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1,3-Dialkyl-8-(p-sulfophenyl)xanthines: Potent Water-Soluble Antagonists for

A;- and A,-Adenosine Receptors
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A series of 8-(substituted phenyl) derivatives of theophylline and other 1,3-dialkylxanthines were evaluated for potency
and selectivity as antagonists at A,- and Az-adenosine receptors in brain tissue. Theophylline has a similar potency
(K; = 14 uM) at both A, and A, receptors. 8-Phenyltheophylline is 25~35-fold more potent as an adenosine receptor
antagonist than theophylline, while 8-phenylcaffeine is only 2-3-fold more potent than caffeine. A p-hydroxyaryl
substituent enhances the potency of 8-phenyltheophylline as an adenosine antagonist. p-Carboxy- and p-sulfoaryl
substituents reduce potency of 8-phenyltheophylline, yielding water-soluble adenosine antagonists, which are some
2-5-fold more potent than theophylline at adenosine receptors. None of the 8-(substituted phenyl)theophyllines
are particularly selective as antagonists toward A,- and A,-adenosine receptors. 1,3-Dipropyl-8-phenylzanthine
represents a potent and somewhat selective A,-receptor antagonist about 23-fold more potent at A, receptors than
at A, receptors. A p-hydroxyaryl substituent further enhances potency of the 1,3-dipropyl-8-phenylxanthine at both
A, and A, receptors. The 8-(2-amino-4-chlorophenyl)-1,3-dipropylxanthine is a very potent and selective antagonist
for A, receptors, being nearly 400-fold more potent at A, than at A; receptors. The water-soluble 8-(p-sulfophenyl)-
and 8-(p-carboxyphenyl)-1,3-propylxanthines no longer exhibit marked selectivity. Both compounds are much more
potent as adenosine antagonists than theophylline. The striking selectivity of 1-isoamyl-3-isobutylxanthine as an

A, antagonist is retained in the 8-phenyl derivative but is virtually lost in the 8-p-sulfophenyl derivative.

Adenosine has important roles in the control of the
cardiovascular, nervous, and endocrine systems.! Two
classes of receptors?® mediate the actions of adenosine.
One class consists of relatively high affinity A;-adenosine
receptors which have been extensively studied in adipo-
cytes where adenosine agonists cause an inhibition of
adenylate cyclase.> The other class consists of lower af-
finity A,-adenosine receptors which have been studied
extensively in various tissues, cultured cells, and platelets
where adenosine agonists cause a stimulation of adenylate
cyclase.*® Adenosine agonists with some selectivity for
A, receptors have been developed,! but no selective
adenosine antagonists are as yet available: Theophylline
and caffeine, prototypes for adenosine-receptor antagonists
of the xanthine class, are virtually nonselective for A, and
A, receptors.l87 It is, therefore, unclear to what extent
the antiasthmatic,® diuretic,? respiratory stimulant,!?
central stimulant,!! cardiac stimulant,'? and analgesic ad-
juvant!® activities of xanthines reflect interactions at A,
or A, receptors or some other site. An 8-phenyl group
markedly enhances the potency of theophylline at.aden-
osine receptors'*~'8 but does not confer selectivity.” The
present paper describes the effect of polar aryl substituents
on both potency and selectivity of 8-phenylxanthines as
adenosine antagonists. The 8-(p-sulfophenyl)xanthines
because of their solubility, potencies as A;- and A,-
adenosine antagonists, and probable lack of effect on
phosphodiesterases may prove useful in further delineation
of physiological roles of A,- and A,-adenosine receptors.

Results and Discussion

The potencies of xanthines as antagonists of adenosine
receptors were determined with two systéms.

(1) Interaction of A,-adenosine receptors was investi-
gated by using a binding assay with N¢-[*H]cyclohexyl-
adenosine and rat cerebral cortical membranes. Binding
of this ligand has been shown to occur only at A, receptors
in brain membranes'® with an affinity constant for rat of
1 nM or slightly higher.51%1%-21 A variety of xanthines have
been investigated as antagonists of binding of N¢-[*H]-
cyclohexyladenosine.57:11:1618 The binding data for xan-
thines has been consonant with literature on-xanthines as
antagonists of A,-adenosine receptors.(see ref 1-and ref-
erences therein). , .

tLaboratory of Chemistry, NIADDK, NIH.

(2) Interaction of xanthines at Aj,-adenosine receptors
was investigated by using an assay based on antagonism
of 2-chloroadenosine-elicited accumulation of cyclic AMP
in guinea pig cerebral cortical slices. 2-Chloroadenosine
stimulates cyclic AMP generation in cerebral cortical slices
through interaction with a relatively low affinity A,-
adenosine receptor.f Half-maximal stimulations of cyclic
AMP generating systems in brain occur at at a concen-
tration of 2-chloreadenosine of about 10-20 uM. Under

.the present assay conditions, the EC5, for 2-chloro-

adenosine was 8 uM (data not shown). Adenosine de-
aminase was present to eliminate any contributions from
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Table I. Effect of 8-Substituents on Potency of Alkylxanthines at A;- and A;-Adenosine Receptors of the Central Nervous System

