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The Adamantyl Group in Medicinal Agents.
1. Hypoglycemie N-Arylsulfonyl-N’-adamantylurecas
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I order 1o evahiote the pharmacodyamice potentinl of the ssunacteiesd, Bpophilie adamanty ] gronp, a limited
umher of N-arylsnlfonyl-N-adamantynrens weve prepeved tor vvaluation as hypoglveemie agents. N-p-

Talvsulfony-N - l-adamantyiren—the adamantyl analog o tolhutamide-

potent oral agents syuthesized thus far,

The pronounced lipophilic natuwre associated with the
compact, highly syviimetrical architecture of the ada-
nantane molecule! mvites a study of its influence on
characteristics and Dhiological potential of compounds
which contain this wuque hydrocarbon moiety.

sSuch a study has tow become possible as g result of
Schleyer's startling discovery of o direet synthesis?
ol adamantane and of Stetter's extensive exploration?
ol its funetional derivatives.

As n first situation i which to assess the possible
pharmacodynamie clfeets of the adamantyl group we
sclected the complex strucetire-activity  relationships
existing within the class ol orally active hypoglycemice
sulfonyhuceass To the servies of  N-arylsulfonyl-N'-
alkyvhueas, necording to previons experience i onr
laboratories, the alkyl gronp may be varied widely
with nuintenance ol activity and the nselusion of eyelo-
liexyvl and cveiohepty! radicals frequently has produced
agents ol maxinnun officacy.® 1 the influence of the
adumantyl gronp were iudeed to e g benefieial one, the
svuthesis and  pharmacologienl  evalnation of - N-p-
tolvlsullonyl-N'-T-adamantyluren and  closely  related
sitogs would provide aninitiz] test of this possibility.

CHad, N—S0.NHCONH A
\_/ <
4 a

The nnalogs studied were primarvily designed to as-
sea= the cffeet of (a) substituents on the phenyl ring,
{h) =ubstituents on the adamantyl radical, and (¢)
the position, on a secondary or tertiary carbon, of the
nreido graup on the adarmantane skeletou,

The synthesix of these unalogs (see Table T) involved
the previously  deseribed  condeusation® of  the ap-
proprintely  substituted  cethyl  N-mevlsudfonylearha-
nedes” with the desived aminoadamantancs,  Ada-
mantvl-1-muine” aul J-adamantvl=2aminet have been
reported.t  Reduetion of adimantance-1-carboxamidce?

(1 =0 Lol Vo Moeeboeel wad d0 Myaieel Chowe Lyaty, 27, 415, 114
Povesn R Sedlever wwl MM Uhtcablsen, 0 b, Chew, Soc., 82, 16153
10605

s Stetter, loye e, Chow T, BGTC 2t

|15 SN VR DO RO B ATRIRTIIRTREI S YYS B¢ B VIS ETRRNS S A weof flven 12, w1 (16O
ol Muestall, MUV Stead Jyn 16T Satlivan, Co Cesaik, soal Mo AL
L, €4,

v
1 twall e L Gyl Chem. 23, 027 (1058
I NEoSelowars sl s Woltl, Chaen. Ber, 93, 224
DU
SO0 N D Sl o

v The slaett

PUL Dn Willieias, /0 Greg Clvgn [ 26, 2307 (WG] 5,

rtevial el

1 Uor 1le prepacatiole of solawwnryl- 2y
Hene [ Tovon R xSeGlever ainl R DL Nichiolus, . 1o
o83, 182 f1uA ] was Liwldly peeparesd Joe us by Do 1a
Heywiaot, Luion Cochiole Cliensienls Con, Sonthe Clhacleston, West Viesiain,

ansiee, canely

Chowe W

wias fonnd teo he one of the mast

with lithin ahonimun hvdride gave F-ammometliyl-
adamantanc which was used for the preparntion of the
compoitids XIN and XX with a methyvlene hridge
between the N-atom and the adamantyl funetion.

