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N®.(2,2-Diphenylethyl)adenosine, a Novel
Adenosine Receptor Agonist with
Antipsychotic-like Activity

Sir:

Schizophrenia is a serious mental illness present in ap-
proximately 1% of the world population.! Available an-
tipsychotic drugs are brain dopamine receptor antagonists,
and although they reduce some schizophrenic symptoms,
they are not completely efficacious and frequently induce
serious neurological side effects, including acute Parkin-
sonism and tardive dyskinesia.? Because of these prob-
lems, we have sought to identify potential antipsychotic
agents that do not act through dopamine receptor block-
ade. One such mechanism that we have pursued is the
activation of brain adenosine receptors. This paper de-
scribes N®-(2,2-diphenylethyl)adenosine (CI-936, 11), an
adenosine agonist that produces potent and selective ef-
fects in preclinical tests predictive of antipsychotic efficacy.

Adenosine is an endogenous purine that in addition to
a role in intermediary metabolism may act as a local
hormone involved in regulation of energy supply and de-
mand.? The actions of adenosine occur via at least two
types of extracellular receptors, which were originally
defined by their opposing effects on adenylate cyclase.
Activation of A; (R,) receptors inhibits adenylate cyclase,
whereas activation of A, (R,) receptors stimulates adeny-
late cyclase.#® The two receptors also differ in their
structure-activity relationships.’

A growing body of evidence suggests that adenosine is
a neuromodulator in the central nervous system.®
Adenosine agonists such as N8-[(R)-1-methyl-2-phenyl-
ethyl]adenosine (R-PIA) produce sedation in rodents, an
effect that appears to be mediated via central adenosine
receptors.” Our initial studies indicated that R-PIA in-
hibited dark-stimulated motor activity at doses somewhat
below those that produced ataxia as measured by an in-
verted screen test,® a profile of activity that is characteristic
of antipsychotic drugs and one that has proven useful in
our laboratories for distinguishing antipsychotics from
drugs of other therapeutic classes.® Similar results have
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been reported for Ne-cyclohexyladenosine.’ On the basis
of the results with R-PIA, we examined a series of aden-
osine analogues and discovered that an antipsychotic-like
profile (ED;, ataxia > ED;, motor activity inhibition) is
also seen with other adenosine agonists including N°-
cyclopentyl-, N8-cyclohexyl-, 2-chloro-, and 5'-(N-ethyl-
amino)carbonyl-substituted adenosines.® Among reference
agents, the largest separation between doses inhibiting
motor activity and those producing ataxia was obtained
with 2-(phenylamino)adenosine (CV-1808), a compound
developed as an antianginal agent.!! Development of an
A,-receptor binding assay'? revealed that CV-1808, unlike
most other adenosine reference agonists, has greater rel-
ative affinity for A, as compared with A, adenosine re-
ceptors. Additional evidence suggesting a specific link
between antipsychotic activity and A, receptors comes
from the regional distributions of A; and A, receptors in
the brain: A, receptors are widely distributed, whereas
high-affinity A, receptors are localized to the striatum,
nucleus accumbens, and olfactory tubercle,!?'? areas that
have been implicated in antipsychotic drug action.

On the basis of these results, we initiated a program to
synthesize adenosine agonists with appreciable affinity for
the A, receptor (either A, selective or balanced in A;/A,
affinity) as potential antipsychotic agents. Among the
NS-substituted adenosines, most reference agonists are
quite A, selective, possessing high affinity for A, but low
affinity for A, adenosine receptors. However, the N®-ar-
alkyl derivative R-PIA, although very A, selective, has
higher affinity for A, receptors than the N®-alkyl and
NB.cycloalkyl adenosines.!*!* Therefore, we examined the
effect of aryl substitution at the N8-position. A series of
NB-phenylalkyl-substituted adenosines were synthesized
by refluxing the corresponding amines with 6-chloropurine
riboside in ethanol containing triethylamine!®1€ (Table I).
The monophenyl compounds provided high A-receptor!?!?
affinity with the exception of the N®-benzyl derivative 2.
Maximal affinity for A, receptors was achieved with the
phenethyl side chain 3. Although the absolute A, affinity
of 3 is slightly less than that of its methylated analogue
R-PIA (6), the phenethyl compound has greater relative
affinity for A, receptors, the K, ratio of A,/A; being 12.7
vs. 103 for R-PIA. An examination of methylation with
three other phenethyl side chains (7-9) revealed similarly
deleterious effects on either A, potency or relative A, af-
finity. However, addition of a second aryl group, as in the
diphenylalkyl series (10-14), revealed a clear maximum for
A, binding affinity at the ethyl side chain (11, CI-936).
Compound 11 has high affinity for both A; and A, recep-
tors, with a marked enhancement in A, affinity as com-
pared to the phenethyl compound. In agreement with its
high A, affinity, 11 has been reported to possess moder-
ately potent activity at the dog coronary artery A, recep-
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Table I. Adenosine Receptor Binding Affinities® and Effects on Motor Activity? (MA) and Ataxia (ATX) of Nb-Aralkyladenosines

