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Abstract—The development of potent and selective adenosine receptor ligands as potential drugs is an active area of research.
Xanthines are one of the most important classes of adenosine receptor antagonists and have been widely developed in terms of affin-
ity and selectivity for adenosine receptors. We recently developed new original pathways for the synthesis of xanthine analogues
starting from S-substituted-2-amino-2-oxazoline 5 as a synthon. These procedures allowed us to selectively introduce a large, func-
tionalized and B-adrenergic 2-hydroxy-3-phenoxypropyl pharmacophore at the 1- and 3-position of the xanthine moiety which
allowed further structural modifications. In this study, we present a new synthetic access to racemic xanthine derivatives 1-4 from
5, and their evaluation as adenosine A, A,5 and Aj receptor ligands in radioligand binding studies. The 2-hydroxy-3-phenoxypro-
pyl moiety was well tolerated in the 3-position of the xanthine core, while its introduction in the 1-position of the xanthine moiety
led to a large decrease in adenosine receptor affinity. 1,7-Dimethyl-3-[1-(2-chloro-3-phenoxypropyl)]-8-(3,4,5-trimethoxystyryl)xan-
thine (2n) was the most potent and selective A, antagonist of the present series (K; = 44 nM, >>200-fold selective vs A;). 1-Propyl-3-
[1-(2-hydroxy-3-phenoxypropyl)]-8-noradamantylxanthine (3f) was identified as a potent (K;A; =21 nM) and highly selective
(>350-fold vs A5 and Aj; receptor) adenosine A receptor antagonist.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Adenosine regulates many physiological functions via
specific cell membrane receptors. Four adenosine recep-
tor subtypes have been identified, A, Asa, Ayp and Aj,
each of which exhibits a unique tissue distribution,
ligand affinity and signal transduction mechanism.!-
Adenosine receptor subtypes belong to the family of sev-
en transmembrane domain G protein-coupled receptors
and exert their physiological role by activation or inhibi-
tion of different second messenger systems. In particular,
the modulation of adenylate cyclase activity can be con-
sidered to be the prominent signal mediated by these
receptor subtypes.>* Selective interaction with adeno-
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sine receptor subtypes offers very broad therapeutic
potentials including CNS disorders, regulation of the
electrophysiological properties of heart, immune system
and inflammatory diseases, cell growth, asthma, kidney
failure and ischaemic injuries.> The development of po-
tent and selective adenosine receptor ligands, agonists
and antagonists as pharmacological tools and potential
drugs has been an active area of research.'®® Adenosine
receptor antagonists having selectivity for A; receptors
have been under development as diuretic and renopro-
tective and cognition-enhancing drugs, while those with
selectivity for A,a receptors show promise as novel anti-
Parkinson’s and neuroprotective drugs.”!! A; selective
adenosine receptor antagonists have been postulated as
novel anti-inflammatory and anti-allergic agents.'!"!3
Xanthines are one of the most important classes of
adenosine receptor antagonists and are widely investi-
gated in terms of affinity and selectivity for adenosine
receptors (Fig. 1).>!! This led to structural modifications


mailto:Jean.Guillon@ chimphys.u-bordeaux2.fr
mailto:Jean.Guillon@ chimphys.u-bordeaux2.fr

2698 S. Massip et al. | Bioorg. Med. Chem. 14 (2006) 2697-2719

|
CH,

Caffeine

i

CHs

DMPX (Aza)

ﬁi

Enprofylline (A>p)

OH

CH3
CHy

KW3902 (Ap)

: ‘—COOH

BWA1433 (A;)

i e HoC i
HSC\N N CH3\/\ 3 \/\N N >_O
/l\ | /> N/
07 N N

CH DPCPX(A))

MSX-2 (A2p)

OCH3 3
OCH;

KF18446 (Ass)

ﬁ@

PSB-10 (Aj3)

CH,
Cl

Figure 1. Structures of caffeine and examples of other xanthine derivatives that are A;-, Aya-, Ap- and As-adenosine receptor antagonists.

at the 1-, 3-, 7- and 8-positions of the xanthine core.
Substitution in the 1-position appeared to be important
for activity modulation at both A; and A, receptor sub-
types. Hence, 1-propyl substituent seems to be optimal
for A; adenosine receptor affinity, whereas 1-methyl,
1-propyl or 1-propargyl is favourable for A, adenosine
receptor affinity. Concerning the 3-position, it is difficult
to establish a similar conclusion because either small or
large groups appear to favour A; selectivity. On the
other hand, phenyl and bulky cycloalkyl substituents
in the 8-position appear to enhance activity of 1,3-disub-
stituted xanthines at A; adenosine receptor, and unsub-
stituted position 7 is also believed to be important for
this target. For the A, adenosine receptor antagonists,
an 8-styryl substituent in (E) configuration was recog-
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nized as crucial, and the introduction of a methyl substi-
tuent at the 7-position was beneficial. Finally, the
incidence of either nature and position of substituents
in A; potential adenosine receptor xanthines has not
been really defined.!"!3

We previously described a novel synthetic approach
to 2-amino-2-oxazoline derivatives useful as synthons
for the preparation of bioactive heterocyclic com-
pounds.'* ' Applied here, it permits us to prepare
new adenosine receptor xanthine antagonists through
a heterocyclization pathway followed by a basic hydro-
lysis leading to the 2-hydroxy-3-aryloxypropyl pharma-
cophore in either 1- or 3-position (Fig. 2). Such a
substituent is commonly observed in many adrenoceptor

Ri,Re= /\/\ HC_CJ He >

R;= H-,CHs-
Rgs = H-, Aryl-, Cycloalkyl-, Styryl-
R = CgHs5-0O-, 4-CH30-CgHs-0O-

Figure 2. New 1- or 3-[1-(2-hydroxy-3-substituted)propyl]xanthines 1-4 and their retrosynthetic scheme from 2-amino-2-oxazolines 5.
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ligands,?*2! but not in association on the xanthine core
coupled with various substituents present in the refer-
ence adenosine receptor antagonists (Fig. 1). Because
both A,5 and B-adrenergic receptors are coupled with
the G signalling pathway, it could be beneficial to de-
sign xanthine compounds with the 1-(2-hydroxy-3-phen-
oxypropyl) B-adrenoceptor pharmacophore side chain.

Preliminary results concerning their evaluation at A,
A, and Aj adenosine receptor subtypes and the corre-
sponding structure—activity relationships are reported.
Introduction of 2-hydroxy-3-phenoxypropyl group in
the 1- or 3-position, associated with various modifica-
tions in position §, allows the investigation of effects
of large and functionalized substituents on the xanthine
moiety.

2. Chemistry

The synthesis of the isomeric 1- and 3-[1-(2-hydroxy-3-
phenoxypropyl)]xanthines 1-4 was accomplished from
racemic S-aryloxymethyl-2-amino-2-oxazolines 5, easily
prepared from the corresponding epoxides.!#1¢

The preparation of the 7-amino-oxazolo[3,2-a]pyrimi-
dine-7-ones 6, precursors of the xanthines 1-3, was
achieved by reaction of 5 with methyl cyanoacetate
in methanol in the presence of 1.5equiv of sodium
ethylate, according to a Pinner reaction.’?>?* 7-Ami-
no-oxazolo[3,2-a]pyrimidine-7-ones 6 were then treated
with sodium nitrite in acidic solution to afford the
5-amino-6-nitroso-7 H-oxazolo[3,2-alpyrimidin-7-ones 7.2
Hydrolysis of 7 in alkaline medium resulted in open-
ing of the oxazoline ring and formation of the 6-ami-
no-5-nitroso-uracils 8.2 We demonstrated that
compounds 8 could also be obtained by reaction of
2-amino-2-oxazoline 5 with the sodium salt of ethyl
oximinocyanoacetate giving the 6-amino-5-nitroso-1-
propyluracils 8 after acidification with diluted hydro-
chloric acid to pH = 5-6.27?8 The oximino group of

8 was easily reduced by sodium dithionite in aqueous
solution at 90-100 °C to provide the key intermediate
diaminouracils 9.232%3° Various conditions and meth-
ods for the ring closure of xanthines were attempted.
In method A, the reaction of diaminouracils 9 with
an excess of ethyl orthoformate in DMF as solvent
gave xanthines la,b in moderate to good yields (43—
88%).31733 Method B consisted of condensing diamino-
uracils 9 with an arylaldehyde to form the imines 10,
which were oxidatively cyclized by treatment with
diethyl azodicarboxylate (DEAD), in a modification
of a general procedure reported by Yoneda et al., to
give the xanthines 1cfj and k.*** Method C consist-
ed of reacting 9 with a carboxylic acid chloride to give
the amides 11, which were then cyclized with aqueous
sodi3161m hydroxide to give the xanthines 1c,g-i and
I-n.

The 3-substituted xanthines 1 were bismethylated using
methyl iodide and potassium carbonate in dimethyl-
formamide (DMF) at 60 °C to give the 1,7-dimethyl-
xanthines 2a-k.3%37 The X-ray structure of 2¢ confirmed
the substitution of the 2-hydroxypropyl group in N-3
position of the xanthine (Fig. 3 and Table 1). Moreover,
2¢ appeared as the mixture of (R) and (S) enantiomers of
the 1,7-dimethyl-3-[1-(2-hydroxy-3-phenoxypropyl)]-8-
phenylxanthine according to the determined spatial
group from crystallographic data (P2;/c). On the other
hand, the synthesis of xanthines 21,m alkylated at the hy-
droxy group was performed using sodium hydride and
methyl iodide in dimethylformamide. The xanthine 2g
was chlorodehydroxylated with phosphorous oxychlo-
ride to obtain the chloroxanthine 2n. Otherwise, when
the dimethylation of 1f with methyl iodide was per-
formed under mild conditions (room temperature), the
unexpected N-7 monomethylated xanthine 1o was iso-
lated in poor yield (14%) (Scheme 2). The 'H NMR
spectrum of 1o showed a singlet at 11.08 ppm, highly
characteristic for a NH proton in position 1 of the xan-
thine moiety. In DMF in the presence of potassium car-
bonate, the N-1 alkylation of this xanthine lo with

Figure 3. The ORTEP drawing of xanthine 2¢ with thermal ellipsoids at 30% level.
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Table 1. The crystallographic data of compounds 2¢ and 4f

X-ray data 2¢ 4f
Cryst syst Monoclinic Triclinic
Space group P2,/c P_,
Cell dimension
a 12.290(5) A 7.365(2) A
b 17.161(5) A 8.573(2) A
¢ 9.588(9) A 18.338(3) A
o 90° 89.27(2)°
B 101.65(5)° 80.28(2)°
v 90° 73.38(2)°
v 1981(2) A® 1092.8(4) A3
Z 4 2
Dx 1.363 Mgm 1.326 Mgm 3
F(000) 856 460
Crystal size 0.20 X 0.25 x 0.37 mm*> 0.25x%0.10 x 0.02 mm*
No. of unique refl. Meads 3212 2255
Refinement method Full-matrix least-squares on F> Full-matrix least-squares on F>
Goodness-of-fit on F? 1.060 1.066
R[I>20(D)] 0.0884 0.0521
WwR? 0.2132 0.1297

propargyl chloride gave the I-propargylxanthine 3a
(Scheme 2).

Two alternative strategies were used for the synthesis of
I-propyl or 1-propargyl xanthines 3b—j, as depicted in
Schemes 3 and 4. The first method involved the propar-
gylation in the position 3 of carboxamidouracil deriva-
tive 11, followed by subsequent alkaline ring closure of
compound 12 under mild conditions, to give xanthine
3b (Scheme 3).3%38 For the second strategy, the synthesis
of the 1-substituted xanthines 3¢—j began from xanthines
1 with the protection of N-7 by a methyl pivalate
group.’?4% Alkylation at N-7 of xanthines 1 with chloro-
methyl pivalate (POM-CIl) generated the pivaloyloxy-
methyl (POM) derivatives 13a—e. '"H NMR analysis of
reaction products showed that the monosubstituted
products were the 7-POM derivatives 13 rather than
the 1-POM derivatives. This structural assignment was
based on the resonance for the proton of the unsubsti-
tuted nitrogen at 9-10 ppm, which is characteristic of
the N-1 rather than the N-7 proton. The resonance of
the methylene moiety of the POM group of 13 at
6.10-6.38 ppm was in accordance with those of N-7
methylene POM group protons, usually described at
~6.15 ppm. Successive synthesis steps included regiose-
lective alkylation with either propyl iodide or propargyl
chloride to form the 1-substituted xanthines 14a—e, and
removal of the POM group by alkaline cleavage to form

the xanthines 3c—g. Some of these new xanthines were
then alkylated at the N-7 position with methyl iodide
using potassium carbonate to give 3h—j (Scheme 4).

The synthesis of the 1-substituted xanthines 4a—f is
depicted in Scheme 5. The 7-amino-oxazolo[3,2-a]pyr-
imidin-5-one 15 was obtained by reaction of ethyl 3-ami-
no-3-ethoxyacrylate with the aminooxazoline 5 in
refluxing ethanol.?>2> Subsequent nitrosation gave 16.
Its hydrolysis, achieved by heating it in basic medium
for 5 min, finally led to 17. The oxazoline ring opening
was followed by sodium dithionite reduction to the cor-
responding 5,6-diaminouracils 18. The conversion to the
xanthines 4a—d was performed by the standard methods
previously described for the synthesis of xanthines 1, via
the precursors 19 or 20. Finally, N-3,N-7-dimethylated
xanthines 4e,f were obtained by alkylation with methyl
iodide and K,CO3; in DMF. The structure of racemic
4f was unambiguously established by X-ray crystallog-
raphy (Fig. 4 and Table 1).

3. Pharmacology

The synthesized new racemic xanthines 1-4 were tested
in vitro in radioligand binding assays for the affinity to
adenosine A; and A,, receptors in rat cortical
membrane and rat striatal membrane, preparations,

Figure 4. The ORTEP drawing of xanthine 4f with thermal ellipsoids at 30% level.
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respectively. The A; selective agonist [°H]2-chloro-N°®-
cyclopentyladenosine (PHJCCPA) and the A, ,-selective
antagonist  [H]3-(3-hydroxypropyl)-7-methyl-8-(m-
methoxystyryl)-1-propargylxanthine (PHJMSX-2) were
used as radioligands.*'*> Selected compounds were
additionally investigated in radioligand binding assays
at human recombinant A; and/or A, receptors ex-
pressed in membranes of Chinese hamster ovary cells.
Most of the compounds 1-4 were also tested for their
affinity to human Aj receptors recombinantly expressed
in Chinese hamster ovary (CHO) cells. [’H]2-Phenyl-8-
ethyl-4-methyl-(8§ R)-4,5,7,8-tetrahydro-1 H-imidazo[2,1-
ilpurine-5-one ([*H]PSB-11) was used as a radioligand
in the Aj receptor binding studies.*>** The results, ex-
pressed as K; values, are presented in Tables 1 and 2.

4. Results and discussion

By using the 5-amino-2-oxazolines 5 as synthons and
applying a new strategy for the preparation of xanthine
derivatives, 1- or 3-[1-(2-hydroxy-3-phenoxypropyl)]-
xanthines were easily accessible. This permitted us to
study the effects of the introduction of large and function-
alized substituents in the 1- and 3-position of the xanthine
skeleton, which could be useful for further structural
modifications. The affinities of the new compounds for
adenosine Aj, A,5 and Aj receptors are given in Table
2. Affinities of standard antagonists, the non-selective caf-
feine, the A;-selective 8-cyclopentyl-1,3-dipropylxan-
thine (DPCPX), the A,a-selective KW6002 and the
Ajs-selective  PSB-10, determined under the same
conditions in our laboratory, are given for comparison.

Xanthines 1 comprise a group of derivatives bearing the
2-hydroxy-3-phenoxypropyl group in the 3-position and
no substituent at N1 and N7 (Scheme 1). Most of the
compounds la-n were inactive or only moderately ac-
tive at adenosine receptors with K; values mostly greater
than 10 uM. Their affinity depended on the 8-substitu-
ent. While S8-unsubstituted derivatives (1a,b) were
inactive, an 8-phenyl group improved the affinity (1c)
at all three investigated adenosine receptor subtypes.
p-Hydroxylation at the 8-phenyl group of 1c reduced
A, affinity but slightly increased the affinity for A,
and Aj; receptors (le). Acidic substituents in the
p-position of the phenyl ring (1j,k) were best tolerated
by the Aj receptor. An 8-styryl residue in this series
was only tolerated by the A; receptor, but not by A,x
and Aj; receptors (compound 1f). Further substitution
on the styryl ring abolished affinity also at A; receptors
(compounds 1g-i). N7-Methylation of 8-styrylxanthine
derivative abolished A, affinity resulting in the inactive
derivative lo. Introduction of a cycloalkyl residue in
the 8-position of the series 1 compounds did not lead
to potent compounds (1l-n). If the phenoxy group at
the N3-hydroxypropyl substituent of xanthine lc was
methoxylated in the p-position, an inactive compound
(1d) was obtained.

The second series, xanthines 2, were 1,7-dimethylated
derivatives of series 1 compounds bearing a 2-hydroxy-
3-phenoxypropyl residue at N3 and various 8-substitu-

ents (Scheme 1). In one compound (2n) the hydroxy
group in the side chain of 2g was replaced by a chlorine
atom, and in two compounds (2I,m) the hydroxy group
was methylated. In series 2 all compounds were inactive
at adenosine A receptors. At A, receptors only those
derivatives with a 3,4,5-trimethoxystyryl residue in the
8-position were active (2g,n); they were selective for
the A, subtype versus A; and Aj receptors. These com-
pounds are structural analogues of the potent, selective
A, antagonist KF18446. An interesting result was that
the replacement of the hydroxyl group in 2g by a chlo-
rine atom giving 2n caused a dramatic (>70-fold) in-
crease in the A, affinity (3.40 uM for 2g vs 0.044 uM
for 2n). 8-Styryl and 8-m-chlorostyryl as well as 8-(p-
methylcarboxyethylidene)phenyl substitution was toler-
ated by the Aj; receptor leading to weakly potent,
selective Az receptor ligands (2e,f and k). However,
when the hydroxy group in 2f was methylated the Aj
affinity was abolished (2m).

