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In order to (evaluate the pharmacodynamic potential of the symmetrical, lipophilic ada.iiiaiityl group, a limited 
number of X-arylsulfonyl-X"'-adamantylureus were prepared for evaluation as liypujjh•comic agents. X-/<-
Tolvsulfonvl-X'-l-adainantylurea—the adamantyl analofi of tolbutamide- was found to lie one of the most 
potent oral agents synthesized thus far. 

The pronounced lipophilic nature associated with the 
compact, highly symmetrical architecture of the ada-
mantane molecule1 invites a study of its influence on 
characteristics and biological potential of compounds 
which contain this unique hydrocarbon moiety. 

Such a study lias now become possible as a result of 
Schleyer's startling discovery of a direct synthesis2 

of adamantaue and of Stetter 's extensive exploration3 

of its functional derivatives. 
As a first situation in which to assess the possible 

pharmacodynamic effects of the adamantyl group we 
selected the complex structure activity relationships 
existing within the class of orally active hypoglycemic 
sulfonylureas.-1 In the series of X-arylsulfonyl-X'-
alkylureas, according to previous experience in our 
laboratories, the alkyl group may be varied widely 
with maintenance of activity and the inclusion of cyelo-
hexyl and cyclohepty! radicals frequently has produced 
agents of maximum efficacy/' If the influence of the 
adamantyl group were indeed to be a beneficial one, the 
synthesis and pharmacological evaluation of X-/J-
tolylsull'onyl-X '-1-adamantylurea and closely related 
analogs would provide an initial test of this possibility. 

CH,--Hl )>—SOaNHCON'H—f^-/ ) 
2 .1 

The analogs studied were primarily designed to as
sess the effect of (a) substi tucnts on the phenyl ring, 
(b) substi tucnts on the adamantyl radical, and (c) 
the position, on a secondary or tertiary carbon, of the 
ureido group on the adamantaue skeleton. 

The synthesis of these analogs (see Table I) involved 
the previously described condensation1'1 of the ap
propriately substituted ethyl X-arylsulfonylcarba-
mat.os1' with the desired aminoadamantanes. Ada
mant vl-1-amiue7 and r//-adamantyl-2-amine8 have been 
reported.11 Reduction of adaniantane-1-carboxamide7 
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with litliitmi aluminum hydride gave 1-aminometliyl-
adamantane which was used for the preparation of the 
compounds X I X and X X with a methylene bridge 
between the X'-atom and the adamantyl function. 

3-.AIcthyladamantyl-1-amine (for XVII) and o,.~>-
dimethyladamantyl-1-amine (for XVII I ) were prepared 
from 1-niethyl-and 1 .o-diinethyladamantane,1" respec
tively, according to Stetter 's procedure711 for ada-
niantyl-1-amine. This procedure iii\-oh-es as a first 
step the conversion of the hydrocarbon to the tertiary 
bromide with excess bromine. In the latter case the 
tertiary nature of the bromide and the absence of 
skeletal rearrangements in this and subsequent conver
sions to the amine has been well established. 

By analogy, a similar bromination of 1-methyl- and 
I .o-dimethyladamantane may be expected to give the 
tertiary derivatives also, and the nuclear magnetic 
resonance spectra of the respective bromides were found 
to support this structural assignment. The hydrogens 
of the methyl groups all appeal' as single peaks with the 
expected frequency (- = U.I 7. relative to tetramethyi-
silane). The remaining protons were accounted for in 
nmltiplets at about r 8 and the absence of peaks at r 
0.8. typical for a proton in the function -C'lIBr (cyclo-
hexyl bromide), is further evidence for the tertiary 
nature of t he bromides. 

for the preparation of adamantyl-1-amine on a 
larger scale the use of bromine as a solvent in the fore
going procedure proved impractical. Instead, a mix
ture1 of adamantaue and /-butyl chloride was treated 
with catalytic amounts of aluminum chloride (see 
Hxperimental) to give a high yield of adamantyl-1 
chloride which, without further purification, was con
verted to the amine through the acetamido inter
mediate. 
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The various arylsulfonylalkylureas were produced 
without difficulty by carrying out the condensation of 
carbamates and amines in hot toluene1. Occasionally, 
however, as observed previously/' the product obtained 
lacked stability in hot ethanol. used for recrystalliza-
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TABLE I 

