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We have earlier detected anticonvulsant activity (ACA) in adamantane derivatives [1-3].
The literature also mentions the bacteriological activity of adamantanecarboxylic acids [4].
We have now synthesized a series of 3-substituted adamantanecarboxylic acids, their acid chlo-
rides, a—-diazo ketones, a-hydroxy- and a-alkoxymethyl adamantyl ketones, a-hydroxy ketone ox-
imes, and esters to make a further study of the biological activity of adamantane derivatives.

We synthesized adamantanecarboxylic acids (I)-(X) by the published procedures [5-8].
Reaction with thionyl chloride easily formed the acid chlorides (XI)-(XX). We should note
that the 3-iodo and nitrooxy groups, in contrast to bromo [9], are readily substituted by
chlorine. C-Acylation of diazomethane and diazoethane with adamantanecarboxylic acid chlo-
rides gave high yields of the yields of the a-diazo ketones (XXI)-(XXXIII), decomposition of
which in aqueous and alcoholic solution in the presence of catalytic amounts of mineral acids
generated the o-hydroxy~ and a-alkoxymethyl adamantyl ketones (XXXIV)-(XL). Methyl 3-iodo~-1-
adamantanecarboxylate (XLV) was formed in quantitative yield from acid (IV) and diazomethane.
We prepared phenyl l-adamantanecarboxylates (XLVI)-(XLVII) by reaction of the phenols with
l-adamantanecarbonyl chloride (XI) and synthesized 2-acetoxy-1-(l-adamantyl)-l-ethanone
(XLVIII) by refluxing l-adamantoyldiazomethane (XXI) in acetic acid.
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We verified the structures of the synthetic compounds by elemental analysis (Table 1)
and IR and PMR spectroscopy. The IR spectra of a-diazo ketones (XXI)-(XXX) have the diazo
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and carbonyl bands in the 2130-2115 and 1640-1620 cm~' regions. The introduction of an elec-

tron-donating methyl group into the a-position to the diazo group reduces the multiplicity

of the N=N= and C=N bonds in diazo ketones (X¥XI)~-(XXXIII) and reduces the frequency of the

TR bands to 2018-2075 cm™* (N=N) and 1625 cm™'(C=0). TIn the reaction products of the o-diazo
ketones, (XXXIV)-(XL), the diazo bands are replaced by the bands of the relevant functional
group and of the nonconjugated carbonyl group at 3460-3500 em™' (OH), 1710-1690 cm~' (C=0),

and 1240 cm~* (¢—0-C). In compounds (XLI)-(XLIV) the carbonyl band is replaced by a broad
band in the 3300-3200 cm™' region (NOH). The PMR spectra contain the signals of the CH group
at 5.35-5.55 ppm in compounds (XXI)-(XXX), the CHs group at 1.95-3.71 ppm in compounds (XXVII),
(XXVIII), (XXXI)-(XXXITI), (XLV), (XLVIT), and (XLVIII), and the phenyl group at 7.05-7.28

ppm in compounds (XXXVI)-(XXXVIII), (XXXVIII), (XLVI), and (XLVII). '

EXPERIMENTAL PHARMACOLOGY

We used mice of both sexes of weight 18-22 g for the pharmacological studies. Compounds
were administered intraperitoneally in 2% starch slurry. We examined compounds (IT), (IV)-
(X), and (XXXIV)-(XLVIII) in comparison with hexamidine. The experimental figures were pro-
cessed statistically by Litchfield and Wilcoxon's method with P = 0.05 [10].

We examined the acute toxicity [11], the ACA, by the maximal electroshock (MES) test
[12] and the corazole test, and the antitremor activity, by the nicotine and arecoline tests
[13], evaluating the doses protecting half the animals from convulsion (EDso,). The depres-
sant and stimulant effects were determined visually. We examined the effect on motor coordi-
nation (neurotoxic effect) by the rotating rod procedure, evaluating TDso, the dose causing
half the mice to fall off the rod in a 3-min period [14]. For the active compounds we cal-
culated the conventional pharmacological margin of the effect (CPM) — the ratio of LDso.to
EDse in the MES test. The antimicrobial activity toward Staphylococcus aureus and Escheri-
chia coli was assayed by the serial dilution technique. The bacterial loading of the work-
ing solution was 250,000 microbial bodies per ml. As the effective dose we took the lowest
concentration that inhibited the growth of the bacterial cultures [11]. The results of these
tests are summarized in Table 2.

