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indices are constderably ligher than those of the analogons ox-
azolines. Their neutralizationt equivalents cau be determined
by dissolving in excess 0.1 & HCI and back-titrating with 0.1 ¥
NaOH to a potentiometric end point.

4-Methyl-2-thiazoline-2-thiol (19).-—The route nsed was de-
scribed by Bose.® A solution of 22.8 g. (0.4 wole) of 2-methyl-
wziridine (Chemirad Corp.) in ethiyl alcohol was ndded slowly to
a solution of 48 g. (0.62 mole) of CXy in 120 ml. of ethyl alcohol.
The addition was made at such a rate that the exotheriic re-
action cansed the CS; to reflux moderately: in runs iuvolving
ten times the aimouuts specified wbove this addition was cou-
pleted in 1.5 he. The reaction mixture was refluxed for un addi-
tional hour, excess CSy was distilled, and the residual alcohol
solution was stored at 0° to yvield 31 g. (58 ) of crude produci.
Two recrystallizations fron1 CHoCl-CCly (1:4) gave 23 g, (4440,
mLp. 98.5-09° 12 uLp, 99-09.5° This compouud aud the
analogonus H-wethyl compound (20) are almost colorless, water-
iusoluble, weakly basic solids whicll do not reduce iodine.  The
2-thione structure is preferred®:2! on the basis ol iufrared spectra.

Aminoalkanethiols (Table HI).--With the exception of 21,
which was prepared by the hydrolysis of a thiazoline thiol (see
below), all componnds deseribed in Tuble 111 were prepared by
acid hydrolysis of the appropriate 2-thinzoline. Tu a typical
procedure a solution of 15.8 g, (0.122 mole) of F-ethyl-2-methyl-2-
thiazoline in 100 wil. of 2.5 N HCI was refluxed nuder nitrogen lor
17 hr.. then evaporated to dryvness nuder vacuum.  The residue
wag recrystallized from acetvuitrile, washed ou the filter with
ethier, and dried in vecvo to give 16.2 g (94°¢) of l-mmino-2-
butauethiol hydrochloride, nnp. 159--160°.

(301 M, Bhse, Ber., 83 2000 i 1920),
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2-Annno-1-propaunethiol hydrochloride (21) was prepared by
the hydrolysis of 4methyl-2-thiazoline-2-thiol (19).% Tu a tyvpi-
cal run a solution of 250 g. (1.88 moles) of the thiazolinethiol in
2500 wl. of 6 .V HCl was refluxed for 140 hr.  Todimmetric assay
of aliquots had shown that at this time the hydrolyvsis to amino-
thiol was 95¢ complete.  The analogons hydrolysis of 2-thinzo-
line-2-thiol3! had required 336 hir.  The prodiret was isolated as
described in the preceding paragraph.

During the recrystallization of 959 pure 2-gmiuo-1-propane-
thiol hivdrochloride obtained by the hvdrolysis of 700 g. of 4-
methyl-2-thiazoline-2-thiol, we isolated 10 g. of o substauce,
uLp. 20%-211°, insoluble in boiling isopropyl aleohol, which
proved to be bis(2-amino-1-propy!) dithiolcarbonate dihydrochio-
ride, (CH;CHNH.CH.&),CO-2HCL

Anal.  Caled, for C;HCLNLGOR,: C, 20.89;
25210 N, 06 322800 nent. equiv., 140, Fonud: () 30.40:
H.6.65: CL 24860 N, 0.890 8, 28.21; neut. equiv., 136.

As wlogons intermediate had been isolated during the iu-
compleie hydrolvsis of 2-thiazoline-2-thiol.3  When the sub-
stance was refluxed with 6 .V HCI for 150 ho. it was canverted to
2-amino-1-propanethiol hvdrochloride.

All of thie aminoalkanethiol hydrochilorides prepared by us were
colorless cryvstalline solids.  Some were quite liygroscopic, it
all were reasonably resistant to oxidation by air aud required no
extraordinary precitions iu haundling and storage.

Acknowledgment.- -We  wish to  thank DProfessor
Johu €. Shechan and Dr David P, Jacobus for stimu-
lating discussions during the comse of this work,
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A munmber of sulfamylhireas of general strncture RiR.NSO,NHCONHIR have been prepared and screened for

hypoglycemic activity in the rat.

The more promising variations in the R,R,N portiou of the molecule were
those derived from heterocyclic amines, especially piperidines and morpholines.
maximal when R was cyclohexyl, cyeloheptyl, or bieyeloalkyl,
tuted piperidine derivatives, were comparable in hypoglyveemic potency to chlorpropamide.

In these series, activity wus
Several analogs, notably certain 4,4-disubsti-
Strueture-aetivity

relationships are discussed, aud a brief discussion is given of the use in synthetic planning of certain physical
and chemical parameters that appear to be important determinants of driig dynamices in this class of compounds.

P’revious publications from these laboratories! have
indicated our interest i seeking more effective oral
hypoglycemic agents; this interest has now led us to
investigate the structural class of sulfamiylureas (1).

Woono2o1
>NRO.NHCONHR
Ry
1

Although clearly velated to the well-studied sulfonyl-
nreas, very littte was known about this class of com-
nounds wlien we began our worlk; very few such com-
pounds had been described chemically,? and only a
general statemen! was available?® to indicate that some
members (I, Ry = 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. McLamore, G. M. Fanelli, 8. Y. P'an, and G. D. Laubach,
Ann. N Y. Acad. Sci., T4, 443 (1939); () G. F. Holland, D. A. Jaeger,
R. L. Wagner, ¢t. D. Lanbach, W. M. McLamore, and S. Y, P'an, J. Med.
I"harm. Chem., 8, 99 (1961); (¢) G. V. Holland, J. Org. Chem., 26, 1662 (19611.
¥2) S, Petersen, Chem. Ber., 83, H51 (1950).

3y H. Rnsehig, G. Norger, W. Aamnller, 1. Wagner, and R. Weywr,
Lezaermittel-Forseh., TA, 153 (1058).

tional sulfamyhireas were disclosed and stated to have
hypoglycemic activity.* In this paper the synthesis
and hypoglycemic sereening of the more important
groups of compounds that were investigated are re-
ported, and structure-activity relationships are dis-
cussed. In paper IT? a study of the drug dynamics of
the more promising analogs is deseribed.

Synthetic Methods.—The synthetic approacli cou-
sisted  essentially of the following. An amine was
condensed with sulfamide to give a N-substituted or
N, N-disubstituted sulfamide (Tables T and II)®: the

RiReNH + H.NSO.NHy —> RiRNSO.NH, + NH,

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

14 (iba, S, A.. Belgian Patent 394,041 (1960): Ciba Lid., British
Patent 806,455; Chem. Abstr., 87, 1250t (1962).

(1 E. H. Wiseman, J. N, Pereira, K. F. Finger, and 12. R. 1''ngon, .Ir.,
J. Ued. Chem., 8, 777 (1967).