SUBSTITUTED X-ARYLSULFONYLUREAS, ArS0 2NHCOXHR 

No. 
I 
I I 
I I I 
IV 
V 
VI 
VII 
VIII 
IX 
X 
X I 
X I I 
XI I I 
XIV 
XV 
II 
XVI 
XVII 

Aryl 
subst. 
phenyl 

4-CHs-
4-CH3-
4-CH3-
4-C2H5-
4-C2H5-
4-CH3S-
4-CH3S-
4-C1-
4-C1-
4-C1-
4-i-CJi-!-
4-CH3CO-
4-CH3CO-
4-CH3, 3-NHr-
4-CH3, 3-XHo-
4-CH3-
4-CH3-
4-CH3-

Relative 
potency 

1 
15 .5 

12.8 
14.8 

9.3 
8.7 

4.1 
2.1 

5.1 
5.6 

2.9 
1.6 

4.0 
0 
5.0 

15.4 
4.0 

2.8 

M.p., 
•c . 

172-174 

153-155 

155-158 

150-151 

190-192 
163-165 

175 dec. 

206-208 
184-186 

Formula 

C18H24N203S 

CigHofiXoOsS 

C18H24N103S:. 

CnHjiClNsOaS 

C2„H28N:AS 
Clyll^XuC^S 

C]gH2o^N30sS 

C18H14N2O3S 
CsHieNiAS 

. % Calcd. 
C 

62.04 

62.95 

56.81 

55.35 

63.80 

59.48 

62.04 
62.95 

H 

6.94 

7.23 

6.36 

5.74 

7.50 

6.93 

6.94 
7.23 

N 

8.04 

7.73 

7.36 

7.54 

7.44 

8.04 
7.73 

% 
c 

61.96 

63.13 

56.78 

55.89 

63.61 

59.84 

62.19 
62.86 

Found-
H 

6.72 

7.39 

5 .87 

6.04 

7.62 

7.02 

7.04 
7.17 

. 
N 

7.84 

7.81 

7.28 

7.37 

7.71 

7.71 
7.81 

R 

M-Butyla 

Adamantyl-1 

Cyclohexyl6 

Adamantyl-1 
Cyclohexylc 

Adamantyl-1 
Cyclohexyl0' 
n-Propyld 

Adamantyl-1 
Cyclohexyl6 

Adamantyl-1 
Adamantyl-1 

Cyclohexylc 

Adamantvl-1 
Cyclohexyl 

Adamantyl-15 

A damantyl-2 
3-Methyladaman-

tyl-1 
3,5-Dimethylada-

mantyl-1 
Adamantyl-1" 
Adamantyl-1-CH : 

Adamantyl-1 ' 
Adamantyl-1-CH 
b Tolcyclamide: J. J. Paullada and J. L. del Villar, Metabolism., 10, 221 (1961 

acetohexamide. d See ref. 6; VII is thiohexamide, VIII is chlorpropamide. e British Patent 808,073; Chem. Abstr. S3, 12241a (1959). 
/ Metahexamide, C. F. Boehringer and Soehne, Mannheim, Valdhof, Germany. " I I , IV, and X I I are repeated for ease of comparison 
with the X'-analogs. * II, IV, XVI, XVII, XVIII , and X I X were recrvstallized from chloroform-Skellv B (petroleum ether, b.p. 60-
71°); VI, IX, XI , XI I , XIV, and X X from methanol. 

XVIII 4-CH3-

IV 
X I X 
X I I 
X X 

4-C2H5-
4-C2H6-
4-CHsCC-
4-CH3CC-

" Tolbutamide (ref. 

14 

1 

166-168 C20H28N2O3S ".44 .30 

203-205 

204-206 

C2oH28X203S 

C20H26X2O4S 

63.80 7.50 7.44 63.87 7.50 7.56 

.17 

14). c Pee ref. 5; 

6.97 

X I I I is 

tion. The reformed amine, resulting from a partial 
breakdown, combined with the remaining sulfonylurea 
to form an insoluble salt. 

