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In order to evaluate the pharmacodynainic potential of the symmetrical, l_ipoplu'lic adu.mnnty! group, a limited
number of N-arylsulfonyl-N’-adamantylureas were prepared for eval_uatxon as hypoglycemic agents. N-p-
Tolysulfonyl-N'-1-adamentylurea—the adamantyl analog of tolbutamide—wns found to be 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 molecule! invites a study of its influence on
characteristics and biological potential of compounds
which contain this unique hydrocarbon moicty.

Such a study has now become possible as & result of
Schleyer’s startling discovery of a direct synthesis?
of adamantane and of Stetter’s extensive exploration?
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.* In the series of N-arylsulfonyl-N’-
alkylureas, according to previous experience in our
laboratories, the alkyl group may be varied widely
with maintenance of activity and the inclusion of ¢yclo-
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 N-p-
tolylsulfonyl-N'-1-adamantylurea and closely related
analogs would provide an initial test of this possibility.
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The analogs studied were primarily designed to as-
sees the effect of (a) substituents on the phenyl ring,
(b) substituents on the adamantyl radiesl, and (c)
the position, on a secondary or tertiary carbon, of the
ureido group on the adamantane skeleton.

The synthesis of these analogs (sce Table I) involved
the previously described condensation® of the ap-
propriately substituted ethyl N-nrylsulfonylearba-
mates’ with the desired aminoadamantanes. Ada-
mantyl-1-amine’ and dl-adamantyl-2-amine® have been
reported.® Reduction of adamantane-1-carboxamide’
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(1960).
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() ‘Tha starting ! juired for the preparation of ad, tyl-2-
nmine, nainaly ad tanona [P, von R. Behl snd R, D, Nicholss, J, Am,
Chawe, Soc., B3, 182 (1081)] waa kindly prepared for us by Dr. Donald L.
Heywoul, Unlon Carblde Chemieals Co., South Charleston, Weat Virginis.

with lithium aluminum hydride gave l-aminomethyl-
adamantane which was used for the preparation of the
compounds XIX and XX with a methylene bridg
between the N’-atom and the adamanty] function.

d-Mothyladamantyl-1-amine (for XVII) and 35
dimethyladamantyl-1-amine (for XVIII) were prepared
from l-methyl-and 1,3-dimethyladamantane, respec-
tively, according to Stotter's procedure®'' for ada-
mantyl-l-amine. This procedure involves as a first
step the conversion of the hydrocarbon to tho 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 tv the amine has been well established.

By analogy, a gimilar bromination of I-methyl- and
1,3-dimethyladamantane may be expocted to give the
tertiary derivatives also, and the nuclear magnetic
resonance spectra of the respective bromides were found
to support this struetural assignment. The hydrogens
of the methyl groups all appear as single peaks with the
expected frequoncy (r = 0.17, relative to tetramethyl-
silane). The remaining protons were aceounted for in
multiplets at about r 8 and the absonce of peaks al 7
5.8, typical for a proton in the function ~CHBr- (cyelo-
hexyl bromide), is further evidence for the tertiary
nature of the bromides.

For the preparation of adamantyl-l-amine on 8
larger scale the use of bromine as a solvent in the fore-
going procedure proved impractieal. Instead, & mix
bure of adamantane and t-buty! chlovide was treated
with catalytic amounts of aluminum chloride (so
Exporimental) to give a high vield of adamantyl-l
chloride which, without further purifieation, was con-
verted to the amine through the ncctamido inter
mediate,

By
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The various arylsulfonylalicylurcas were produced
without difficulty by carrying out the condensation of
carbamates and amines in hot toluene. Occasionally
however, as observed previously ¥ the product obtva_'!“’j
lacked stability in hot ethanol, used for recrystallis-

(10} P. von M. Schleyer and T, D, Nicholus, Tetrahedron Laitors, Nooh
306 (1961).