Ki’a .U'M
xanthine 8-substituent A, receptor A, receptor ratio A,/ A,
caffeine H 55 + 11 505 0.9
phenyl 17+£5 27T+ 17 1.6
theophylline H 14+3 14£2 1.0
methyl 65+ 14 14 £ 0.3 2.2
phenyl 0.40 = 0.15 0.55  0.04 1.4
p-hydroxyphenyl 0.05 £ 0.02 0.13 £0.03 2.6
m-hydroxyphenyl 0.34 £ 0.07 1.0+ 0.2 3.0
o-hydroxyphenyl 0.75 £ 0.2 1.7+ 0.7 2.3
p-aminophenyl 0.23 £ 0.1 0.13 £ 0.01 0.6
m-aminophenyl 1.1 £0.15 09 = 0.13 0.8
o-aminophenyl 0.85 £ 0.3 1.7+ 0.1 2.0
p-carboxyphenyl 3.0+12 25+ 02 0.8
m-carboxyphenyl 32+11 15+ 8 0.5
o-carboxyphenyl >50 >30
p-sulfophenyl 45+ 0.5 63+ 1.3 1.6
1,3-dipropylxanthine H 0703 2.7+ 0.8 3.8
phenyl 0.013 % 0.003 0.3 + 0.08 23
2-amino-4-chlorophenyl 0.0025 % 0.001 1.0 £ 0.03 400
p-hydroxyphenyl 0.0029 £ 0.0008 0.05 £ 0.01 17
p-carboxyphenyl 0.17 % 0.03 0.11 % 0.02 0.6
p-sulfophenyl 0.21 + 0.05 0.71 = 0.23 34
1-isoamyl-3-isobutylxanthine 13£5 >150 >11
phenyl 1.8+ 09 >10 >6
p-sulfophenyl 3.56+05 7+2 2.0

¢ICg, values for A, receptors were obtained from antagonism of binding of 1 nM [*H]cyclohexyladenosine to rat cerebral cortical mem-
branes. ICg, values for A, receptors were obtained from antagonism of cyclic [FHJAMP accumulation elicited by 15 uM 2-chloroadenosine
in [®*H]adenine-labeled guinea pig cerebral cortical slices. K; values were calculated from the equation K; = ICy/(1 + concentration aden-
osine analogue/K, for adenosine analogue). Values are means = SEM for two to four determinations.

endogenous adenosine and a potent phosphodiesterase
inhibitor (rolipram)? was present to minimize any effects
due to inhibition of this enzyme by the xanthines being
tested. The blockade by xanthines of the effects of 2-
chloroadenosine at the Ay-adenosine receptor of brain slices
then provided a direct measure of antagonist activity.
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The presence of an 8-phenyl substituent increased the
potency of caffeine by only about 2-3-fold at A, and A,
receptors (Table I). An 8-phenyl substituent had a much
greater effect on the potency of theophylline as previously
reported:"!?18 A 25-35-fold increase in potency occurred.
An 8-methyl substituent had no effect on the potency of
theophylline at A, receptors while increasing potency at
A, receptors by less than 2-fold. Neither caffeine, theo-
phylline, nor their 8-phenyl derivatives were selective for
A, or A; receptors. 8-Phenyltheophylline is very insoluble
in water, a maximal aqueous concentration being only 10
M (unpublished results). Investigation of the effect of
aryl substituents on selectivity was therefore directed to-
ward polar substituents (OH, NH,, N(CH,),", COO~, SO;),
which should also increase solubility. Synthesis of the

_ various compounds followed standard routes as shown in
the general scheme. A p-hydroxy substituent increased
potency of 8-phenyltheophylline at both A; and A, re-
ceptors. The resulting 8-(p-hydroxyphenyl)theophylline

(22) Schwabe, U.; Miyake, M.; Ohga, Y.; Daly, J. W. Mol. Phar-
macol. 1976, 25, 900.

was still relatively unselective and insoluble. The solubility
was 5 uM in water. A m- or o-hydroxy substituent had
little effect on potency at A, receptors while causing a
significant reduction in potency at A, receptors. Amino
substituents also did not yield any truly selective antag-
onists. A p-carboxy substituent reduced potency at both
receptors by 5-7-fold. A m-carboxy or o-carboxy sub-
stituent was poorly tolerated by both classes of adenosine
receptors. A p-sulfo substituent reduced potency at both
receptors by about 10-fold. Since the p-carboxy and p-
sulfo derivatives of 8-phenyltheophylline had reasonable
potencies and solubilities, further investigation of such
compounds appeared warranted. The solubility of 8-(p-
carboxyphenyl)theophylline in water was 90 uM, while the
solubility of 8-(p-sulfophenyl)theophylline was greater than
20 mM.

" Replacement of the 1- and 3-methyl substituents of
theophylline with n-propyl groups greatly enhances po-
tency at both A,- and A,-adenosine receptors.!#1518 This
was confirmed with the present assay systems (Table I).
The 1,3-dipropylxanthine was found to be a somewhat
selective A, antagonist with a potency at this receptor
about 4-fold greater than at the A; receptor. Incorporation
of an 8-phenyl substituent greatly enhanced potency at the
A, receptor while enhancing potency at the A, receptor to
a lesser extent. The resulting 1,3-dipropyl-8-phenyl-
xanthine is a rather selective A, antagonist with a potency
at A, receptors some 23-fold greater than at A, receptors.
The presence of a p-hydroxyaryl substituent in the 1,3-
dipropylxanthine series enhanced potency at both A, and
A, receptors as was the case in the theophylline series. The
1,3-dipropyl-8-(p-hydroxyphenyl)xanthine had a K; of
about 3 nM at A, receptors and a K; of about 50 nM at
A, receptors and thus represents a remarkably potent and
somewhat selective antagonist for A;-receptor (17-fold)
antagonist. Another very potent A, antagonist, 8-(2-
amino-4-chlorophenyl)-1,3-dipropylxanthine,!® proved to
be a very selective A, antagonist with a potency at A,
receptors some 400-fold greater than at A, receptors (Table
I). The results with 1,3-dipropyl-8-(p-carboxyphenyl)-



1,3-Dialkyl-8- (p-sulfophenyl)xanthines

xanthine and 1,3-dipropyl-8-(p-sulfophenyl)xanthine were
quite unexpected. Introduction of the polar p-carboxy or
p-sulfo substituent decreased potency at the A, receptor
by 60-70-fold while reducing potency at the A, receptor
by only about 2-fold and 14-fold, respectively. Both com-
pounds are, thus, only slightly selective: the p-carboxy
analogue for A, receptors, the D- sulfo analogue for A, re-
ceptors.