w1 K. Hamann. Germanp DPatent 869,065 (1953):  Chene. Albsty., 48,
L1127 119541,
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TasLe I
SULFAMIDES
R,
>NSO,NH,
R,
Yield, Crystn. Caled., % Found, %———
No. Ri Rs % M.p., °C. solvent Formula C H N C H N
1 CH; CH,; 76 97-98.5 a CaHgN 0,57 19.4 6.5 22,6 19.7 6.4 22.4
) CH,CH, CH,CH. 33 Oil CyHiaN2045¢
e
3 CH, CH(CH,),- 36 118-120 d CHxN,0S  43.7 8.4 14.6 43.9 8.5 14.8
4 CH; a-Picolyl 54 106-107.5 e C:HiuN;0.8 41.8 5.5 20.9 41.3 5.2 20.6
5 CH; p-CIC¢H.CH, 19 129-131 d CsHuCIN:O,S 409 4.7 11.9 409 4.7 11.8
|
6 H CH(CHa;);- 48 88.5-89.5 I CsH150,N,80 40.7 7.4 158 407 7.8 15.6
7 —(CH,)s— 48 94-95 f CiH,1N,0.8 32.0 6.7 187 324 7.0 18.8
8 —~(CH,)s— 43 6667 h CeHisN:0,8 40.4 7.9 15.7 40.4 7.6 15.7
a Acetone. ® Seeref.2. ©A. Vandi, T. Moeller, and L. F. Audrieth, J. Org. Chem., 26,1136 (1961). ¢ Toluene. ° Ethanol. / Ether
¢ A, M. Pacquiu, Angew. Chem., A60, 316 (1948). * Water.
TasLE 11
PIPERIDINE SULFAMIDES
R,
E E NSO,NH,
R,
Yield, Crystn. ———Caled., % — Found., %
No. R: R: A .\Ip °C. solvent Formula C H N C H N
1 H H 66 119-120 a C:H 1oN,0,88 36.6 7.4 17.1 6.4 7.2 17.3
2 2-CH, H 3 60-61 c CeH1:N20.8 40.4 7.9 15.7 40.6 7.8 15.9
3 3-CH; H 56 98-98.5 c CeH 14N 2028 40.4 7.9 15.7 40.5 8.2 15.7
4 4-CH, H 52 127-128 c CeH1:N:0,8 40.4 7.9 15.7 40.5 7.9 15.6
5 4-CH; H K6 128-129 d C7H16N:0:8 43.7 8.4 14.6 43.9 8.4 14.7
¢ 4-CHy(CH,)», H 87 128 .5-129.5 c CgH sN-0,8 46.6 8.8 13.6 46.6 8.7 13.6
7 3-CF; H 71 '131-132.5 c CeHu F3sN20,.8 31.0 4.8 12.1 31.1 5.0 11.8
8 4-CF, H 68 167-168 ¢ CeHi F3IN20.8 31.0 4.8 12.1 30.7 4.6 12.1
9 4-OH H 65 104.5-105.5 e CsHi2N,058 33.3 6.7 15.6 33.3 6.8 15.2
10 3-CH;0 H 49 84-85 ¢ CeH11N,0;8 37.1 7.3 14.4 37.2 7.3 14.0
11 4-CH;0 H 91 142-143 f CeH,:N:0;8 37.1 7.3 14.4 37.3 7.3 14.1
12 3-CH; 5-CHj, 86 121-126 d C;HsN,0.8 43.7 8.4 14.6 43.6 8.2 14.6
13 4-CH, 4-CH, 62 80.5-81.5 d C;H,sN:20,8 43.7 8.4 14.6 43.6 8.4 14.5
14 4-CH; 4-C,H; 68 64.5-65 d CsHisN:0,8 46.6 8.8 13.6 47.0 8.8 13.5
15 4-CH; 4-C,H; 91 114.5-115.5 d CyH2oN:0.8 49.1 9.2 12,7 492 8.9 12.6
16 4,4-(CH,)s 92 105.5-106.5 d CyoH1sN20.8 49.5 8.3 12.8 49.6 8.2 13.2
17 4,4-(CH,); 20 129 .5-130.5 c CroH2N20,8 51.7 8.7 12.1 51.8 8.5 11.8
18 4-CH,; 4-CH,0 67 145-145.5 c CiHi1sN 058 40.4 7.7 13.5 40.7 7.8 13.4
19 4-CH; 4-HO 41 118-120 c CeH1N 208 37.1 7.3 14.4 36.9 7.1 14.6
20 4,4-(CH.,),0) 7 136-137 c CgH sN:0;8 43.6 7.3 12.7 436 7.7 12,6
21 4,4-O(CH;),0 65 146-147 g CH1N:08 37.8 6.4 12.6 37.9 6.3 12.3
22 4,4-OCH(CH;)CH0 67 134-136 f CsHsN20O S 40.7 6.8 11.9 40.9 6.9 11.6
23 4,4-OCH,C(CH;),CH,O 60 l33~135 f CioH2oN:048 454 7.6 10.6 45.2 7.7 10.5
¢ Benzene. * See footnote ¢, Table I. ¢ Ether. ¢ Ether-petroleum ether (b.p.39-45°). ¢ Acetone. /Isopropylalcohol. ¢ Ethyl
acetate.
R,R.NSO,NH-Na+ + (CsH;):NCONHR A DMFE ing 3- or 4-1n§3thoxy derivatives; hy.drol.ygis of these
2. H;0+ products furnished 3- or 4-methoxypiperidine, respec-

R R:NSO,NHCONHR + H,N(CgH;), T
in these laboratories and was previously utilized'®* for
the preparation of some sulfonylureas. The more con-
ventional reaction of a sulfamide with an isocyanate’
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. XKurzer, J. Chem. Soc., 1258 (1961),

tively. Bach of the 44-dialkyl- and spiroalkylene-
piperidines was prepared by lithium aluminum hydride
reduction of the appropriately substituted glutarimide.

A number of amines were prepared from 1-benzyl-4-
piperidone; Chart I illustrates the transformations
involved. The adduct from 1-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 1-benzyl-4-piperidone with
the lithium reagent from 3-bromo-1-(1,1-dimethyl-
propoxy)propane was treated with strong acid to effect
dealkylation and concomitant cyclization; hydro-
genolysis of the benzyl group afforded 1l-oxa-8-aza-
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Tasre 11
DirHENYLUZREA DERIVATIVES
CeHy o 1
>NCNHR
('sH.
Crystn. Caled . Fonnd, *p -
No. R M.p., °C. solvent Forinnla « 1t N U 1T N
1 CH.CF.CF; 115- ll() « CreHisFs N0 H6.6 5.0 X3 . 3.7 N4
2 CH[CH(CHs):Jz TT-TT5 b CaoHas N0 7.4 N4 a.0 8.2 9.5
3 C(cHs CHzc(cHd)q h% 6) I (‘,-lH,rxN,-() TA- A- s S N,-) R.D
4 CH(CH ) 131.5-133 d (3 HaoN2O | T2 10.0 6.8 ! 9.8
5 H(CHz);,- 187-188 ) CyHusN Qe T ) 0.5 7.2 5 0.5
T ) R . _ L

6 CH(CH‘_Y)@' 143—‘144-) I.l (.,.Q[.HQQN‘_I(, <4 ‘N G.1 TN i« 0.1
7 CH(CHu):- 113-113.5 " CrHysN:O) 82 1 SIS0 TN Y
h (CH»)C(CH,);+ 138.5-139.5 o (aoHas N (O 50 N 9.1 76 7.7 g2
9 Bornyl 91-92 h (ysHas N0 0.3 N1 Nt 9.5 7.4 Nl
10 Tsobornyvl 98-99 I CuaHasN0) U b .0 0.2 Nt s
11 CH;—@ 125.5-126.5 « CoHeeNL O .2 .0 NN Th.2 Bt N9
12 ('Hg—© 120, 5--122 th Co HagNyO) N7 7.6 N7 PRI 70 NN
13 (/GHhCHd -0 144--145 o CuH s NHON 1N 5.4 N4 TN 5.2 SO
14 CeHN(CHj3)-p 178-179 I} CyHaNaO 761 6.4 12.7 5.0 6.5 123
@ Ether. * Ether-pentane. ¢ Kthauol-water. < LEthauol. ¢ F. L. Scott and M. 1. Scott, J. dm. Chew. Soe., 79, 6077 (195

/ Pentane. ¢ Ethylacetate-chloroform.

Cuagr | stead of ethylene glycol furnished, respertively, the
amine precursors for 11-22 and T1-23.

CH, CH, . curso and e, ;
. RN NH ;.,}.'mhe.\ls (')t‘ 1-t)xa-—1-zuaspuo[.)..',)]u11d0<"z1110 {inter-
NCH,GH: mediate for I'V-3) wax effected by the following sequence
CH,0 CH.O of reactions (see Chart II). Nethyl 1-hydroxyveyelo-

NaH.CH | Cranr T1
CH, CH, OCH,CO
X:\NCHQCBHS H:,l'd-(' @NH OH A ZCH:{
/ ” BrCH,(0,CH
HO HO O\COQCHJ — CO,CH,
(CH,),CC,H, )
/l.CH,]J | lxn
2.HO’ 0
| v
(CH), o/\/ OCH.CONH,
H,1,001CH), Li
O:CNCH cH, - l‘( LT, ><:>NCH2CGH;, NH o Y
2.H.0 HO CONH,
‘H(TI-H()(‘HQ(‘H,OH HO'
LiAMH;

0
[ X' NCH,CH,
0

lH 2 Pd=C’

[ Oy

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

OCNCH.ZC(,H:
0
lHJ. Pd-C

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

(€] )
H,NSO,NH, \ /\

O\/NH 2,

hexanecarboxylate was alkylated with methyl bromo-
acetate; the resulting diester was converted to the
eorresponding diamide;  pyrolysis of the diamide
afforded the expected imide, which was subsequently
reduced with lithium aluminum hydride to give the
desired spiromiorpholine. The crude amine was not
purified but was converted directly to the sulfamide
1v-3.