(10 (a) H. Btetter, M. Schwars, and A. Hirschhorn, Angee. Chrts ;:‘
429 (1950): (b) M. Stetter, M, Sohwara, and A. Hirschhorn, Chem. Bir =
1829 (1059). :
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TapLe 1
- SussTiTuTED N-ArvLsuLPONYLUREAS, ArSO,NHCONHR
subst. Relati M.y.,

No. phenyl R m"""‘v; °<:,i- Formuls ’—C—% CIHJCd.T T% B gy
1 4-CHs~ n-Butyl® 1 H N
I 4-CHye Adamantyl-1 15.5 172-174  C\yH,oN,0
o +CH,- Cyclohexylb o 1612 N,0,8 02.04 6.94 8.04 61.96 6.72 7.84
v £CHe Adamantyl-1 14.8 153-155  CyHyuN;O.

. Cyclohp . HuN:OS 62,95 7.23 7.73 €3.13 7.39 7.81

VI 4-CHS- Adsmantyl-1 8.7 155-158  CppH,N,0O

VI 4-CHS- Cynlohexdy]‘ . wHuNi08,  56.81 6.36 7.36 56.78 5.87 7.28

VIII 4-Cl- n-Propyl 2.1

X 4-CH Adamantyl-1 5.1 150-151  C;;HyCIN,0 5

: O Cyclohexyl* - wHuCINsOsS  55.35 5.74 7.54 55.80 6.04 7.37

X 4Gl Adamantyl-1 2.9 190192 CuHuNiO:S  63.80 7.50 63.01 7.62

XII  4CH.CO- Adamantyl-1 1.6 163-165 CuHuN.OS 744 7m

Xl 4-CH,CO- Cyeclohexyl® 4.0

XIv 4-CH,;, 3-NHe~  Adamantyl-1 0 175 dec.  C,HyxN;0,8 59.48 6.93 59.84 7.02

XV 4CH; 3NH:~  Cyclohexyl/ 5.0

1L 4-CHy- Adamantyl-1° 15.4

XVI  4CHs- Adamantyl-2 4.0 200208 CH,N:08  62.04 6.94 8.04 62.19 7.04 7.71

XVII 4CHs 3-Methyladaman- 28 184-186  CisHy4N:0,8 62.95 7.23 7.73 62.8 7.17 7.81
tyl-1

XVIII 4CHsy- 3,5-Dimethylada- 0 166-168  CrnHyuN,0,8 7.4 7.30
mantyl-1

v 4-C.Hy— Adamantyl-17 14.8

XIX 4-CH¢~ Adamantyl-1-CH— 0.2  203-205 CuHxuN,0,8 63.80 7.50 7.44 63.87 7.50 7.56

X1t 4-CH,CO- Adamantyl-17 1.6

XX 4-CH,CO- Adamantyl-1-CHg~ 0 204-208  CyH;N,OS 7.17 6.97

¢ Tolbutamide (ref. 14).

b Tolcyclamide: J. J. Paullada and J, L. del Villar, Metabolism, 10, 221 (1961). < See ref. 5; XIII is

wetohexamide. 4 See ref. 6; VII is thiochexamide, VIII is chlorpropamide. ¢ British Patent 808,073; Chem. Abstr. 53, 12241a (1959).

/ Metahexamide, C. F. Boehringer and Soehne, Mannheim, Waldhof, Germany.
A1, 1V, XVI, XVII, XVIII, and XIX were recrystallized from chloroform—Skelly B (petroleum ether, b.p. 60-

with the N'’-analogs.
71°); VI, IX, XI, XII, X1V, and XX from methanol.

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’-1-adamantylurea
(I1) on & 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 now sulfonylureas are listed in terms of
relative potency in Table I together with some reference
tompounds reported previously.t

All compounds were tested in normal male rats of a
strain derived from Wistar stock. The rats were
fasted 18 hr. and the compounds were administered by
slomach fube as a suspension in a 5% solution of acacia.
Fach rat was used only once. Blood glucose concen-
bratives were determined in the autoanalyzer'® on
sumples of blood obtained from the tail veins before and
41,2, 3, 5, and 7 hr. after drug administration. Each
eompound was tested at 3 or 4 doses between 5 and 100
r";f;fkgrl-‘ fnd each dose was administered to fr;)irlll 6 t‘; ;13