The potent phosphodiesterase inhibitor 1-isoamyl-3-
isobutylxanthine has virtually no antagonist activity at
Aj-adenosine receptors.!?® The present study confirmed
the lack of activity of 1-isoamyl-3-isobutylxanthine at
A,-adenosine receptors but revealed relatively potent ac-
tivity, comparable to that of theophylline at A,-adenosine
receptors (Table I). Thus, this xanthine, in addition to
being a potent phosphodiesterase inhibitor,'5%2 ig also
a relatively potent and selective antagonist for A;-
adenosine receptors. It would appear likely that the A,
receptor has greater bulk tolerance at the 1-position of
1,3-dialkylxanthines than does the A, receptor. It was
hoped that water-soluble 8-phenyl derivatives of 1-iso-
amyl-3-isobutylxanthine could be obtained that would
retain selectivity and potency as antagonists for A, re-
ceptors. 1-Isoamyl-3-isobutyl-8-phenylxanthine was rela-

tively selective for A, receptors but its low water solubility

(<10 uM) would appear to limit its usefulness. Intro-
duction of a p-sulfo group yielded 1-isoamyl-3- 1sobuty1
8-(p-sulfophenyl)xanthine, a compound that is nearly
nonselective for A, and: A, receptors.

The results indicate that the interactions of the 1, 3-,
and 7-substituents of a xanthine with adenosine receptors
are strongly influenced by the presence and nature of 8-aryl
substituents and vice versa. This interdependence between
different domains of the xanthine recognition site on
adenosine receptors should provide further insights into
its nature but has at present only frustrated efforts to
design selective water-soluble antagonists for A;- and
Aj-adenosine receptors. As yet no clear indications of the
structural or physical features which will ultimately lead
to selective antagonists have been obtained.

It will be of interest to determine whether or not the
modest selectivity of xanthines, such as 1,3-dipropyl-8-
phenylxanthine, will allow for blockade of A, adenosine
receptor mediated events such as cardiac depression and
inhibition of lipolysis in fat cells while still allowing A,
adenosine receptor mediated events such as smooth muscle
relaxation (vasodilation, spasmolytic action) and inhibition
of platelet aggregation. Initial studies have indicated that
parenteral 8-(p-sulfophenyl)theophylline does not pene-
trate well in brain since it does not reverse the behavioral
depressant effects of N®-cyclohexyladenosine.!!’ Such 8-
p-sulfophenyl derivatives, therefore, may prove useful as
peripheral adenosine antagonists void of the central stim-
ulant properties ‘of theophylline and caffeine. 8-(p-
Sulfophenyl)theophylline effectively blocks adenosine-

elicited potentiation of glucagon release from pancreas%-

and when applied iontophoretically blocks adenosine-eli-
cited inhibition ¢f firing of central neurons.?” Further
studies on inhibition of phosphodiesterase by 8-phenyl-

(23) Smellie, F. W.; Daly, J. W.; Wells, J. N. Life Sci. 1979, 25, 1917.
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28, 2611.

(27) Phillis, J. W.; Wu, P. H. “Regulatory Function of Adenosine”;
Berne, R. M,, Rall, T. W., Rubio, R., Eds.; Martinus Nijhoff:
The Hague, 1983; p 419.
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xanthines are necessary. However, 8-phenyltheophylline
had little activity as a phosphodiesterase inhibitor!® and
8-phenyltheophylline and various 8-aryl-substituted ana-
logues were reported to be weak inhibitors of a membrane
phosphodiesterase.!” In addition, the 8-(p-sulfophenyl)-
xanthines should penetrate poorly into cells, thus making
it even less likely that inhibition of phosphodiesterase by
such polar analogues will contribute significantly to their
pharmacological actions.

Experimental Section

Melting points were taken on a Kofler block hot stage and are
corrected: Mass spectra were determined with a Finnegan 1015
quadrapole (chemical ionization with CH, or NH;) and with VG
70/70 and Hitachi Perkin-Elmer RMU-6E (70 eV, electron im-
pact) mass spectrometers. The spectra were consistent with
structures of the compounds. Ih the case of the 8-(p-sulfo-
phenyl)xanthines, mass spectral analyses were carried out by Dr.
A. Yergey (NIH) using a modified Finnegan mass spectrometer
with a thermospray inlet. Thin-layer chromatographic analysis
on silica gel with HCCl3/MeOH mixtures indicated the presence
of a single compound in the final xanthine products. R; values
for CHCl;/MeOH (10:1) were as follows: 8-phenylcaffeine, 0.7;
8-(p-hydroxyphenyl)theophylline, 0.6; 8-(p-nitrophenyl)theo-
phylline, 0.67; 8-(p-aminophenyl)theophylline, 0.49; 1,3-di-
propyl-8-phenylxanthine, 0.738; 1,3-dipropyl-8-(p-hydroxy-
phenyl)xanthlne, 0.64; 1-isoamyl-3-isobutyl-8-phenylxanthine, 0.74.