Xanthine derivatives of series 3, substituted at the 1-posi-
tion with a propyl or a propargyl group, appeared to pres-
ent the best affinities of all investigated compounds at the
adenosine receptors (Schemes 2-4 and Table 2). All of
them bore a 2-hydroxy-3-phenoxypropyl residue at N3.
Only in the 8-unsubstituted derivative 3g the N3-residue
was further substituted bearing a p-methoxy group on
the phenyl ring. Compounds 3b—g had no substituent at
the N7-position. A comparison of 1b with its N1-pro-
pyl-substituted derivative 3g showed that the N1-substi-
tution led to a large increase in A; and A, affinity thus
turning a virtually inactive compound into a moderately
potent A/A,a antagonist (compare 1b/3g). A similar ef-
fect could be observed in compound 3¢, a derivative of
1a bearing a propargyl residue at N1. While 1a was inac-
tive, the 1-propargyl substitution in 3¢ led to a moderately
potent A/A; ligand (compare 1a/3c¢). 8-Cycloalkyl- or 8-
phenyl substitution in this series of compounds yielded
derivatives with high affinity for adenosine A; receptors
(compounds 3b,d and f) with A; affinities in the lower
nanomolar range. The most potent and selective A;
antagonist of the present series was 3f bearing a 1-propyl
residue and a 3-noradamantyl substituent in the 8-posi-
tion. The propyl group at N1 led to a more than 470-fold
increase in A; affinity (Im: KjA;>10puM and 3f:
KA =29 nM). Compound 3d, an analogue of DPCPX,
also showed high affinity and good selectivity for the A,
receptor (K;=55nM). However, the N3-modification
(DPCPX: propyl, 3d: 2-hydroxy-3-phenoxypropyl) re-
duced the affinity (110-fold at rat A;, 16-fold at human
A receptors). It is interesting to note that the human A
receptor appeared to tolerate the large, amphiphilic N3-
substituent much better than the rat A; receptor. For
the most potent compounds of this series we therefore
determined affinities not only at rat but also at human
A and A,, receptors. Moderate species differences had
been reported for these receptors. We found that A; and
Asa radioligand binding data at rat adenosine receptors
correlated quite well with those determined at the human
receptor subtypes. Determined K; values were nearly iden-
tical for 8-cycloalkyl-substituted compounds 3d and f,
while the 8-phenyl-substituted 3b was 6- to 8-fold weaker
at the human as compared to the rat receptors.
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Table 2. Affinities of xanthine derivatives 1-4 at adenosine A, Ao and Aj; receptors

Compound K; £ SEM (uM)
Rat A; (human A;)* versus [’H]CCPA® Rat A, (human A,a)* versus [PHIMSX-2° Human A; versus ["H[PSB-11°
Caffeine 18.8+£5.6 32.5+8.03% nd®
DPCPX 0.0005 *+ 0.0002 0.157 + 0.006>° 0.243 + 0.056
KW6002 0.230 + 0.030 0.00515 * 0.00025 4.47 + 4.06
PSB-10 0.805 + 0.055°° 6.04 £ 0.26%° 0.997 + 0.311°¢
1a >10¢ >10 >10
1b >10 >10 nd
1c 9.63 +2.28 6.05 +1.35 4.65+1.65
1d >10 >10 nd
1e 2.20+0.32 >10 2.85+0.05
1f 7.16 £ 1.11 >10 >10
1g >10 >10 >10
1h >10 >10 nd
1i >10 >10 nd
1j >10 >10 183 £ 62
1k >10 >10 26.1 £13.9
11 >10 >10 >10
1m >10 >10 >10
In >10 >10 nd
1o >10 >10 nd
2a >10 >10 >1.0
2b >10 >10 >10
2¢ >10 >10 >10
2d >10 >10 >10
2e >10 >10 15.6+2.9
2f >10 >10 6.95+2.12
2g >10 3.40 +0.87 >10
2h >10 >10 >10
2i >10 >10 >10
2j >10 >10 >10
2k >10 >10 2.05+0.18
21 >10 >10 >10
2m >10 >10 >10
2n >10 0.044 +0.02 nd
3a 0.217 + 0.003 0.257 £ 0.007 1.27 £0.61
3b 0.041 + 0.009 0.320 + 0.040 1.59 +0.17
(0.239 + 0.035)* (2.49 + 0.55)
3c 3.36 £ 0.59 >10 0.505 + 0.072
3d 0.055 + 0.006 >10 3.55+0.19
(0.049 + 0.016)* (>10)
3e 270 137 0.135 £ 0.025 32.1+21.1
3f 0.029 + 0.005 >10 >10
(0.021 £ 0.001)* (>10y*
3g 1.73 £ 0.11 5.26 +0.36 >10
3h >10 >10 nd
3i >10 >10 445+ 14.1
3j 5.07 +1.80 0.084 +0.031 nd
4a >10 >10 >10
4b >10 >10 >10
4c 0.273 +0.023 0.902 +0.142 19.0 + 6.9
4d 0.519 + 0.047 >10 >10
de >10 >10 >10
af >10 >10 >10

#Results at human adenosine A; receptors are given in brackets for selected compounds.
b All assays were performed in at least three separate experiments each performed in triplicate.

°nd = not determined.

9>10 (>1.0): less than 30% of radioligand binding at a concentration of 10 uM (1.0 pM).

Introduction of a m-methoxystyryl residue in combina-
tion with an N1-propargyl group led to the A,-selective
compound 3e (K; = 135 nM). N7-Methylation of 3e led
to a slight reduction in A, affinity and an increase in
A, affinity (KjA| =5 uM and KjA;4 = 84 nM) yielding
3j, a potent and quite selective A, antagonist; 3j could

be considered as a new analogue of the potent and selec-
tive A, antagonist MSX-2.3% Similar structure-activity
relationships had previously been observed for other
8-styrylxanthine derivatives.’® N7-Methylation of the
8-unsubstituted compound 3¢ yielding 3h (an analogue
of 3,7-dimethyl-1-propargylxanthine (DMPX)) or the
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8-cyclopentyl-substituted derivative 3d yielding 3i virtu-
ally abolished adenosine receptor affinity. Consequently,
the N-7-hydrogen seems to play an important role as
hydrogen bond donor in A; receptor binding, as previ-
ously noticed.” !

Series 4 compounds (Scheme 5 and Table 2) were substi-
tuted at the N1-position (instead of N3) with the 2-hy-
droxy-3-phenoxypropyl residue. In compounds 4e.f,
3,7-dimethylation was combined with an 8-phenyl (4e)
or an 8-p-methoxyphenyl group. Both compounds were

inactive at all three investigated adenosine receptor sub-
types. Derivatives 4a—d were unsubstituted at N3 and
N7. In this series, again, the 8-unsubstituted (4a) and
the 8-phenyl-substituted derivatives (4b) were inactive.
The 8-cyclopentyl-substituted compound 4d exhibited
some affinity for the A; receptor (K;=519nM) and
was selective for that receptor subtype. Interestingly,
the p-hydroxyphenyl-substituted derivative 4¢ showed
affinity for adenosine receptors in contrast to the
derivative d4e lacking the p-hydroxy group (4c:
KiAl =273 HM, KiA2A =902 nM and KiA3 =19 ],lM)

NH,
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Some general remarks on the structure—affinity relation-
ships may be drawn on the basis of these affinity data, in
relation to the nature and position of substituents on the
xanthine moiety. First, the 2-hydroxy-3-phenoxypropyl
moiety bearing polar and lipophilic groups was well tol-
erated in the 3-position of the xanthine core by A; and

’\{ 3
/Y\N
>_R
OH /l\ / °
de-f 07 N N

|
CHz

Asa receptors. On the other hand, its introduction in
the 1-position of the xanthine moiety led to a large de-
crease in affinity at A; and A,a receptors. Moreover,
cycloalkyl moieties, such as a cyclopentyl or a 3-norad-
amantyl group, attached in the xanthine 8-position,
associated with a propyl chain in the 1-position seem
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to be optimal for affinity to A; adenosine receptors. As
previously described,* an unsubstituted nitrogen atom
in position 7, shown to be an important hydrogen bond
donor in adenosine A; receptor binding, was required
for high affinity and A; selectivity. Finally, a methoxy-
substituted styryl group in position 8§, associated with
a propargyl chain in position 1 of the xanthine moiety,
resulted in compounds with high affinity for adenosine
A receptors. Their N7-methylation led to an increase
in adenosine A, receptor affinity and selectivity. This
illustrates that both receptor subtypes accept large and
functionalized substituents at N3 of the xanthine moie-
ty, while retaining the well-established structure—activity
relationships.  1,7-Dimethyl-3-[1-(2-chloro-3-phenoxy-
propyl)]-8-(3,4,5-trimethoxystyryl)xanthine (2n) was
the most potent and selective A, antagonist of the pres-
ent series (K;=44nM, >200-fold selective vs Aj).
1-Propyl-3-[1-(2-hydroxy-3-phenoxypropyl)]-8-norada-
mantylxanthine (3f) was identified as a potent
(K;A| = 21 nM) and highly selective (>350-fold vs A,a
and Aj receptor) adenosine A; receptor antagonist. In
conclusion, we have developed an original new synthetic
access to different series of racemic xanthines 1-4 from
2-amino-2-oxazolines used as precursors. It leads to
the selective introduction of a large, functionalized and
B-adrenergic 2-hydroxy-3-phenoxypropyl pharmaco-
phore in the 1- or 3-position of the xanthine moiety per-
mitting further structural modifications.

5. Experimental
5.1. Chemistry

Melting points were determined with an SM-LUX-POL
Leitz hot-stage microscope and are uncorrected. IR
spectra were recorded on a BRUKER IFS-25 spectro-
photometer. NMR spectra (‘H, '*C, '"H COSY) were
recorded at 300 or 75 MHz with tetramethylsilane as
an internal standard using a BRUKER AVANCE 300
spectrometer. Splitting patterns have been designated
as follows: s = singlet; br s = broad singlet; d = doublet;
t = triplet; q = quartet; dd = double doublet; m = muti-
plet. Analytical TLC was carried out on 0.25 precoated
silica gel plates (POLYGRAM SIL G/UV,s4) with visu-
alisation by irradiation with a UV lamp. Silica gel 60
(70-230 mesh) was used for column chromatography.
Analyses indicated by the symbols of the elements were
within £0.3% of the theoretical values.

5.1.1. General procedure for S-amino-2-phenoxymethyl-
7H-o0xazolo|3,2-a]pyrimidin-7-ones (6a,b). To a solution
of sodium (36 mmol) in dry methanol (50 ml) 2-amino-
2-oxazoline 5 (21 mmol) and ethyl cyanoacetate
(27 mmol) were added and the resulting solution was re-
fluxed for 5 h. After cooling at 0 °C for 16 h, the result-
ing precipitate was collected, washed with cold
methanol, dried and crystallized from appropriate
solvent to give oxazolopyrimidinones 6a,b.

5.1.1.1.  5-Amino-2-phenoxymethyl-7 H-oxazolo|[3,2-
alpyrimidin-7-one (6a). Beige crystals (43%); mp 263 °C.
IR (KBr) v: 3480-3220 (NH,), 1690 (CO), 1660 (C=N).

'"H NMR (DMSO-dq) 6: 7.30 (t, 2H, J = 7.70 Hz, H-3'
et H-5), 6.96 (d, 2H, J = 7.70 Hz, H-2' et H-6'), 6.94 (t,
1H, J = 7.70 Hz, H-4'), 6.63 (s, 2H, NH,), 5.24 (m, 1H,
H-2), 4.74 (s, 1H, H-6), 4.28 (m, 3H, OCH, et H-3), 3.97
(m, 1H, H-3). 3C NMR (DMSO-dg) d: 172.0 (C-7),
158.5 (C-1'), 157.9 (C-8a), 151.8 (C-5), 129.6 (C-3' et C-
5%), 121.2 (C-4'), 114.6 (C-2' et C-6), 80.3 (C-6), 75.2
(OCH,), 67.8 (C-2), 44.8 (C-3). Anal. Caled for
C3H3N305: C, 60.22; H, 5.05; N, 16.21. Found: C,
60.33; H, 4.93; N, 16.03.

5.1.1.2. 5-Amino-2-(4-methoxy)phenoxymethyl-7 H-
oxazolo[3,2-a]pyrimidin-7-one  (6b). White crystals
(58%); mp 277 °C. IR (KBr) v: 3500-3240 (NH,), 1685
(CO), 1655 (C=N). 'H NMR (DMSO-dg) &: 6.87 (m,
4H, H-arom.), 6.70 (s, 2H NH,), 5.23 (m, 1H, CH), 4.76
(s, 1H, H-6), 4.24 (m, 3H, OCH, et H-3), 3.97 (m, 1H,
H-3), 3.69 (s, 3H, CH30). Anal. Calcd for C4H;sN3O04:
C, 58.12; H, 5.23; N, 14.53. Found: C, 58.42; H, 5.16; N,
14.26.

5.1.2. General procedure for 5-amino-6-nitroso-2-phen-
oxymethyl-7H-oxazolo|3,2-a|pyrimidin-7-ones (7a,b).
Sodium nitrite (65 mmol) in acetic acid (10 ml) was add-
ed with stirring to compounds 6a,b (22 mmol) in water
(100 ml). The reaction mixture was stirred 1 h at room
temperature, and then heated at 60 °C for 30 min. The
precipitate was separated by filtration, washed with
water and dried in air to give 5-amino-6-nitroso-oxazol-
opyrimidinones 7a,b.

5.1.2.1. 5-Amino-6-nitroso-2-phenoxymethyl-7 H-oxaz-
olo[3,2-a]pyrimidin-7-one (7a). Blue crystals (83%); mp
179 °C. IR (KBr) v: 3460 (NH,), 1660 (CO). '"H NMR
(DMSO-dg) 6: 12.04 (sl, 1H, NH;), 9.38 (sl, 1H, NH;),
7.30 (t, 2H, J=8.00 Hz, H-3' and H-5'), 6.98 (t, 1H,
J=28.00 Hz, H-4"), 6.95 (d, 2H, J=8.00 Hz, H-2' and
H-6'), 5.39 (m, 1H, H-ZQ, 4.28 (m, 3H, OCH, and H-
3), 3.95 (m, 1H, H-3). '*C NMR (DMSO-dy) d: 167.9
(C-7), 159.2 (C-1"), 157.8 (C-8a), 142.6 (C-5), 140.5 (C-
6), 129.6 (C-3’ et C-5'), 121.3 (C-4'), 114.6 (C-2' et C-
6'), 77.3 (OCH,), 67.6 (C-2), 44.2 (C-3). Anal. Calcd
for C13H12N404: C, 5416, H, 419, N, 19.44. Found:
C, 54.28; H, 4.10; N, 19.59.

5.1.2.2. 5-Amino-6-nitroso-2-(4-methoxy)phenoxy-
methyl-7 H-oxazolo|3,2-a]pyrimidin-7-one  (7b). Violet
crystals (82%); mp 135°C. IR (KBr) v: 3440 (NH,),
1660 (CO). 'H NMR (DMSO-ds) d: 12.06 (sl, 1H,
NH,), 9.21 (sl, 1H, NH,), 6.89 (m, 4H, H-arom.), 5.37
(m, 1H, H-2), 4.27 (m, 3H, OCH, and H-3), 4.08 (m,
1H, H-3), 3.80 (s, 3H, CH30). Anal. Calcd. for
Ci4H14N4Os: C, 52.83; H, 4.43; N, 17.60. Found: C,
53.02; H, 4.32; N, 17.51.

5.1.3. General procedure for 6-amino-5-nitroso-1-propyl-
uracils (8a,b). Method A: To a solution of sodium
(78 mmol) in dry ethanol (100 ml) was added 7
(19.3 mmol). The resulting solution was refluxed for
8 h. The solvent was then removed in vacuo. The solid
residue was solubilized in water and the obtained solu-
tion was acidified until pH = 5-6 with a diluted aqueous
solution of HCI. The precipitate was collected by
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filtration, washed with ethanol then petroleum ether,
and then dried.

Method B: Ethyl oximinocyanoacetate (29 mmol) and
the appropriate 2-amino-2-oxazoline 5a,b (26 mmol)
were added to a stirred solution of sodium ethoxide
(from sodium, 78 mmol) in anhydrous ethanol
(80 ml) at 5-10 °C. The mixture was refluxed for 4 h
and after cooling, the obtained solution salt was fil-
tered; the solid was taken up in water and the resulting
solution was acidified to pH = 5-6 with diluted hydro-
chloric acid. The isonitroso derivative which had sepa-
rated was collected by filtration, washed with water
and dried to give 6-amino-5-nitroso-1-propyluracils
8a,b.

5.1.3.1.  6-Amino-5-nitroso-1-(2-hydroxy-3-phenoxy-
propyl)uracil (8a). Violet crystals (method A: 83%, meth-
od B: 25%); mp 242 °C. IR (KBr) v: 3370 (NH), 3320
(OH), 3190 (NH,), 1730 et 1695 (CO). 'H NMR
(DMSO-dg) 6: 13.31 (sl, 1H, NH;), 11.32 (s, 1H, NH),
7.45 (sl, 1H, NH,), 7.28 (t, 2H, J=7.60 Hz, H-3’ and
H-5'), 6.93 (d, 2H, J=7.60 Hz, H-2' and H-6), 6.90
(t, 1H, J=17.60 Hz, H-4'), 5.40 (m, 1H, OH), 4.11 (m,
1H, CH), 3.97 (m, 4H, OCH, and NCH,). *C NMR
(DMSO-dg) o6: 160.5 (C-4), 158.4 (C-1'), 149.1 (C-2),
147.8 (C-6), 138.9 (C-5), 129.5 (C-3’ et C-5'), 120.6 (C-
4%), 114.4 (C-2" et C-6), 69.7 (OCH,), 66.0 (C-2), 43.9
(C-3). Anal. Calcd for C;3H4N4Os5: C, 50.98; H, 4.61;
N, 18.29. Found: C, 51.12; H, 4.70; N, 18.25.