Several thiomorpholines were also made. Atlkyla-
tion of 2-mercaptoethylamine with cthyl a-bromo-
propionate afforded the expected thioether; cycliza-
tion of this product gave 2-methyl-3-oxothiomorpholine,
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TasLE IV
MORPHOLINE~, THIOMORPHOLINE-, AND PIPERAZINESULFAMIDES
Ri_
X NSO,NH,
R‘ZA_-/
Yield, Crystn., ———Caled., % Found, %
No. R, Re X % M.p., °C. solvent Formula C H N C H N
1 2-CH, H 0O 85 94-95 a CsHN,Os8 33.3 6.7 156 334 6.7 15.3
2 2-CH, 6-CHj, (0] 49 133-134.5 b CeH14N0;8 37.1 7.3 144 370 7.2 14.4
3 2,2-(CH,)s 0O 44 121-122 c CoH;sN-0,58 46.1 7.7 120 46.2 7.6 11.6
4 H H S 70 111.5-112.5 d CyH 1N 20,8, 26,4 5.5 154 265 5.4 15.2
3 H H 80, 70 201-202.5 e CiH oN20,S, 22.4 4.7 13.1 225 4.7 13.2
6 2-CH; H S 61 87.5-88.5 a C:H2N20,8, 306 6.2 143 30.6 6.1 13.8
7 2-CH, 2-CH; S 67 149-150 f CeH1:N 20,8, 34.3 6.7 13.3 34.5 6.7 13.0
8 2-CH;, 2-CH; S0 83 196.5-197.5 d CeH1aN20;8, 31.8 6.2 124 31.7 5.9 12.4
9 2.CH, 2-CH; SO, 38 161-162 e CeH14N:0,4S8; 20.7 5.8 11.6 29.9 5.8 11.5
10 2,2-(CHa,); S 53 129-130 g CoHisN20.8, 43.2 7.3 11,2 43,1 7.1 11.0
11 2,2-(CHa,)s SO 97 211-212 h CeHsN,0;8, 40.6 6.8 105 40.6 6.7 10.4
12 2,2-(CHaz)s S0, 74 197-199 h CoHisN:O4S, 38.3 6.4 9.9 384 6.3 9.8
13 4-C.H; H N 50 137-139 b CsH15N;0.8 37.3 7.8 21.7 37.3 7.8 21.6
¢ Ether-petroleum ether (b.p. 39-45°). ® Ethanol. ¢ Chloroform-isopropyl ether. ¢ Acetone. ¢ Water. / Ether. ¢ Chloroform-

hexane. * Isopropylalcohol.

which was reduced with lithium aluminum hydride to
2-methylthiomorpholine. In similar fashion, 22-di-
methylthiomorpholine was prepared from 2-mercapto-
ethylamine and ethyl o-bromoisobutyrate. Synthesis
of 1-thia-4-azaspiro[5.5jundecane was accomplished
as illustrated in Chart III. Alkaline hydrolysis of 1-

Caarr III
S— 0 SH
NH (o] BrCH,CH,NH,
—_— CO,H
0

SCH,CH,NH S
2 2 2 . s/\NH AL /\NH
CO.H
0]

thia-3-azaspiro[4.5]decane-2,4-dione® gave l-mercapto-
cyclohexanecarboxylie 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 24-dimethyl-3-aminopentane and 2-aminomethyl-
bicyclo[2.2.1]heptane; the former was prepared by
hydride reduction of the known 24-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 810 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 (1948).

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 N ,N-disubstituted sulfamides; the
exception, VI-8, had weak activity, in accord with a
generalization in the literature® 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
amine!?; the l-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! and emphasis was placed on
variation of the sulfamide portion of the molecule.
Sulfamylureas derived from nonheterocyelic 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 eyclo-
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
C¢Cs cycloalkyl or bicycloalkyl R substituents. In

(10) Compounds of the type RiR:NSO:NHCONR:R¢, in which RiR:N
and NRsR« are both derived from secondary amines, will be reported in &
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, 7bid., 6, 60 (1963); (b) F. G. McMahon, H. L. Upjohn, O. S.
Carpenter, J. B. Wright, H. L. Oster, and W. E. Dulin, Current Therap.
Res., 4, 330 (1962).



770 MoeMaxus, Mclarnany, GERBER, McLaMonre, axp Lavsacu Vol s
TaBLE V
UNSUBSTITUTED PIPERIDINESULFAMY LI REAS
(  NSO,NHCONHR
C'rysin. Caleel,, ' Found, “ Hypoglycemre
N R M.p., 2O, shlvent }Forimnla (& 11 N (& 1 N acliviiy
I (CHa)aCH;, O8 . 5-100 b ChoHa N3O = 5.6 S0 150 456 S0 159 20£3.5
2 (:H((,,'Hz)r: 135-135.5 ¢ ChHaN3O= 480 <7 15.3 482 7.6 14.9 20N
3 CH(CH,)s- 108104 b CaHaNaOs% 515 S 138 514 N1 138 4l +25
4 CH(CH,):- 105-105.5 d CuHsN;Ous 530 6 132 53.0 8.6 12 224200
5 C(CH;).CHyC(CH;);  130-131 b CraHaoN;OpS 5269 13,2 526 S99 13.0 2425
6 (CHy)C(CHy)y 150-150 .5 h CHuN:OS 515 83 138 517 82 138 1427
7 CH[CH(CH;):1. 158-159 ¢ C13Hg N3058 51,1 K9 138 514 9.0 139 1627
8e CsHiCl-p 160-161 b CiaH 16N 3058 45.4 5.1 3.2 453 4.7 13.2  16k£4.6
9] CGHAS(CH:I)-]) 139"14() h ClsngN:}OxS 47 2 6.1 12, 7 47 1 (i 0 12, 7 21 &2 6
10 C5H4N(CH3)2'P l-'-)T-l-)x h CHszN.A,OgS 51.5 6<\' 172 -)l (j 6.9 l(i 7 '.)-’-) =+ | A-
Chlorpropamide 35 £ 3.5
7 Prepared by the isocyanate method,  * Not recrystallized. ¢ Ether. 7 Lither--pentane.
T'aBLE VI
SULFAMYLUREAS
R 3 2 1
>NSO.NHCONHR
llypoely-
Crystn. = Caled,, o e Foand, g cemic
No. R R: R M.p., °C. solveni Formvla @ 5 N « H N activity
1= CH; CHy (CH2).CH; 138 .5 h CeH 5N 30,58 4.4 7.2 2000 342 7.2 201 13£3.5H
139.5
2 CH, CH;, CsHN(CHy)e-p 165-166.5 b CrHisN4OgN 6.1 6.3 19.6 457 6.5 196 714
3« CH, C,H, (CH,).CH; 80,500 b CsHiaN2O48 40.5 N1 17.7 40.1 7.8 17.6 15=+3.3
4 C.H, C:H; CeHN(CHj)s-p 145-147 b CosHaaN O 9.7 7.0 178 495 T3 180 1033
ey
5 (71H5 CZH;, (‘H(C}{z),l 135--136 l (T|1H23‘.\'3()3.\' 476 N4 142 474 N3 153 1120
6« CH; CH(CHy)~ (CH3)CH; 1182119 b ChrHaNyOS 4.6 8.4 152 476 N3 151 I8£4.4
7 CHy; CH(CH,). CH(CHy);~ 122123 b CuHeN3OR 3300 8.6 1352 531 8.4 13.0 27 3.2
X H CH(CH,),~ CH(CH.);-! 1681655 ¢ CiHaNaOss 515 S0 138 517 82 136 17£2.6
Qe CH; p-CIC¢H.CH. (CH,).CH, 118--119 h CpHpCINGO= 451 5.7 131 451 5.6 129 11 £3.5
102 CH;  a-Picolyl (CH,),CH;4 115-116 b CnHisNLO;s8 46.1 6.3 19.6 46.6 6.1 19.4 1 x£3.2
112 —(CHy)e- (CH,),CHjs 148-149 .5 b CsHysN308 408 7.3 17.9 411 7.1 17.8 13 £3.2
12 ~(CHay)g CH(CH,):- IN7 .5~ 188 ¢ ChHa NaOaS 480 T7 150 ANl T6 164 SE 3.2
132 - (CHy)s~ (CH;).CH; 144--145 b CoHpoa NS 434 7.7 16.9 43.2 7.6 16.7 23 1.8
14 ~(CHa)s~ CH(CH.);- 135-136 b CuHuN;OpR 4008 8.0 145 49.6 8.1 146 41 =2,
152 - CHas)g- (CH»),CH; 120-121 b CroHa N 30,8 45.6 S0 16.0 45.8 8.3 157 1=x22
ey )
16 —(CHa)e- CH(CH,);- 162-162.5 b C1sHapNyO58 516 K5 13,8 514 X2 137 9£3.%