- The relative hypoglycemic potency of the com-
Pounds was calcula.tc}(’:lphg;rythe method previously de-
seribed.  This method for calculating relative hypo-

O man_o o N

OCKET

LARM

ar v

f 11, 1V, and XII are repeated for ease of comparison

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 hus been expressed in relation
to the hypoglycemic activity of tolbutamide'* (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-N’-1-adamantyl-
urea (II) and the p-ethylphenyl analog I'V are approx-
imately 15 times as active as tolbutamide (I, N-p-
tolylsulfonyl-N’-n-butylurea) on a weight basis. Both
compounds are also somewhat more potent, 1.2 and 1.6
times, respectively, than their N'-cyclohexyl z:umlogs‘
1T and V which, thus far, are among the most active
hypoglycemic agents of this type.

It is of interest to note the time course (IMig. 1) of
ghucose levels for the pair II and III. During the
first 3 hr. after drug administration the decrease
in blood glucose level attained with N-p-tolylsulfonyl-
N'-cyclohexylurca (III) is actually greater than that
attained by the N'-adamantyl compound 11, h-ut 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 adamantyl compound
II. These levels vary less than 10 mg./100 over a 6-
hr. period while the /cly{;:{;ohexyl compound III varies

range of 35 mg./100.
nv?:?s fu?l.her nont‘:zgd that changes in the structure of
I1, be it in the nature of the phenyl substitution or in
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BLOOD GLUCOSE CHANGE IN mq. %,

L 1 1 i

1 2 3 4 5 6 7
HOURS.

Fig. 1.—Hypoglycemic activity at a dose orally of 25 mg./kg.
for tolbutamide (I), N-p-tolylsullonyl-N‘-edamantylurea (II), and
N-p-tolylsulfonyl-N’-cyclohexylurea (III). 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-
stituent of IT by CILS- (VI), Cl- (IX), -GH;- (X1),
and CII,CO- (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 causc a sharp reduction in po-
tency. For example, the introduction of a single
methy! substituent, as in XVII, reduces the potency
drastically. Two methyl substituents (in XVIII)
virtually abolish activity. A great reduction in potency
results from the insertion of a methylene bridge between
the N’-atom and the adamantane fragment as in XIX
and in XX,

As adamantyl-2-amine (in XVI) differs from the
1-isomer merely in the orientation of the C-N bond
relative to the “‘spherical” carbon skeleton, the strongly
reduced activity of XVI—about 25%, of II—is sur-
prising indeed.

It is obvious that the activity profile in the rat
observed for the adamantane-containing compounds is
a composite of (a) their absorption characteristics, (b)
their metabolic disposition, and (¢) the precision with
which they fit at the receptor site. Which of these
factors is primarily responsible for the favorable activity
of the N’-1-adamantyl compound II can only be de-
cided on the basis of future experimentation. Tt
seemns 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 N-p-tolylsulfonyl-N’-1-adamantylurea (II) toxi-
cological studies® were undertaken in anticipation of
clinical investigation® of this agent.

(15) We are indebted to Dr. R. C. Anderson and H. M. Worth, Division
of Toxicology of The Lilly Research Laboratories, for the report on acute
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A single oral dose of 2.0 g./kg. given to 35 normal
mice of both sexes did not kill any of the animals either
immediately or during the 7 days following drug ad-
ministration. At no time did these animals show
any toxic effects from the drug. Larger doses were
not administered.

Groups of six normal male and six normal female
rats fed for one month on & standard diet containing
this drug at a concentration such that the daily intake
of drug averaged 1 g./kg. gained weight slightly less
rapidly than did the rats in control groups not receiving
the drug. At the end of the month of treatment all
animals were killed and the organs and tissues were
examined for pathological changes. No changes were
noted except for a slight degranulation of the g cells of
the pancreatic islets. ~ All of the hypoglycemic sulfonyl-
ures compounds which have been studied extensively
produce g cell degranulation.

Dogs were treated for 232 days by the oral route with
daily doses as high as 100 mg./kg. Aside from a slight
clevation of the serum alkaline phosphatase levels in the
dogs given the highest dose, no unusual changes were
observed throughout the experiment. At necropsy
there were no abnormalities in the organs or tissues
that could be attributed to the administered drug.