5.1.3.2.  6-Amino-5-nitroso-1-[2-hydroxy-3-(4-meth-
oxy)phenoxypropylluracil (8b). Violet crystals (method
A: 75%, method B: 31%); mp 213°C. IR (KBr) v:
3400 (NH), 3340 (OH), 3200 (NH,), 1725 et 1690
(CO). 'H NMR (DMSO-dy) 6: 13.35 (sl, 1H, NHa,),
11.40 (s, 1H, NH), 7.35 (sl, 1H, NH,), 6.85 (m, 4H,
H-arom.), 5.36 (m, 1H, OH), 4.08 (m, 1H, CH), 3.95
(m, 4H, OCH, and NCH,), 3.68 (s, 3H, CH30). Anal.
Calcd for C4H ;4N4Og: C, 50.00; H, 4.80; N, 16.66.
Found: C, 50.12; H, 4.69; N, 16.74.

5.1.4. General procedure for 5,6-diamino-1-propyluracils
(9a,b). To a suspension of the nitroso compounds 8a,b
(40 mmol) in 150 ml of boiling water was added sodium
dithionite (120 mmol) in small portions until the blue
colour disappeared. After refluxing for 30 min, the pre-
cipitate was filtered, washed with water then ethanol
and dried to give diaminouracil 9.

5.1.4.1. 5,6-Diamino-1-(2-hydroxy-3-phenoxypro-
pyDuracil (9a). White crystals (68%); mp 230 °C. IR
(KBr) v: 1690 et 1635 (CO). 'H NMR (DMSO-d) 6:
10.62 (s, 1H, NH), 7.28 (t, 2H, J=7.50 Hz, H-3’ and
H-5"), 6.93 (t, 2H, J=7.50 Hz, H-4'), 691 (d, 1H,
J=17.50Hz, H-2' and H-6"), 593, (s, 2H, NH,), 5.76
(d, 1H, J=4.80 Hz, OH), 4.07 (m, 1H, CH), 3.92 (m,
4H, OCH, and NCH,), 3.12 (sl, 2H, NH,). '*C NMR
(DMSO-dg) o6: 159.8 (C-4), 158.5 (C-1'), 149.7 (C-2),
146.3 (C-6), 129.5 (C-3' et C-5'), 120.7 (C-4'), 114.5
(C-2" et C-6'), 97.2 (C-5), 70.2 (OCH,), 67.3 (CH),
45.5 (NCH,). Anal. Calcd for Ci3HsN4O4: C, 53.42;
H, 5.52; N, 19.17. Found: C, 53.36; H, 5.63; N, 19.28.

5.1.4.2. 5,6-Diamino-1-|2-hydroxy-3-(4-methoxy)phen-
oxypropyljuracil (9b). Yellow crystals (58%); mp 134 °C.
IR (KBr) v: 1690 et 1640 (CO). '"H NMR (DMSO-dy) &:
11.55 (s, 1H, NH), 6.76 (m, 4H, H-arom.), 5.86, (s, 2H,
NH,), 5.67 (d, 1H, J = 4.80 Hz, OH), 3.99 (m, 1H, CH),
3.76 (m, 4H, OCH, and NCH,), 3.62 (s, 3H, CH;0), 3.22
(Sl, ZH, NHz) Anal. Calcd for C14H13N405I C, 5217, H,
5.63; N, 17.38. Found: C, 52.32; H, 5.69; N, 17.26.

5.1.5. General procedure for 6-amino-5-arylidenamino-1-
propyluracils (10a—f). A mixture of arylaldehyde
(3.12 mmol), 5,6-diaminouracils 9a,b (2.7 mmol) and
0.15 ml of acetic acid was refluxed for 4 h in 15 ml of
ethanol. Upon cooling of the mixture, the precipitate
was filtered and washed with ethanol then diethyl ether
to give the imine 10a—f as a pale yellow solid, which was
used directly in the next step.

5.1.5.1. 6-Amino-5-benzylidenamino-1-(2-hydroxy-3-
phenoxypropyluracil (10a). Yellow crystals (78%); mp
225°C. IR (KBr) v: 3355 (NH;), 1695 et 1635 (CO).
'"H NMR (DMSO-dy) 6: 10.78 (s, 1H, NH), 9.69 (s,
1H, N=CH), 7.88 (d, 2H, J =6.50 Hz, H-2" and H-
6"), 7.33 (m, 5H, H-3', H-5', H-3", H-4” and H-5"),
692 (t, 1H, J=720Hz, H-4), 690 (d, 2H,
J =7.20 Hz, H-2' and H-6'), 5.79 (d, 1H, J=4.90 Hz,
OH), 4.16 (m, 1H, CH), 4.10 (m, 2H, NCH,), 4.07 (m,
2H, OCH>), 4.01 (sl, 2H, NH,). '3C NMR (DMSO-d)
o: 158.5 (C-4), 158.2 (C-1'), 155.3 (C-6), 149.7 (C-2),
149.5 (N=CH), 138.6 (C-1"), 129.5 (C-3' et C-5'),
129.1 (C-4"), 128.5 (C-3" et C-5"), 127.2 (C-2" et C-0"),
120.7 (C-4"), 114.5 (C-2" et C-6'), 99.5 (C-5), 70.0
(OCH,), 66.9 (CH), 45.6 (NCH;). Anal. Calcd for
C20H20N404Z C, 6315, H, 530, N, 14.73. Found: C,
62.98; H, 5.37; N, 14.65.

5.1.5.2.  6-Amino-5-benzylidenamino-1-[2-hydroxy-3-
(4-methoxyphenoxy)]propyluracil (10b). Yellow crystals
(83%); mp 243 °C. IR (KBr) v: 3345 (NH,), 1690 et 1635
(CO). "H NMR (DMSO-d) : 10.78 (s, 1H, NH), 9.68
(s, 1H, N=CH), 7.86 (d, 2H, J = 6.35 Hz, H-2" and H-
6"), 7.37 (m, 3H, H-3", H-4"” and H-5"), 7.19 (s, 2H,
NH,), 6.86 (s, 4H, H-2/, H-3’, H-5' and H-6), 5.76 (d,
1H, J=4.80 Hz, OH), 4.14 (m, 1H, CH), 4.06 (m, 2H,
NCH,;), 3.95 (m, 2H, OCHy,), 3.68 (s, 3H, CH30-). Anal.
Calcd for C, H»N4Os: C, 61.45; H, 5.40; N, 13.65.
Found: C, 61.36; H, 5.48; N, 13.70.

5.1.5.3. 6-Amino-5-(4-hydroxybenzylidenamino)-1-(2-
hydroxy-3-phenoxypropyl)uracil (10c). Orange crystals
(42%); mp 239 °C. IR (KBr) v: 1685 et 1635 (CO). 'H
NMR (DMSO-dg) o: 10.64 (s, 1H, NH), 9.60 (s, 1H,
N=CH), 7.68 (d, 2H, J=8.10 Hz, H-2" and H-0"),
7.28 (t, 2H, J = 7.40 Hz, H-3' and H-5'), 6.92 (m, 5H,
H-3”, H-5", H-2', H-4' and H-6'), 5.75 (m, 1H, OH),
4.32 (m, 1H, CH), 4.15 (m, 2H, NCH,), 4.01 (m, 2H,
OCH,;), 398 (sl, 2H, NH;). Anal. Calcd for
CyoH20N4Os: C, 60.60; H, 5.08; N, 14.13. Found: C,
60.73; H, 5.15; N, 14.00.

5.1.54. 6-Amino-5-styrylidenamino-1-(2-hydroxy-3-
phenoxypropyluracil (10d). Yellow crystals (72%); mp
249 °C. IR (KBr) v: 3340 (NH,), 1690 et 1640 (CO).
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'"H NMR (DMSO-dq) &: 10.77 (s, 1H, NH), 9.47 (t, 1H,
J=4.05Hz, N=CH), 7.54 (d, 2H, J=17.20 Hz, H-2"
and H-6"), 7.38 (m, 6H, =CH styryl, H-3’, H-5', H-3",
H-4" and H-5"), 6.95 (m, 4H, =CH styryl, H-2', H-4’
and H-6"), 5.70 (d, 1H, J =4.90 Hz, OH), 4.18 (m, 1H,
CH), 4.10 (sl, 2H, NH,), 4.03 (m, 2H, NCH,), 4.00
(m, 2H, OCH,). >C NMR (DMSO-d) &: 158.5 (C-4),
157.9 (C-1"), 155.1 (C-6), 151.6 (C-2), 149.5 (N=CH),
136.6 (C=C styryl), 136.4 (C-1"), 131.5 (C=C styryl),
129.5 (C-3’ et C-5'), 128.8 (C-3" et C-5"), 128.2 (C-4"),
126.7 (C-2" et C-6"), 120.7 (C-4'), 114.5 (C-2' et C-6'),
100.2 (C-5), 70.0 (OCH,), 66.7 (CH), 47.7 (NCH,).
Anal. Calcd for C,oH,4N,4O4: C, 65.01; H, 5.45; N,
13.78. Found: C, 64.86; H, 5.55; N, 13.89.

5.1.5.5. 6-Amino-5-(4-carboxymethyloxybenzyliden-
amino)-1-(2-hydroxy-3-phenoxypropyl)uracil (10e). Yel-
low crystals (57%); mp 203 °C. IR (KBr) v: 1715, 1690
et 1635 (CO). '"H NMR (DMSO-dg) &: 10.72 (s, 1H,
NH), 9.62 (s, IH, N=CH), 7.81 (d, 2H, J=8.50 Hz,
H-2" and H-6"), 7.29 (t, 2H, J = 7.80 Hz, H-3' and H-
5), 6.94 (m, SH, H-3", H-5", H-2’, H-4’ and H-6¢),
5.77 (m, 1H, OH), 4.70 (s, 2H, CH,0), 4.21 (m, 1H,
CH), 4.10 (m, 2H, NCH,), 4.01 (m, 2H, OCH,). Anal.
Caled for C,,H»pN4O7: C, 58.14; H, 4.88; N, 12.33.
Found: C, 58.30; H, 4.81; N, 12.45.

5.1.5.6. 6-Amino-5-(4-cinnamylidenamino)-1-
(2-hydroxy-3-phenoxypropyl)uracil (10f). Yellow crystals
(43%); mp >350°C. IR (KBr) v: 1705, 1685 et 1635
(CO). '"H NMR (DMSO-d) §: 12.34 (sl, 1H, CO,H),
10.79 (s, 1H, NH), 9.69 (s, 1H, N=CH), 7.91 (d, 2H,
J =8.10 Hz, H-2" and H-6"), 7.69 (d, 2H, J = 8.10 Hz,
H-3"” and H-5"), 7.61 (d, 1H, J = 16.00 Hz, =CH styryl),
7.29 (t, 2H, J = 7.50 Hz, H-3’, H-5'), 6.93 (m, 3H, H-2',
H-4’ and H-6'), 6.56 (d, 1H, J = 16.00 Hz, =CH styryl),
5.77 (d, 1H, J = 5.55 Hz, OH), 4.32 (m, 1H, CH), 4.12
(m, 2H, NCH,), 4.02 (m, 2H, OCH,). Anal. Calcd for
Cy3H»»N4Og: C, 61.33; H, 4.92; N, 12.44. Found: C,
61.24; H, 4.86; N, 12.59.

5.1.6. General procedure for 6-amino-5-alkyl- or -aryl-
carboxamido-1-propyluracils (11a-g). A suspension of
2.5 mmol of 9a,b in 12 ml of dry pyridine was cooled
to 0 °C, and acid chloride (2.88 mmol) was added drop-
wise with stirring. The mixture was stirred overnight and
then evaporated to dryness. The residue was treated
with water, collected by filtration and dried to yield
11a-g.

5.1.6.1. 6-Amino-5-phenylcarboxamido-1-(2-hydroxy-
3-phenoxypropyl)uracil (11a). Beige crystals (89%); mp
248 °C. IR (KBr) v: 1685, 1670 and 1635 (CO). 'H
NMR (DMSO-dg) o: 10.70 (s, 1H, N;-H), 8.91 (s, 1H,
NH), 7.98 (d, 2H, J=6.65Hz, H-2" and H-6"), 7.50
(m, 3H, H-3", H-4" and H-5"), 7.29 (t, 2H,
J =7.80 Hz, H-3’ and H-5'), 6.96 (m, 3H, H-2', H-4’
and H-6), 6.53 (s, 2H, NH,), 5.78 (sl, 1H, OH), 4.12
(m, 1H, CH), 4.06 (m, 2H, NCH,), 3.97 (m, 2H,
OCH,). °C NMR (DMSO-dg) : 170.5 (CO amide),
163.2 (C-17), 162.1 (C-1’), 159.3 (C-6), 156.2 (C-2),
152.1 (C-4), 134.4 (C-5), 133.5 (C-4"), 131.1 (C-3" and
C-5"), 129.9 (C-3' and C-5'), 129.0 (C-2" and C-6"),

122.6 (C-4'), 1159 (C-2' and C-6’), 70.0 (OCH,), 66.7
(CH), 47.7 (NCH,). Anal. Calcd for C,yH,>,N4Os: C,
60.60; H, 5.08; N, 14.13. Found: C, 60.46; H, 5.13; N,
14.22.

5.1.6.2. 6-Amino-5-(3-chlorostyryl)-carboxamido-1-(2-
hydroxy-3-phenoxypropyl)uracil (11b). Beige crystals
(71%); mp 274 °C. IR (KBr) v: 1685, 1670 and 1640
(CO). 'H NMR (DMSO-ds) 6: 10.70 (s, 1H, N3-H),
8.66 (s, 1H, CONH), 7.64 (s 1H, H-2"), 7.60-7.40 (m,
4H, H-4", H-5", H-6" and =CH), 7.28 (t, 2H,
J=7.70 Hz, H-3' and H-5"), 6.93 (m, 3H, H-2/, H-4’
and H-6"),6.87 (d, 1H, J=16.10 Hz, =CH), 6.52 (sl,
2H, NH,), 5.78 (sl, 1H, OH), 4.29 (m, 1H, CH), 4.10
(m, 2H, NCH,), 3.97 (m, 2H, OCH,). Anal. Calcd for
CyH, N4Os: C, 57.83; H, 4.63; N, 12.26. Found: C,
57.98; H, 4.52; N, 12.20.

5.1.6.3. 6-Amino-5-(3-methoxystyryl)-carboxamido-1-
(2-hydroxy-3-phenoxypropyl)uracil (11c). Beige crystals
(92%); mp 141 °C. IR (KBr) v: 1685, 1670 and 1640
(CO). '"H NMR (DMSO-d,) 6: 10.68 (s, 1H, N3-H),
8.61 (s, IH, CONH), 7.82 (t, 1H, J =7.30 Hz, H-5"),
7.44 (d, 1H, J=15.80 Hz, =CH), 7.42 (m, 1H, H-6"),
7.32 (t, 2H, J = 8.65 Hz, H-3' and H-5'), 7.16 (m, 1H,
H-4"),6.95 (m, 4H, H-2', H-4', H-6' and H-2"), 6.85
(d, 1H, J=15.80 Hz, =CH), 6.49 (sl, 2H, NH,), 5.80
(m, 1H, OH), 4.12 (m, 1H, CH), 4.07 (m, 2H, NCH,),
3.98 (m, 2H, OCH,), 3.74 (s, 3H, OCHs). Anal. Calcd
for C3H,4N4O6: C, 61.05; H, 5.34; N, 12.38. Found:
C, 60.97; H, 5.46; N, 12.31.

5.1.6.4. 6-Amino-5-(3,4,5-trimethoxystyryl)-carbox-
amido-1-(2-hydroxy-3-phenoxypropyl)uracil (11d). Beige
crystals (79%); mp 261 °C. IR (KBr) v: 1680, 1670 and
1645 (CO). '"H NMR (DMSO-dg) &: 10.70 (s, 1H, Ns-
H), 8.56 (s, IH, CONH), 7.40 (d, 1H, J=15.80 Hz,
=CH), 7.29 (m, 2H, H-3’ and H-5'), 6.92 (m, 5H, H-
2', H-4', H-6/, H-2" and H-6"), 6.79 (d, 1H,
J=15.80 Hz, =CH), 6.50 (sl, 2H, NH,), 5.83 (sl, 1H,
OH), 4.25 (m, 1H, CH), 4.11 (m, 2H, NCH;), 3.97 (m,
2H, OCH,), 3.81 (s, 6H, 2 CH;0-), 3.69 (s, 3H,
CH30-). Anal. Caled for C,sHosN4Og: C, 58.59; H,
5.51; N, 10.93. Found: C, 58.46; H, 5.62; N, 11.10.

5.1.6.5. 6-Amino-5-cyclopentylcarboxamido-1-
(2-hydroxy-3-phenoxypropyl)uracil (11e). Beige crystals
(86%); mp 124 °C. IR (KBr) v: 1685, 1670 and 1640
(CO). '"H NMR (DMSO-dy) 6: 10.64 (s, 1H, N3-H),
8.24 (s, 1H, CONH), 7.27 (m, 2H, H-3’ and H-5'),
6.86 (m, 3H, H-2’, H-4’ and H-6), 6.25 (sl, 2H, NH,),
5.85 (sl, 1H, OH), 4.26 (m, 1H, CH), 4.10 (m, 2H,
NCH,), 3.97 (m, 2H, OCH,), 2.73 (m, 1H, CH cycl.),
1.76 (m, 2H, CH, cycl.), 1.55 (m, 6H, CH, cycl.). Anal.
Calcd for CgHyN4Os: C, 58.75; H, 6.23; N, 14.43.
Found: C, 58.87; H, 6.18; N, 14.23.

5.1.6.6. 6-Amino-5-cyclohexylcarboxamido-1-
(2-hydroxy-3-phenoxypropyl)uracil (11f). Beige crystals
(81%); mp 235°C. IR (KBr) v: 1685, 1670 and 1640
(CO). 'H NMR (DMSO-ds) &: 10.63 (s, 1H, N3-H),
8.19 (s, 1H, CONH), 7.29 (t, 2H, J=17.70 Hz, H-3’
and H-5'), 6.93 (m, 3H, H-2’, H-4’ and H-6'), 6.22 (sl,
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2H, NH,), 5.84 (d, 1H, J=4.70 Hz, OH), 4.09 (m, 1H,
CH), 3.96 (m, 4H, OCH, and NCH,), 2.27 (m, 1H,
CH cycl.), 1.76 (m, 5SH, CH, cycl.), 1.29 (m, 5H, CH,
cycl.). Anal. Calcd for Cy0HN4O5: C, 59.69; H, 6.51;
N, 13.92. Found: C, 59.81; H, 6.48; N, 13.83.