* Prepared by the isocyamnte method.  * Notrecrystallized.

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
ryelohexyl 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 (pK,), relative
lipophilicity, and the drug dynamics (in the dog) of
certain key analogs.® 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 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 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-

* lither.

slip=. 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 +
methylpiperidine, eyeloheptyl 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
I1X-4 and especially of IX-10 led to poor oral absorp-
tion. Compound IX-17 was designed to overcome this
problem. The spiroether function was expected to
confer additional polarity and solubility on the mole-
¢ule while niaintaining the desirable 4 4-disubstitution.
No absorption problem was observed with IX-17, which
also proved to be one of the more active compounds
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TasLe VII
MORPHOLINESULFAMYLUREAS
/N
0 NSO,NHCONHR
./
Hypgly-
Crystn. ———=Caled., %p——— ———~Found, % — cemic
No. R M.p., °C. solvent Formula C H N C H N activity
12 (CH,),CH; 101-102 b CsH17N:0.8 38.2 6.8 16.7 38.7 6.8 16.9 44+2.5
2 C’;I:I(CHz)J 138-138.5 b CioH1sN30,S8 43.3 6.9 15.2 43.3 6.8 15.1 29 2.8
3 (L/_H(CHQ)JJ 125-126 b CuHaN;08 45.3 7.3 14 .4 45.1 7.2 14.6 25+1.0
4 C’_H(CHz)e] 107-108.5 b C1oHasN ;0,8 47.2 7.6 13.8 47 .4 7.7 13.8 30+ 4.0
5 CH(CH,),2 112.5-114 b CulHnN,08 48,9 7.9 132 487 7.8 13.0 32+1.7
6 (CHs)(E(CHz)aj 159-160 b C1oHasN:048 47.2 7.6 13.8 47.1 2.5 13.8 14 +1.4
7 Bornyl 181-182 [ CisHaN30.8 52.2 7.9 12.2 52.1 7.7 12.1 22 3.5
8 Isobornyl 167-168 C C15H27'.\T304S 32.2 7.9 12.2 52.2 7.8 12.0 27 2.9
9 cn,—@ 1225 ¢ CiHuNOS 497 6.4 134 495 6.5 134 28%3.6
123.5
10 CHZ—@ 134-135 d CisHaNO48 49.2 7.3 13.2 49 .4 7.3 13.0 21 £ 3.2
11 CH[CH(CHj)2)2 135-136 c Cr:HyN:0.8 46.9 8.2 13.7 47.3 8.0 13.7 20+ 3.3
¢ Prepared by the isocyanate method. * Notrecrystallized. ¢ Ether. 4 Acetone-ether.
TasrLe VIII
SUBSTITUTED PIPERIDINESULFAMYLUREAS
R
1 2
24 NSO, NHCONHR
Crystn. ——Caled., %——— ——=Found, %—— Hypoglycemic
No. Ri R M.p., °C. solvent Formula C H N C H N activity
—
1 2-CH; é—H(CHz)aJ 149-150 a Ci3H2sN3058 51.5 83 13.8 51.6 8.1 13.8 12 +£2.2
[y
2 2-CH; CH(CH,)¢- 146.5-147.5 a Cr1aH2N;:058 53.0 86 13.2 53.1 8.5 13.4 12 +2.7
3  $-CH, CH(CH»)e  111-112 b CuHuN©OS 515 83 13.8 51.1 8.0 13.4 34+2.0
4 3-CH; CFH(CHg)e] 106-107.5 a Ci1sHaN;058 53.0 8.6 13.2 52.9 84 13.0 274+ 2.5
H 4-CH; C‘TH(CHQ);‘:' 132-133 a CisH2sN058 51.5 83 13.8 /1.5 8.2 13.7 22 £ 3.5
6 4-CH; CPH(CHz)s] 123.5-124.5 a CuHaN058 53.0 8.6 13.2 53.1 8.8 12.8 44 =2 4
7 3-CF; (’j_H(CHz)H. 130.5-131.5 ¢ CiHaoF:N;OS 43.7 6.2 11.8 43.7 6.2 11.6 22 +2 .4
8 4-CF; CFH(CH ),:,] 181.5-182.5 a CiHuF:N;0,8 43.7 6.2 11.8 44.2 6.3 11.6 26 += 2.8
9  4-C.H; CrH(CHz)a i 156-156.5 c CieHxuN;O58 53.0 86 13.2 53.2 8.5 13.3 24 £ 2.8
— 7
10 4-CH: CFH(CHz)sJ 167-168 a Ci:H2oN:0,8 54.4 8.8 12,7 54.2 86 12.6 22 £ 2.7
11 3-OCH; C’_H(CH:!)sj 139-140 d CisH2N:0,8 489 7.9 13.2 49.3 83 13.3 24 2.5
12 4-OCH;, CH(CHz)s-‘ 143-144 d C1sHaN;0.8 50.4 8.2 126 50.6 8.2 12.4 32+£2.5
13 4-OH CH(CHz)H 150-151 a CiHaN;0,8 50.4 82 12.6 30.4 8.1 12.7 11 +£4.6
14¢ A3 (CH,).CH; 119.5-120.5 [ CoH17N;5058 43.7 6.9 19.4 43.7 6.9 19.6 14 +1.4
15 A CrH(CHg)eJ 98-99 a CisHasN;058 51.8 7.7 13.9 51.7 7.8 13.8 38 +3.5
@ Not recrystallized. ® Hexane. ¢ Ether-pentane. 9 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.? In accord with the considerations outlined above,
more acidic analogs were therefore prepared. Since it is
known!P 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,® thus substantiating further the nexus
between these two variables. The pentafluoro com-
pound proved to be less active, although this decreased
activity was anticipated fron known structure-activity

relationships. The spiroketal analog, IX-19, was also
more acidic, and exhibited a longer half-life than IX-17 ¢
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-
len1 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 comipared to the
piperidine analogs. A fairly exteusive exploration of
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TaBLE IX
DISUBSTITUTED PIPERI DINESULFAMYLLI REAS
Rl ER
EN SO,NH CONHR