3-Methyvladamauntyl-T-amine  (for XVII) and 3,5-
dimethyladamantyl-t-amine (for XVIII) were prepared
from Tanethyl-awl 15-dimethyladamantane, ™ respee-
tively, according to Stetter’s procediwe™ ! Tor adu-
mantyl-T-amine.  This procedive invalves as a first
step the conversion of the hydrocarbon to the tertiry
bromide with exeess hromine,  In the latter case the
tertiary uuture of the bromide and the absence of
skeletal reareangements i this and subsequent conver-
sions to the amine has heen welt established.

By analogy, a =similar bromination of t-mcethyl- and
f3-dimethyladamantane may be expected to give the
tevrtiary devivatives also, and the nuelear magnetic
resonanee spectrn al the respeetive hromides were found
to support this stretueal assignment. The hydrogens
ol the methy] gronps ull appear as single peaks with the
expected frequeney (7 = 917, relative to tetramethyi-
sHlane). The renmmining protons were acconnted for i
nmltiplets at abonr = 8 and the sbsenee ol peaks at 7
5.8, typieal Tor a proton in the fumetion - CHBi - (eyelo-
hexyl Dromide), = Tuether evidenee for the tertinry
natiwe ol the hrotaides.

I'or the preparation of  adamantyl-l-amine on a
lareer seale the use of hromine as a solvent m the fore-
going procedure proved impractical. Tnstead, nomix-
ture of sdamantane aud ~butyl ehloride was treated
vith eatalvtic arcnnts of  whunimnn chlonde (see
Fixperimentaly fo give a high vield of adamantyl-]
chlovide whirh, withent Iether purification, was con-
verted to o the smitine through the acetanmido tater-
mediate.

N\, Br, . CH3CN o
1 Cllyy 1Br e CHy 1- NHCOCH,
/ HS80, _» -
P j OH
LA, T .
‘.-(ZHW Lotz dig 1 (,‘ - . ,.-}115 1 ‘\wI]g

The various arvlsultonylalkylnreas were produeed
without diffienlty by carrving ont the condensation of
carbamates and amines in hot tohene.  Oceaslonally,
lowever, as observed previosly,® the produet obtained
lacked stability in hot cthanol, used for recrystalliza-
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TasLE I
SUBSTITUTED N-ARYLSULFONYLUREAS, ArSO.NHCONHR
Aryl
subit. Relative M.p., % Caled. % Found

No. phenyl R potency °C. Formula C H N C H N
1 4-CHs— n-Butyl® 1
11 4-CH;- Adamantyl-1 15.5 172-174  CisHuaN2(5S 62.04 6.94 8.04 61.96 6.72 7.84
111 4-CH;- Cvclohexyl 12.8
IV 4-C,H:— Adamantyl-1 14.8 153-155  Cy3H:N:0;8 62.95 7.23 7.73 63.13 7.39 7.81
A% 4-C,H.— Cyelohexyle 9.3
VI 4-CH,S- Adamantyl-1 8.7 155-158  CigHaaN:O,80 56.81 6.36 7.36 56.78 5.87 7.28
VII 4-CH,S~ Cyclohexyld 4.1
VIII 4-Cl- n-Propyl? 2.1
IX 4-Cl- Adamantyl-1 5.1 150-151  C);H» CIN,0;58 55.35 5.74 7.54 55.89 6.04 7.37
X 4-Cl- Cyclohexyl® 5.6
XI 4--CyH— Adamantyl-1 2.9 190-192  CHogN:0,S 63.80 7.50 63.61 7.62
XII 4-CH,CO- Adamantyl-1 1.6 163-165  CiyH:N:0,8 7.44 7.71
XIII 4-CH,CO- Cyclohexyl® 4.0
XIv 4-CHj;, 3-NHu— Adamantyl-1 0 175 dec.  CisHasN30,8 59.48 6.93 .84 7.02
XV 4-CHs, 3-NHe- Cyclohexyl 5.0
II 4-CH—~ Adamantyl-19 15.4
XVI 4-CH;~ Adamantyl-2 4.0 206-208  CsHuuN.0;8 62.04 6.94 8.04 62.19 7.04 7.71
XVII 4-CH,— 3-Methyladaman- 2.8 184-186  C,sH.sN:0;S 62.95 7.23 7.73 62.86 7.17 7.81