This problem required special attention in the case of 
preparations of N-p-tolylsulfonyl-N'-l-adamantylurea 
(II) on a larger scale. In an effort to find a suitable 
solvent for the recrystallization of II, toluene proved 
impractical because of extensive solvation which re
quired prolonged heating at 120° to remove last traces 
of solvent. Recrystallization from chloroform-pe
troleum ether (b.p. 60-71°) was carried out successfully 
only after it was discovered that traces of alcohol 
present in chloroform must be removed by shaking 
with alumina. 

Pharmacological Evaluation.—The hypoglycemic 
activities of the new sulfonylureas are listed in terms of 
relative potency in Table I together with some reference 
compounds reported previously.5 

All compounds were tested in normal male rats of a 
strain derived from VVistar stock. The rats were 
fasted 18 hr. and the compounds were administered by 
stomach tube as a suspension in a 5% solution of acacia. 
Each rat was used only once. Blood glucose concen-
tratives were determined in the autoanalyzer12 on 
samples of blood obtained from the tail veins before and 
at 1, 2, 3, 5, and 7 hr. after drug administration. Each 
compcund was tested at 3 or 4 doses between 5 and 100 
mg./kg. and each dose was administered to from 6 to 18 
rats. The relative hypoglycemic potency of the com
pounds was calculated by the method previously de
scribed.13 This method for calculating relative hypo

ed) Technicon Instruments Corp., Chauncey, N. Y. 
(13) M. A. Root, M. V. Sigal, Jr., and R. C. Anderson, Diabetes, 8, 7 

(1959). 

glycemic potency includes the degree as well as the 
duration of the activity produced. Therefore, in
creased potency as expressed here may be due to a 
greater fall in blood glucose, to a more prolonged fall, 
or to a combination of both parameters. The value for 
relative potency given has been expressed in relation 
to the hypoglycemic activity of tolbutamide14 (I) 
which has been assigned the potency of 1.0. 

An examination of the relative potencies listed in 
Table I reveals that N-p-tolylsulfonyl-X'-l-adamantyl-
urea (II) and the p-ethylphenyl analog IV are approx
imately 15 times as active as tolbutamide (I, X-p-
tolylsulfonyl-X'-n-butylurea) on a weight basis. Both 
compounds are also somewhat more potent, 1.2 and 1.6 
times, respectively, than their X'-cyclohexyl analogs5 

III and V which, thus far, are among the most active 
hypoglycemic agents of this type. 

It is of interest to note the time course (Fig. 1) of 
glucose levels for the pair II and III. During the 
first 3 hr. after drug administration the decrease 
in blood glucose level attained with X-p-tolylsulfonyl-
X'-cyclohexylurea (III) is actually greater than that 
attained by the X'-adamantyl compound II, but the 
prolonged hypoglycemic activity of II reverses this rela
tion during the final 3 hr. of the observation period. 

A striking feature is the constancy of glucose levels 
attained with a single dose of the adamantvl compound 
II. These levels vary less than 10 mg.,/100 over a 6-
hr. period while the cyclohexyl compound III varies 
over a range of 35 mg./lOO. 

It is further noted that changes in the structure of 
II, be it in the nature of the phenyl substitution or in 

(14) H. Franke and J. Fuchs, Deut. med. Wochschr., 80, 1449 (1955). 
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Fig. 1.—Hypoglycemic activity at a dose orally of 25 nig./kg. 
for tolbutamide (I), N-p-tolylsulfonyl-N'-adamantylurea(II), and 
X-p-tolylsulfonyl-N'-cyclohexylurea ( I I I ) . The individual points 
show the mean glucose levels at the time indicated, while the bars 
represent the standard errors of these mean values. 

the adamantyl group, invariably result in lowered 
potency. Thus, replacement of the p-methyl sub-
sti tuent of I I by CH3S- (VI), CI- ( IX) , i-C,H7- (XI) , 
and CH3CO- (XII) leads to compounds of progressively 
lower activity, while the 4-methyl-3-aminophenyl 
analog XIV is without noticeable activity at the highest 
dose level tested (100 mg. /kg. ) . 

Also, what would appear to be minor changes in the 
adamantyl moiety do cause a sharp reduction in po
tency. For example, the introduction of a single 
methyl substituent, as in XVII , reduces the potency 
drastically. Two methyl substi tuents (in XVI I I ) 
virtually abolish activity. A great reduction in potency 
results from the insertion of a methylene bridge between 
the N ' -a tom and the adamantane fragment as in X I X 
and in X X . 