At the time of the preparation of this manuseript,
information on preliminary clinical studies of II was
available. In one phase of these studies'® thirty
adult diabetics were managed with the drug and ob-
served for periods varying from 8 to 12 weeks. The
patients were 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 400 mg. /day.
Equal to chlorpropamide® on a weight basis, the drug
IT possesses about five times the potency of tolbut-
amide,'* The activity of IT is rapid in onset with a
tentative duration of 4-6 hr., indicating that the drug is
rapidly absorbed and utilized by the body.

Experimental

Because of the tendency of most adamantane derivatives to
sublime, melting points were commonly taken in sealed, sub-
merged capillary tubes. Generally speaking, melting point
d!atmm inations were less conolusive than the comparison of X-ray
diffraction patterns and vapor-phase chromatographie behaviar,

Adamantyl Amines. 1-Aminomethyladamantane,"—A solu-
tion of 9 g. (0.05 mole) of adamantane-1-carboxamide? in 200 ml.
of dry ether was added dropwise to a well stirred suspension of 10
. (0.26 mole) of lithium aluminum hydride in 500 ml, of dry
other. The reaction was earried out in a three-necked, round-
bottom flask equipped with a mechanical stirrer in a close-fitting
sockel and an efficient water-cooled condenser, Alfter the addi-
tion had been completed, the reaction mixture was heated under
reflux for 4 hr. The well agitated mixture was then cooled to
—5% and 10 ml. of water was added dropwise, followed by 30 ml.
ofn 10, sodium hydroxide solution, and, finally, 10 ml. of water

‘Thc precipitated solids were removed by filtration and washed
with 500 ml. of ether. The combined ether layers were dried
with anhydrous magnesium sulfate and concentrated to dryness

18) The clinical studiea wera performed in two parts: (a) At The Lilly
Rmruh Laboratorien under the direction of William 1. Kirtley, M.D., a5
lsu'-;;';l:;ruwill:;‘ Clinical Research, and (b) under the direstion of Robert

E ng, M.D., at the Metabolle R Travia
Bireet, Mo Tt olie Research Foundation, 8615

_ (17) After our work was concluded the praparation of this amine wns 16
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s reduced pressure.  The residue wea taken up in 50 ml. of
dry cther, filtered from & small amount of insoluble material, and
yeated with dry hydrogen chloride gas. The precipitated hydro-
Joride salt was recrystallized from ethanol to give 7 g. (70%)
o whiite product, m.p. 320°,

Aral. Caled. for CuH«CIN:  ©, 65.49; H, 0.00; N, 6.04.
found: €, 65.35; I, 10.01; N, 6.83.

t-Methyladamantyl-1-amine. 3-Methyladamantyl 1-Bromide,
_The bromination of 1-methyladamantane was carried out by
he procedure reported for adamantyl 1-bromide* and gave the
product 85 & distillable oil, b.p. 65-67° (0.05 mm.), in a yield of
g33:)‘;411. Caled. for CuHuBr: C, 57.65; H, 7.48; Dr, 34.87.
found: C, 57.85; H, 7.81; Br, 35.27,

J-Acetamido-3-methyladamantane.—The crude amide, pre-

from the bromide by the CH,CN-HS0, procedure,” wag

purified by sublimation at 90-100° (0.05 mm.). The amide
nelted at 108-100°,

Anal.  Caled. for CiyHaNO: N, 6.76. Found: N, 6.88,

g-Methyladamantyl-1-amine Hydrochloride.—Descetylation
by potussium hydroxide in diethylene glycol” and ether extraction
gve & solution of the amine which by infrared spectral analysis
wes found to contain approximately 5% of unchanged starting
siide. The hydrochloride, prepared in ether solution with dry
kydrogen chloride gas, was obtained in 87% yield and melted

g 205-300°. The over-all yield from l-methyladamantane was

IROCKET

81%.
AonaL Caled. for CuHxCIN: Cl, 17.62; N, 6.94. Found:

€,17.77; N, 8.78.