tyl-1
XVIII 4-CH;- 3,5-Dimethylada- 0 166-168  CanHasN20;38 7.44 7.30
mantyl-1

v 4-C,Hs— Adamantyl-1¢ 14.8
XI1xX 4-CyHs— Adamantyl-1-CH.— 0.2 203-205  Cy,HzeN2058 63.80 7.50 7.44 63.87 7.50 7.56
XTI 4-CH,CC— Adamantyl-1Y 1.6
XX 4-CH30C— A damantyl—l—CHr 0 204-206 CongeNg(\qS 7.17 6.97

« Tolbutamide (ref. 14). ? Tolevelamide: J. J. Paullada and J. L. del Villar, Metabolism, 10, 221 (1961). ¢ See ref. 5; XIII is
acetohexamide. ¢ See ref. 6; VII is thiohexamide, VIII is chlorpropamide. ¢ British Patent 808,073; Chem. Absir. 53, 12241a (1959).

7 Metahexamide, C. F. Boehringer and Soehne, Mannheim, Waldhof, Germany.
P11, IV, XV, XVII, XVIII, and XIX were recrystallized from chloroform-Skelly B (petrolerm ether, b.p. 60—

with the N ‘-analogs.
71°); VI, IX, XI, XII, XIV, and XX from methanol.

tion. The refcrmed amine, rvesulting 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 a larger scale. In an effort to find a suitable
solvent for the recrystallization of 11, toluene proved
impractical because of extensive solvation which re-
quired prolenged 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 alcchol
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 poteney in Table I together with some reierence
compounds reported previously.®

All compounds were tested in normal male rats of a
strain derived from Wistar stock. The rats were
fasted 18 hr. and the ccmpounds were administered by
stomach tube as a suspension in a 59 soluticn of acacia.
Each rat was used only once. Blood glucose concen-
tratives were determined in the autcanalyzer'? on
samples of blocd obtained frem the tail veins before and
at 1,2, 3, 5, and 7 hr. after drug administration. FEach
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-
seribed.’®  This method for calculating relative hypo-

(12) Technicon Instruments Corp., Chauncey, N. Y.
(13) M. A. Root, M. V. Sigal, Jr., and R. C. Anderson, Diabetes, 8, 7
(1959).

911, IV, 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 poteney of 1.0.

An examination of the relative potencies listed in
Table I reveals that N-p-tolylsulfonyl-N’-1-adamantyl-
urea (IT) and the p-ethylphenyl analog IV 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’-cvclohexyl analogs?
111 and V which, thus far, are among the most active
hypoglycemic agents of this type.

It is of interest to note the time course (Iig. 1) of
glucose levels for the pair IT and III. During the
first 3 hr. after drug administration the decrease
in blood glucose level attained with N-p-tolylsulfonyl-
N'’-cyclohexylurea (III) is actually greater than that
attained by the N’-adamantyl ecompound II, but the
prolonged hypoglycemic activity of 11 reverses this rela-
tion during the final 3 hr. of the observation peried.

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 (-
hr. period while the cyelchexyl compound III varies
over a range of 35 mg./100,

It is further noted that changes in the structure of
11, 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 arally of 25 mg./kg.
for tolbutamide (1), N-p-tolvlsulfonyl-N’-adnmantyhirea (I1), and
N-p-tolylsulfonyl-N’-cycelohexylurea (II1).  The individual points
show the mean glucose levels at the time indicated, while the hars
represent the standard errors of these menn valies.

the adamantyl group, invariably result in lowered
potency. Thus, replacement of the p-methyl sub-
stituent of 1I by CH;S- (VI), Cl- (I1X), ¢-C;H;- (XI),
and CH,CO- (XI1) leads to compounds of progressively
lower activity, while the 4-methyl-3-aminopheuyl
analog X1V is without noticeable activity at the highest
dose level tested (100 mg. /kg.).