R\N/H

(o}
OH OH

binding: K; = SE, nM EDygp, mg/kg ip

no. side chain R formula® mp, °C A, A, MA ATX
1 Ph C1eH N0, 194-195 4.6 + 0.2 660 % 80 25 30
2 PhCH, CiH N0, 184-186 120 % 20 280 £ 9 22 >100
3 PhCH,CH, C,sHy N0, 166-168 12.7 £ 0.2 161 £ 3 15 >100
4 PhCH,CH,CH, C,Hs N0, 124-128 23 420 19 >100
5 PhCH,CH,CH,CH, CyoHysN;0, 125~127 15.9 1230 32 >100
6 (R)-PhCH,CH(CHy,) C1gH 3 N;0, 143-145 1.2 +£0.2 124 £ 9 0.8 2
7 (S)-PhCH,CH(CHjy) C1pHg3N;O, 105-112 49 £ 2 1720 £ 380 16 75
8 (RS)-PhCH(CH,)CH, C1gH23N;04 94-98 2.4 98 0.5 7
9 PhC(CH,),CH, CyoHysN50, 92-99 16.2 320 6.7 30
10 Ph,CH Cy3H33N:O, 162-171 480 3800 80 >100
11 Ph,CHCH, (CI-936) Cy.HpsN:O, 106-108 6.8 £ 0.2 25 £ 3 1.3 145
12 Ph,CHCH,CH, CosHyN:O, 115-122 79 290 33 >100
13 Ph,CHCH,CH,CH, C,sH N304 102-108 290 4700 32 >100
14 Ph,CHCH,CH,CH,CH, Cy7H3 N0y 78-82 146 2200 30 >100
15 Ph,C(CH,)CH, CysHy;N;Oy 109-114 373 302 7 >100
16 Ph,CCH, CaoHpeN304 123-125 14300 26000 80 >100

“Binding of [*H]-N%-cyclohexyladenosine to A, adenosine receptors in rat whole brain membranes and binding of [*H]NECA (1-(6-
amino-9H-purin-9-yl)-1-deoxy-N-ethyl-3-D-ribofuranuronamide) to A, receptors in rat striatal membranes was performed as described.!?
Affinities for compounds 1-3, 6, 7, 11, and 15 are averages of three or more independent experiments; values for other compounds are from
single determinations. Values for 1, 2, 6, and 7 are taken (with permission) from ref 12. A, binding results for 1-8, 10, and 11 are in good
agreement with published results.!” ® Motor activity and ataxia were determined as previously described.? ©All compounds had NMR, IR,

and MS fully in accord with the assigned structures, and all new compounds had correct elemental analyses.

tor.!® Addition of a benzylic methyl group to 11 produced
a compound, 15, that is slightly A, selective, whereas ad-
dition of a third phenyl group (16) reduces both A; and
A, binding.

Compound 11 inhibits exploratory activity in mice, with
a potency similar to that for R-PIA; however, 11 is 50-fold
less potent than R-PIA for producing ataxia (Table I).
This selectivity of sedative action in mice is greater than
that obtained with a variety of dopamine antagonist an-
tipsychotics, including haloperidol, chlorpromazine, and
thioridazine (Table II). Compound 11 retains potency and
selectivity of sedative action upon oral administration in
rats (Table IT). Furthermore, it shows an antipsychotic-like
profile in inhibiting continuous unsignaled (Sidman)
avoidance responding in rats (Table IT) without impairing
the ability of animals to respond. For example, a 4 mg/kg
dose of 11 produced a 90% inhibition of avoidance re-
sponding, but reduced shock termination responding by
only 7%.1? Selective blockade of Sidman avoidance re-
sponding, an effect produced by all known antipsychotic
drugs, is widely used as a preclinical predictor of antip-
sychotic efficacy.?® Although the mildly A, selective
agonist, 15, also showed a good, reasonably potent profile
in Sidman avoidance (EDj, 5.6 mg/kg), it had a very short
duration of action in that test (<2 h) in contrast to 11,
which retained good activity throughout the duration of
the test (6 h). The behavioral effects of 11 appear to be
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Table II. Comparison of 11 with Haloperidol and Thioridazine
in the Motor Activity (MA) and Ataxia (ATX) Test and in
Sidman Conditioned Avoidance®

nH
N N>
HO 0
OH OH
11
mouse: rat:
ED50) EDBO)
mg/kg ip mg/kg po
compd MA ATX MA ATX Sidman
11 1.3 145 2.2 31 2.5
haloperidol 0.27 12 0.24 >1 0.3
thioridazine 3.3 13 13.3 >30 19.7