As adamantyl-2-amine (in XVI) differs from the 
1-isomer merely in the orientation of the C--X bond 
relative to the "spherical" carbon skeleton, the strongly 
reduced activity of X V I -about 2 5 % of IT—is sur
prising indeed. 

It is obvious tha t the activity profile in the ra t 
observed for the adamantaue-containing compounds is 
a composite of (a) their absorption characteristics, (b) 
their metabolic disposition, and (c) the precision with 
which they fit at the receptor site. Which of these 
factors is primarily responsible for the favorable activity 
of the X ' - l - adamanty l compound II can only be de
cided on the basis of future experimentation. It 
seems of interest to study the pharmacodynamic in
fluence of the 1-adamantyl group in other selected 
cases. Work now in progress in our laboratories to 
verify this assumption will be the subject of subsequent 
publications. 

Toxicological and Clinical Observations.—In view 
of the favorable hypoglycemic activity observed in rats 
with X-io-tolylsulfonyl-X'-l-adamantylurea (II) toxi
cological studies15 were undertaken in anticipation of 
clinical investigation16 of this agent. 

(l.->) We arc i ndeb t ed to Dr. R. (.'. Anderson and II. M . Wor th , Division 
of Toxicology of T h e Lilly Research Labora tor ies , for the repor t on a c u t e 
and chronic toxic i ty . 

A single oral dose of 2.0 g. kg. given to )'.> norma! 
mice of both sexes did not kill any of 1 ho animal- oil hoi 
immediately or during the 7 day- following -Inn; id 
ministration. Al no time did tho-< animal- -how 
any toxic effects from the drug. burger i!o-o- we,e 
not administered. 

(iroiips of six normal male and six normal female 
rats fed for one month on a standard diet containing 
this drug at a concentration such that the daily intake 
of drug averaged 1 g. kg. gained weight slightly le--
rapidly than did the rats in control groups not recei\ iug 
the drug. At the end of the month of treatment all 
animals were killed and the organs and (is-uc- were 
examined for pathological changes, Xo change- were 
noted except for a slight degranulation of the j ecli- of 
the pancreatic islets. All of the hypoglycemic sulfonyl
urea compounds which have been studied extensively 
produced cell degranulation. 

1 )ogs Avere treated for 2o2 days by the oral route with 
daily doses as high as 100 nig. kg. Aside from a slight 
elevation of the serum alkaline phosphatase levels in the 
dogs given the h'ghest dose, no unusual changes were 
observed throughout the experiment. At iieernp-v 
there were no abnormalities in the organs or t i,--1n• .-. 
that could be at tr ibuted to the administered drug. 

At the time of the preparation of this mauii-oripi, 
information on preliminary clinical studies of II wa-
available. In one phase of these studies1"" thirty 
adult diabetics were managed with the drug and ob
served for periods varying from 8 to 12 weeks. The 
patients wore grouped according to their prior therapy. 
if any. in order that a comparison with existing hypo
glycemic agents could be made. 

The data obtained thus far indicate II to be a most 
satisfactory, potent oral hypoglycemic agent with an 
effective average dose, single or divided, of -100 nig. daw 
Equal to chlorpropamide-'' on a weight basis, the drug 
II possesses about five times the potency of tolbut
amide.1 ' ' The activity of II is rapid in on-et with a 
tentative duration of -I 0 hr., indicating that the d-iig i-
rapidly absorbed and utilized by the body. 

Experimental 

Because of the tendency of most adamantine derivaiivi's m 
sublime, melting points were commonly taken in scaled. MII>-
merged capillary tubes, (ienerally speaking, melting point 
determinations were less conclusive than the comparison of \ - r a \ 
diffraction patterns and vapor-phase chromatographic behavior. 