values for CHCl3/MeOH (2:1) were as follows: 8-(p-carboxy-
pflenyl)theophyllme, 0.35; 8-(p-sulfophenyl)theophylline, 0.32;
1,3-dipropyl-8-(p-carboxyphenyl)xanthine,. 0.41; 1,3-dipropyl-
8-(p-sulfophenyl)xanthine, 0.38; 1-isoamyl-3-isobutyl-8-(p-sulfo-
phenyl)xanthine, 0.43. Analytical results are given or were within
+0.4% of theoretical values. Satisfactory analyses for the 8-(p-
sulfophenyl)xanthines were difficult to obtain because of trace
amounts of sodium salts in otherwise pure material. 8-(p-
Sulfophenyl)theophylline is now available from Research Bio-
chemicals Inc. (Wayland, MA) and a sample from that source
exhibited identical adenosine antagonist activity to our own
material. 8-Phenyltheophylline was from Calbiochem-Behring
(San Diego, CA). 8-Methyltheophylline Was synthesized as de-
scribed.® 1,3-Dipropylxanthine was provided by G. D. Searle
(Chicago, IL). The following compounds have been reported in
the literature'® and were provided by Dr. R. F. Bruns (Warner-
Lambert Co., Ann Arbor, MI): 8-(m-hydroxyphenyl)theophylline,
8-(0-hydroxyphenyl)theophylline, 8-(m-aminophenyl)theophylline,
8-(m-carboxyphenyl)theophylline, 8-(o-carboxyphenyl)theo-
phylline, and 1,3-dipropyl-8-(2-amino-4-chlorophenyl)zanthine.
A detailed procedure for the synthesis of 1-isoamyl-3-isobutyl-
xanthine has not been published, and since difficulties were
encountered using the described route,? our final procedure to
this xanthine is reported.

8-Phenylcaffeine. To a stirred mixture of 8-phenyl-
theophylline (123 mg, 0.48 mmol) and dry K,CO; (66 mg, 0.48
mmol) in 2 mL of dry dimethylformamide was added dropwise
iodomethane (680 mg, 4.8 mmol). The mixture was refluxed for
2 h and then poured into 20 mL of H;O. The product slowly’
precipitated and was then filtered and recrystallized from
DMF/H;0 to afford 81 mg (62%)of 8-phenylcaffeine: mp
186-188 °C. Anal. (CI4H14N402) C, H, N.

8-(p-Hydroxyphenyl)theophylline. The synthesis followed
the general procedure of Bariana.? 5,6-Diamino-1,3-dimethyl-
uracil® (1.7 g; 10 mmol) was dissolved in 100 mL of MeOH/HOAc
(5:1) and p-hydroxybenzaldehyde (1.24 g, 10 mmol) in 100 mL
of MeOH was added. The mixture was stirred at room tem-
perature for 15 h. The precipitate was filtered, washed with
MeOH, and recrystallized from DMF/MeOH, affording 1.27 g
(46%) of 6-amino-1,3-dimethyl-5-[(p-hydroxybenzylidene)-
amino]uracil. The uracil (1.27 g, 4.6 mmol) was suspended in 125
mL of EtOH and FeCl; (0.75 g, 4.6 mmol) in 25 mL of EtOH was
added with stirring. The mixture was refluxed for 6 h and then
stirred at room temperature for 4 days. The precipitate was

(28) Speer, J. H.; Raymond, A. L. J. Am. Chem. Soc. 1953, 75, 114.
(29) Bariana, D. 8. Can. J. Chem: 1968, 46, 3413.
(30) Blicke, F. F.; Godt, H C. J. Am. Chem. Soc. 1954, 76, 2798.
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filtered, washed with MeOH, and recrystallized from DMF/
MeOH, affording 0.77 g (62%) of 8-(p-hydroxyphenyl)theo-
phyllme mp >300 °C. Anal. (C;3H,;,N,O3) C, H, N.

8-(p-Aminophenyl)theophylline. 5,6-Diamino-1,3-di-
methyluracil (1.7 g, 10 mmol). was dissolved in 50 mL of
MeOH/HOACc (5:1) and p-nitrobenzaldehyde (1.5 g, 10 mmol) in
35 mL of MeOH was added with stirring. After the mixture was
stirred at room temperature overnight, the precipitate was filtered,
washed with MeOH, and recrystallized from DMF/MeOH to vield
1.58 g (52%) of 6-amino-1,3-dimethyl-5-[(p-nitrobenzylidene)-
amino]uracil. The followmg cyclization procedure follows the
procedure of Senga et al.®! The FeCl; procedure (vide supra)
afforded only starting material. The uracil (0.5 g, 1 mmol) was
refluxed for 5 min in SOC),, cooled to room temperature, and
stirred overnight. After evaporation in vacuo of solvent, the
residue was triturated with 6 N NH,OH and filtered. The product
(0.26 g) was recrystallized from DMF /MeOH to vield 0.11 g (36%)
of 8-(p-nitrophenyl)theophylline: mp >300 °C. Anal. (C,;H,,-
N;0,) C, H, N.

The (nitrophenyl)theophylline (0.1 g) was hydrogenated at 40
psi of H; for 3 h in 10 mL of EtOH with 10 mg of 10% palladium
on charcoal catalyst. After filtration, the solvent was evaporated
in vacuo. Recrystallization from DMF/MeOH afforded 10 mg
(10%) of 8-(p-aminophenyl)theophylline: mp >300 °C. Anal.
(CI3H13N502'H20) C, H, N.