Also, what would appear to he 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 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 259 of I1—-is siu-
prising indeed.

It is obvious that the activity profile in the rat
obscrved 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 thesce
factors is primarily responsible for the favorable activity
of the N’-1-adamantyl compound II ean only he de-
cided on the basis of futurc experimentation. It
secms of interest to study the pharmacodynamic in-
fluence of the l-adamantyl group in other selected
.  Work now in progress in our laboratories to
verify this assumption will he the subject of subsequent
publications.

Toxicological and Clinical Observations.—In view
of the favorable hypoglycemic activity observed i rats
with N-p-tolylsulfonyl-N’-t-adamantylurea (II) toxi-
cological studies'™ were undertaken 1 anticipation of
clinical investigation ' of this agent.

(151 We are indelbted to Dirs R CL Andersin and Ho ML Worth, Divisioo
ol Tasicology of Tle Lilly Research Lalworatories, Tor the repoct sou wenle
el elirolie tuxieity.
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A single oral dose ol 2,00 ke wiven to S0 nord
miec of hoth sexes did not ROl o0 the antioals cihe
innediately o dnving the 7 sdavs Tollacine e cal
mimstration. At no thne oJid o hes
any toxie effecr= Trom the dis,
not acdhunnistered.

Ciraups ol <ix normal male and =ix noral Yenede
rats fed Tor one mouth on o standard dJdiet coutaining
thi= drug at o concentration =ueh that the daily inake
of dmyg averaged g ke enined weight <lighitly fess
rpidly thmn did the rat= in control groaps o receiving
the dimg. At the end of the manth of treptinen all
aniumalz were killed and the organs amf tesnes. were
examined for pathological ¢hanges,
noted exeept for a slighe degranulation of the s eclis o
the pancreatic isletsc All of the hypoglyecmie suliony |-
arca componnds whieli have heen studied exrensively
produce 8 cell degramulation.

Dogs were treated Tor 252 davs by the oral ronie with
daily dozes = high as 100 mg. ke, Aside Trown n=lighi
elevation of the sernm alkaline phosphatase levels i the
dogs given the hghest dose. no nnsnal changes werr
obzerved  thronghout the experiment. At
there were na abuormalities 11 the organs or Tssies
that could he atteibuted to the administered dime.

At the time of the preparmtion of this manasesipi,
mformation on prelimimey elinical studies ol 11 was
available. T one phase ol these  studies™ i
adult diabeties were managed with the drag and o
served for periods varving from 8 to 12 weeks, The
paticnts were gronped necording to their prior therapy,
if any, i order that n comparizson with existing hypios
glveemic agents conld bhe made,

The data obtained thus v indieate 11 to beoa nost
satisfactory, potent oral hvpoglyeeniic agent with wn
elfcetive average dose, single or divided, ol 400 my. day,
Equal to ehlorpropanide® on a weight basis, the drng
I possesses about five times the poteney ol tolbu-
anide. ™ The aetivity o 11 s rapid o onset with a
tentative doration ol -0 hoe, indieating that the deone 1=
rapidly absorbed aud ntilized by the Tody.
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Beennse ol the tendeney of most adimoantime derividives o
sublime, welting paints were commonly taken e sealed, <ab-
merged eapillary tubes. Cenerally: speaking. eelting poim
determinations were less conelnsive than the comprisaa of Novas
difiraction patterng and vipor-phase clomatogeaphice lehasvioe,