Adamantyl Amines. 1-Aminomethyladamantane,1 A soli 
tion of 9 g. (0.05 mole) of adamantane-l-earboxaittidc in 20;) mi 
of dry ether was added dropwise to a well stirred suspension of lit 
g. (0.20 mole: of lithium aluminum hydride in oO'.l ml. oi' dry 
ether. The reaction was carried out in a three-necked, round-
bottom flask equipped with a mechanical stirrer in a ••!< pso-fit I itm. 
socket and an efficient water-cooled condenser. After the addi
tion had been completed, the reaction mixture was heated under 
reflux for -f hr. The well agitated mixture was then moled to 
— 5°, and 10 ml. of water was added dropwise, followed by -it) ink 
if a. 10',', sodium hydroxide solution, and, finally. 10 ml. of water. 

The precipitated solids were removed by filtration and washed 
with o()() ml. of ether. The combined ether layers were dried 
with anhydrous magnesium sulfate and concentrated to dr\ iio-,-

(II)) T h e clinical s tud ies wore pci'torinod m Iwo j ^ r c ; no V I'ur ! a1 

Research Labora to r i e s under tiie direct ion of William It. K i r l l e \ . A i d e :,.-
s is tant d i rec tor for Clinical Research, and lb) under I lie direel ion ,a I;..-., • •• 
S. R a d d i n c , -M-lc. at the Metabol ic Research Fnnt ida t .on . I'nil" T i - , : . 
S t reet . Houston, Leva- . 

H7I After our work « a s concluded l he | ' r epa ra t ion ol i i i s i r - . n . • 
i M i r t e d b y I I . S l e t t e r a n . l I ' . C o r b e t . CI.,,.;, li, . 9 6 , o.'itl 1 0 0 a 
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under reduced pressure. The residue was taken up in 50 ml. of 
dry ether, filtered from a small amount of insoluble material, and 
treated with dry hydrogen chloride gas. The precipitated hydro
chloride salt was recrystallized from ethanol to give 7 g. (70%) 
of white product, m.p. 320°. 

Anal. Calcd. for CuH20ClX: C, 65.49; H, 9.99; N, 6.94. 
Found: C, 65.35; H, 10.01; N, 6.83. 

3-Methyladamantyl-l-amine. 3-Methyladamantyl 1-Bromide. 
—The bromination of 1-methyladamantane10 was carried out by 
the procedure reported for adamantyl 1-bromide11 and gave the 
product as a distillable oil, b.p. 65-67° (0.05 mm.), in a yield of 
93%. 

Anal. Calcd. for C„H17Br: C, 57.65; H, 7.48; Br, 34.87. 
Found: C, 57.85; H, 7.61; Br, 35.27. 

l-Acetamido-3-methyladamantane.—The crude amide, pre
pared from the bromide by the CH3CN-H2SO4 procedure,7 was 
purified by sublimation at 90-100° (0.05 mm.). The amide 
melted at 108-109°. 

Anal. Calcd. for Ci3H2iNO: X, 6.76. Found: X, 6.88. 
3-Methyladamantyl-l-amine Hydrochloride.—Deacetylation 

by potassium hydroxide in diethylene glycol' and ether extraction 
gave a solution of the amine which by infrared spectral analysis 
was found to contain approximately 5% of unchanged starting 
amide. The hydrochloride, prepared in ether solution with dry 
hydrogen chloride gas, was obtained in 87% yield and melted 
at 295-300°. The over-all yield from 1-methyladamantane was 
81% 

Anal. Calcd. for CUH2„C1X: CI, 17.62; X, 6.94. Found: 
CI, 17.77; X, 6.78. 

3,5-Dimethyladamantyl-l-amine. 3,5-Dimethyladamantyl 1-
bromide was prepared, as previously described, from 1,3-di-
methvladamantane10 in 77.5%, yield as a light yellow oil, nr"T> 
1.5178, b.p. 67-69° (0.03 mm.). 

Anal. Calcd. for C,2HI9Br: C, 59.26; H, 7.89; X, 6.33. 
Found: C, 59.89; H, 8.10; X, 32.38. 

l-Acetamido-3,5-dimethyladamantane was prepared, as pre
viously described, from the bromide in 96% yield of crude product. 
Purification of a sample by sublimation gave the amide, melting 
at 80-82°. 

Anal. Calcd. for C4H23XO: C, 57.97; H, 10.47; X, 6.33. 
Found: C, 75.54; H, 10.49; X, 6.41. 