8-(p-Carboxyphenyl)theophylline. 5,6-Diamino-1,3-di-
methyluracil (1.7 g, 10 mmol) was dissolved in 100 mL of
MeOH/HOAc (5:1), and p-carboxybenzaldehyde (1.5 g, 10 mmol)
in 100 mL of MeOH was added with stirring. The mixture was
stirred overnight and the precipitate was filtered, washed with
MeOH, and recrystallized from DMF/MeOH to yield 1.5 g (50%)
of 6-amino-1,3-dimethyl-5-[ (p-carboxybenzylidene)amino]uracil.
The uracil (1.5 g, 5 mmol) was suspended in 100. mL of EtOH,
and FeCl; (0.81 g, 5 mmol) in 25 mL of EtOH was added with
stirring. The mixture was refluxed for 6 h and then stirred at
room temperature for 4 days. The precipitate was filtered, washed
with MeOH, and recrystallized from DMF/MeOH, affording 690
mg (46%) of 8-(p-carboxyphenyl)theophylline: mp >800 °C. Anal.
(CI4H12N404) C’ H’ N.

8-(p-Sulfophenyl)theophylline. p-Sulfobenzoic acid po-
tassium salt (2.4 g, 10 mmol) was dissolved in 50 mL of H,0, and
first 5,6-diamino-1,3-dimethyluracil (1.7 g, 10 mmol) and then
1-ethyl-3-[3-(dimethylamino)propyl]carbodiimide hydrochloride
(1.91 g, 10 mmol) were added with stirring. The solution was

stirred at room temperature for 45 min, and 1,3-dimethyl-6--

amino-5-(p-sulfobenzamido)uracil was precipitated from solution
with MeOH, removed by filtration, and washed with MeOH. The
(p-sulfobenzamido)uracil was dissolved in 50 mL of 2.5 N NaOH
and heated at 70 °C for 5 min. After cooling to 0 °C, the solution
was adjusted to pH 6 with concentrated HCl. After filtration,
washing with cold 1 N HCI and recrystallization by base/acid
treatment afforded 1.68 (50%) of 8-(p-sulfophenyl)theophylline:
mp >300 °C. Anal. (CI3H12N405S'11/2H20) C, H, N.
1,3-Dipropyl-8-phenylxanthine. The following modification
of the standard nitrosation-reduction procedure for preparation
of 1,3-dialkyl-5,6-diaminouracils was used. A solution of NaNO,
(3.09 g, 45 mmol) in 10 mL of H,O was added dropwise to a
solution of 1,3-dipropyl-6-aminouracil® (6.33 g, 30 mmol) in 225
mL of 42% HOAc. The pH was kept at 3 by addition of 6 N HCL
A reddish purple precipitate formed. The mixture was stirred
vigorously for another 15 min. The prec1p1tate was collected by
filtration and air-dried overnight to give 5.7 g (75%) of 1,3-di-
propyl-6-amino-5-nitrosouracil. A small portion (300 mg) of the
nitrosouracil was suspended in 30 mL of H,O and the suspension
was made basic (pH 10-11) with 50% NH,OH. An aqueous
solution of Na,S,0, was added until the purple color faded. An
additional portion of 1,3-dipropyl-6-amino-5-nitrosouracil was
added, the suspension was made alkaline and the Na,S,0, solution
was again added until the color faded. This process was repeated
until all the nitroso compound (3.1 g, 12.5 mmol) was reduced.
The bluish white crystals were filtered, washed with water, and

(31) Senga, K.; Shimizu, K.; Nishiyaki, S. Chem. Pharm. Bull. 1977,
25, 495.
(32) Papesch, V.; Schroeder, E. F. J. Org. Chem. 1951, 16, 1879.
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air-dried overnight to give 2.35 g (83%) of 5,6-diamino-1,3-di-
propyluracil. Benzoic acid (1.22 g, 10 mmol) was dissolved in 20
mL of MeOH, and first the crude 5,6-diamino-1,3-dipropyluracil
(2.26 g, 10 mmol) and then diisopropylcarbodiimide (1.26 g, 10
mmol) were added with stirring. The mixture was stirred at room
temperature for 30 min and the precipitate removed by filtration
and washed with MeOH. The crude benzamidouracil was heated
to 100 °C for 10 min in 50 mL of 2.5 N NaOH and filtered while
hot. After cooling, the filtrate was adjusted to pH 6 with con-
centrated HCl and the precipitate removed by filtration, washed
with cold 1 N HC], and recrystallized by base-acid precipitation
to afford 1.15 g (37%) of 1,3-dipropyl-8-phenylxanthine: mp
260-261 °C. Anal. (C;H4N,O,) H, N; C: caled, 65.38; found,
64.91.

1,3-Dipropyl-8-(p-hydroxyphenyl)xanthine. To a solution
of 1,3-dipropyl-5,6-diaminouracil (0.76 g, 3.4 mmol) in 60 mL
MeOH/HOAc (5:1) was added dropwise and with stirring 0.43
g of p-hydroxybenzaldehyde (3.5 mmol) in 20 mL of MeOH. The
solution was stirred for another 10 min and the solution con-
centrated in vacuo. The yellow precipitate was filtered, washed
with MeOH, and air-dried to afford 0.49 g (45%) of 1,3-di-
propyl-8-(p-hydroxyphenyl)xanthine. It would appear that the
oxidative cyclization occurred spontaneously in this case. Pre-
sumably, O, served as the oxidant. An analytical sample was
obtained by chromatography on Sephadex LH-20 with MeOH
and recrystalhzatlon from DMF/MeOH: mp >300 °C. Anal.
(C17HoN,05!/,H,0) C, H, N.