R) 36,
) Ity pogly-
Crystn. - Claled., Jpee—en —=Tound, Gec=-rm cemic
No. R Re R AM.p., °C. solvent Formula I " N (™ H N aetivity
1 3-CH; 5-CH; 6H?6ﬁ3ﬁ 139.5-140 i CraHyp NGO S0 86 132 545 SN I3 1620
2 4-CH,; 4-CH; é_ﬁ(_&;ﬁ;h? 167-168 b CrsH2N0,8 SO 8 138 514 84 140 3625
3 4CH, 4CH, CH(CHu-  175-175.5  a CuHeNiOsd 530 8.6 132 528 84 120 44407
4+  4CH, 4-CH, CH(CHy)e 138139 b CuHaNeO® 545 S8 127 544 S4 1208 w2 T
5  4-CH, 4CH, CH(CH,) 143-144 e ClHaN:OsS 556 0.0 12,2 357 SO 120 20417
6  4CH, 4CH, CH.CF.CF,  169-170 @ CiuHnFNgOnS 360 4.9 11.4 558 4.7 113 25414
7 4CH, 4-CH, CH(CH)- 174175 ¢ CuHaNaOs® 544 S8 127 547 ST 124 Bd20
$  4CH, 4CH, CH(CHoe 138130 e CrHuNaOsS 568 92 117 568 00 117 20227
0 4,4-(CHa)s CH(CH, - 177178 b CleHwNOiS 550 8.5 122 557 S84 121 43N
10 4,4-(CH,); CH(CHa)y-  154-155 0 CoHaNGOS 571 8.7 1LS 57.0 8.6 11,9 43 44.0
g 4,4-(CH, ), CH(CH. o 134-135 4 CuHaNaOS 582 0.0 115 480 S8 110 2243
12 4,4-(CHy), CH(CHa)» 204205 4 CoHaNoOgS 570 8.7 108 7.1 8.6 117 G414
13 4,4-(CH. s CH(CHys-  154-155 b CuHuNOs2 582 9.0 113 57.8 9.0 105 1522
14+  4£0H  4-CH, CH(CHye  150-151 ¢ CuHuN0s 489 7.0 132 485 7.7 12.0 37T +£4.3
15  4OCH, 4-CH, CH(CHpw  132-132.5 o CuHuNaO® 518 8.4 121 51.6 84 120 30410
6 40H  4-CH, CH(CH:),-  183-184 @ CeHaNaOS 567 7.1 110 567 71 109 15421
17 4,4-O(CHa ) CH(CHy)- 1825~ e CuHaNOS 522 7.0 12.2 525 7.8 122 38420
18 4,4-0(CHz)s CH,.CF.CF, 17(11)?_3?—0 @ CoHsEsNOS 36.4 4.6 106 361 4.3 108 2427

<l

19 4,4-0(CH)O CH(CHy)y 173174 f 0 CLuHaNGOS 483 7.2 121 48.6 T8 1201 36432
20 4,4-OCH,CH(CH,)O CH,—@ 131-132 g CuHaNgOsS 527 7.5 108 3528 7.5 100 26420
21 44-0CH,C(CH,),CH:O CH(CHyy 218210 b CoHaNOS 524 8.0 1008 52.5 8.0 108 17423

« Ether. ? Not recrystallized. ¢ Ether-peutane. ¢ Acetone.

tate—isopropyl alcohol.

morpholine derivatives was therefore undertaken as
indicated in Tables VIT and X. As stated previously,
¢ycloalkyl and bieyeloalkyl R 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-mmethylmorpholine derivative X-3,
whicli was the most active morpholine analog exantined
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-11 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.’ The high polarity of thiomor-
pholine sulfoxides and sulfones appeared to account for
the 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,
I1X-10, IX-17, and I1X-19) have a blood sugar lowering
effect in man.

¢ Benzene—ether. 7 Ethyl acetate. ¢ Acetonitrile. * Fthyl ace-

Experimental Section'?

1-(1-Piperidinesulfonyl)-3-cyclohexylurea.—To 3.7 g. (0.02
nole) of the sodium salt of 1-sulfamylpiperidine suspended in 40
ml. of dimethylformamide was added 6.17 g. (0.021 mole) of
N,.N-diphenyl-N’-cyclohexylurea. The resulting miixture wag
heated on a steam bath overnight. The solution was poured into
200 ml. of water and extracted with ether, and the aqueous laver
was acidified with 6 ¥ HCL.  The solid which precipitated was
filtered, washed with water, and dried in vacuo over P,0;.

The sulfamylureas prepared by the diphenvlurea route werc
synthesized by a similar procedure in which the vields 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 1-(2-methyl-4-
thiomorpholinesulfonyl)-3-cycloheptylurea in 50 ml. of glacial
acetic acid was added dropwise 2.5 g. of KMnO; 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-
tionn of a sodinm 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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TasLe X
MORPHOLINE-, THIOMORPHOLINE-, AND PIPERAZINESULFAMYLUREAS
R1\<—-\
X NSO,NHCONHR
R,
Hypogly-
Crystn, —~——Caled., ¥—=— —~—~Found, Y—— cemic
No. X Ri R R M.p., °C. solvent Formula C H N C H N activity
- 1
1 0 2-CH; H CH(CH,);- 154-155 a C1Ha N0 8 47.2 7.6 13.8 47.1 7.8 13.7 2447
- T
2 O 2-CH; H CH(CH,)s~ 96.5-97 a CisHasN:0s8 48.9 7.9 13.2 489 7.8 12.8 23+2.5
3 0 2-CH; H CH, 115-116 a CiaH2sN;0.8 51.0 7.0 12.8 51.2 7.0 12.7 47 +3.7
4 0 2-CH; H CH.CF.CF; 97.5-98.5 =« CeHF:N:O,S 30.4 4.0 11.8 30.4 3.9 11.6 16 +3.2
- -
3 0 2-CH; 6-CH; CH(CH,)e— 170-171 b CiuHuN08 50.4 8.2 12.6 50.3 8.1 12.5 11+2.3
6 0 2-CH; 6-CH; CH,CF.CF; 157-158 a CioHisFsN;O8 32.5 4.4 11.4 32.8 4.5 11.4 18 +2.5
]
7 0 2,2-(CH,); CH(CH,);- 132-133 c C1sH2oN50,8 53.4 81 11.7 53.6 83 11.3 13+1.9
- 7
8 0 2,2-(CHa)s CH(CH,)e~ 163-165 d CiiHaN;0.8 547 84 11.2 54.7 85 11.0 1x2.5
: T
9 s H H CH(CH.)- 130-130.5 e  CoHuN,OS, 44.8 7.2 13.1 443 7.1 13.1 20 42.8
- T
10 80, H H CH(CH,)s-  84-86 7 CpHasN:0s8, 40.8 6.6 119 40.4 6.7 11.9 11 +2.8
- 7
11 ) 2-CH; H CH(CH,)s~ 119-120 e CisHasN:0,8; 46,5 7.5 12.5 46.5 7.3 12.4 33 +3.0
12 SO0, 2-CH; H é_H(CHg)s] 115-116 7 CisHasNzO58; 425 6.9 11.4 421 6.9 11.5 14=+3.0
= .|
13 S 2-CH; 2-CH; CH(CH,)s~ 143-144 a CuHaN;038: 481 7.8 12.0 48.4 7.7 11.8 15+3.0
- q
14 SO 2-CH; 2-CH; * CH(CH.,)s- 14045— a CiHsN;0.8, 46.0 7.4 11.5 456 7.2 11.5 27 +2.4
141.5
- -
15 80 2-CH; 2-CH; CH(CH,);- 161.3— b CisHasN;OsS: 444 7.2 120 44.4 7.1 11.8 28+ 1.6
162.5
16 SO, 2-CH; 2-CH; é—H(cHz)eJ 169-170 g CisHuN;Os8, 44.1 7.1 11,0 44.3 7.3 10.6 27+ 3.2
17 S 2,2-(CHa)s CH(CHg)sJ 147-150 CiHa N;0;8, 52.4 8.0 10.8 52.6 7.8 10.7 15+1.6
9
18 S0 2,2-(CH,)s CH(CH,)s~ 202-204 7 CuHaN;O8, 50.3 7.7 10.4 50.1 7.5 10.0 11+ 3.2
- -
19 80, 2,2-(CHa); CH(CH,)s- 201-202 7 CiiHaN;O:8, 48.4 7.4 10.0 488 7.4 9.9 11+1.1
- 7
20 CH;N H H CH(CH,)s~ 144-145 a Ci1sH26N 038 49.0 8.2 17.6 48.9 8.4 17.4 18+ 3.0
« Ether. ® Benzene. ©Isopropyl ether. < Acetone—isopropyl ether. ¢ Not recrystallized. / Water—ethanol. ¢ Benzene—ether.