3,5-Dimethyladamantyl-l-amine was obtained by alkaline 
hydrolvsis from the crude amide and was isolated as the hydro
chloride salt, m.p. 290-295°, in a yield of 87%. The over-all 
vield based on 1,3-dimethyladamantane amounted to 63%. 
"Anal. Calcd. for C12H22CIN: X, 6.46. Found: X, 6.51. 

Adamantyl-1-amine via Adamantyl 1-Chloride.—A solution of 
100 g. (0.74 mole) of adamantane2 and 100 ml. (85 g., 0.92 mole) 
of J-butyl chloride in 400 ml. of anhydrous cyclohexane was pre
pared in a 1-1., three-necked, round-bottom flask fitted with a 
thermometer, mechanical stirrer with close-fitting socket, and gas 
exhaust tube leading to a bubbler submerged in water. The 
catalyst, aluminum chloride (total 4.6 g., 0.06 mole), was added 
in batches of 0.5 g. at regular intervals over a period of 8 hr. 
Progress of the reaction was followed conveniently by the rate of 
escaping isobutane gas. Upon completion of the reaction, 100 ml. 
of A" hydrochloric acid solution was added with vigorous stirring, 
followed by 500 ml. of ether. The organic layer was separated, 
first extracted with 50 ml. of cold water, then with 50 ml. of a 
5% sodium bicarbonate solution, and finally dried with the aid of 
anhydrous calcium chloride. After removal of the solvents under 
reduced pressure there remained 115 g. (93%) of crude product 

melting at 152-156° (lit.7 m.p. 165°). Vapor chromatographic 
analysis of this material revealed a composition of 90-95% of 
adamantyl 1-chloride and 5-10% of adamantane. Recrystalliza-
tion of a sample of this material from ethanol at —50° gave pure 
adamantyl 1-chloride which was found to be identical with an 
authentic sample" by mixture melting point determination and by 
X-rav diffraction patterns. 

Anal. Calcd. for Cu,H,5Cl: C, 70.37; H, 8.86; CI, 20.76. 
Found: C, 76.22; H, 8.96; CI, 20.69. 

The crude product was converted, without further purification, 
by the acetonitrile-sulfuric acid procedure to 1-acetamidoada-
mantane,7 melting at 144-146° (lit. m.p. 149°). Recrystalliza-
tion from ethanol gave the pure amide, m.p. 147-149°, identical 
with an authentic sample by mixture melting point and X-ray 
diffraction pattern. The crude amide (108 g., 83%), again with
out prior purification, was saponified7 and pure adamantylamine 
(m.p. 160-200°, reported 160-190°) was isolated in an over-all 
yield of 60% (51 g.) based on adamantane. 

N-Aryl-N'-adamantylsulfonylureas.—The preparation of the 
new ureas reported followed the published procedure6 and will be 
exemplified in detail for compound II. 

N-p-Tolylsulfonyl-N'-l-adamantylurea (II).—A solution of 
302.5 g. (2 moles) of 1-aminoadamantane and 535 g. (2.2 moles) 
of ethyl X-(4-methylphenylsulfonyl) carbamate6 in 6 1. of dry 
toluene was heated under reflux for 5 hr. The reaction mixture 
was allowed to cool to room temperature, and the crystalline 
product was collected by filtration and then dissolved without the 
application of heat in about 2 1. of chloroform which had pre
viously been shaken with 50 g. of alumina to remove traces 
(0.54%) of ethanol. The chloroform solution was washed with a 
total of 1600 ml. of cold 5% hydrochloric acid solution, then with 
water until neutral, and dried with the aid of anhydrous magne
sium sulfate. The chloroform solution was concentrated under 
reduced pressure to about one-half its volume, warmed to about 
50°, and hot Skelly B (petroleum-ether, b.p. 60-71°) was added 
to start crystallization. After chilling the mixture overnight the 
crystals were isolated by filtration to give 400 g. of product 
melting at 175-179°. Two further recrystallizations from puri
fied chloroform-Skelly B gave 356 g. (51%) of final product I I , 
melting at 178-179°. 

Anal. Calcd. for CisHjiXjOsS: C, 62.04; H, 6.94; X, 8.04; 
mol. wt., 348.5. Found: C, 61.96; H, 6.72; X, 7.84; mol. wt. 
(electrometric titration in 66% dimethylformamide, p-KV 7.98), 
350. 
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