3,5-Dimethyladamantyl-1-amine. 3,5-Dimethyladamantyl 1-
tromide was prepared, as previously described, from 1,3-di-
methyladamantane® in 77.5% yield as a light yellow oil, n¥p
15178, b.p. 67-69° (0.03 mm.).

Anal. Celed. for C;HyyBr: C, 59.26; H, 7.89; N, 6.33.
Found: C, 59.89; H, 8.10; N, 32.38.

I-Acetamido-3,5-dimethyladamantane was prepared, as pre-
viausly deseribed, from the bromide in 96% yieldof crude product.
Purification of a sample by sublimation gave the amide, melting
at §0-82°,

Anal. Caled. for CiHuNO: C, 57.97; H, 10.47; N, 6.33.
Found: C,75.64; H, 10.49; N, 6.41.

8,5.Dimethyladamantyl-1-amine was obtained by alkaline
bydrolysis from the crude amide and was isolated as the hydro-
thloride salt, m.p. 290-205°, in a yield of 87%. The over-all
¥ield based on 1,3-dimethyladamantane amounted to 63%.

Anal, Caled, for CHuCIN: N, 6.46. Found: N, 6.51.

Adamantyl-1-amine via Adamantyl 1-Chloride.—A solution of
100'g. (0.74 mole) of adamantane? and 100 ml. (85 g., 0.92 mole)
of thutyl chloride in 400 ml. of anhydrous cyclohexane was pre-
pared in a 1-1, three-necked, rovnd-bottom flask fitted with a
thermometer, mechanica) stirrer with close-fitting socket, and gas
exhanst tube leading to n bubbler submerged in water. The
eatalyst, aluminum chloride (fotal 4.0 g., 0.06 mole), was added
in butches of 0.5 g. at regular intervals over & period of 8 hr.
Progress of the roaction was followed conveniently by the rate of
ecaping isobutane gas. Upon completion of the reaction, 100 ml.
of N hydrochloric ncid solution waa added with vigorous stirring,
followed by 500 ml. of ether. The organic layer was separated,
find extracted with 50 ml. of cold water, then with 50 wl. of a
6% sodium bicarbonate solution, and finally dried with the aid of
shydrous calcium chloride.  After removal of the solvents under
reduced pressure there remained 115 g. (08%) of erude product
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meltmg at 152-156° (lit.” 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 materinl from ethanol at —50° gave pure
adaman_tyl I-chloride which was found to be identical with an
authentic sample? by mixture melting point determination and by
X-ray diffraction patterns.

Anal. Caled. for CuWHuCl:  C, 70.87; H, 8.86; Cl, 20.76.
Found: C, 76.22; H, 8.96; C), 20.69.

The crude product was converted, without further purification,
by the scetonitrile-sulfuric acid procedure to 1-acetamidoada-
mantane,” melting ot 144-146° (lit. m.p. 140°). Recrystalliza-
tion from ethanol gave the pure amide, m.p. 147-149°, identical
with an authentic sample by mixture melting point and X-ray
difiraction pattem. The crude amide (108 g., B3%), again with-
out prior purification, was saponified” 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 procedure® and will be
exemplified in detail for compound II.

N-p-Tolylsulfonyl-N’-1-adamantylurea (II).—A solution of
302.5 g. (2 moles) of 1-aminoadamantane and 535 g. (2.2 moles)
of ethyl N-(4-methylphenylsulfonyl) carbamate® 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
(0.549%,) of ethanol. The chloroform solution was washed with a
total of 1600 ml. of cold 6% hydrochloric acid rolution, 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 sbout
50°, and hot Skelly B (petroleumn-ether, b.p. 60-71°) was added
to atart crystallization.  After chilling the mixture overnight the
crystals were isolated by filtration to give 400 g. of product
melting at 175-170°.  Two further recrystallizations from puri-
fied chloroform-Skelly B gave 850 g. (51%) of final product T1,
melting at 178-179°.

Anal. Caled. for CHuNOs8: C, 62.04; H, 6.94; N, 8.04;
mol. wt., 348.5. Found: C, 61.96; H, 6.72; N, 7.84; mol. wt.
(electrometric titration in 66% dimethylformamide, pK,’ 7.98),
350.
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