We have already detected ACA in l-adamantanecarboxylic acid (I), whose EDso is 300 mg
per kg. Introduction into position 3 of the admantane ring of acid (I) of chlorine, bromine,
iodine, fluorine, or of the nitro or nitrooxy substituents removes the ACA of compounds
(IT)-(V), (IX), and (X). The phenyl group enhances the ACA of acid (VI) by a factor of 2.5
relative to (I) — EDso is 135 mg/kg; the peak of the effect is apparent 5 min after admini-
stration against 60 min with (I) and lasts for 2 h. The presence of one methyl group in the
phenyl substituent reduces the ACA to FDso 395 mg/kg in acid (VII) and delays to 30 min the
appearance of the peak, while the presence of two methyl groups eliminates the ACA in acid
(VIID).

The acids found to be active in the MES test have no effect on corazole and nicotine
convulsions in doses equal to EDso, implying that they have no n-cholinolytic effect.

Methyl and Phenyl adamantanecarboxylates (XLV)-(XLVII) have mo anticonvulsant effect.

Replacement of the carboxyl group of the acids by hydroxymethylcarbonyl or ethoxymethyl-
carbonyl enhances the ACA of compounds (XXXIV)-(XXXIX). Ethoxy ketones (XXXIX) and (XL) are
less active than the equivalent hydroxy ketones. Hydroxy ketone (XXXV) is most active in
the MES tes (EDso 108 mg/kg). The activity of the iodo-substituted hydroxy ketone (XXXVII)
is slightly lower (EDso 120 mg/kg), whereas its activity in the corazole test is very high
(EDso 110 mg/kg). The ACA of compounds (XXXV) and (XXXVII) may equal that of hexamidine,
since the difference in the ACA is statistically insignificant. Their acute toxicity is 2.3
times lower than that of hexamidine and consequently their CPM is double that of hexamidine.
These compounds are also active in the corazole test; the peak of their effect is apparent
after 5 min, whereas that of hexamidine appears after 4 h.

Screening of the hydroxy ketones (XXXI)~(XXXVIII) for antitremor activity by the areco-
line and nicotine tests in doses equal to EDso, in the MES test revealed that compound (XXXIV)
intensifies tremor in the arecoline test, compound (XXXVI) shortens the duration of tremor
in the arecoline test while reducing tremor in 50% of the animals in the nicotine test, and
compound (XXXVII) slightly attenuates the tremor in both tests.

Oximation of the hydroxy ketones reduces the ACA in compounds (XLI)-(XLIV).
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We examined the dynamics of the development of the anticonvulsant effect of compounds
(XXXIV)~(XLIV). The peak ACA appears after 5 min. Compound (XXXV) shows the most rapid fall
in ACA; after 15 min its EDso, is already 150 mg/kg. The same effect is apparent in (XXXIV).

These 3-substituted adamantane derivatives are moderately or slightly toxic substances
(LDso from 500 to 1500 mg/kg and more); they are 1.5-4 times less than hexamidine. Admini-
stration in the toxic doses (300 mg/kg and above) causes loss of motor coordination and de-
pression of the central nervous system. A stimulant effect at these doses is apparent only
in (XXXIV).

When examined by the rotating rod method, acid (VI) has a marked neurotoxic effect 5
min after administration; it lasts for 1 h (TDso 125 mg/kg, protective index LDso/TDso 4.7).
In acid (VII) the peak of the neurotoxic effect is apparent after 30 min and lasts 2 h (TDso
290 mg/kg, protective index 2.1).

The bacteriostatic activity of these 1,3-disubstituted adamantane derivatives toward S.
aureus and E. coll varies from 15.6 to 1000 ug/ml. Hydroxvketone (XXXVII) is most active,
suppressing the growth of 5. aureus in a concentration of 31.3 ug/ml and that of E. coli in
a concentration of 15.6 pg/ml.

These tests suggest that anticonvulsant and antibacterial compounds could profitably be
sought among adamantane derivatives.

EXPERIMENTAL CHEMISTRY

Spectra were recorded on: IR: a UR-20 in carbon tetrachloride; PMR: an RS~60 high-
resolution spectrometer in carbon tetrachloride.