Adamantyl Amines. 1-Aminomethyladamantane.' -\ solu
tirmr of @ g (0.05 moled of adimantane-T-cavhoxamide? e 20%) ot
ol dry ether was wdded dropvise o wowell stiveed suspensica o 0
g. (0.26 mole: of lithimn ahoninnn hvdeide e 500 @l wa e
ether,  The renction was cinevied at e e threee-ne
hottom fask equipped with o aeehuniced stiveer in o cboseJiniing
socket and an efficient water-coaded candenser. Alter the addis
tion had been completed, the reaction wixtnre wis hesited msles
reflux for 4 hee The well pgitated mixture was then cooled o
=% aud 10 mb of water was added dropwise, followed by 56 0t
i 1 1000 sodinm hvdroside salnticn. wnd, finally, Nl ol weaer,

The precipitated solids were removes] by filieation and washed
with 500 ml «f ethers The coambinell ether Tivers were dried
with anhydrons magnesinm sullare and comentmted toodrvness

Led, vorag-
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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. (709,)
of white product, m.p. 320°.

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

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

Anal. Caled. for CiHi:Br: C, 57.65;
Found: C, 57.85; H, 7.61; Br, 35.27.

1-Acetamido-3-methyladamantane.—The crude amide, pre-
pared from the bromide by the CH;CN-H,SO; procedure,” was
purified by sublimation at 90-100° (0.05 mm.). The amide
melted at 108-109°.

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

3-Methyladamantyl-1-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 879, yield and melted
at 205-300°. The over-all yield from 1-methyladamantane was
81%.

Anal. Caled. for CHxCIN: Cl, 17.62; N, 6.94. Found:
ClL, 17.77; N,6.78.

3,5-Dimethyladamantyl-1-amine. 3,5-Dimethyladamanty] 1-
bromide was prepared, as previously deseribed, from 1,3-di-
methyladamantane® in 77.59% yield as a light yellow oil, n%p
1.5178, b.p. 67-69° (0.03 mm.).

Anal. Caled. for CoH\sBr: C, 59.26; H, 7.89; N, 6.33.
Found: C, 59.89; H,8.10; N, 32.38.

1-Acetamido-3,5-dimethyladamantane was prepared, as pre-
viously described, from the bromide in 969 yield of crude product.
Purification of a sample by sublimation gave the amide, melting
at 80-82°.

Anal. Caled. for C:HxNO: C, 57.97; H, 10.47; N, 6.33.
Found: C, 75.54; H, 10.49; N, 6.41.

3,5-Dimethyladamantyl-1-amine was obtained by alkaline
hydrolysis from the crude amide and was isolated as the hydro-
chloride salt, m.p. 290-295°, in a yield of 879%. The over-all
vield based on 1,3-dimethyladamantane amounted to 63%.

Anal. Caled. for C2H»CIN: N, 6.46. Found: N, 6.51.

Adamantyl-1-amine z#ic Adamantyl 1-Chloride.—A solution of
100 g. (0.74 mole) of adamantane? and 100 ml. (85 g., 0.92 mole)
of t-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 N 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
59, sodium bicarbonate solution, and finally dried with the aid of
anhydrous ealeium chloride.  After reinoval of the solvents under
reduced pressure there remained 115 g. (939,) of crude produet

H, 7.48; Br, 34.87.
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melting at 152-156° (lit.” m.p. 165°). Vapor chromatographic
analysis of this material revealed a composition of 90-959, of
adamantyl 1-chloride and 5109, of adamantane. Recrystalliza-
tion of a samiple 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-ray diffraction patterns.

Angl. Caled. for C,oHi;Cl:  C, 70.37; H, 8.86; Cl, 20.76.
Found: C, 76.22; H, 8.96; Cl, 20.69.

The crude product was converted, without further purification,
by the acetonitrile-sulfuric acid procedure to l-acetamidoada-
mantane,” melting at 144-146° (lit. m.p. 149°). Reerystalliza-
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., 839), 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 609 (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 l-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 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. (519%,) of final product 11,
melting at 178-179°.

Anal. Caled. for CisHuN:0:8: 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 669 dimethylformamide, pK,’ 7.98),
350.
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