1,3-Dipropyl-8-(p -carboxyphenyl)xanthlne To a solution
of 1,3-dipropyl-5,6-diaminouracil (1.85 g, 8 mmol) in 100 mL of
MeOH / HOAc,,(5:1) was added dropwise with continuous stirring
p-carboxybenzaldehyde (1.23 g, 8 mmol) in 20 mL of MeOH. After
stirring for an additional 15 min, the suspension was cooled in
an ice bath, filtered, and air-dried to give 2.3 g (80% yield) of
6-amino-5-[(p-carboxybenzylidene)amino)-1,3-dipropyluracil,
which was used without further purification. To a solution of
the 1,3-dipropyl-6-amino-5-[(p-carboxybenzylidene)amino]uracil
(0.55 g, 1.5 mmol) in 25 mL of EtOH was added slowly and with
constant stirring a solution of FeCl, (0.25 g, 1.5 mmol) in 25 mL
of EtOH. The reaction mixture developed a deep blue color. It
was refluxed for 4 h'and allowed to stand overnight. The pre-
cipitate was filtered, washed with EtOH, and air-dried to give
0.12 g (23%) of 1,3-dipropyl-8-(p-carboxyphenyl)xanthine. An
analytical sample was obtained by purification on LH-20 Sephadex
with MeOH and recrystallization from DMF: mp >300 °C; NMR
4 0.88 (m, 6, CHj,), 1.57 (m, 2, 1-3CHy), 1.75 (m, 2, 3-3CHj,), 3.85
(t, 2, 1-aCHy), 4.02 (t, 2, 3-«CHy), 8.02 (d, 2, C¢H,), 8.22 (d, 2,
CeH4). Anal. (CIBHWN4O4'1/2H20) C, H; N: CalCd, 1534; found,
16.03.

1,3-Dipropyl-8-(p-sulfophenyl)xanthine. 1,3-Dipropyl-
5,6-diaminoxanthine (0.78 g, 3.4 mmol) was suspended in 20 mL
of H,0, and first p-sulfobenzoic acid potassium salt (0.82 g, 3.4
mmol) and then 1-ethyl-3-[3-(dimethylamino)propyl])carbodiimide
hydrochloride (0.65 g, 3.4 mol) were added. The mixture was
stirred at room temperature for 1 h, followed by concentration
in vacuo to a small volume. Addition of Et,O caused precipitation
of 1,3-dipropyl-6-amino-5-(p-sulfobenzamido)uracil, which was
filtered and washed with ether. The crude (sulfobenzamido)uracil
was dissolved in 20 mL of 2.5 N NaOH and heated at 70 °C for
5 min. After cooling to 0 °C, the product was precipitated by
adjusting the pH to 5.0 with concentrated HCl. After filtration
and washing with cold 1 N HC], recrystallization by base/acid
treatment yielded 647 mg (48%) of 1,3-dipropyl-8-(p-sulfo-
phenyl)xanthine: mp >300 °C. Anal. (C\;H;(N,0;8) C, N; H:
caled, 4.89; found, 5.87.

1-Isoamyl-3-isobutylxanthine.?* 1-Isobutyl-6-aminouracil
was prepared by a modification of the method of Papesch and
Schroeder® as follows: A mixture containing 23.2 g (200 mmol)
of monoisobutylurea, 18.8 g (220 mmol) of cyanoacetic acid, and
40 mL of Ac,0 was heated to 75-80 °C for 2 h. After the mixture
cooled, 100 mL of Et,0 was added and the reaction mixture was
allowed to stand in an ice bath for several hours. The crystalline
product was filtered, washed with Et20, air-dried, and suspended
in 180 mL of H,O-EtOH (2:1) for ring closure. To the suspension
was rapidly added 30 mL of 10% NaOH and the reaction mixture
was warmed to 85 °C for 1 h during which time more NaOH was
added to keep the reaction mixture strongly alkaline. After several
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hours at room temperature, the reaction mixture was cooled in
an ice bath, and the crystals were filtered and air-dried to yield
7.32 g (20%) of 1-isobutyl-6-aminouracil. Two alkylation pro-
cedures were used to prepare 8-isoamyl-1-isobutyl-6-aminouracil.

A. A mixture of 4.4 g (24 mmol) of 1-isobutyl-6-aminouracil,
7 mL of 15% NaOH, and 15 mL of 95% EtOH was refluxed for
15 min. To the refluxing solution was then added dropwise over
a period of 10 min 7.25 g (48 mmol) of 1-bromo-3-methylbutane.
The mixture was refluxed for 4 h and the solvent removed in
vacuo. The residue was extracted with a mixture of 100 mL of
CHCI; and 50 mL of Hy0. The CHCI; layer was washed with
additional H,O and evaporated in vacuo to afford 4.1 g (68%)
of 1-isobutyl-3-isoamyl-6-aminouracil. The aqueous layer yielded
unreacted starting material which could be recycled through the
alkylation procedure. An analytical sample of product was ob-
tained by three recrystallizations from EtOH-H;0: mp 119-120
°C. Anal. (CI3H23N302) C, H, N.