5.1.6.7.  6-Amino-5-noradamantylcarboxamido-1-(2-
hydroxy-3-phenoxypropyl)uracil (11g). Beige -crystals
(95%); mp 239 °C. IR (KBr) v: 1685, 1675 and 1640
(CO). '"H NMR (DMSO-dg) &: 10.67 (s, 1H, N3-H),
7.80 (s, 1H, CONH), 7.29 (m, 2H, H-3' and H-%'),
6.94 (m, 3H, H-2', H-4’ and H-6"), 6.18 (sl, 2H, NH,),
5.88 (sl, 1H, OH), 4.07 (m, 2H, CH et CH,), 3.93 (m,
3H, CH,), 2.71 (t, 1H, J = 6.45 Hz, CH nor.), 2.24 (m,
2H, CH nor.), 2.05 (m, 2H, CH, nor.), 1.81 (m, 4H,
CH, nor.), 1.54 (m, 4H, CH, nor.). Anal. Calcd for
Co3HosN4Os: C, 62.71; H, 6.41; N, 12.72. Found: C,
62.45; H, 6.54; N, 12.61.

5.1.7. General procedure for 3-[1-(2-hydroxy-3-substitut-
ed-propyl)]-8-alkyl- or -arylxanthines (1a—n)

Method A: A solution of 9a,b (13 mmol) in HC(OEt);
(20 ml) and DMF (10 ml) was refluxed for 4 h. The sol-
vent was then removed under reduced pressure. The sol-
id residue was triturated in Et,O, collected by filtration,
washed with Et,O and dried to give 1a,b.

Method B: The imines 10a—f (2 mmol) were heated in
20 ml of glyme. As the mixture began to reflux, the imine
dissolved. Diethylazodicarboxylate (DEAD) (4 mmol)
was added through the condenser. Within 10 min a
white solid was formed. After an additional 45 min,
the reaction mixture was filtered and the precipitate
was washed with ethanol and diethyl ether to give le—
fj and k.

Method C: Compounds 11a-g (2 mmol) were refluxed in
8 ml of 2 N NaOH aqueous solution and 3 ml of ethanol
for 1.5 h. The hot solution was allowed to cool to 4 °C,
diluted with water and acidified with acetic acid then
with diluted hydrochloric acid until pH =3 to form a
white precipitate, which was collected by filtration to
give 1g-i and 1l-n.

5.1.7.1. 3-[1-(2-Hydroxy-3-phenoxypropyl)|xanthine
(1a). Beige crystals (59%); mp 247 °C. IR (KBr) v:
3390 (OH), 3180 and 3035 (NH), 1690 and 1660 (CO).
'"H NMR (DMSO-dq) 6: 13.46 (s, 1H, N;-H), 11.10 (s,
1H, N;-H), 7.99 (s, 1H, H-8), 7.25 (t, 2H, J =7.90 Hz,
H-3’ and H-5'), 6.90 (t, 1H, J=7.90 Hz, H-4"), 6.84
(d, 2H, J=7.90Hz, H-2' and H-6'), 5.31 (d, 1H,
J=5.50Hz, OH), 4.12 (m, 1H, CH), 4.06 (m, 2H,
NCH,), 3.93 (m, 2H, OCH,). >*C NMR (DMSO-d) o:
158.9 (C-17), 1552 (C-6), 151.7 (C-2), 150.1 (C-4),
140.8 (C-8), 129.9 (C-3’ and C-5'), 121.0 (C-4'), 114.8
(C-2" and C-6'), 107.4 (C-5), 70.9 (OCH,), 66.3 (CH),
46.0 (NCH,). Anal. Calcd for Ci4H4N4O4: C, 55.62;
H, 4.67; N, 18.53. Found: C, 55.45; H, 4.73; N, 18.48.

5.1.7.2. 3-{1-[2-Hydroxy-3-(4-methoxyphenoxy)-
propyl]}xanthine (1b). Beige crystals (88%); mp 251 °C.
IR (KBr) v: 3380 (OH), 3170 et 3035 (NH), 1685
and 1665 (CO). '"H NMR (DMSO-dg) d: 13.47 (s, 1H,

N;-H), 11.19 (s, 1H, N;-H), 7.98 (s, 1H, H-8), 6.85 (d,
2H, J=9.40Hz, H-3’ and H-5), 6.80 (d, 2H,
J=9.40Hz, H-2' and H-6'), 5.28 (sl, 1H, OH), 4.28
(m, 1H, CH), 4.06 (m, 2H, NCH,), 3.87 (m, 2H,
OCH,), 3.68 (s, 3H, CHs0O). Anal. Caled for
CsH¢N4Os: C, 54.21; H, 4.85; N, 16.86. Found: C,
54.35; H, 4.76; N, 16.78.

5.1.7.3. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-phenyl-
xanthine (1c). White crystals (51%); mp 353°C. IR
(KBr) v: 3390 (OH), 3185 and 3035 (NH), 1680 and
1650 (CO). '"H NMR (DMSO-d¢) 6: 13.76 (s, 1H,
N,-H), 11.14 (s, 1H, N;-H), 8.02 (m, 2H, H-2" and H-
6"), 7.46 (m, 3H, H-3", H-4" and H-5"), 7.23 (t, 2H,
J =7.50 Hz, H-3’ and H-5'), 6.89 (t, 1H, J=7.50 Hz,
H-4"), 6.86 (d, 2H, J=7.50 Hz, H-2' et H-6'), 5.34 (d,
1H, J=4.70 Hz, OH), 4.39 (m, 1H, CH), 4.14 (m, 2H,
NCH,), 4.01 (m, 2H, OCH,). >°C NMR (DMSO-dj) o:
158.4 (C-1'), 154.6 (C-6), 151.2 (C-2), 150.2 (C-8),
149.5 (C-4), 130.1 (C-1"), 129.4 (C-3’ and C-5), 128.9
(C-3" and C-5"), 128.8 (C-2” and C-6"), 126.3 (C-4"),
120.5 (C-4'), 1144 (C-2' and C-6'), 108.3 (C-5), 70.3
(OCH,), 65.9 (CH), 45.5 (NCH,). Anal. Calcd for
CooHgN4O4: C, 63.48; H, 4.79; N, 14.81. Found: C,
63.59; H, 4.72; N, 14.93.

5.1.7.4. 3-{1-]2-Hydroxy-3-(4-methoxyphenoxy) pro-
pyll}-8-phenylxanthine (1d). White crystals (81%); mp
353 °C. IR (KBr) v: 3375 (OH), 3190 and 3040 (NH),
1680 and 1655 (CO). '"H NMR (DMSO-d;) d: 13.76 (s,
1H, N;-H), 11.13 (s, 1H, N;-H), 8.02 (m, 2H, H-2"
and H-6"), 7.46 (m, 3H, H-3", H-4" and H-5"), 6.80 (s,
4H, H-2', H-3’, H-5 and H-6), 530 (d, 1H,
J=3.85Hz, OH), 435 (m, 1H, CH), 4.12 (m, 2H,
NCH,), 393 (m, 2H, OCH,). Anal. Calcd for
C,1H,0N4Os: C, 61.76; H, 4.93; N, 13.70. Found: C,
61.67; H, 4.78; N, 13.86.

5.1.7.5. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-(4-
hydroxyphenyl)xanthine (le). Orange crystals (75%);
mp 321°C. IR (KBr) v: 3400 (OH), 3190 and 3030
(NH), 1685 and 1645 (CO). 'H NMR (DMSO-dg) &:
13.38 (sl, 1H, N;-H), 10.97 (s, 1H, N;-H), 9.93 (s, 1H,
OH ar), 7.87 (d, 2H, J =8.60 Hz, H-2" and H-6"), 7.24
(t, 2H, J=7.80 Hz, H-3’ and H-5'), 6.85 (m, 5H, H-
3", H-5", H-2’, H-4" and H-6'), 527 (d, 1H,
J=5.50Hz, OH), 4.38 (m, 1H, CH), 4.09 (m, 2H,
NCHo,), 3.99 (m, 2H, OCH,). >°C NMR (DMSO-dj) ¢:
159.9 (C-4"), 158.9 (C-1’), 155.2 (C-6), 152.2 (C-2),
151.6 (C-8), 149.8 (C-4), 130.3 (C-3’ and C-5'), 129.2
(C-2" et C-6"), 121.6 (C-1"), 120.4 (C-4), 116.5 (C-3”
and C-5"), 1152 (C-2’ and C-6’), 108.3 (C-5), 70.6
(OCH,), 66.8 (CH), 46.1 (NCH,). Anal. Calcd for
CyoH3N4Os: C, 60.91; H, 4.60; N, 14.21. Found: C,
61.03; H, 4.66; N, 14.17.

5.1.7.6. 3-[1-(2-Hydroxy-3-phenoxypropyl)|-8-styryl-
xanthine (1f). White crystals (70%); mp 304 °C. IR
(KBr) v: 3420 (OH), 3145 and 3025 (NH), 1695 and
1670 (CO). 'H NMR (DMSO-d) d: 13.52 (sl, 1H,
N;-H), 11.16 (s, 1H, Ny-H), 7.59 (d, 2H, J = 6.80 Hz,
H-2" and H-6"), 7.56 (d, 1H, J = 16.55 Hz, =CH styryl),
7.41 (m, 3H, H-3", H-4” and H-5"), 7.24 (t, 2H,
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J=17.85Hz, H-3' and H-5'), 6.97 (d, 1H, J = 16.55 Hz,
=CH styryl), 6.89 (t, 1H, J="7.85Hz, H-4'), 6.87 (d,
2H, J=17.85Hz, H-2' and H-6"), 5.34 (sl, 1H, , OH),
4.36 (m, 1H, CH), 4.22 (m, 2H, NCH,), 3.98 (m, 2H,
OCH,). 3C NMR (DMSO-dy) d: 158.5 (C-1'), 154.4
(C-6), 151.2 (C-2), 150.3 (C-8), 149.1 (C-4), 1354
(C=C styryl), 134.8 (C=C styryl), 129.4 (C-3’ and C-
57, 129.1 (C-17), 129.0 (C-3" and C-5"), 127.1 (C-2"
and C-6"), 120.5 (C-4"), 115.8 (C-4"), 114.4 (C-2' and
C-6'), 107.7 (C-5), 70.4 (OCH,), 65.8 (CH), 45.5
(NCH,). Anal. Caled for Cy,H,(N4O4: C, 65.34; H,
4.98; N, 13.85. Found: C, 65.45; H, 4.86; N, 13.98.

5.1.7.7. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-(3-chloro-
styryl)xanthine (1g). Beige crystals (60%); mp 274 °C. IR
(KBr) v: 3430 (OH), 3150 and 3025 (NH), 1690 and 1665
(CO). '"H NMR (DMSO-dy) &: 13.54 (sl, 1H, N.-H),
11.13 (s, 1H, N;-H), 7.66 (m, 1H, H-2"), 7.55-7.39 (m,
4H, H-4", H-5", H-6" and =CH), 7.24 (t, 2H,
J=7.30Hz, H-3' and H-5'), 7.04 (d, 1H, J=16.65 Hz,
=CH styryl), 6.87 (m, 3H, H-2', H-4’ and H-6"), 5.36 (sl,
1H, OH), 4.36 (m, 1H, CH), 4.14 (m, 2H, NCH,), 3.97
(m, 2H, OCH,). Anal. Calcd for C,,H;9CIN4O4: C,
61.73;H,4.96; N, 12.00. Found: C, 60.88; H,5.02; N, 12.11.

5.1.7.8. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-(3-
methoxystyryl)xanthine (1h). Beige crystals (84%); mp
286 °C. IR (KBr) v: 3450 (OH), 3150 and 3025 (NH),
1680 and 1655 (CO). '"H NMR (DMSO-ds) &: 13.46
(sl, 1H, N5-H), 11.07 (s, 1H, N;-H), 7.54 (d, 1H,
J=16.90 Hz, =CH), 7.33-7.15 (m, 5H, H-4", H-5", H-
6", H-3' and H-5'), 7.00 (d, 1H, J=16.90 Hz, =CH),
6.88 (m, 4H, H-2", H-2’, H-4' and H-6"), 5.32 (sl, 1H,
OH), 4.37 (m, 1H, CH), 4.18 (m, 1H, NCH,), 4.11 (m,
1H, NCH,), 3.98 (m, 2H, OCH,), 3.81 (s, 3H, OCH3).
Anal. Calcd for C,3H,,N4Os: C, 63.58; H, 5.10; N,
12.90. Found: C, 63.71; H, 5.02; N, 13.05.

5.1.7.9. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-(3,4,5-
trimethoxystyryl)xanthine (1i). Pale-yellow crystals
(76%); mp 189 °C. IR (KBr) v: 3415 (OH), 3140 and
3030 (NH), 1690 and 1670 (CO). 'H NMR (DMSO-
dg) 0: 13.44 (sl, 1H, N;-H), 11.10 (s, 1H, N;-H), 7.52
(d, 1H, J=16.15 Hz, =CH), 7.25 (m, 2H, H-3’ and H-
5", 7.03 (d, 1H, J=16.15 Hz, =CH), 6.90 (m, 5H, H-
2, H-4', H-6/, H-2" and H-6"), 5.34 (sl, 1H, OH), 4.36
(m, 1H, CH), 4.06 (m, 2H, NCH,), 3.96 (m, 2H,
OCH,), 3.83 (s, 6H, 2 CH30-), 3.68 (s, 3H, CH;0-).
Anal. Calcd for C,sH,sN4,O7: C, 60.72; H, 5.30; N,
11.33. Found: C, 60.86; H, 5.23; N, 11.06.

5.1.7.10. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-(4-
carboxymethyloxyphenyl)xanthine (1j). Beige crystals
(60%); mp 243 °C. IR (KBr) v: 3500-2830 (OH), 1715,
1690 and 1655 (CO). '"H NMR (DMSO-ds) d: 13.52
(sl, 1H, Ny-H), 12.10 (sl, 1H, CO,H), 11.07 (s, 1H,
N;-H), 7.96 (d, 2H, J = 8.10 Hz, H-2" and H-6"), 7.24
(m, 2H, H-3’ and H-5'), 6.94 (m, SH, H-3", H-5", H-
2', H-4" and H-6'), 5.32 (m, 1H, OH), 4.74 (s, 2H,
CH,0), 4.38 (m, 1H, CH), 4.13 (m, 2H, NCH,), 3.99
(m, 2H, OCH,). *C NMR (DMSO-ds) &: 170.0
(CO,H), 159.3 (C-4"), 158.5 (C-1"), 154.5 (C-6), 151.2
(C-2), 150.2 (C-8), 149.7 (C-4), 129.4 (C-3’ and C-5'),

127.9 (C-2" and C-6"), 120.5 (C-4"), 114.8 (C-3" and
C-5"), 114.5 (C-1"), 114.4 (C-2' and C-6'), 107.8 (C-5),
703 (OCH,), 659 (CH), 646 (OCHa,-Ar), 45.4
(NCHz) Anal. Caled for C22H20N407: C, 5840, H,
4.45; N, 12.38. Found: C, 58.22; H, 4.53; N, 12.49.

5.1.7.11. 3-[1-(2-Hydroxy-3-phenoxypropyl)|-8-(4-
cinnamyl)xanthine (1k). Orange crystals (65%);
mp > 400 °C. IR (KBr) v: 3420-2805 (OH), 1700, 1685
and 1665 (CO). '"H NMR (DMSO-d) &: 13.85 (sl, 1H,
N5-H), 12.42 (sl, 1H, CO,H), 11.15 (s, 1H, N;-H), 8.05
(d, 2H, J=17.30 Hz, H-2" and H-6"), 7.78 (d, 2H,
J=17.30 Hz, H-3” and H-5"), 7.61 (d, 1H, J = 16.10 Hz,
=CH styryl), 7.24 (m, 2H, H-3’, H-5'), 6.87 (m, 3H, H-
2', H-4’ and H-6'), 6.61 (d, 1H, J =16.10 Hz, =CH sty-
ryl), 5.33 (m, 1H, OH), 4.39 (m, 1H, CH), 4.23 (m, 2H,
NCH,), 4.00 (m, 2H, OCH,). °C NMR (DMSO-dj) ¢:
167.5 (CO,H), 158.5 (C-1"), 154.6 (C-6), 151.2 (C-2),
150.2 (C-8), 148.6 (C-4), 143.0 (C=C styryl), 135.7
(C=C styryl), 130.0 (C-1"), 129.4 (C-3’ and C-5), 128.7
(C-2" and C-6"), 126.6 (C-3" and C-5"), 120.4 (C-4'),
114.4 (C-2' and C-6'), 108.6 (C-5), 70.3 (OCH,), 65.9
(CH), 45.5 (NCHz) Anal. Calcd for C23H20N406I C,
61.60; H, 4.49; N, 12.49. Found: C, 61.86; H, 4.32; N,
12.60.

5.1.7.12. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-cyclo-
pentylxanthine (11). Beige crystals (55%); mp 213 °C.
IR (KBr) v: 3430 (OH), 3150 and 3025 (NH), 1690
and 1665 (CO). "H NMR (DMSO-d) : 13.00 (sl, 1H,
N+-H), 10.96 (s, 1H, N;-H), 7.22 (t, 2H, J=7.45 Hz,
H-3’ and H-5'), 6.88 (t, 1H, J=7.45Hz, H-4'), 6.78
(d, 2H, J=7.45 Hz, H-2' and H-6'), 5.33 (sl, 1H, OH),
427 (m, 1H, CH), 4.04 (m, 2H, NCH,), 3.92 (m, 2H,
OCH.,), 3.04 (m, 1H, CH cycl.), 1.90 (m, 2H, CH, cycl.),
1.66 (m, 6H, CH, cycl.). ?°C NMR (DMSO-d;) J: 158.4
(C-8), 157.5 (C-1"), 154.4 (C-6), 151.2 (C-2), 149.6 (C-4),
129.3 (C-3’ and C-5'), 120.5 (C-4'), 114.2 (C-2" and C-
6’), 106.5 (C-5), 704 (OCH,), 65.8 (OCH), 45.4
(NCH,), 38.7 (CH cycl.), 31.8 (CH; cycl.), 25.0 (CH,
cycl.). Anal. Caled for C19H»,N4O4: C, 61.61; H, 5.99;
N, 15.13. Found: C, 61.53; H, 6.08; N, 15.25.

