*rystallizetl I I I I  staiidiiig, iii .1i .  57 -5s". 

( ' ,  76.1: H ,  !I.:;: 1, 7 . 0 .  
. i / ~ t / l .  ( ' : ~ l ( d .  f'<ir('i;iHigNO: (', 7Ii.l : 11. ! I . : : :  T, li.4. ~ ' ~ I I I I I I ~ :  

The picrate i i i txl ted at 12i-128.5°. 
_ I  rml. C ' : i h t .  f<tr Cl : ,H,~~(~ .C6H.IN:10i :  ( '> 5 2 . 5 ;  l i ,  3.1 : 1. 

l?.!i.  Foitiid: C', 5 2 . 6 ;  H, 5.1: X, I:<.fl .  
4-Hydroxy-4-methylpiperidine. --.i iiiistiire of :!O g. (0. I (i.i 

iiiciir i of  I - t re t iz~l - l -hy~l rosy-4- t i ie t t i~ l~~i~ ,e l id i~ i~  :md I O  g. 111 
I O '  piil1:Ldiiriii uii c~tiarcual i i i  150 rid. o f  almiliile rtti:tnol \ v w  
first trr:itrd w i t h  10 nil. of I2 .I- HC1 arid wtts thrri sti:tktlri i t i  : t i i  

:ttniospher(J ( i f  hytlrogen at ari init,i:il pressiire i.if 3.5 kg./ciii.? 
). . i f le i ,  Iti hr., the ratslyst was filtered a i i d  the f i l c r x t t x  
c-eii tr i t t td to  tlryiiess. T l i e  residiie wits washed w i t l i  

:ic*et one, dried, : i r i d  t heii tiiistetl i i i to  : i i i  exress of .%I('; : t ( [ i i t ' ~ J i i $  

KOH.  Tlie 1iasiv soliitioii was c+xtrarted with ot,lirr, :iiid :id1 

rllrrr estrxcts were c~omhiiied aiid dried (KOH).  Iteiiiuval o f  t t i c s  

ether arid distillatioii of the residiir pnvr 13 p. o f  thcl  driiirt.d ~II'IIII- 
i i c t ,  11.11. 11.5- 117' [ : i O  nini . ) .  

F~llllld: (*, ii2.4: H. 11.2; K, 11.6. 
l-Ben~yl-4-methoxy-4-methylpiperidine.---~~i) 60 g. IO.:; i i i o l t ~  1 

o f  l-henzyI-.l-hydr~ixy-4-1~iethylpiperidine in I50 1111. o f  di- 
iiiet,tiylforrn~iiiidr {vas added 17.2 g. ((1.36 niole) of a ,?Of N:iH 
siispensioii. 1 he re:tc*tiori mist lire was stirred for 1 tir. folloK.c4 
hy the dropwise atiditiori of 47.11 g. 10.0:13 mole) of triethyl iotlitlc. 
over it period {if ? lir. The resiilting mixtiire was allowed to  st ir 
at rooni tmipfmitiire for ii hr. and a,t steam-bath teriiperatiirc3 
for 1 Iir. ISthrr ( 2 5 0  nil.) i m s  added to the cooled reactioii mix- 
t i i r e  :tiid thrx resilltitip precipitate was filtered. The ether :inii  

dinieth?-lforniartiidr w t w  removed under vaoiiiini, and t l i r .  
residiie was distilled t o  give the prodiicat, yield 43.0 g., t j . 1 ) .  S-I" 
(0.01 rnni. ). 

?1?;0: C:, 7 6 . 7 ;  H, 9.7;  X, 6.4. Fotlti(l: 

stallized froin isopropyl :dmtiol: tn.11. 

. l t ~ ~ / ! .  ( ' ~ l ( ~ ~ l .  for  ('6HiaNO: (', (i2.6: € 4 ,  11.4: 1, 12.2. 

,. 

1 %  -127;". 

12.5. Fourid: (', 53.7;  H, 5.1; S, 12.5. 

I!)+ 19*jo. 

,I t t t r l .  (lalcd. for C:i1H2iNO.(:6H3SsOi: ( '> 5:i.f;: 11, 5.4; S .  

The hydrochloride was revrysttillized frcrni el liyl : i w t : i t r :  r i r . T r .  

. ~ I , r i i l .  ('alcd. f o r  C14H2,KO~HCt: C, 65.7; 11, 8.7:  S .  .i.:i. 