B. An alternate alkylation with isoamyl tosylate gave a lower
yield of 1-isobutyl-3-isoamyl-6-aminouracil as follows. To a stirred
solution of 3 g (17 mmol) of 1-isobutyl-6-aminouracil in 4.5 mL
of EtOH was added 8.5 mL of 20% NaOH. After the mixture
was warmed to 50 °C, 8.0 g (33 mmol) of freshly prepared isoamyl
tosylate was added dropwise over 12 min. After an additional
30 min at 50 °C, the solution was refluxed for 2 h during which
time an oil precipitated. The mixture was concentrated in vacuo
to one-half volume and 6 mL of H,O was added. The mixture
was extracted six times with 25-mL portions of CHCl;. The CHCly
was dried with Na,80,/Drierite and evaporated in vacuo to yield
6.23 g of yellow oil. Column chromatography (100 g of silica gel)
with 5~7% MeOH in CH,Cl, afforded 1.66 g (38%) of nearly pure
1-isobutyl-3-isoamyl-6-aminouracil.

To a stirred solution of 4 g (16 mmol) of 1l-isobutyl-3-iso-
amyl-6-aminouracil in 80 mL of 42% AcOH at 60 °C was added
3.3 g (48 mmol) NaNO, in 18 mL of H;0 over a period of 10 min.
After stirring for an additional 10 min, the reaction mixture was
cooled in an ice bath. The precipitate was filtered, washed several
times with cold H,0, and air-dried overnight to give 3.5 g (79%)
of 1-isobutyl-3-isoamyl-5-nitroso-6-aminouracil. An analytical
sample was obtained by two recrystallizations from MeOH: mp
226-228 °C. Anal. (CI3H22N403) C, H, N.

Two reduction procedures were used to prepare 1-isobutyl-3-
isoamyl-5,6-diaminouracil. The PtO; method (B) afforded more
consistent results and is the preferred method.

A. A stirred suspension of 320 mg (1.13 mmol) of 1-iso-
butyl-3-isoamyl-5-nitroso-6-aminouracil in 3.5 mL of 6 N NH,OH
was warmed to 75 °C. Na,S;0, (1.22 g, 7.0 mmol) in 5 mL of H,O
was added dropwise to the suspension over 67 min. During the
addition, the purple solid disappeared, with concomitant formation
of a brown gummy solid on the stirring bar. Heating and stirring
were continued for 40 min. After cooling, the stirring bar was
removed from the clear solution. The adhering solid was dissolved
in 20 mL of CHCl;. The CHCl; extract was washed with H,O
and then dried over anhydrous MgSO,. Evaporation of the solvent
in vacuo gave 280 mg (92%) of 1-isobutyl-3-isoamyl-5,6-di-
aminouracil.

B. A suspension of 1.6 g (5.6 mmol) of 1-isobutyl-8-isoamyl-
5-nitroso-6-aminouracil in 75 mL of MeOH and 0.03 g of PtO,
was hydrogenated at 40 psi for 30 min. The catalyst was removed
by filtration and the solvent removed in vacuo to yield 0.9 g (60%)
of a yellow glass which was pure by thin-layer chromatographic
analysis. Crystallization from MeOH/Et,O afforded 1-iso-
butyl-3-isoamyl-5,6-diaminouracil. This compound is labile and
should be stored in cold under N,.

A solution of 977 mg (3.6 mmol) of freshly prepared 1-iso-
butyl-3-isoamyl-5,6-diaminouracil in 12 mL of 97% HCOOH was
refluxed for 1 h. The HCOOH was removed in vacuo to give a
light tan solid. Recrystallization from 30 mL of acetone gave 681
mg (64%) of 1-isobutyl-8-isoamyl-5-formamido-6-aminouracil. An
analytical sample was obtained by a second crystallization from
acetone: mp 186-187 °C (trans crystallization to needles at 182
°C). Anal. (CI4H24N403) C, H, N.

A mixture of 550 mg (1.86 mmol) of 1-isobutyl-3-isoamyl-5-

formamido-6-aminouracil and 25 mL of 10% NaOH was refluxed
for 20 mim. The colorless solution was cooled to room temperature
and filtered through cotton to remove a small amount of insoluble
material. The clear aqueous solution was then cooled and acidified

Journal of Medicinal Chemistry, 1985, Vol. 28, No. 4 491

with cold, concentrated HCI to Congo Red. The colorless solid
was removed by filtration and washed repeatedly with cold Hy0.
The solid was recrystallized from C¢H; to give 450 mg (87%) of
1-isoamyl-3-isobutylxanthine: mp 195.5-196 °C (lit. mp 189-191
°C). Anal. (C;,H;N,O,) C, H, N.

1-Isoamyl-3-isobutyl-8-phenylxanthine. To a solution of
0.75 g (2.8 mmol) of 1-isobutyl-3-isoamyl-5,6-diaminouracil in 50
mL of MeOH/AcOH (5:1) was slowly added with constant stirring
a solution of 0.30 g (2.8 mmol) of benzaldehyde in 20 mL of MeOH.
The reaction mixture was allowed to stand at room temperature
for 24 h. The precipitate was filtered and air-dried to give 0.58
g (59%) of 1-isoamyl-3-isobutyl-8-phenylxanthine. In this case,
oxidative cyclization occurred spontaneously; presumably O,
served as the oxidant. Recrystallization from a DMF/MeOH
mixture afforded an analytical sample: mp 259-260 °C. Anal.
(020H26N402'H20) C, H, N.