5.1.7.13. 3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-cyclo-
hexylxanthine (1m). Beige crystals (75%); mp 115 °C.
IR (KBr) v: 3430 (OH), 3150 and 3025 (NH), 1690
and 1665 (CO). "H NMR (DMSO-d) &: 12.95 (sl, 1H,
N;-H), 10.98 (s, 1H, N;-H), 7.21 (t, 2H, J = 7.0 Hz, H-
3’ and H-5'), 6.89 (t, 1H, J=7.0 Hz, H-4'), 6.86 (d,
2H, J=7.0 Hz, H-2' and H-6'), 5.33 (sl, 1H, OH),
4.27 (m, 1H, CH), 4.05 (m, 2H, NCH,), 3.92 (m, 2H,
OCH,), 2.62 (m, 1H, CH cycl.), 1.72 (m, SH, CH, cycl.),
1.42 (m, 5H, CH, cycl.). 3*C NMR (DMSO-dg) d: 158.4
(C-8), 157.8 (C-17), 154.5 (C-6), 151.2 (C-2), 149.5 (C-4),
129.4 (C-3’ and C-5'), 120.5 (C-4"), 114.3 (C-2’ and C-
6’), 1064 (C-5), 704 (OCH,), 659 (OCH), 454
(NCH,), 37.5 (CH cycl.), 30.9 (CH; cycl.), 30.8 (CH,
cycl.). Anal. Caled for Cy0H4N4O4: C, 62.48; H, 6.29;
N, 14.57. Found: C, 62.59; H, 6.20; N, 14.46.

5.1.7.14.  3-[1-(2-Hydroxy-3-phenoxypropyl)]-8-nor-
adamantylxanthine (In). Beige crystals (75%); mp
135°C. IR (KBr) v: 3440 (OH), 3150 and 3030 (NH),
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1690 and 1670 (CO). 'H NMR (DMSO-d) d: 12.9 (sl,
1H, N5-H), 1098 (s, 1H, N;-H), 7.24 (t, 2H,
J=17.40Hz, H-3’ and H-5), 6.90 (t, 1H, J=7.40 Hz,
H-4"), 6.78 (d, 2H, J=7.40 Hz, H-2' and H-6’), 5.38
(sl, 1H, OH), 4.29 (m, 1H, CH), 4.07 (m, 2H, NCH.,),
3.92 (m, 2H, OCH,), 2.50 (m, 1H, CH nor.), 2.25 (m,
2H, CH nor.), 2.04 (m, 2H, CH, nor.), 1.82 (m, 4H,
CH, nor.), 1.58 (m, 4H, CH, nor.). Anal. Calcd for
Cy3H,o6N4O4: C, 65.39; H, 6.20; N, 13.26. Found: C,
65.56; H, 6.04; N, 13.31.

5.1.8. General procedure for 1,7-dimethyl-3-[1-(2-
hydroxy-3-phenoxy)propyl]-8-alkyl or -arylxanthines
(2a-k). Xanthine 1 (1.2 mmol) was dissolved in 8 ml
DMF, K»>COj; (3.7 mmol) and methyl iodide (36 mmol)
were added, and the mixture was heated at 60 °C for 2 h
then allowed at room temperature overnight. The prod-
uct was precipitated by addition of H,O, collected by fil-
tration, washed with H,O and extracted with CH,ClL,.
The organic layer was then dried over Na,SO, and evap-
orated to dryness to give xanthine 2a—k.

5.1.8.1. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxy-
propyl)]xanthine (2a). White crystals (32%); mp 156 °C.
IR (KBr) v: 3415 (OH), 1700 and 1660 (CO). 'H
NMR (DMSO-dg) 6: 7.96 (s, 1H, H-8), 7.24 (t, 2H,
J =7.40 Hz, H-3’ and H-5'), 6.89 (t, 1H, J=7.40 Hz,
H-4"), 6.81 (d, 2H, J=7.40 Hz, H-2' and H-6’), 5.29
(d, 1H, J=5.30Hz, OH), 4.27 (m, 1H, CH), 4.15
(m, 2H, NCH,), 3.94 (m, 2H, OCH,), 3.85 (s, 3H,
N--CHjs), 3.19 (s, 3H, N;-CH3). '*C NMR (DMSO-dj)
0: 158.8 (C-1'), 155.5 (C-6), 151.9 (C-2), 148.8 (C-8),
143.3 (C-4), 130.1 (C-3’ and C-5'), 121.4 (C-4"), 114.9
(C-2" and C-6'), 107.5 (C-5), 70.8 (OCH,), 66.4 (CH),
46.8 (NCH,), 33.8 (N;-CHs3), 28.3 (N;-CHj3). Anal.
Calcd for CigH1sN4O4: C, 58.17; H, 5.49; N, 16.96.
Found: C, 28.32; H, 5.36; N, 17.05.

5.1.8.2. 1,7-Dimethyl-3-{1-[2-hydroxy-3-(4-methoxy-
phenoxy)propyl]}xanthine (2b). Pale-yellow crystals
(62%); mp 99 °C. IR (KBr) v: 3390 (OH), 1720 and
1660 (CO). '"H NMR (DMSO-dq) 6: 7.97 (s, 1H, H-8),
6.81 (d, 2H, J=9.35Hz, H-3' and H-Y), 6.74 (d, 1H,
J=9.35Hz, H-2' and H-6¢'), 5.26 (d, 1H, J=5.30 Hz,
OH), 4.27 (m, 1H, CH), 4.04 (m, 2H, NCH,), 3.92 (s,
3H, N;-CHj3), 3.86 (m, 2H, OCH,), 3.67 (s, 3H,
OCH3), 3.19 (s, 3H, N;-CHj). Anal. Calcd for
C17H,0N4O5: C, 56.66; H, 5.59; N, 15.55. Found: C,
56.75; H, 5.46; N, 15.32.

5.1.8.3. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxypro-
pyD)]-8-phenylxanthine (2¢). White crystals (58%); mp
139 °C. IR (KBr) v: 3420 (OH), 1705 and 1660 (CO).
'"H NMR (DMSO-dy) d: 7.67 (m, 2H, H-2" and H-6"),
7.54 (m, 3H, H-3", H-4" and H-5"), 7.21 (t, 2H,
J=17.60 Hz, H-3' and H-5'), 6.87 (t, 1H, J=7.60 Hz,
H-4"), 6.81 (d, 2H, J=7.60 Hz, H-2" and H-6'), 5.33
(d, 1H, J=5.40 Hz, OH), 4.35 (m, 1H, CH), 4.19 (m,
2H, NCH,), 3.97 (m, 2H, OCH,), 3.93 (s, 3H,
N;-CHj), 3.22 (s, 3H, N;-CH;). >°C NMR (DMSO-d)
o: 158.3 (C-1"), 154.8 (C-6), 150.9 (C-2), 150.7 (C-8),
147.6 (C-4), 130.1 (C-1"), 129.3 (C-3’ and C-5'), 129.0
(C-3" and C-5"), 128.7 (C-2” and C-6"), 128.1 (C-4"),

120.4 (C-4), 1142 (C-2’ and C-6'), 107.8 (C-5), 70.4
(OCH,), 65.6 (CH), 46.2 (NCH,), 33.5 (N,-CHa), 27.6
(Nl-CHg). Anal. Calcd for C22H22N404Z C, 6501, H,
5.45; N, 13.78. Found: C, 64.89; H, 5.52; N, 13.97.

5.1.8.4. 1,7-Dimethyl-3-{1-]2-hydroxy-3-(4-methoxy-
phenoxy)propyl]}-8-phenylxanthine (2d). Beige crystals
(68%); mp 136 °C. IR (KBr) v: 3400 (OH), 1715 and
1665 (CO). '"H NMR (DMSO-dq) d: 7.70 (m, 2H, H-2"
and H-6"), 7.54 (m, 3H, H-3", H-4" and H-5"), 6.75
(m, 4H, H-2’, H-3/, H-5' and H-6'), 529 (d, 1H,
J=5.35Hz, OH), 430 (m, 1H, CH), 4.15 (m, 2H,
NCH;), 3.94 (s, 3H, N;-CHj3), 3.89 (m, 2H, OCH,),
3.64 (s, 3H, OCH3), 3.23 (s, 3H, N;-CHs3). Anal. Calcd
for C3H,4N4O5: C, 63.29; H, 5.54; N, 12.84. Found:
C, 63.18; H, 5.62; N, 12.90.

5.1.8.5. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxy-
propyl)]-8-styrylxanthine (2e). White crystals (71%); mp
199 °C. IR (KBr) v: 3420 (OH), 1705 and 1655 (CO). 'H
NMR (DMSO-dg) o: 7.73 (d, 2H, J = 7.80 Hz, H-2" and
H-6"), 7.57 (d, 1H, J = 15.80 Hz, =CH styryl), 7.42 (m,
3H, H-3", H-4"” and H-5"), 7.26 (d, 1H, J=15.80 Hz,
=CH styryl), 7.23 (t, 2H, J = 7.60 Hz, H-3' and H-5’),
6.87 (m, 3H, H-2’, H-4' and H-6'), 5.34 (d, 1H,
J=5.35Hz, OH), 436 (m, 1H, CH), 4.17 (m, 2H,
NCH,;), 4.00 (m, 2H, OCH,), 3.99 (s, 3H, N;-CH3), 3.19
(s, 3H, N;-CH3). Anal. Calcd for Co4H»4N4O4: C, 66.65;
H, 5.59; N, 12.95. Found: C, 66.53; H, 5.68; N, 13.10.

5.1.8.6. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxy-
propyl)]-8-(3-chlorostyryl)xanthine (2f). Pale-yellow crys-
tals (64%); mp 191 °C. IR (KBr) v: 3415 (OH), 1705 and
1660 (CO). '"H NMR (DMSO-d) : 7.88 (s, 1H, H-2"),
7.63 (m, 1H, H arom.), 7.50 (d, 1H, J=15.90 Hz,
=CH), 744 (m, 2H, H arom.), 7.36 (d, 1H,
J=1590Hz, =CH), 7.22 (t, 2H, J=7.50 Hz, H-3’
and H-5'), 6.87 (t, 1H, J=7.50 Hz, H-4'), 6.84 (d, 2H,
J=17.50 Hz, H-2' and H-6¢’), 5.34 (d, 1H, J=5.30 Hz,
OH), 4.31 (m, 1H, CH), 4.15 (m, 2H, NCH,), 3.98 (s,
3H, CH3), 3.97 (m, 2H, OCH,), 3.18 (s, 3H, CH3). Anal.
Calced for CypyH,3CIN4O4: C, 66.02; H, 5.30; N, 13.39.
Found: C, 66.18; H, 5.24; N, 13.30.

5.1.8.7. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxypro-
pyD)|-8-(3,4,5-trimethoxystyryl)xanthine (2g). Pale-yellow
crystals (74%); mp 207 °C. IR (KBr) v: 3420 (OH), 1680
and 1660 (CO). 'H NMR (DMSO-dg) o: 7.54 (d, 1H,
J =15.95Hz, =CH), 7.23 (m, 2H, H-3’ and H-5), 7.21
(m, 1H, H-4'), 7.06 (s, 2H, H-2" and H-6"), 6.87 (d, 1H,
J =15.95 Hz, =CH), 6.86 (t, 2H, J = 7.80 Hz, H-2' and
H-6), 5.35 (d, 1H, J = 5.15 Hz, OH), 4.37 (m, 1H, CH),
4.14 (m, 2H, NCH,), 4.00 (s, 3H, N,-CH3), 3.98 (m, 2H,
OCH,), 3.84 (s, 6H, OCH3), 3.69 (s, 3H, OCH3), 3.19 (s,
3H, NI-CH3). Anal. Calcd for C27H30N407: C, 6206,
H, 5.79; N, 10.72. Found: C, 61.91; H, 5.92; N, 10.63.

5.1.8.8. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxy-
propyl)]-8-cyclopentylxanthine (2h). Beige crystals (47%);
mp 119°C. IR (KBr) v: 3420 (OH), 1705 and 1660
(CO). '"H NMR (DMSO-d) d: 7.21 (t, 2H, J = 7.70 Hz,
H-3' and H-5'), 6.87 (t, IH, J=7.70 Hz, H-4'), 6.73
(d, 2H, J=7.70 Hz, H-2’ and H-6'), 5.34 (d, 1H,
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J=5.40 Hz, OH),4.25 (m, 1H, CH), 4.09 (m, 2H, NCH,),
3.80 (m, 2H, OCH,), 3.25 (m, 1H, CH cyclopentyl), 3.18
(s, 3H, CH3), 1.87 (m, 2H, CH, cyclopentyl), 1.68 (m,
4H, CH, cyclopentyl). '>*C NMR (DMSO-d;) d: 158.3
(C-8), 157.4 (C-1'), 154.5 (C-6), 151.0 (C-2), 147.3 (C-4),
129.3 (C-3’ and C-5'), 120.4 (C-4"), 114.1 (C-2’ and
C-6'), 106.4 (C-5), 70.4 (OCH,), 65.6 (OCH), 46.0
(NCH,), 35.5 (CH cyclopentyl), 31.1 (CH, cyclopentyl),
31.0 (CHjy), 27.5 (CH3), 25.2 (CH, cyclopentyl). Anal.
Calcd for C, Hp6N4O4: C, 63.30; H, 6.58; N, 14.06.
Found: C, 63.12 ; H, 6.65; N, 14.22.

5.1.8.9. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxypro-
pyD)]-8-cyclohexylxanthine (2i). Beige crystals (57%);
mp 163 °C. IR (KBr) v: 3420 (OH), 1695 and 1655
(CO). '"H NMR (DMSO-dy) : 7.22 (t, 2H, H-3' and
H-5"), 6.88 (t, 1H, J=7.65Hz, H-4), 6.76 (d, 2H,
J =7.65Hz, H-2' and H-6'), 5.33 (d, 1H, J=5.35Hz,
OH), 4.26 (m, 1H, CH), 4.09 (m, 2H, NCH,), 3.92 (m,
2H, OCH,), 3.81 (s, 3H, CH3), 3.18 (s, 3H, CH3), 2.78
(m, 1H, CH cyclohexyl), 1.69 gm, 5H, CH, cyclohexyl),
1.34 (5H, CH, cyclohexyl). *C NMR (DMSO-d) o:
158.0 (C-8), 157.1 (C-1"), 154.2 (C-6), 150.7 (C-2),
147.1 (C-4), 129.0 (C-3’ and C-5'), 120.1 (C-4’), 113.8
(C-2' and C-6’), 105.8 (C-5), 70.0 (OCH,), 65.3
(OCH), 45.6 (NCH,), 33.9 (CH cyclohexyl), 30.7 (CH,
cyclohexyl), 30.1 (CH, cyclohexyl), 27.2 (CHj3), 25.0
(CH, cyclohexyl), 249 (CH;). Anal. Calcd for
CyHgN4O4: C, 64.06; H, 6.84; N, 13.58. Found: C,
64.25; H, 6.77; N, 13.69.

5.1.8.10. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxypro-
pyD]-8-(4-methylcarboxymethyloxyphenyl) xanthine (2j).
Orange crystals (40%); mp 98 °C. IR (KBr) v: 3450-2850
(OH), 1725, 1690 and 1660 (CO). "H NMR (DMSO-d)
0:7.63 (d, 2H, J = 8.55 Hz, H-2" and H-6"), 7.22 (t, 2H,
J =7.70 Hz, H-3' and H-5'), 7.07 (d, 2H, J =8.55 Hz,
H-3" and H-5"), 6.84 (t, 1H, J=7.70 Hz, H-4"), 6.79
(d, 2H, J=7.70Hz, H-2" and H-6), 535 (d, 1H,
J=5.25Hz, OH), 490 (s, 2H, CH,O-Ar), 4.33 (m,
1H, CH), 4.17 (m, 2H, NCH,), 3.96 (m, 2H, OCH,),
3.94 (s, 3H, N;-CHy), 3.71 (s, 3H, OCH3), 3.23 (s, 3H,
N,-CH;). *C NMR (DMSO-d;) d: 169.0 (CO ester),
158.9 (C-4"), 158.3 (C-1'), 154.7 (C-6), 151.0 (C-2),
150.8 (C-8), 147.7 (C-4), 130.6 (C-3’ and C-5'), 129.4
(C-2" and C-6"), 121.2 (C-4"), 120.5 (C-1"), 114.7 (C-3"
and C-5"), 114.2 (C-2’ and C-6'), 107.7 (C-5), 70.4
(OCH,), 65.6 (OCH), 64.6 (OCH, ar), 51.9 (OCHs;),
46.2 (NCH,), 33.6 (NCH3), 27.6 (NCH3). Anal. Calcd
for CysH,6N4O7: C, 60.72; H, 5.30; N, 11.33. Found:
C, 60.65; H, 5.42; N, 11.45.

5.1.8.11. 1,7-Dimethyl-3-[1-(2-hydroxy-3-phenoxypro-
pyl)]-8-(4-methylcarboxyethylidene)phenylxanthine (2k).
Yellow crystals (86%); mp 133 °C. IR (KBrP v: 3500-
2830 (OH), 1715, 1690 and 1655 (CO). 'H NMR
(DMSO-dg) o: 7.84 (m, 2H, H-2" and H-6"), 7.74 (m,
3H, H-3", H-5" and =CH styryl), 7.22 (m, 2H, H-3'
and H-5'), 6.80 (m, 4H, H-2', H-4’, H-6’ and =CH),
5.35 (m, 1H, OH), 4.32 (m, 1H, CH), 4.16 (m, 2H,
NCH;), 4.00 (m, 2H, OCH,), 3.97 (s, 3H, N;-CH,),
3.74 (s, 3H, OCHs), 3.22 (s, 3H, N;-CH;). '*C NMR
(DMSO-dg) d: 166.5 (CO ester), 158.3 (C-1'), 154.8

(C-6), 150.9 (C-2), 150.0 (C-8), 147.6 (C-4), 143.4
(C=C), 135.5 (C=C), 129.6 (C-1"), 129.4 (C-3' and
C-5), 129.3 (C-3” and C-5"), 128.5 (C-2" and C-6"),
120.5 (C-4"), 119.3 (C-4'), 114.2 (C-2' and C-6'), 108.2
(C-5), 70.3 (OCH,), 65.6 (OCH), 51.6 (OCHs), 46.2
(NCH,), 33.7 (NCH3), 27.7 (NCH;). Anal. Caled for
C26H26N4O6Z C, 6366, H, 534, N, 11.42. Found: C,
63.78: H, 5.23; N, 11.30.