» Benzene—isopropyl ether. ¢ Isopropylalcohol.

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 II).

4-Sulfamylthiomorpholine 1l-oxides and 1,1-dioxides were
prepared according to a general literature procedure'® (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'-cycloheptylurea.—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 III).

1-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, and 3, Arcber, J. Am. Ckem. Soc., 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. Caled. for C;HisNO,: C,58.7; H,9.2; N,9.8. Found:
C,58.3; H,9.2; N, 9.6.

1-Acetyl-4-methoxypiperidine.—1-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 509, 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
Nal 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.  Caled. for CsHi;NO,: 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 Na,CO;, and extracted several
times with ether. The ether extracts were combined and dried
(MgSO.), and the solvent was removed in vacuo. Distillation
of the residual oil gave 6.2 g. of the product, b.p. 66° (10 mm. ).

Anal. Caled. for CH;sNO: C, 62.6; H, 11.4. Found: C,
62.1; H, 11.2.

The hydrochloride melted at 132-133°, lit.'* m.p. 137.5-139.5°,

(14) R. R. Rensbaw and R. C. Goun, ikid., 60, 745 (1938),
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Anal. Caled. for CeéH;NO-HCL: C, 47.5;
Found: C,47.6; H, 9.3; N, 8.9.

The picrate melted at 108-109°.

Anal. Caled. for CeHisNO-CsH;N:O0:: C, 41.7; H, 5.0; N,
16.2. Found: C, 41.9; H, 4.9; N, 16.2.

1-Acetyl-3-hydroxypiperidine.—In a preparation analogous to
that of l-acetyl-4-hydroxypiperidine, 50.5 g. (0.5 wole) of 13-
hydroxypiperidine and 54 g. (0.53 mole) vf acetic anhydride in
200 ml. of methylene chloride gave 57.0 g. ol l-acetyvl-3-livdroxy-
piperidine, b.p. 115° (1.0 ).

Anal, Caled. for C:HiyNOw: ()
¢, 5%.6; H,8.8; N, 10.0.

1-Acetyl-3-methoxypiperidine.~--By u methylation procedure
siiilar to that used to prepare l-acetyl-f-methoxypiperidine,
35.7 g. (0.25 mole) of l-acetyvl-3-hydroxypiperidine in 100 wl.
of dimethylformamide wus treated with 13.2 ¢, (0.2% mole) of
50¢% NaH and 39.0 g. (0.28 mole) of methyl iodide to give 26 g. of
the product, b.p. 143-145° (23 mm.).

Anal. Caled. for CgHisNOy: CL61.1: H) 9.6; N, 8.9. Found:
C,60.6; H,0.4; N, &7,

3-Methoxypiperidine.-—1-Acetyvl-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.COj; and extracted with ether. The ether extracts were dried,
and tlie ether was removed n vacno.  Distillation of the residue
gave 10 g. of the desired produet, b.p. 24° (0.28 mun. ), lit.¥ b.p.
159--160° (748 mun. ).

Anal, Caled. for CéHpNO:
IYound: C,62.1; H,11.4; N, 12.3.

4,4-Dimethylpiperidine.—To a slurry of 22.8 g. (0.6 mole) of
LiAIH, 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
wis allowed to warin to room temperature and was theu 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 (MgSO,).
Removal of the ether and distillation of the residue gave 7.5 g.
vl the produet, b.p. 52-53° (22 mm.), lit. bop. 135-138°,16 145--
146°.1%

Anal. Caled. for C:HN: C, 7430 H, 13.4: N, 124, Found:
173.9; H, 12.8: N, 13.0.

4-Ethyl-4-methylpiperidine.—In an analogous mauner 100 g.
(0.63 mole) of 3-ethyl-3-ethylglutarimide and 76 g. (2.0 moles)
of LiAlH, gave 55.2 g. of the desired product, h.p. 69-70° (12
. ).

The hydrochloride was recrystallized from ethanol, m.p. 228-
220°.

Anal. Cualed. for CsHiN-HCl:
Fouud: C, 58.8; H, 11.3; N, 3.8

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

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

Anal. Caled. for C;H 2 NO-HCL: €, 60.8; H, 11.3: N, 7.9.
Fouud: C,60.9; H,11.5; N, 7.9.

8-Azaspiro|4.5]decane.—3,3-Tetramethyleneglutarimide (50

g., 0.3 mole) was reduced iu a siilar manner to give 18 g. of the
product, b.p. 40-41° (0.1 mm.).

Anal. Caled. for CeHiN:
C,77.5; H,12.2; N, 10.4.

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

1-Benzyl-4-hydroxy-4-methylpiperidine.—To a solution of
wethyllithium prepared froni 141.9 g. (1.0 mole) of methyl iodide
and 13.9 g, (2.0 g.-atows) of lithinm wire in 1 1. of ether under a
nitrogen atinosphere was added 94.5 ¢. (0.5 mole) of 1-benzyl-4-

H, ¢.3: N, 0.2,

H8.7: H, 0.2, NJ9.s. Found:

¢, 62.6: H, 11.4; N, 12.2,

C. 587 H, 11.1: N, 86.

L7760 H 1203 N 101 o

(15) R. Paul and 8. 7Tchelitcheff, Bull. sor. ekim. France, 341 (1947):
Chem. Abstr., 41, 6569a (1947).

(16} I.. Schmerling and J. P. West, J, Am. Chem. Soc., T4, 2885 (1952).

(17) G. Komppa, dnn. dvad. Se1, Fennicae, 83A, 6 (1811); Chem, Abatr.,
7. 1359 (1913).

1181 B. G. Mallard and . (L Wilson, J. A»e Pharm. Axsor., 43, 246
(19545,
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piperidone in 100 ml. of ether over a period of 2 hr,  The reac-
tion mixture was then heated uuder reflux for ! hr. Alter
cooling, 85 ml. of water was added dropwise. The ether layer
was separated and dried (MgSO,4). The water luyer was further
extracted with four 200-ml. portions of ether, aud the dried ether
extracts were combined and conceutrated to an oil.  Distilla-
(ion of the residnal oil gave the produet, vield 91.2 g, bh.p. 1Ix
121° (0.3 mu), which erystallized on staudiug, nup. 57-5%°,

Anel. Caled. for CuHENO: C 76,10 H, 000 N 6N Fonnd:;
¢, 76.1; H, 033 N, 7.0,

The pierate melted at 127-128.5°.

Anol. Caled. for CyHpgNO-CeHa N, O (0, 52,55 H, 5.1: N,
12,9 Found: C,52.6; H,5.1; N, 13.0.

4-Hydroxy-4-methylpiperidine.—-A 1uixture ol 36 g. (0.165
mole) of I-benzyl-4-hydroxy-4-methyvlpiperidine and 10 g. of
10¢, palladinm on charcoal in 150 ml. of absolute ethanol was
first treated with 10 wl, of 12 & HCI aud was then shaken in au
atmosphere of hydrogen at an initial pressure ol 3.5 kg./em.?
(50 pad).  Alter 16 I, the catulyst was filtered and the filtrate
was concentrated to dryvuess. The residue was washed with
acetone, drield, and then dusted into an excess of 50¢¢ aqueons
KOH. The basic solution wus extracted with ether, and all
ethier extracts were combined and dried (KOH). Removal of the
ethier and distillation of the residiie gave 18 ¢. of the desired prod-
wet, hop. TH5-117° 130 nun).

dnal. Caled. for CegHENO: €, 62.6:
Fouud: €, 062.4; H, 11.2; N, 11.6.

1-Benzyl-4-methoxy-4-methylpiperidine.-"1'o 60 g. (0.3 mole)
of I-benzyl-4-hydroxy-4-methylpiperidine i 150 ml. of di-
wmethylformamide was added 17.2 g. (0.36 mwole) af u 509, NaH
suspension.  The reaction mixture was stirred for 1 lr. 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 stir
at roour tenperature for 3 hr. and at stean-bath temperature
for 1 hir.  Ether (250 ml.) was added to the cooled reaction mix-
ture aud the resulting precipitate was filtered. The ether aud
dimethylformamide were removed under vacunm, aud the
residiie was distilled to give the produet, yield 43.0 g., b.p. 84°
(0.01 1, ).