1-Isoamyl-3-isobutyl-8-(p-sulfophenyl)xanthine. To a
solution of 0.54 g (2 mmol) of 1-isobutyl-3-isoamyl-5,6-diamino-
uracil in 5 mL of H;0 was added dropwise with constant stirring
a solution of 0.51 g (2.1 mmol) of p-sulfobenzoic acid potassium
salt in 20 mL of H,0, followed by 0.41 g (2.1 mmol) 1-ethyl-3-
[3-(dimethylamino)propyl]carbodiimide hydrochloride. The so-
lution was stirred at room temperature for 1 h, followed by ad-
dition of 20 mL of MeOH and 10 mL of H,0 and stirring over-
night. The reaction mixture was filtered and the volume of the
filtrate was reduced in vacuo. After several hours at room tem-
perature the concentrated reaction was cooled in an ice bath and
the precipitate collected by filtration. The crude product was
refluxed in 20 mL of 2.5 N NaOH for 25 min. The yellow oil which
formed during this period dissolved on neutralization with HCL
The solution was adjusted to pH 5 and cooled to yield a white
precipitate, which was filtered and air-dried. Recrystallization
in DMF/MeOH yielded 0.8 g (92%) of 1-isobutyl-3-isoamyl-8-
(p-sulfophenyl)xanthine: mp >300 °C; NMR 6 0.92 (m, 12, CHj;),
1.45 (m, 2, 1-6CH,), 1.59 (m, 1, 1-yCH), 2.28 (m, 1, 3-3CH), 3.9
(m, 4, 1- and 3'0[CH2), 7.72 (d, 2, CeH4), 8.1 (d, 2, CGH4). Anal.
(CyHyN,05S-H,0) C; H: caled 6.19; found, 6.71. N: caled, 12.39;
found, 13.37.

Biochemical Assay. Inhibition of binding of 1 nM N°®-
[*H]eyclohexyladenosine to A, receptors in rat cerebral cortical
membranes was assayed as described.® Inhibition of binding by
a range of concentrations of each xanthine was assessed in trip-
licate for at least two separate experiments. Inhibition of 2-
chloroadenosine-stimulated cyclic AMP accumulation in [*H]-
adenine-labeled guinea pig cerebral cortical slices was assayed
essentially as described.® In the present experiments 10 ug/mL
of adenosine deaminase was present in incubations with slices
to prevent effects of endogenous adenosine and 30 uM 4-[3-(cy-
clopentyloxy)-4-methoxyphenyl]-2-pyrrolidone (rolipram, ZK
62711)% was present to inhibit phosphodiesterases. Under these
conditions 2-chloroadenosine elicited a maximal 10-20-fold in-
crease in levels of radioactive cyclic AMP in guinea pig cerebral
cortical slices with an ECy, of about 8 yM (data not shown).
Inhibition of the response to 15 uM 2-chloroadenosine by a range
of concentrations of each xanthine was assessed in triplicate in
at least two separate experiments. The results (Table I) are in
toto quite comparable to published results®7111618 on xanthines
as adenosine antagonists. Differences could reflect the use of
different assays, tissues, or species by various investigators. One
report on the lack of activity of 8-(p-sulfophenyl)theophylline as
an A,-adenosine antagonist® is incorrect, being due to an error
in citation of earlier literature.
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Structure-Activity Relationship of Estrogens: Receptor Affinity and Estrogen
Antagonist Activity of Certain (E)- and (Z)-1,2,3-Triaryl-2-propen-1-ones’?
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(E)- and (Z)-1,2,3-triphenyl-2-propen-1-ones and some of their phenolic and alkoxy analogues, substituted at the
para position in one or more of the aromatic rings, were synthesized and assigned geometry on the basis of their
spectroscopic data. The structure-activity relationship of the triarylpropenones was studied from the point of view
of their estrogen receptor affinity and estrogen agonist and antagonist activities. (E)- as well as (Z)-propenones
were found to compete with estradiol for binding with the mouse uterine cytosol receptors, with phenolic analogues
usually more potent than the unsubstituted as well as alkoxypropenones. The (E)-propenones, which have now
emerged as a new group of estrogen receptor ligands, were found to differ from Z isomers quite markedly in their
binding specificities. The uterotrophic and antiuterotrophic assays in immature mice revealed that while some of
the compounds were marginally estrogenic, nearly all the isomeric propenones were antiestrogenic to a varying degree.

The success of antiestrogen therapy in the treatment of
certain hormone-responsive breast cancers®* has led to a
resurgence of interest in the molecules which can prevent
estrogens from exercising their full biochemical effects.
These interests relate both to the design of more effective
antiestrogens and to elucidation of the mechanism of ac-
tion of those already known. The majority of the pres-
ent-day antiestrogens, such as, tamoxifen [(Z)-2-[4-(1,2-
diphenyl-1-butenyl) phenoxy]-N,N-dimethylethanamine]
and nafoxidine [1-[2-[4-(3,4-dihydro-6-methoxy-2-
phenyl-1-naphthalenyl)phenoxylethyl]pyrrolidine], belong
to a common chemical category, the triarylethylenes
(TAEs) (see Chart I). The biological profile of the TAEs
is characterized by mixed agonist—antagonist action, and
their antagonist activity depends rather crucially on certain
favorable circumstances of molecular geometry, substitu-
tion pattern, and even on the animal species employed for
investigation.5'! While some of these features of TAE
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action are attracting considerable attention, the need for
more effective antiestrogens continues to be an important
one.

Certain (Z)-1,2,3-triaryl-2-propen-1-ones (Z-TAPs) (see
Chart I) have recently emerged as a new group of anti-
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