5.1.9. General procedure for 1,7-dimethyl-3-[1-(2-meth-
oxy-3-phenoxy)propyl]-8-arylxanthines (21,m). To a solu-
tion of xanthine 2d or 2f (1 mmol) in 6 ml DMF was
added sodium hydride (1.5 mmol). After 1 h of stirring
at room temperature, methyl iodide (3 mmol) was added
to the reaction mixture, which was heated at 90-100 °C
for 4 h. After cooling, the product was precipitated by
addition of water, collected by filtration, washed with
water and extracted with methylene chloride. The
organic layer was dried over Na,SO, and evaporated
to dryness. The residue was then triturated in petroleum
ether, filtered, washed and dried to give 21,m.

5.1.9.1. 1,7-Dimethyl-3-{1-[2-methoxy-3-(4-methoxy-
phenoxy)propyl]}-8-phenylxanthine (21). White crystals
(65%); mp 111 °C. IR (KBr) v: 3410 (OH), 1715 and
1675 (CO). '"H NMR (DMSO-d;) d: 7.68 (m, 2H, H-2"
and H-6"), 7.51 (m, 3H, H-3", H-4” and H-5"), 6.78
(m, 4H, H-2’, H-3’, H-5' and H-6), 4.26 (m, 2H, CH
and NCH,), 4.08 (m, 3H, OCH, and NCH,), 3.96 (s,
3H, N;-CH;), 3.65 (s, 3H, Ar-OCH;), 3.34 (s, 3H,
OCHj), 3.23 (s, 3H, N;-CH3). Anal. Calcd for
Co4H2N4Os: C, 63.99; H, 5.82; N, 12.44. Found: C,
63.76; H, 6.04; N, 12.31.

5.1.9.2. 1,7-Dimethyl-3-[1-(2-methoxy-3-phenoxypro-
pyDI-8-(3-chlorostyryl)xanthine (2m). Pale-yellow crys-
tals (71%); mp 157 °C. IR (KBr) v: 3420 (OH), 1705
and 1650 (CO). '"H NMR (DMSO-dy) d: 7.84 (s, 1H,
H-2"), 7.60 (m, 1H, H arom.), 747 (d, 1H,
J=15.75Hz, =CH), 7.41 (m, 2H, H arom.), 7.35 (d,
IH, J=15.75 Hz, =CH), 7.23 (t, 2H, J =7.80 Hz, H-
3’ and H-5'), 6.88 (m, 3H, H-2’, H-4’ and H-6'), 4.32
(m, 1H, CH), 424 (m, 1H, NCH,), 4.16 (m, 2H,
OCH, and NCH,), 4.02 (m, 1H, OCH,), 3.98 (s, 3H,
N7-CHj), 3.38 (s, 3H, OCH3), 3.19 (s, 3H, N;-CH3).
Anal. Calcd for Cy5H»sCIN4Oy4: C, 62.43; H, 5.24; N,
11.65. Found: C, 62.34; H, 5.43; N, 11.60.

5.1.10. 1,7-Dimethyl-3-[1-(2-chloro-3-phenoxypropyl)]-8-
(3,4,5-trimethoxystyryl)xanthine (2n). To a suspension of
xanthine 2g (0.8 mmol) in 7 ml of methylene chloride
was added thionyl chloride (4 mmol). The reaction mix-
ture was refluxed for 2 h and then evaporated to dryness
under reduced pressure. The residue was triturated in
water, and the mixture was alkalinised with K,COs; until
pH = 8. The precipitate was extracted with methylene
chloride, and the organic layer was dried over Na,SO,
and evaporated to dryness to give 2n. Yellow crystals
(42%); mp 86 °C. IR (KBr) v: 1670 and 1645 (CO). 'H
NMR (DMSO-dy) 6: 7.45 (d, 1H, J = 15.65 Hz, =CH),
7.26 (m, 3H, H-3', H-4' and H-5'), 7.06 (s, 2H, H-2"
and H-6"), 6.91 (m, 3H, =CH, H-2’ and H-6'), 4.88
(m, 1H, CH), 4.46 (m, 1H, NCH,), 4.31 (m, 2H,
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OCH, and NCH>), 4.20 (m, 1H, OCH,), 4.03 (s, 3H, N;-
CH,), 3.92 (s, 6H, OCH3), 3.69 (s, 3H, OCH3), 3.22 (s,
SH, NL-CHg). Anal. Caled for C27H29C1N406: C,
59.94; H, 5.40; N, 10.36. Found: C, 60.12; H, 5.56; N,
10.27.

5.1.11. 7-Methyl-3-[1-(2-hydroxy-3-phenoxy)propyl]-8-
styrylxanthine (10). Xanthine 1f (0.9 mmol) was dissolved
in 8 ml of DMF, K»>CO; (2.8 mmol) and methyl iodide
(27 mmol) were added and the mixture was stirred at
room temperature for 24 h. The product was precipitated
by addition of H,O, collected by filtration, washed with
H,O and dried. The solid residue was triturated in meth-
ylene chloride, filtered, washed and dried to give 10. White
crystals (63%); mp 335 °C. IR (KBr) v: 3440 (OH), 3025
(NH), 1690 and 1665 (CO). 'H NMR (DMSO-dg) &:
11.08 (sl, 1H, N;-H), 7.73 (d, 2H, J = 6.80 Hz, H-2" and
H-6"), 7.54 (d, 1H, J = 15.70 Hz, =CH styryl), 7.39 (m,
3H, H-3", H-4” and H-5"), 7.27 (d, 1H, J=15.70 Hz,
=CH styryl), 7.24 (t, 2H, J =7.70 Hz, H-3' and H-5),
6.87 (m, 3H, H-2/, H-4' and H-6'), 5.35 (sl, 1H, OH),
4.34 (m, 1H, CH), 4.11 (m, 2H, NCH,), 4.01 (m, 2H,
OCH,), 397 (s, 3H, N;-CHj). Anal. Calcd for
C»3H»»N4O4: C, 66.02; H, 5.30; N, 13.39. Found: C,
66.18; H, 5.24; N, 13.30.

5.1.12.  7-Methyl-1-propargyl-3-[1-(2-hydroxy-3-phen-
oxypropyl)]-8-styrylxanthine (3a). A solution of xanthine
lo (0.41 mmol) in dry DMF (6 ml) was treated with
K,CO; (0.6l mmol) and  propargyl chloride
(0.82 mmol). The reaction mixture was heated at 60—
70 °C for 2 h, allowed at room temperature under stir-
ring overnight, then diluted with 15 ml of water and
extracted with methylene chloride. The combined
extracts were dried over Na,SO, and evaporated to
dryness. The solid residue was triturated in diethyl ether,
filtered, washed with diethyl ether and dried to yield 3a.
White crystals (56%); mp 105°C. IR (KBr) v: 3435
(OH), 2125 (C=C), 1700 and 1655 (CO). H NMR
(DMSO-dg) o: 7.77 (d, 2H, J=7.80 Hz, H-2" and H-
6"), 7.58 (d, 1H, J=15.75 Hz, =CH styryl), 7.39 (m,
3H, H-3", H-4” and H-5"), 7.31 (d, 1H, J=15.75 Hz,
=CH styryl), 7.21 (t, 2H, J = 7.20 Hz, H-3' and H-5),
6.88 (m, 3H, H-2’, H-4' and H-6'), 5.38 (d, 1H,
J=5.30Hz, OH), 4.59 (d, 2H, J =2.00 Hz, N;-CH,),
4.36 (m, 1H, CH), 4.18 (m, 2H, NCH,), 4.00 (s, 3H,
N,-CH3), 3.95 (m, 2H, OCH,), 3.10 (t, 1H,
J=2.00Hz, =CH). '*C NMR (DMSO-dg) &: 158.4
(C-1"), 153.3 (C-6), 150.2 (C-2), 149.8 (C-8), 148.4 (C-
4), 136.8 (C=C styryl), 135.5 (C=C styryl), 129.4 (C-
1”7, C-3" and C-5'), 128.8 (C-3" and C-5"), 127.6 (C-2"
and C-6"), 120.5 (C-4’), 114.3 (C-2' and C-6¢'), 112.7
(C-4"), 107.2 (C-5), 79.7 (=CH), 729 (C=), 70.4
(OCH,), 65.6 (CH), 46.2 (NCH,), 31.4 (N;-CHs3), 30.0
(CH, propargyl). Anal. Calcd for CysH,4N4O4: C,
68.41; H, 5.30; N, 12.27. Found: C, 68.57; H, 5.16; N,
12.09.

5.1.13. 6-Amino-5-phenylcarboxamido-3-propargyl-1-(2-
hydroxy-3-phenoxypropyl)uracil (12). To a solution of
uracil 11a (2.5 mmol) in DMF (10 ml) were added
K,CO3; (3 mmol) and propargyl chloride (5 mmol).
The mixture was heated at °C for 6 h, then stirred at

room temperature for 16 h and the product was precip-
itated by the addition of water (50 ml), collected by fil-
tration and washed with water and subsequently
extracted with methylene chloride. The organic layer
was dried over Na,SOy, filtered and evaporated to dry-
ness. The crystalline residue was triturated in diethyl
ether, filtered, washed with diethyl ether and dried to
yield 12. Beige crystals (54%); mp 189 °C. IR (KBr) v:
1680, 1670 and 1630 (CO). '"H NMR (DMSO-dy) o:
9.02 (s, 1H, NH), 7.98 (m, 2H, H-2" and H-6"), 7.68
(m, 3H, H-3", H-4” and H-5"), 7.28 (m, 2H, H-3’ and
H-5"), 6.93 (m, 3H, H-2/, H-4' and H-6'), 6.69 (sl, 2H,
NH,), 5.84 (m, 1H, OH), 4.49 (s, 2H, CH, propargyl),
4.34 (m, 1H, CH), 4.15 (m, 2H, NCH,), 4.00 (m, 2H,
OCH,), 3.18 (s, 1H, =CH). Anal. Caled for
Cy3HuN4Os: C, 63.58; H, 5.10; N, 12.90. Found: C,
63.69; H, 5.24; N, 12.76.

5.1.14. Propargyl-3-[1-(2-hydroxy-3-phenoxypropyl)]-8-
phenylxanthine (3c). Uracil 12 (1.38 mmol) was refluxed
in 8 ml of 2N NaOH aqueous solution and 3 ml of eth-
anol for 1.5 h. The hot solution was allowed to cool to
4 °C, diluted with water and acidified with acetic acid
then with diluted hydrochloric acid until pH = 3 to form
a white precipitate, which was collected by filtration to
give 3b. Beige Crystals (42%); mp 236 °C. IR (KBr) v:
3370 (OH), 3100 (NH), 1675 and 1640 (CO). '"H NMR
(DMSO-dg) 6: 13.90 (s, 1H, N;-H), 8.04 (m, 2H, H-2"
and H-6"), 7.48 (m, 3H, H-3", H-4" and H-5"), 7.23
(m, 2H, H-3' and H-5'), 6.89 (m, 1H, H-2', H-4' and
H-6), 5.37 (d, 1H, J =5.30 Hz, OH), 4.63 (s, 2H, CH,
propargyl), 4.37 (m, 1H, CH), 4.19 (m, 2H, NCH,),
4.02 (m, 2H, OCH,), 3.11 (s, 1H, =CH). Anal. Calcd
for Cy3H,oN4Oy4: C, 66.33; H, 4.84; N, 13.45. Found:
C, 66.18; H, 5.01; N, 13.31.

5.1.15. General procedure for 7-pivaloyloxymethyl-3-[1-
(2-hydroxy-3-phenoxypropyl)]-8-alkyl- or -arylxanthines
(13a—e). A mixture of xanthines 1a,h,l and n (3 mmol),
chloromethyl pivalate (POM-CI, 3 mmol) and K,COj;
(6 mmol) in anhydrous DMF (10 ml) was heated at
60-70 °C for 6 h, then stirred overnight at room temper-
ature, diluted with 25 ml of water and extracted with
methylene chloride. The combined extracts were washed
with water and brine, dried over Na,SO,4 and evaporat-
ed to dryness.

5.1.15.1. 7-Pivaloyloxymethyl-3-[1-(2-hydroxy-3-phen-
oxypropyl)|xanthine (13a). Yellow oil (51%). IR (KBr) v:
3430 (OH), 3210 (NH), 1730, 1685 and 1670 (CO). 'H
NMR (DMSO-dy) o: 11.28 (sl, 1H, N;-H), 8.20 (s, 1H,
H-8), 7.24 (t, 2H, J=17.70 Hz, H-3’ and H-5"), 6.91 (d,
2H, J=7.70Hz, H-2’ and H-6'), 6.84 (t, 1H,
J=7.0Hz, H-4'), 6.10 (s, 2H, CH, pival.), 5.34 (d,
1H, J=5.50 Hz, OH), 4.48 (m, 1H, CH), 4.29 (m, 1H,
NCH,;), 4.14 (m, 2H, OCH, and NCH,), 3.94 (m, 1H,
OCH,;), 1.09 (s, 9H, C(CHj)3). Anal. Calcd for
CyoH24N4Og: C, 57.68; H, 5.81; N, 13.45. Found: C,
57.55; H, 5.99; N, 13.53.

5.1.15.2. 7-Pivaloyloxymethyl-3-[1-(2-hydroxy-3-phen-
oxypropyl)]-8-cyclopentylxanthine (13b). Orange oil
(61%). IR (KBr) v: 3420 (OH), 3150 (NH), 1725, 1685
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and 1660 (CO). '"H NMR (DMSO-d;) é: 11.08 (s, 1H,
N;-H), 7.22 (t, 2H, J=17.65Hz, H-3’ and H-5'), 6.89
(t, 1H, J = 17.65 Hz, H-4'), 6.78 (d, 2H, J = 7.65 Hz, H-
2" and H-6), 6.15 (s, 2H, CH, pival.), 5.40 (sl, 1H,
OH), 4.26 (m, 1H, CH), 4.12 (m, 2H, NCH,), 3.92 (m,
2H, OCH,), 3.35 (m, 1H, CH cycl.), 1.88 (m, 2H, CH,
cycl.), 1.68 (m, 6H, CH, cycl.), 1.11 (s, 9H, C(CH3);).
Anal. Calcd for C,sH3:N4Oq: C, 61.97; H, 6.65; N,
11.56. Found: C, 62.13; H, 6.51; N, 11.67.

5.1.15.3. 7-Pivaloyloxymethyl-3-[1-(2-Hydroxy-3-
phenoxypropyl)]-8-(3-methoxystyryl)xanthine (13c). Yel-
low crystals (64%); mp 150 °C. IR (KBr) v: 3415 (OH),
3240 (NH), 1720, 1660 and 1635 (CO). 'H NMR
(DMSO-dg) o: 11.21 (sl, 1H, N;-H), 7.63 (d, 1H,
J=16.15Hz, =CH), 7.49-7.22 (m, 6H, H-2", H-4", H-
5", H-6", H-3’ and H-5"), 6.98-6.86 (m, 4H, =CH, H-
2, H-4" and H-6'), 6.39 (s, 2H, CH, pival.), 5.34 (d,
1H, J=4.90 Hz, OH), 4.37 (m, 1H, CH), 4.16 (m, 1H,
NCH,), 4.08 (m, 1H, NCH,), 4.01 (m, 2H, OCH,),
3.82 (s, 3H, OCH3), 1.10 (s, 9H, C(CH3)3). Anal. Calcd
for C,oH3,N4O7: C, 63.49; H, 5.88; N, 10.21. Found: C,
63.56; H, 5.72; N, 10.36.

5.1.154. 7-Pivaloyloxymethyl-3-[1-(2-hydroxy-3-
phenoxypropyl)]-8-noradamantylxanthine (13d). Yellow
crystals (66%); mp 127 °C. IR (KBr) v: 3450 (OH),
3120 (NH), 1730, 1695 and 1675 (CO). 'H NMR
(DMSO-dg) 6: 10.77 (s, 1H, N;-H), 7.20 (t, 2H,
J =7.40 Hz, H-3’ and H-5'), 6.82 (t, 1H, J=7.40 Hz,
H-4"), 6.78 (d, 2H, J=7.40 Hz, H-2’ and H-6'), 6.08
(s, 2H, CH, pival.), 545 (sl, 1H, OH), 4.25 (m, 1H,
CH), 4.08 (m, 2H, NCH;), 3.93 (m, 2H, OCH,), 2.48
(m, 1H, CH nor.), 2.26 (m, 2H, CH nor.), 1.98 (m,
2H, CH, nor.), 1.81 (m, 4H, CH, nor.), 1.59 (m, 4H,
CH, nor.), 1.12 (s, 9H, CHj;). Anal. Calcd for
C29H36N4061 C, 6491, H, 676, N, 10.44. Found: C,
64.77; H, 6.84; N, 10.30.

5.1.15.5. 7-Pivaloyloxymethyl-3-{1-[2-hydroxy-3-(4-
methoxyphenoxy)propyl]}xanthine (13e). Yellow crystals
(35%); mp 54 °C. IR (KBr) v: 3440 (OH), 3240 (NH),
1725, 1685 and 1670 (CO). 'H NMR (DMSO-dg) o:
11.26 (sl, 1H, N;-H), 8.16 (s, 1H, H-8), 6.85 (d, 2H,
J =8.60 Hz, H-3’ and H-5'), 6.79 (d, 2H, J =8.60 Hz,
H-2’ and H-6'), 6.10 (s, 2H, CH, pival.), 5.29 (d, 1H,
J=5.10Hz, OH), 4.25 (m, 1H, CH), 4.03 (m, 3H,
OCH, and NCH,), 3.86 (m, 1H, OCH,), 3.67 (s, 3H,
OCHj), 1.10 (s, 9H, C(CHj);). Anal. Caled for
C,1HyN4O7: C, 56.49; H, 5.87; N, 12.55. Found: C,
56.62; H, 5.73; N, 12.60.