Anal. Caled. for CLeHaNO: €, 76.7; H,0.7; N, 6.4, Fouund:
G, 70.5: H,9.7; N, 6.8,

The picrate was recrystallized from isopropyl alcohol; mLp.
126-127°.

Anel. Caled. for CUHaNO-CeHN;O:: G, 53.6; H, 5.4 N,
12.5. Fouud: C,53.7; H, 5.1; N, 12.8.

The hydrochloride was recrystallized from ethyl acetate: m.p.
194--105°,

Anal. Caled. for CuHaNO-HCL: C, 65.7;
Fouund: C, 65.5; H, 8.5; N, 5.5.

4-Methoxy-4-methylpiperidine.—A solution of 65.7 g. (0.3
mole) of 1-benzyl-4-methoxy-4-methylpiperidine in 300 wl. of
ethanol was shaken with 20 g. of 159 palladium on charcounl
overuight in a hydrogen avmosphere at an initial pressure of 3.5
kg./em.? (50 p.s.i.). The catalyst was filtered and the ethanol
was removed i vacuo.  Distillation of the residue gave 22.9 g.
ol product, b.p. 95-110° (10 mm.); 13.2 g. of recovered starting
material was obtained as a higher boiling fraction.

The hydrochloride melted at 178-179°.

Anal. Caled. for C:H;NO-HCH: €, 50.8; H, 9.7:
Fouud: C,50.5; H, 9.6; N, 8.4.

1-Benzyl-4-hydroxy-4-(3-amyloxypropyl )piperidine.—To 2

solution of 3-amyloxypropyllithium, prepared from 105 g. (0.5
mole) of 3-browo-1-(1,1.dimethylpropoxy)propane!® and 6.94 g.
(1.0 g.-utomn) of lithium wire in 600 ml. of ether, was added 63 g.
(0.33 niole) of 1-henzyl-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
geparated aud dried [ MgS80,). The insoluble materials at the
ether-water interface were dissolved in 300 ml. of water and ex-
tracted further with five 100-nl. portions of ether. The coum-
bined ether layers were dried and concentrated to an oil.  Dis-
tillation of the residue gave the desired product, yield $9.2 g,
b.p. ISO-188° (0.2 mm.)

The hydrochloride melted at 181-182°.

Anal. Caled. for CyxHaNOHCL: C, 67.5; H, 9.6: N, 3.9,
Found: % 6940 H, 9.7 N, 3.9,

H, 11.4: N, 12.2,

H, 8% N, 5.5,

N, X0,

V1 W, B, Renfrow. D, (lakes, C. Faner, apd ', A. Walrter, /. Oy, (hen.,
26,35 (1ga
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8-Benzyl-1-oxa-8-azaspiro[4.5]decane.—A mixture of 6.1 g.
(0.02 mole) of 1-benzyl-4-hydroxy-4-(3-t-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 109, 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. Caled. for CsHuNO: C,77.8; H,9.2; N, 6.1, Found:
C,77.6; H,9.1; N, 6.1.

The picrate was recrystallized from ethanol; m.p. 130-131°.

Anal, Caled. for C;;HuNO-CeHN;:O:: C, 54.8; H, 5.3; N,
12.2. Found: C,54.9; H,5.2; N, 12.2.

1-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 109 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./em.? (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 produet,
b.p.95-96° (15 mm.).

Angl. Caled. for CsH;sNO: C, 68.0; H, 10.7; N, 9.9. Found:
C, 67.6; H,10.6; N, 9.6.

The picrate was recrystallized from ethanol; m.p. 178-180°.

Anal. Caled. for CsHisNO-CeH:N;O0:: C, 4541 H, 4.9; N,
15.1. Found: C,45.4; H, 4.9; N\, 15.4.

The hydrochloride was recrystallized from ethanol; m.p.
170-171°.

Angl. Caled. for CsH;;NO-HClL:
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 1-benzyl-4-
piperidone and 18.6 g. (0.3 mole) of ethylene glycol in 500 ml. of
chloroform was saturated with HCl gas at room temperature.
A Hercules-type moisture trap was fitted to the flask, and the
solution was heated under reflux until no more water collected
in the trap. The solvent was removed #n vacuo, and the residue
was recrystallized from a mixture of methanol-isopropyl ether;
vield 47.4 g., m.p. 253-258°.

Angl. Caled. for C4HsNO.-HCl: C, 62.3; H, 7.5; N, 5.2
Found: C, 62.3; N, 7.5; N, 4.7.

8-Benzyl-1,4-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 1-benzyl-4-piperidone and 21.6 g. (0.30 mole) of
1,2-propanediol. The resulting ketal was recrystallized from a
mixture of isopropy! alcohol and isopropyl ether; yield 34.5 g.,
m.p. 187-189°.

Anal. Caled. for CsHaNO,-HCL: C, 63.5; H, 7.8; N, 4.9.

Found: C,63.6; H,7.7; N,5.3.
9.Benzyl-1,5-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. Caled. for C;HxNO-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 5%, palladium on
charcoal in an atmosphere of hydrogen at an initial pressure of
3.5 kg./em.? (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 (Na,-
S80,), 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.,20 b.p. 108-
110° (26 mm.).

Anal. Caled. for C;H;3NO,: 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 39
palladium on charcoal was shaken in an atmosphere of hydrogen
at an initial pressure of 3.5 kg./cm.? (50 p.s.i.). When the theo-

C, 54.1; H,9.1; N, 709.

(20) K. Stach, M. Thiel, and F. Bickelhaupt, Monatsh., 93, 1010 (1962).

HYPOGLYCEMIC SULFAMYLURBAS., [ 775

retical amount of hydrogen had been absorbed, the catalyst was
filtered, and the filtrate was evaporated to dryness. The residue
was recrystallized from isopropy! 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 hydrechloride melted at 172-173°.

Anal.  Caled. for CsH;;NO-HCL;, C, 49.6; H, 83; N, 7.2
Found: C,49.6; H,8.2; N, 7.2,

1,5-Dioxa-3,3-dimethyl-9-azaspiro[5.5]undecane.—Similarly
31.2 g. (0.1 mole) of 9-benzyl-1,4-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 hase
was generated by treatment of the salt with aqueous KOH.

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

Anal. Caled. for C HisNO,-HCl: C, 54.2; H, 9.1; N, 6.3.
Found: C, 54.3; H,9.0; N, 6.3.

Methyl 1-Methoxycarbonylmethoxycyclohexanecarboxylate.—
Under an atmosphere of nitrogen, a solution of 144 g. (0.91 mole)
of methyl 1-hydroxycyclohexanecarboxylate?! in 250 ml. of dry
dimethylformamide was treated portionwise with 45.5 g. (0.91
mole) of 509, NaH 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. Caled. for CH50;s:
57.0; H, 7.6.

1-Carbamoylmethoxycyclohexanecarboxamide.—A solution of
64.6 g. (0.28 mole) of methyl 1-methoxycarbonylmethoxyeyeclo-
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 crystalline material precipitated and was filtered;
2.0 g., m.p. >300° dec.; 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 recrystallized from acetonitrile; m.p. 176-178°.

Anal. Caled. for CoH;gNO;: C, 54.0; H, 8.1;
Found: C,53.9; H,7.9; N, 14.5.

1-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-
oxycyelohexanecarboxamide was heated at 200-205° for 6 hr.,
during which time the evolution of NH; 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 vielded colorless needles
of the product, yield 17.9 g., m.p. 122-124°. A emall sample
of this material was recrystallized for analysis; m.p. 123-124°.

Anal. Caled. for C;HisNO;: C,59.0; H,7.2; N, 7.7. Found:
C, 58.8; H,7.3; N, 7.6.

1-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-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 & mixture of 1 ¥ KOH and isopropyl ether. The aqueous
phase was washed once with isopropyl ether. The combined
organic layers were dried (Na,S0,), filtered, and evaporated under
reduced pressure to give crude l-oxa-4-azaspiro[3.5]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 @-mercaptoethylamine hydrochloride in 150 ml. of
cold ethanol was added 2.64 g. (0.04 mole) of KOH. To this

C, 57.4; H, 79. Found: C,

N, 14.0.