The acid chlorides, except for (XIV), (XVIII), and (XX), were prepared by reaction with
thionyl chloride in the presence of catalytic amounts of DMF by the usual procedure.

3-Iodo-l-adamantanecarbonyl Chloride (XIV). A solution of acid (IV) (3.06 g, 0.0l mole)
[6] in dry ether (50 mI) was refluxed for 4 h with thionyl chloride (1.45 ml, 0.02 mole) and
DMF (1-2 drops). The solvent was removed under vacuum and the residue was recrystallized
from hexane to give (XIV) (2.7 g, 86%).

Compounds (XVIII) and (XX) were prepared in the same way.
Adamantanoyldiazomethanes (XXI)-(XXX). These were prepared by the Arndt—Eistert method

[15].

Adamantanoyldiazoethanes (XXXI)-(XXXIII). An ethereal solution of the acid chloride
(0.01 mole) was added dropwise with stirring and cooling to —5°C to an ethereal solution of
diazoethane (0.015 mole) [16] and triethylamine (0.0l mole). After the addition the solution
was stirred.for 3-4 h. Cold water was added to dissolve the triethylamine salt. The ethereal
layer was separated, washed with water, and dried, and the ether was removed. The residue
of the diazo ketone was recrystallized from hexane or cyclohexane.

2-Hydroxy-l-adamantyl-l-ethanone (XXXIV). To a solution of diazo ketone (XXI) (2 g,
0.01 mole) [17] in dioxane (30 ml) were added water (20 ml) and 5% perchloric acid (1 ml).
The mixture was heated on a water bath for several hours until the .evolution of nitrogen
ceased and the solution was colorless. The solvent was removed under aspirator vacuum, leav-
ing an oil that crystallized on standing. The crystals were pressed and recrystallized from
hexane—ether (5:1) to give (XXXIV) (1.5 g, 80%). Compounds (XXXV)-(XXXVIII) were prepared
in the same way.

2-Ethoxy-1-(3-chloro-l-adamantyl)-l-ethanone (XXXIX). To a solution of (XXII) (2.38 g,
0.01 mole) [2] in alcohol (40 ml) was added 5% perchloric acid (2 ml). The mixture was re-
fluxed until the solution was colorless. The solvent was removed and the residue was pressed
to give (XXXIX) (1.82 g, 72%). Compound (XL) was prepared from (XXIII) [2] in the same way.

2-Hydroxy-l-adamantyl-l-ethanone Oxime (XLI). A mixture of (XXXIV) (1.94 g, 0.01 mole),
hydroxylamine hydrochloride (2.5 g, 0.015 mole), pyridine (5 ml), and methyl alcohol (40 ml)
was heated on a water bath for 2.5 h. The solution was cooled and poured into water (50 ml);
the resulting precipitate was filtered off and recrystallized from cyclohexane—ether (4:1)
to give (XLI) (1.7 g, 89%).

Compounds (XLII)-(XLIV) were prepared in the same way.
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Methyl 3-Iodo-l-adamantanecarboxylate (XLV). This was prepared from acid (IV) and dia-
zomethane by the standard procedure [18].

Phenyl l-Adamantanecarboxylate (XLVI). Acid chloride (XI) (1.98 g, 0.01 mole) [19] was
mixed with phenol (0.94 g, 0.01 mole); after the reaction the oil was left for several hours
to crystallize and then recrystallized from aqueous methanol to give (XLVI) (2.2 g, 877%)
(literature mp 37-38°C [20]).

m~-Methylphenyl l-Adamantanecarboxylate (XLVII). A mixture of acid chloride (XI) (1.98
g, 0.0I mole) and m-cresol (1.5 g) was warmed at 30-50°C for 30 min and then dissolved in
chloroform, washed with water, and evaporated. The residue was recrystallized from methanol
to give (XLVII) (2.2 g, 85%).

2-Acetoxy-1-(l-adamantyl)-l-ethanone (XLVITI). A solution of (XXI) (2.04 g, 0.0l mole)
in acetic acid (40 ml) was refluxed until the solution was colorless. Some of the acid was
removed and the residue was poured into cold water. The resulting precipitate was filtered
off and recrystallized from hexane to give (XLVIII) (1.95 g, 84%).
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