5.1.16. General procedure for 1-alkyl-7-pivaloyloxymeth-
yl-3-[1-(2-hydroxy-3-phenoxypropyl)]-8-alkyl- or -aryl-
xanthines (14a—e). A solution of xanthines 13a—e
(1 mmol) in dry DMF (6 ml) was treated with K,CO;
(1.05 mmol) and propyl iodide or propargyl chloride
(2 mmol). The reaction mixture was heated at 60—
70 °C for 2 h, then stirred overnight at room tempera-
ture, diluted with 15 ml of water and extracted with
methylene chloride. The combined extracts were washed
with water and brine, dried over Na,SO,4 and evaporat-
ed to dryness.

5.1.16.1. 1-Propargyl-7-pivaloyloxymethyl-3-[1-(2-hy-
droxy-3-phenoxypropyl)|xanthine (14a). Yellow oil (71%).
IR (KBr) v: 3450 (OH), 1730, 1690 and 1670 (CO). 'H
NMR (DMSO-dg) o: 8.29 (s, 1H, H-8), 7.24 (t, 2H,
J=71.75Hz, H-3' and H-5'), 6.91 (d, 2H, J=7.75 Hz,
H-2" and H-6'), 6.85 (t, 1H, J=7.75 Hz, H-4'), 6.14 (s,
2H, CH, pival.), 5.37 (d, 1H, J = 4.90 Hz, OH), 4.59 (m,
2H, N;-CH,), 4.48 (m, 1H, CH), 4.20 (m, 1H, NCH,),
4.10 (m, 2H, OCH, and NCH,), 3.94 (m, 1H, OCH,),
3.09 (m, 1H, =CH), 1.12 (s, 9H, C(CH3);). Anal. Calcd
for C,3H»6N4Og: C, 60.78; H, 5.76; N, 12.33. Found: C,
60.65; H, 5.84; N, 12.22.

5.1.16.2. 1-Propyl-7-pivaloyloxymethyl-3-[1-(2-
hydroxy-3-phenoxypropyl)]-8-cyclopentylxanthine  (14b).
Yellow oil (67%). IR (KBr) v: 3430 (OH), 1730, 1685
and 1660 (CO). '"H NMR (DMSO-ds) &: 7.21 (t, 2H,
J=7.70Hz, H-3' and H-5'), 6.90 (t, 1H, J=7.70 Hz,
H-4"), 6.74 (d, 2H, J=7.70 Hz, H-2" and H-6'), 6.18 (s,
2H, CH, pival.), 5.37 (d, 1H, J=545Hz, OH), 4.29
(m, 1H, CH), 4.12 (m, 2H, NCH,), 3.92 (m, 2H,
OCHy), 3.79 (t, 2H, J=7.15 Hz, N;-CH,), 3.36 (m, 1H,
CH cycl.), 1.91 (m, 2H, CH, cycl.), 1.65 (m, 6H, CH,
cycl.), 1.52 (m, 2H, CH, propyl), 1.09 (s, 9H, C(CHs);),
0.82 (t, 3H, J=7.15Hz, CH; propyl). Anal. Caled for
CsH3sN4Og: C, 63.86; H, 7.27; N, 10.64. Found: C,
64.02; H, 7.13; N, 10.73.

5.1.16.3. 1-Propargyl-7-pivaloyloxymethyl-3-[1-(2-hy-
droxy-3-phenoxypropyl)]-8-(3-methoxystyryl)xanthine
(14c). Orange crystals (75%); mp 62 °C. IR (KBr) v:
3430 (OH), 1715, 1660 and 1635 (CO). 'H NMR
(DMSO-dg) o: 7.67 (d, 1H, J =15.70 Hz, =CH), 7.48-
7.20 (m, 6H, H-2", H-4", H-5", H-6", H-3’ and H-5'),
6.99-6.84 (m, 4H, =CH, H-2', H-4' and H-6'), 6.43 (s,
2H, CH, pival.), 5.35 (d, 1H, J=5.35 Hz, OH), 4.61
(m, 2H, N;-CH,), 4.27 (m, 1H, CH), 4.21 (m, 2H,
NCH,), 4.02 (m, 2H, OCH,), 3.82 (s, 3H, OCH3;), 3.07
(m, 1H, =CH), 1.11 (s, 9H, C(CHj3)3). Anal. Calcd for
C32H34N407Z C, 6551, H, 5.84; N, 9.55. Found: C,
65.43; H, 5.98; N, 9.67.

5.1.164. 1-Propyl-7-pivaloyloxymethyl-3-[1-(2-hy-
droxy-3-phenoxypropyl)]-8-noradamantylxanthine  (14d).
Yellow oil (69%). IR (KBr) v: 3410 (OH), 1735, 1700 and
1675 (CO). '"H NMR (DMSO-dg) &: 7.22 (t, 2H,
J=17.35Hz, H-3' and H-5'), 6.87 (t, 1H, J = 7.35 Hz, H-
4, 6.73 (d, 2H, J = 7.35 Hz, H-2' and H-6), 6.12 (s, 2H,
CH, pival.), 5.36 (sl, 1H, OH), 4.30 (m, 1H, CH), 4.13
(m, 2H, NCH,), 3.93 (m, 2H, OCH,), 3.82 (t, 2H,
J=17.20Hz, CH,), 2.49 (m, 1H, CH nor.), 2.28 (m, 2H,
CH nor.), 1.98 (m, 2H, CH, nor.), 1.76 (m, 4H, CH,
nor.), 1.59 (m, 4H, CH, nor.), 1.54 (sext, 2H,
J=720Hz, CH,), 1.10 (s, 9H, CHj3), 0.85 (t, 3H,
J=1720 HZ, CH3) Anal. Calcd for C32H42N406: C,
66.41; H, 7.31; N, 9.68. Found: C, 66.25; H, 7.48; N, 9.82.

5.1.16.5. 1-Propyl-7-pivaloyloxymethyl-3-{1-
[2-hydroxy-3-(4-methoxyphenoxy)propyl]} xanthine (14e).
Yellow oil (72%). IR (KBr) v: 3440 (OH), 1730, 1680
and 1670 (CO). '"H NMR (DMSO-dg) d: 8.23 (s, 1H,
H-8), 6.82 (d, 2H, J=8.45Hz, H-3’ and H-5'), 6.76
(d, 2H, J=8.45 Hz, H-2' and H-6'), 6.14 (s, 2H, CH,
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pival.), 5.31 (d, 1H, J = 5.20 Hz, OH), 4.15 (m, 1H, CH),
4.07-3.76 (m, 6H, CH,), 3.66 (s, 3H, OCHs), 1.51 (m,
2H, CH,), 1.08 (s, 9H, C(CHs)), 0.80 (t, 3H,
J=1725 HZ, CH3) Anal. Caled for C24H32N407: C,
59.00; H, 6.60; N, 11.47. Found: C, 58.87: H, 6.52: N,
11.63.

5.1.17. General procedure for 1-alkyl-3-[1-(2-hydroxy-3-
phenoxypropyl)]-8-alkyl- or -arylxanthines (3c—g). To
0.8 mmol of xanthine 14a—e dissolved in DMSO (5 ml)
was added 4 N aqueous solution of NaOH (4 ml). The
solution was stirred at 50 °C for 30 min and then stirred
at room temperature for 1 h. Slow dilution with water
and acidification with 2 N aqueous solution of hydro-
chloric acid precipitated the 7H-xanthine. Extraction
with methylene chloride (2x 25 ml), drying of the com-
bined organic phases over Na,SO4 and evaporation of
the solvent gave an oily residue. Crystallization from
diethyl ether gave xanthines 3c—g as white solids.

5.1.17.1. 1-Propargyl-3-[1-(2-hydroxy-3-phenoxy-
propyl)]xanthine (3c). White crystals (24%); mp 197 °C.
IR (KBr) v: 3330 (OH), 3240 (NH), 1690 and 1630
(CO). '"H NMR (DMSO-dy) &: 13.61 (sl, 1H, N;-H),
8.05 (s, 1H, H-8), 7.24 (t, 2H, J=8.00 Hz, H-3’ and
H-5"), 6.89 (t, 1H, J=8.00 Hz, H-4"), 6.85 (d, 2H,
J=8.00 Hz, H-2" and H-6'), 5.33 (m, 1H, OH), 4.59
(m, 1H, N;-CH,), 4.32 (m, 1H, CH), 4.20 (m, 2H,
NCH,), 3.95 (m, 2H, OCH,), 3.09 (m, 1H, =CH). Anal.
Caled for C7HgN4O4: C, 59.99; H, 4.74; N, 16.46.
Found: C, 59.87; H, 4.83; N, 16.32.

5.1.17.2. 1-Propyl-3-[1-(2-hydroxy-3-phenoxypropyl)]-
8-cyclopentylxanthine (3d). White crystals (32%); mp
121 °C. IR EKBr) v: 3420 (OH), 3250 (NH), 1685 and
1645 (CO). 'H NMR (DMSO-dg) o: 13.47 (sl, 1H, N-
H), 7.21 (t, 2H, J=7.50 Hz, H-3' and H-5"), 6.87 (t,
1H, J=7.50 Hz, H-4'), 6.76 (d, 2H, J=7.50 Hz, H-2’
and H-6), 549 (m, 1H, OH), 4.27 (m, 1H, CH), 4.12
(m, 2H, NCH,), 3.92 (m, 2H, OCH,), 3.80 (t, 2H,
J=17.30Hz, N;-CH,), 3.05 (m, 1H, CH cycl.), 1.89
(m, 2H, CH, cycl.), 1.66 (m, 6H, CH, cycl.), 1.47 (m,
2H, CH, propyl), 0.84 (t, 3H, J = 7.30 Hz, CH3). Anal.
Caled for CyHgN4O4: C, 64.06; H, 6.84; N, 13.58.
Found: C, 63.95; H, 6.92; N, 13.61.

5.1.17.3. 1-Propargyl-3-[1-(2-hydroxy-3-phenoxy-
propyl)]-8-(3-methoxystyryl)xanthine (3e). Yellow crys-
tals (20%); mp 148 °C. IR (KBr) v: 3430 (OH), 3240
(NH), 1660 and 1635 (CO). '"H NMR (DMSO-d) &:
13.48 (sl, 1H, N;-H), 7.59 (d, 1H, J = 16.40 Hz, =CH),
7.37-7.16 (m, SH, H-4", H-5", H-6", H-3' and H-5%'),
7.02 (d, 1H, J=16.40 Hz, =CH), 6.99-6.81 (m, 4 H,
H-2", H-2/, H-4’ and H-6’), 5.31 (m, 1H, OH), 4.63
(m, 2H, N;-CH,), 4.40 (m, 1H, CH), 4.29 (m, 1H,
NCH,), 4.19 (m, 1H, NCH,), 4.02 (m, 2H, OCH,),
3.82 (s, 3H, OCH3), 3.07 (m, 1H, =CH). Anal. Calcd
for C,cH»4N4Os: C, 66.09; H, 5.12; N, 11.96. Found:
C, 65.87; H, 5.24; N, 12.09.

5.1.17.4. 1-Propyl-3-[1-(2-hydroxy-3-phenoxypropyl)]-
8-noradamantylxanthine (3f). White crystals (11%); mp
220 °C. IR (KBr) v: 3400 (OH), 3040 (NH), 1695 and

1650 (CO). '"H NMR (DMSO-dg) d: 12.91 (s, 1H, N5-
H), 7.19 (t, 2H, J=7.30 Hz, H-3' and H-5'), 6.86 (t,
1H, J=7.30 Hz, H-4'), 6.73 (d, 2H, J = 7.30 Hz, H-2’
and H-6"), 5.31 (sl, 1H, OH), 4.28 (m, 1H, CH), 4.15
(m, 2H, NCH,), 391 (m, 2H, OCH,), 3.82 (t, 2H,
J=7.10Hz, NCH, prop.), 2.48 (m, 1H, CH nor.),
2.24 (m, 2H, CH nor.), 2.03 (m, 2H, CH, nor.), 1.81
(m, 4H, CH, nor.), 1.56 (m, 6H, CH, nor. and CH,
prop.), 0.83 (t, 3H, J=7.10Hz, CH; prop.). *C
NMR (DMSO-dg) : 160.6 (C-8), 159.2 (C-1"), 154.8
(C-6), 151.9 (C-2), 148.7 (C-4), 130.2 (C-3’ and C-5'),
121.3 (C-4'), 115.0 (C-2' and C-6'), 107.6 (C-5), 71.3
(OCH,), 66.6 (OCH), 49.7 (C-1"), 49.1 (C-2"), 48.9 (C-
2", 47.2 (NCH,), 46.0 (C-5"), 44.0 (C-6"), 42.9 (NCH,
prop.), 37.8 (C-3"), 35.0 (C-4"), 21.7 (CH, prop.), 12.2
(CH; prop.). Anal. Caled for C,H3,N4O4: C, 67.22;
H, 6.94; N, 12.06. Found: C, 67.45; H, 6.73; N, 12.19.

5.1.17.5. 1-Propyl-3-{1-[2-hydroxy-3-(4-methoxyphen-
oxy)propyl]}xanthine (3g). White crystals (21%); mp
131 °C. IR sKBr) v: 3350 (OH), 3250 (NH), 1690 and
1630 (CO). 'H NMR (DMSO-dg) o: 13.50 (sl, 1H, N5-
H), 8.00 (s, 1H, H-8), 6.81 (d, 2H, J=9.00 Hz, H-3'
and H-5"), 6.74 (d, 2H, J=9.00 Hz, H-2' and H-6'),
527 (m, 1H, OH), 4.29 (m, 1H, CH), 4.16-3.81 (m,
6H, CH,), 3.67 (s, 3H, OCH;), 1.53 (sext, 2H,
J =17.30 Hz, CH, prop.), 0.84 (t, 3H, J = 7.30 Hz, CH;
prop.). Anal. Caled for C;gH»»N4Os: C, 57.74; H,
5.92; N, 14.97. Found: C, 57.82; H, 5.79; N, 15.08.

5.1.18. General procedure for 1-alkyl-3-[1-(2-hydroxy-3-
phenoxypropyl)]-7-methyl-8-alkyl- or -arylxanthines
(3h-j). Xanthine 3c—e (0.6 mmol) was dissolved in 5 ml
of DMF, K,CO; (0.9 mmol) and methyl iodide
(9.1 mmol) were added, and the mixture was stirred at
room temperature for 24 h. The product was precipitat-
ed by addition of H,O, collected by filtration, washed
with H,O and extracted with CH,Cl,. The organic layer
was then dried over Na,SO, and evaporated to dryness.
Crystallization from diethyl ether gave xanthines 3h,j.

5.1.18.1. 1-Propargyl-3-[1-(2-hydroxy-3-phenoxypro-
pyl)l-7-methylxanthine (3h). White crystals (43%); mp
62 °C. IR (KBr) v: 3350 (OH), 1700 and 1660 (CO).
"H NMR (DMSO-d,) d: 8.00 (s, 1H, H-8), 7.25 (t, 2H,
J=7.60 Hz, H-3' and H-5'), 6.90 (t, 1H, J=7.60 Hz,
H-4'), 6.82 (d, 2H, J=7.60 Hz, H-2’ and H-6'), 5.34
(d, 1H, J=5.40 Hz, OH), 4.57 (m, 1H, N,-CH,), 4.32
(m, 1H, CH), 4.24 (m, 1H, NCH,), 4.12 (m, 2H,
NCH, and OCH,), 3.93 (m, 1H, OCH,), 3.86 (s, 3H,
N7-CH3), 3.10 (m, 1H, =CH). Anal. Calcd for
CigHigN4Oy4: C, 61.01; H, 5.12; N, 15.81. Found: C,
60.90; H, 5.02; N, 15.93.

5.1.18.2. 1-Propyl-3-[1-(2-hydroxy-3-phenoxypropyl)]-
7-methyl-8-cyclopentylxanthine (3i). Yellow crystals
(65%); mp 45 °C. IR SKBr) v: 3430 (OH), 3040 (NH),
1700 and 1670 (CO). 'H NMR (DMSO-dg) o: 7.26 (t,
2H, J=7.70Hz, H-3' and H-5), 6.88 (t, 1H,
J=17.70 Hz, H-4"), 6.73 (d, 2H, J=7.70 Hz, H-2' and
H-6"), 535 (d, 1H, J=5.45Hz, OH), 425 (m, 1H,
CH), 4.10 (m, 2H, NCH,), 3.90 (m, 2H, OCH,), 3.80
(t, 2H, J=7.20 Hz, N;-CH,), 3.79 (s, 3H, N;-CH,),
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3.19 (m, 1H, CH cycl.), 1.90 (m, 2H, CH, cycl.), 1.58 (m,
6H, CH, cycl.), 1.51 (m, 2H, CH, prop.), 0.84 (t, 3H,
J =7.20 Hz, CH; prop.). Anal. Calcd for C,3H39N4Oy4:
C, 64.77; H, 7.09; N, 13.14. Found: C, 64.50; H, 7.22;
N, 13.33.

5.1.18.3. 1-Propargyl-3-[1-(2-hydroxy-3-phenoxy-
propyl)]-7-methyl-8-(3-methoxystyryl)xanthine (3j). Pale-
yellow crystals (76%); mp 76 °C. IR (KBr) v: 3440 (OH),
1680 and 1655 (CO). '"H NMR (DMSO-d;) d: 7.58 (d,
1H, J = 15.50 Hz, =CH), 7.35-7.21 (m, 6H, H-2", H-4",
H-5", H-6", H-3’ and H-5), 6.97-6.85 (m, 4H, =CH, H-
2’, H-4’ and H-6'), 5.35 (d, 1H, J = 5.40 Hz, OH), 4.61
(m, 2H, N;-CH,), 4.38 (m, 1H, CH), 4.29 (m, 1H,
NCH,), 4.17 (m, 1H, NCH,), 4.06 (s, 3H, N;,-CH3), 4.03
(m, 2H, OCH,), 3.83 (s, 3H, OCHj3;), 3.09 (m, 1H,
=CH). Anal. Calcd for C,;H,sN4Os: C, 66.66; H, 5.38;
N, 11.52. Found: C, 66.53; H, 5.44; N, 11.63.