(21) P. J. Tarbouriech, Compt. rend., 149, 604 (1810); Chem. Abstr., 4,
H83 (1910).
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cooled mixture was then added 3.64 g. (0.02 mole) vf 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, anil
the filtrate was evaporated to dryuess. The residue was taken
up in chloroform and dried (Na.850,). Removal of chloroform
gave 1.7 g. of 3-oxo-2-methylthiomorpholiie, m.p. 82-82.5°,

To 11.4 g. (0.03 mole) of LiAIH, suspended in 250 ml. of cold
ether was added 20.7 g. (0.157 mole) of 3-oxo-2-methiylthiomor-
phioline in 1L of ether at such a rate as tn maintain a gentle etlier
reflux (3-4 hr.). The reaction mixture was further heated nuder
reflux Tor 2 lir,, cooled, and treated dropwise with 33 wl. of ice
water. The ether layer was separated, dried (KOH, and con-
centrated 1n vacuo.  The residual oil was distilled to give 13 g,
of the desired product, b.p. 55° (4 mm.), lit.22h.p. 163°,

Anal. Caled. for C;HUNS: (51,20 H.0.5: N, 12,0, Found:
50.9; H,0.5; N, 11.8.

2,2-Dimethylthiomorpholine.-—Iu a sinilar wianner 113 g. (1.0
mole) of mercaptoethylamine hydrochloride, 112 g. (2.0 mole) ol
KOH, and 195 g. (1.0 mole) of ethyl e-bromoisobutyrate in 430
ml. of ethanol gave 61 g. of 3-ox0-2,2-dimethylthiomorpholine,
n.p. 108.5-110°.

By the same rednction procedure, 61 g. (0.4 nmole) of J-ox0-2,2-
dimethylthiomorpholine and 30.3 g (0.8 mole) of LIAIH, in
700 ml. of ether gave 43.5 g. of the produet, b.p. 66° (12 muu. ).

Anal. Caled. for CegHpNS: C, 54.9; H, 10.0: XN, 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 1-thia-3-aza-
spiro[4.5]decane-2,4-dione® and 15 g. of NaOH i 100 ml. of
water was leated under reflux for 48 hr. The solution was
cooled, a small amouut of precipitated materinl was filtered, and
the filtrate was washed twice with diethyl ether. The aqueouns
solution was adjusted to pH 1 with 12 ¥ HCl and was again
extracted with ether. This ether extract was then extracted
three tiimes with 100-ml. portions of snturated NaHCO; solution.
The combiued bicarbonate extracts were adjusted to pH 1, and
150 ml. of ether wus added to the flusk. The mixtiure was stirred
overnight, The ether phase was theu separated, dried, and
evaporated to give 10.0 g. of the product, n%p 1.5130. This prod-
uet would not erystallize, and distillation was not attempted.

1-(2-Aminoethylmercapto jcyclohexanecarboxylic Acid.—A
flask, fluslied with nitrogen, wuas charged with a solution of 45.2
g. (0.2582 mole} of l-mercaptocycelohexanecarboxylic acid in 100
ml. of 1057 NaOH. To the stirred, ice-cooled solution was
added dropwise over n 30-inin. period 57.8 g. (1.282 mole) of 2-
bromoethylamine hydrobromide in 202 ml. of 10C¢ NaOH solu-
tiou, 'The reaction solution was allowed to warnt to roow tem-
perature aud was then adjusted to pIl 5 by addition of acetic acid.
The resulting precipitate was filtered and washed with hot wetha-
uol to give crude product, 28.0 g., ui.p. 247-249°.  An aualyti-
cal sample was prepuared by sublimation at 0.1 mu. thath tem-
peratures 240°), m.p. 244-245°.

Anal. Caled. for GeNpNOS:
Found: C,53.3; H,8.2; N, 6.6.

1-Thia-4-azaspiro|5.5]undecan-5-one.-——Under a nitrogen at-
mosphere and without solvent, 5.0 g. (0.0246 mole) of 1-(2-
aminoethylnercapto)eycohexanecarboxylic ncid was heated at
220° for 75 min. during which tinme water vapor evolved. After
cooling, the conteuts 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, vield 2.05 g., m.p. 184-185°,

C, 532 N, 6.9,

H, R.4:

(22) 13, Idson and V. L. Spoerri, J. A m. Chem. Sor., 76, 2002 (1954).
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A second erop of 0.16 g., unp. 183-184°, wus obtained by ron-
centration of the dimethoxvethaue filtrate.

Anel. Caled, for CoNpNOS: C, 5805 1, 820 N TG,
C, 581 11, %10 N, 7.2,

1-Thia-4-azaspiro|5.5|undecane.- A predried three-neck 1000-
ml. round-bottom flagk was flushed with nitrogen aud charged
with 6.45 g. (0,170 mole) of TIAIH, aud 100 ml. of dry tetra-
hydrofuran.  During all operations in the reaction ask vigorous
stirring was waintained.  The mixture wuas heated under reflux
for 30 min. and was then cooled inanice bath, A soluiion of 2t0.t)
2. (0108 moley of 1-thia-4-nzaspivo[H5.5 imdecan-5-one in 300 ml.
ol dry warm dioxane wos added dropwise over a period of i,
to the cooled reaction mixture.  During the addition, the tli-
oxane solution was warmmed by menns of a lieat lanip to prevemt
the solute Irow erystallizing.  After the addition was complete,
the mixture was allowed (o warm to reont temperature and was
stirred overvight.  The mixture wns then treated with 40 ml. ot
glacial acetic acid aud then with 200 wl. of water.  Tusoluble
solids were filtered, and the filtrate was evaporated mnder re-
duced pressure 1o vield 28 g, of 0 gum.  The g was stirred
i mixture «f 1.V KOH and isopropyl sther until all the g
wig in solution,  The ethier phase was separated, washed twice
wirl 1.V KON and three times with water.  The orgnuic phase
was dried, filtered, and evaporated to give 14.0 g, of an oil, which
was fractionnlly distilled to give the product, 1017 ¢.. L.p. (1
142.5° (22 m

Anal, Caled. for Coll ;NS
C,63.2: 11, 9.9 NLoxo.

2,4-Dimethyl-3-amylamine.——2 4-Dimethyl-3-pentanonc ox-

me?? (65 g., 0.5 woled in 150 wl. of dry ether was added dropwise
under a uitrogen atimospliere to a suspension of 70 g, (1.83 moles s
of TAAIT, in 1500 ml. of ether. The reaction wmixture was al-
lowed to stand at roomn temperature overnight. 1ixcess hydride
was hvdrolyzed by the cautious, dropwise addition of 200 ml. of
cold water. The ether layver was separated, aud the aqueous
phase was extracted with five 200-nl. portions of ether.  Com-
bined ether extracts were dried (KOH), and the ether was re-
moved 7n vecwo.  Distillation of the residie gnve 38.7 g. of the
produer, bhop. 36-38° 22 mun L.

The hydrochloride wus recrystallized from a large volume of
cthier; nep. 1931942,

dnal. Caled. Tor C/NEN-HOL:
Tonud: C, 55.2: H, (2.0: N, 0.4,

2-Aminomethylbicyclo[2.2.1]heptane.-—A selution of 487 g.
0.3 wole) of  2-aminomethylbicyelo[2.2.1]-3-heptene  hydro-
chiloride in 100 wl. of absolute ethanol was shaken with 3.0 g. of
platinmun oxide 1w atmosphere of hydrogen at an initial pres-
sire of 3.5 kg /em? (50 p.s.i). After 2 hr., the uptake of hydro-
gen was complete, awl the eatalyst was filtered.  Coucentration
of the resulting tiltrate gave 39.1 g. of the desired produnet as the
hvdrochdoride, w.p. >320°.

Anal.  Caled. for CNN-1ICH:
Found: ¢, 59.9: 11.10.1: N, 8.6,

I"ound:

C.63.1; H,10.0: N.s.22, ol

C, 55.4: I, 12.,0; N, 9.2,

G, 530.4; 11, 10 N, ST
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