4-Methoxy-4-methylpiperidine.-A solution of 65.7 g. (0.:; 
niole) of I-henzy1-4-methox~~-4-iiieth~-lpiperidine in 300 r i d .  ( i f  

ethanol \vas shaken wit,h 20 g. of lSYG palladiuiii on c.Iiarc-o:iI 
overnight in a hydrogen atmosphere at an initial pressure of i3.5 
kg./cni.' (50 p.s.i. I ,  The catalyst was filtered aiid the eth:triol 
was removed in tucuo. Distillatioii of the residue gave 22.9 K. 
I,!' prodiivt, h.p. 05-110° (IO mm.): 13.2 g. of recwwed Jtnrtirig 
material was obtained as a higher boiling fraction. 

F'lJlllld: c', 65.5; 11, 3.5; ?;, 5.5. 

The  hydrochloride melted at 178-179". 
Anal .  Calcd. fur (:;HliNO,HCI: C, 50.8; H. 9 . i :  S, 3.5. 

Foiind: (I, 50.5: H, 9.6; N, 8.4. 
1 -Benzyl-4-hydroxy-4-( 3-amyloxypropyl)piperidine.---Tc1 a 

solutim of :~-atnyl[ixypropyllithiurn, prepared from 106 g. (0.5 
mole) of :I-broii~o-l-[  I , I -d ime thy lp rop~x~~)p ropane~~  and 6.94 g. 
f 1 .(I g.-at o m )  of lit hiiim wire in 600 mi. of ether, was lidded 6 4  g. 
(o.:U mole) i i i  I-heiizyl-4-piperidone in 100 ml. of ether over :I 
period of 2 hr. The reaction mixture was allowed t u  stir at rooiii 
temperatiire overiiigtit arid was then refluxed for 1 hr. FYater (26 
nd. 1 was addecl to the cvuled mixt>iire. The ether layer W:LS 
separated and dried (- \ lgR04).  The insoluble materials :tt t hc 
ether-water iiiterfaw were dissolved in 300 ml. of whiter arid ex- 
tracted fiirthrlr Xvith five 1Ot)-ni1. portions of ether. The wtn-  
hinet1 d i e r  layers were dried arid concentrated t o  an oi 
t ihtioii  of the residiie gavr the desired prodticst, ,vieltl 
11.p. ISO-lS8" (0.2 nini.1 

The hydrochloride inelted at lSI-IY2°. 
.(nul. Calcd. for C,,H,,NO,~HU: C, 67..i; H, !I.(): s, 

F~llllld: ( I *  fi7.4: 11, ! l , 7 :  x, 3.9. 

V i ,  I t .  I l r i i f i U f i  I ) .  1)akr.i. ('. l,atier, arid7'. .\. %''alter. J .  I J t u .  ( ' l i u n i . .  
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8-Benzyl-l-oxa-8-azaspiro[4.5]decane.-A mixture of 6.1 g. 
(0.02 mole) of l-benzyl-4-hydroxy-4-(3-t-amyloxypropyl)piper- 
idine and 4.56 g. (0.024 mole) of p-toluenesulfonic acid niono- 
hydrate in 35 ml. of xylene was heated a t  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 producat, h.p. 108-110" (0.04 mm.). 

Anal. Calcd. for ClSH21NO: C, 77.8; H, 9.2; K, 6.1. Found: 
C, 77.6; H, 9.1; S ,6 .1 .  

The picrate was recrystallized from ethanol; n1.p. 130-131". 
Anal. Calcd. for C16H21~o.C6H3P1$~0i: C, 54.8; H, 3.3; N, 

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

of 8-benzyl-1-oxa-8-azaspiro [4.5]decane and 10 g. of l0yo pal- 
ladium on charcoal in 200 nil. of absolute ethanol was shaken 
in an atmosphere of hydrogen overnight a t  an initial pressiire 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 prodiict, 
t1.p. 95-96' (15 mm.). 

ilnal. Calcd. for CRHIINO: C. 68.0; H,  10.7; N, 9.9. Found: 
C,-67.6; H, 10.6; N, 96 .  

The picrate was recrystallized from ethanol; n1.p. 178-180". 
Anal. Calcd. for CsHlsK0.CsH3K,0,: C, 45.4; H, 4.9; S, 

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

li0-171'. 
Anal. Calcd. for CsHljNO.HC1: C, 54.1; H, 9.1; N, 7.9. 

Found: C, 54.1; H, 9.0; N, 7.9. 
8-Benzyl-1,4-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 trap was fitted to the flask, and the 
solution was heated llnder 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; 
yield 47.4 g., m.p. 253-258'. 

Found: C. 62.3; N, 7.5; S, 4.7. 
Anal. Calcd. for C14H19N02.HC1: C, 62.3; H, 7.5; N, 5.2. 