@ Behavioral tests were performed as described.®'8

mediated by adenosine receptors in that the locomotor
inhibition caused by this agent (2.5 mg/kg ip) is completely
reversed in a dose-dependent manner by the adenosine
receptor antagonist theophylline (1-10 mg/kg ip). Its lack
of appreciable affinity for dopamine or other neurotran-
smitter receptors (L. Coughenour, personal communica-
tion) suggests that 11 should not share the side-effect
profile of available antipsychotics.

In summary, we have identified 11 as a novel agent that
produces selective antipsychotic-like effects in animals by
a heretofore unexplored mechanism of action. As the first
adenosine agonist to be developed for a CNS indication,
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11 may provide an improved profile for the treatment of
schizophrenia.
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Enantiomers of
1-Ethyl-7-[3-[(ethylamino)methyl]}-1-pyrrolidinyl}-
6,8-difluoro-1,4-dihydro-4-0xo0-3-quinoline-
carboxylic Acid: Preparation and Biological
Activity

Sir:

We have recently reported the synthesis of a new qui-
nolone antibacterial agent, 1-ethyl-7-[3-[(ethylamino)-
methyl]-1-pyrrolidinyl]-6,8-difluoro-1,4-dihydro-4-oxo-3-
quinolinecarboxylic acid, CI-934 (1), which is unusually
active against a wide spectrum of aerobic and anaerobic
bacteria, especially against streptococcus and staphylo-
coccus species, and is an effective inhibitor of bacterial
gyrase.l? We have also demonstrated that this unique
activity against the Gram-positive strains (streptococci and
staphylococci) is directly related to the 3-(amino-
methyl)pyrrolidinyl side chain 2.

Virtually all of the significant quinolones reported to
date either are achiral or are being developed as racemic
mixtures.> Recently, however, several cases have been
reported in which the enantiomers of certain quinolones
were separated, and a substantial difference in potency was
observed between the chiral forms.3¢ In particular, flu-
mequine (3),* ofloxacin (4),3° and S-25930 (5)° all have
asymmetry at the methyl-substituted carbon in the ben-
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zoxazine or quinolizine rings. In all cases, most if not all
of the activity (10-100-fold!) was present in just one en-
antiomer. Since fewer quinolones contain chiral side
chains, much less has been reported on the influence of
side-chain asymmetry on antibacterial activity. In just one
case, the enantiomeric quinolones with 2-substituted
pyrrolidinyl side chains were synthesized. Once again, one
isomer (6) possessed a substantial share of the potency
(10-60-fold).” Because of the excellent antibacterial
properties of 1 and the asymmetric center present in its
N-ethyl-3-pyrrolidinemethanamine side chain, we report
the synthesis and biological activity (in vivo, in vitro, and
at the enzyme level) of the pure enantiomeric forms of this
agent.

Attempts at classical resolution of 5-oxo-1-(phenyl-
methyl)-3-pyrrolidinecarboxylic acid,? a key intermediate
in the reported synthesis of 1,! were tedious and only
partially successful (80% enantiomeric excess achievable).
Instead, we turned our attention to the use of (R)-(+)-a-
methylbenzylamine as both a resolving agent and a pro-
tecting group for the chiral synthesis. The chiral benzy-
lamine 8 (Scheme I) was added to either itaconic acid or
its dimethyl ester 7 to produce a near 50:50 mixture of the
acids 9ab or the esters 10ab, respectively. The acids and
esters were readily interconvertible under standard con-
ditions.® The diastereomeric esters 10ab were separated
cleanly by column chromatography on silica gel using ethyl
acetate-pentane. The 38 isomer 10b was isolated as a
white solid, while the epimeric 3R isomer 10a was a thick
syrup. The properties and reaction conditions of these and
the other products in Scheme I are given in Table I. Prior
to chromatography the isomer 10b could be seeded and
crystallized in pure form from the 50:50 mixture in ~14%
yield.

To establish the absolute configuration at the 3-position,
10a and 10b were each reduced to the alcohols 12a and
12b. Deprotection of the pyrrolidine nitrogen gave the
(R)-(+)-15a and S)-(-)-15b pyrrolidinemethanols. The
absolute configuration of the (S)-(-)-pyrrolidinemethanol
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