8-Benzyl-1,4-dioxa-2-methyl-8-azaspiro (4.51 decane hydro- 
chloride was prepared in an analogous manner starting with 37.9 
g. (0.20 mole) of 1-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 ClsHn1N02~HCl: C, 63.5; H, 7.8; 5, 4.9. 
Found: C, 63.6; H, 7.7; N, 5.3. 

9-Benzyl-I ,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 Cl,Hz5NO.HCl: C, 65.6; H, 8.4; N, 4.5. 
Found: C, 65.6; H, 8.2; N, 4.8. 
1,4-Dioxa-8-azaspiro[4.5]decane.-A solution of 26.9 g. (0.1 

mole) of 8-benzyl-1,4-dioxa-8-azaspiro [4.5]decane hydrochloride 
in 150 ml. of water was shaken with 5.0 g. of 5y0 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 (Nan- 
Sod), 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.,*0 b.p. 108- 
110' (26mm.). 

Anal. Calcd. for CiHllNOz: C, 58.7; H, 9.2; N, 9.8. Found: 
C, 58.6; H, 9.0; N, 9.7. 
1,4-Dioxa-2-methyl-8-azaspiro[4.5] decane.-A mixture of 28.3 

g. (0.1 mole) of 8-benzyl-1,4-dioxa-2-methyl-8-azaspiro[4.5]- 
decane hydrochloride, 150 ml. of methanol, and 5.0 g. of 5yG 
palladium on charcoal was shaken in an atmosphere of hydrogen 
a t  an initial pressure of 3.5 kg./cm.* (50 p.s.i.). When the theo- 

(20) l i .  Starh,  RI. T h i d ,  and F. nickelhaiipt, .lTonnldi., 93, 101m (1962). 

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 a t  172-173'. 
Anal. Calcd. for CsHlsN02.HC1; C, 49.6; H, 8.3; N, 7.2. 

Found: C,49.6; H, 8.2; N, 7.2. 
1,5-Dioxa-3,3-dime thyl-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 t o  give 19.0 g. 
of the expected secondary amine hydrochloride. The free hnse 
was generated by treatment of the salt with aqueous KOH. 

The hydrochloride was recrystallized from isopropyl alcohol; 
n1.p. 238-241". 

Anal. Calcd. for C10H1~N02~HC1: C, 54.2; H, 9.1; N, 6.3. 
Found: C, 54.3; H, 9.0; N, 6.3. 

Methyl 1-Methoxycarbonylmethoxycyclohexanecarboxy1ate.- 
Under an atmosphere of nitrogen, a solution of 144 g. (0.91 mole) 
of methyl 1-hydroxycyclohexanecarboxylatenl in 250 ml. of dry 
dimethylformaniide was treated portionwise with 45.5 g. (0.91 
mole) of 50Yo KaH 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 C1,H180~: C, 57.4; H, 7.9. Found: C, 
57.0; H, 7.6. 
1-Carbamoylmethoxycyc1ohexanecarboxamide.-A solution of 

64.6 g. (0.28 mole) of methyl l-methoxycarbonylmethoxycyclo- 
hexanecarboxylate in 600 ml. of methanol was cooled in an ice 
bath and saturated with NH,. The reaction flask was loosely 
stoppered and stored for 3 days at  room temperature. A small 
amount of crysblline material precipitated and was filtered; 
2.0 g., m.p. >300' dec.; this proved to be piperazine-2,5-dione. 
The filtrate was concentrated t o  300 ml. to give, on cooling, 24.2 
g. of the desired product, m.p. 176-181'. The analytical sample 
was recrystallized from acetonitrile; m.p. 176-178". 

Anal. Calcd. for C9HleN203: C, 54.0; H, 8.1; N, 14.0. 
Found: C, 53.9; H, 7.9; N, 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 l-carbamoylmeth- 
oxycyclohexanecarboxamide was heated a t  200-205' for 6 hr., 
during which time t,he evolution of NH3 was noted. The con- 
tents of the flask, upon cooling to room temperature, were taken 
lip 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 CgHlaNO3: C, 59.0; H, 7.2; N, 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 LiAlH, in 50 ml. of dry tetrahydrofuran 
was treated dropwise with a solution of 12.0 g. (0.065 mole) of 
1-oxa-Pazaspiro [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 a t  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 ( Na2S04), filtered, and evaporated under 
reduced pressure to give crude 1-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 suqxnsion of 2.26 g. (0.02 
mole) of p-mercaptoethylamine hydrochloride in 150 ml. of 
cold ethanol was added 2.64 g. (0.04 mole) of KOH. To this 

(21) P. .T. Tarhuriech, r o m p t .  rend., 149, 604 (1410); rhm. A b n f r . ,  4, 
R ~ : I  ( i ! i in) .  