5.1.19. 7-Amino-2-phenoxymethyl-5 H-oxazolo[3,2-al-
pyrimidine-5-one (15). To a solution of ethyl 3-amino-
ethoxyacrylate (26 mmol) in ethanol (100 ml) was added
at room temperature the 2-amino-2-oxazoline 5a, and
the mixture was stirred at reflux for 8 h. After filtration,
ethanol was removed by distillation and the mixture was
triturated in a minimum of warm ethanol. The resulting
precipitate was collected by filtration, washed with eth-
anol then petroleum ether and dried. White crystals
(31%); mp 188 °C. IR (KBr) v: 3470-3210 (NH,), 1680
(CO), 1640 (C=N). 'H NMR (DMSO-dg) J: 7.28 (t,
2H, J=6.05Hz, H-3' and H-5), 694 (t, 1H,
J=6.05Hz, H-4'), 6.92 (d, 2H, J=6.05 Hz, H-2’ and
H-6"), 6.50 (s, 2H, NH;), 5.26 (m, 1H, H-2), 4.73 (s,
1H, H-6), 4.28 (m, 2H, OCH,), 4.14 (dd, 1H, J=10.70
and 9.45 Hz, H-3a), 3.85 (dd, 1H, J=10.70 et 6.75 Hz,
H-3b). 3C NMR (DMSO-dg) §: 165.6 (C-5), 161.0 (C-
1), 159.9 (C-8a), 158.4 (C-7), 130.1 (C-3' and C-5'),
121.7 (C-4"), 115.1 (C-2" and C-6'), 78.8 (C-6), 77.0
(OCH,), 68.4 (C-2), 439 (C-3). Anal. Calcd for
C13H13N303Z C, 6022, H, 505, N, 16.21. Found: C,
60.37; H, 4.92; N, 16.34.

5.1.20. 5-Amino-6-nitroso-2-phenoxymethyl-5 H-oxa-
zolo|[3,2-a]lpyrimidine-5-one  (16).  Sodium  nitrite
(43.5 mmol) in acetic acid (12 ml) was added with stirring
to compound 15 (14.5 mmol) in water (100 ml). The reac-
tion mixture was stirred 1 h at room temperature and then
heated at 60 °C for 30 min. The precipitate was separated
by filtration, washed with water and dried in air to give
oxazolopyrimidinone 16. Blue crystals (96%); mp
229 °C. IR (KBr) v: 3470 (NH,), 1670 (CO). '"H NMR
(DMSO-dg) d: 11.36 (sl, 1H, NH,), 9.17 (sl, 1H, NH,),
7.29 (t, 2H, J=7.75 Hz, H-3' and H-5'), 6.96 (m, 3H,
H-2’, H-4’ and H-6), 5.48 (m, 1H, CH), 4.38 (m, 2H,
OCH,), 4.34 (m, 1H, NCH,), 4.08 (dd, 1H, J =10.00,
J =6.55 Hz, NCH,). Anal. Calcd for Ci3H{2N4O4: C,
54.17; H, 4.19; N, 19.44. Found: C, 54.23; H, 4.01; N,
19.18.

5.1.21. 6-Amino-5-nitroso-3-(2-hydroxy-3-phenoxy-
propyluracil (17). To a solution of sodium (20 mmol)
in dry ethanol (100 ml) was added 16 (10 mmol). The
resulting solution was refluxed for 5 min. The solvent

was then removed in vacuo. The solid residue was solu-
bilized in water and the obtained solution was acidified
until pH = 5-6 with a diluted aqueous solution of HCI.
The precipitate was collected by filtration, washed with
ethanol then petroleum ether and then dried. Orange
crystals (71%); mp 245°C. IR (KBr) v: 3380 (NH),
3320 (OH), 3200 (NH,), 1740 and 1695 (CO). 'H
NMR (DMSO-dg) 6: 11.45 (m, 2H, NH and NH,),
8.01 (sl, 1H, NH,), 7.25 (t, 2H, J=7.75 Hz, H-3’ and
H-5%), 6.88 (t, 1H, J=7.75Hz, H-4'), 6.86 (d, 2H,
J=7.75Hz, H-2" and H-6'), 5.27 (m, 1H, OH), 4.19
(m, 1H, CH), 4.05 (m, 1H, CH,), 3.94 (m, 3H, CH,).
Anal. Caled for C;3sH4N4Os: C, 50.98; H, 4.61; N,
18.29. Found: C, 50.79; H, 4.72; N, 18.34.

5.1.22. 5,6-Diamino-3-(2-hydroxy-3-phenoxypropyl)-
uracil (18). To a suspension of the nitroso compound
17 (5 mmol) in 25 ml of boiling water, sodium dithionite
(15 mmol) was added in small portions until the blue
colour disappeared. After refluxing for 45 min, the reac-
tion mixture was filtered and cooled at 0 °C. The oily
residue which separated was extracted with hot ethanol.
The solvent was then evaporated to yield 18 as yellow
crystals. Yellow crystals (39%); mp 119 °C. IR (KBr)
v: 1700 and 1635 (CO). '"H NMR (DMSO-d;) d: 10.52
(sl, 1H, NH), 7.24 (t, 2H, J = 7.65 Hz, H-3’ and H-5'),
690 (t, 1H, J=7.65Hz, H-4), 6.83 (d, 2H,
J=7.65Hz, H-2" and H-6'), 5.65, (s, 2H, NH,), 5.16
(d, 1H, J=5.40 Hz, OH), 4.06 (m, 1H, CH), 3.92 (m,
1H, NCH,), 3.83 (m, 3H, NCH, and OCH,), 3.23 (sl,
2H, NHz) Anal. Calcd for C13H16N4O4: C, 5342, H,
5.52; N, 19.17. Found: C, 53.67; H, 5.43; N, 19.31.

5.1.23. General procedure for 6-amino-5-arylideneamino-
3-(2-hydroxy-3-phenoxypropyl)uracils (19a,b). A mixture
of arylaldehyde (3.10 mmol), 5,6-diaminouracil 18
(2.7 mmol) and 0.10 ml of acetic acid was refluxed for
4h in 15 ml of ethanol. Upon cooling of the mixture,
the precipitate was filtered and washed with ethanol
then diethyl ether to give the imine 19a,b as a pale yellow
solid, which was used directly in the next step.

5.1.23.1. 6-Amino-5-benzylideneamino-3-(2-hydroxy-
3-phenoxypropyl)uracil (19a). Yellow crystals (41%); mp
162 °C. IR (KBr) v: 3345 (NH,), 1685 and 1625 (CO).
"H NMR (DMSO-d;) 6: 10.81 (s, 1H, NH), 9.64 (s, 1H,
N=CH), 7.85 (d, 2H, J = 6.85 Hz, H-2" and H-6"), 7.35
(m, 3H, H-3", H-4"” and H-5"), 7.24 (t, 2H, J = 7.90 Hz,
H-3’ and H-5'), 6.89 (t, 1H, J =7.90 Hz, H-4'), 6.85 (d,
2H, J=7.90 Hz, H-2’" and H-6'), 6.66 (sl, 2H, NH,),
5.17 (d, 1H, J = 5.45 Hz, OH), 4.13 (m, 1H, CH), 3.99
(m, 1H, NCH,), 3.86 (m, 3H, NCH, and OCH,). '*C
NMR (DMSO-dg) o: 158.8 (C-4), 158.6 (C-1"), 152.1 (C-
6), 149.5 (C-2), 149.1 (N=CH), 139.4 (C-1"), 129.5 (C-3’
and C-5'), 129.1 (C-4"), 128.5 (C-3" and C-5"), 127.2 (C-
2" and C-6"), 120.5 (C-4'), 114.4 (C-2' and C-6'), 98.4
(C-5),70.9 (OCH,), 66.3 (CH), 42.6 (NCH,). Anal. Calcd
for C,0H,oN4O4: C, 63.15; H, 5.30; N, 14.73. Found: C,
63.26; H, 5.21; N, 14.88.

5.1.23.2. 6-Amino-5-(4-hydroxybenzylideneamino)-3-
(2-hydroxy-3-phenoxypropyl)uracil (19b). Orange crys-
tals (92%); mp 87°C. IR (KBr) v: 1675 and 1630
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(CO). "H NMR (DMSO-d) 6: 10.74 (s, 1H, NH), 9.68
(sl, 1H, OH), 9.55 (s, 1H, N=CH), 7.76 (d, 2H,
J=28.45Hz, H-2" and H-6"), 7.26 (t, 2H, J=7.70 Hz,
H-3' and H-5), 6.93 (m, 3H, H-3", H-5" and H-4'),
6.78 (d, 2H, J=17.70 Hz, H-2’, and H-6"), 6.51 (sl, 2H,
NH,), 5.12 (sl, 1H, OH), 4.14 (m, 1H, CH), 3.98 (m,
1H, NCH,), 3.90 (m, 3H, NCH, and OCH,). Anal.
Caled for Cy0H,0N4Os: C, 60.60; H, 5.08; N, 14.13.
Found: C, 60.73; H, 5.01; N, 14.18.

5.1.24. 6-Amino-5-cyclopentylcarboxamido-3-
(2-hydroxy-3-phenoxypropyl)uracil (20). A suspension
of 2.4 mmol of 18 in 12 ml of dry pyridine was cooled
to 0 °C, and acid chloride (2.76 mmol) was added drop-
wise with stirring. The mixture was stirred overnight and
then evaporated to dryness. The residue was treated
with water, collected by filtration and dried to yield
20. Yellow crystals (23%); mp 259 °C. IR (KBr) v:
1675, 1660 and 1645 (CO). '"H NMR (DMSO-d;) &:
10.42 (s, 1H, N;-H), 8.28 (s, 1H, CONH), 7.25 (m,
2H, H-3’ and H-5'), 6.87 (m, 3H, H-2’, H-4' and H-
6'), 5.84 (sl, 2H, NH,), 5.14 (sl, 1H, OH), 4.05 (m, 1H,
CH), 3.82 (m, 4H, NCH, and OCH,), 2.73 (m, 1H,
CH cycl), 1.59 (m, 8H, CH, cycl). 3C NMR
(DMSO-dg) d: 1759 (CO amide), 161.0 (C-1'), 158.6
(C-6), 150.2 (C-2), 150.0 (C-4), 129.5 (C-3’ and C-5'),
120.5 (C-4"), 114.4 (C-2’ and C-6'), 87.6 (C-5), 70.8
(OCH,), 66.6 (OCH), 44.0 (NCH,), 42.9 (CH cycl.),
30.0 (CH, cycl.), 25.8 (CH, cycl.) Anal. Calcd for
CoH24N4Os: C, 58.75; H, 6.23; N, 14.43. Found: C,
58.92; H, 6.17; N, 14.33.

5.1.25. 1-[1-(2-Hydroxy-3-phenoxypropyl)|xanthine (4a).
A solution of 18 (1.7 mmol) in HC(OEt); (3 ml) and DMF
(five drops) was refluxed for 4 h. The solvent was then re-
moved under reduced pressure. The solid residue was trit-
urated in Et,O, filtered and the filtrate evaporated to
dryness. The solid was triturated in ethanol, collected by
filtration, washed with ethanol and dried to give 4a.
Pale-yellow crystals (6%); mp 264 °C. IR (KBr) v: 3350
(OH), 3170 and 3015 (NH), 1680 and 1660 (CO). 'H
NMR (DMSO-dg) 6: 13.35 (s, 1H, N;-H), 11.81 (sl, 1H,
Ns-H), 7.93 (s, 1H, H-8), 7.23 (t, 2H, J = 7.70 Hz, H-3’
and H-5'), 6.88 (t, 1H, J=7.70 Hz, H-4'), 6.80 (d, 2H,
J=7.70 Hz, H-2" and H-6'), 5.18 (d, 1H, J=5.65 Hz,
OH), 4.15 (m, 1H, CH), 4.05 (m, 1H, NCH,), 3.92 (m,
3H, NCH, and OCH,). '*C NMR (DMSO-dg) J: 158.5
(C-1"), 155.3 (C-6), 151.3 (C-2), 147.1 (C-4), 140.6 (C-8),
129.3 (C-3’ and C-5'), 120.4 (C-4’), 114.3 (C-2' and C-
6'), 106.4 (C-5), 70.8 (OCH,), 66.0 (CH), 43.2 (NCH,).
Anal. Caled for C;4H[4N4O4: C, 55.62; H, 4.67; N,
18.53. Found: C, 55.43; H, 4.71; N, 18.68.

5.1.26. General procedure for 1-[1-(2-hydroxy-3-phenoxy-
propyl)]-8-phenylxanthines (4b,c). The imine 19a.b
(1.2 mmol) was heated in 10 ml of glyme. As the mixture
began to reflux, the imine dissolved. Diethylazodicarb-
oxylate (DEAD) (2.4 mmol) was added through the con-
denser. Within 10 min a white solid was formed. After
an additional 45 min, the reaction mixture was filtered,
and the precipitate was washed with ethanol and diethyl
ether to give 4b,c.

5.1.26.1. 1-[1-(2-Hydroxy-3-phenoxypropyl)]-8-
phenylxanthine (4b). Orange (71%); mp 334°C. IR
(KBr) v: 3405 (OH), 3350 and 3030 (NH), 1710 and
1630 (CO). '"H NMR (DMSO-de) : 13.65 (s, 1H, N;-
H), 11.92 (s, 1H, Ns-H), 8.08 (d, 2H, J = 6.30 Hz, H-
2" and H-6"), 7.49 (t, 1H, =6.30 Hz, H-4"), 7.45 (t,
2H, J=630Hz, H-3" and H-5"), 7.22 (t, 2H,
J=17.65Hz, H-3' and H-5'), 6.88 (t, 1H, J=7.65Hz,
H-4'), 6.82 (d, 2H, J=7.65Hz, H-2’ and H-6'), 5.22
(d, 1H, J=5.45Hz, OH), 4.20 (m, 1H, CH), 4.06 (m,
1H, NCH,), 3.94 (m, 3H, NCH, and OCH,). 3C
NMR (DMSO-dg) 0: 158.6 (C-1'), 155.2 (C-6), 151.4
(C-2), 149.9 (C-8), 147.8 (C-4), 130.2 (C-1"), 129.4 (C-
3’ and C-5'), 129.0 (C-3” and C-5"), 126.3 (C-2" and
C-6"), 120.3 (C-4"), 120.5 (C-4'), 114.4 (C-2’' and C-6'),
107.8 (C-5), 70.8 (OCH,), 66.1 (CH), 43.3 (NCH,).
Anal. Calcd for C,0HgN4O4: C, 63.48; H, 4.79; N,
14.81. Found: C, 64.62; H, 4.72; N, 14.88.

5.1.26.2. 1-[1-(2-Hydroxy-3-phenoxypropyl)]-8-(4-
hydroxyphenyl)xanthine (4c). Yellow crystals (42%); mp
306 °C. IR (KBr) v: 3410 (OH), 3220 and 3045 (NH),
1690 and 1650 (CO). '"H NMR (DMSO-dy) d: 13.27 (sl,
1H, N;-H), 11.75 (s, 1H, N5-H), 10.05 (s, 1H, OH ar),
7.93 (d, 2H, J=17.65 Hz, H-2" and H-6"), 7.24 (t, 2H,
J=7.00 Hz, H-3’ and H-5"), 6.85 (m, 5H, H-3", H-5",
H-2’, H-4’ and H-6'), 5.18 (m, 1H, OH), 4.20 (m, 1H,
CH), 4.09 (m, 1H, NCH,), 3.99 (m, 3H, NCH, and
OCHz) Anal. Calcd for C20H18N4052 C, 6091, H, 460,
N, 14.21. Found: C, 60.77; H, 4.73; N, 14.08.

5.1.27. 1-[1-(2-Hydroxy-3-phenoxypropyl)]-8-cyclopentyl-
xanthine (4d). A suspension of 20 (0.6 mmol) in 6 ml of
a CH3;ONa solution in methanol (18 mmol of Na) was
prepared and refluxed for 10 h. After evaporation of
the solvent, the residue was dissolved in water and
acidified with diluted hydrochloric acid until pH = 2.
The formed precipitate was then filtered, washed with
water and ethanol and dried to give 4d. White crystals
(47%); mp 308 °C. IR (KBr) v: 3420 (OH), 3250 and
3015 (NH), 1690 et 1660 (CO). '"H NMR (DMSO-
dg) 0: 12.92 (sl, 1H, N;-H), 11.70 (sl, 1H, N3-H),
7.21 (t, 2H, J=7.65Hz, H-3' and H-5), 6.87 (t,
1H, J=7.65Hz, H4'), 6.78 (d, 2H, J=7.65Hz, H-
2’ and H-6'), 5.16 (d, 1H, J=5.55Hz, OH), 4.15
(m, 1H, CH), 398 (m, 1H, NCH,), 391 (m, 3H,
NCH, and OCH;), 3.06 (m, 1H, CH cycl.), 1.97 (m,
2H, CH; cycl.), 1.65 (m, 6H, CH, cycl.). Anal. Calcd
for C;oH»»N4O4: C, 61.61; H, 5.99; N, 15.13. Found:
C, 61.53; H, 6.06; N, 15.28.

5.1.28. General procedure for 3,7-dimethyl-3-[1-(2-hy-
droxy-3-phenoxypropyl)|-8-phenylxanthines (4e,f).
Xanthines 4b,c (0.9 mmol) were dissolved in 6 ml
DMF, K,CO; (3 mmol) and methyl iodide (27 mmol)
were added and the mixture was heated at 60 °C for
2h and then allowed at room temperature overnight.
The product was precipitated by addition of H,O col-
lected by filtration, washed with H,O and extracted
with CH,Cl,. The organic layer was then dried over
Na,SO, and evaporated to dryness to give xanthines
4e f.
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5.1.28.1. 3,7-Dimethyl-1-[1-(2-hydroxy-3-phenoxypro-
pyD)]-8-phenylxanthine (4e). Yellow crystals (52%); mp
157 °C. IR (KBr) v: 3430 (OH), 1715 (CO). '"H NMR
(DMSO-dg) 6: 7.78 (m, 2H, H-2" and H-6"), 7.55 (m,
3H, H-3", H-4" and H-5"), 7.22 (t, 2H, J = 7.65 Hz, H-
3’ and H-%'), 6.87 (t, 1H, J =7.65 Hz, H-4'), 6.77 (d,
2H, J=7.65Hz, H-2’ and H-6'), 522 (d, 1H,
J=545Hz, OH), 4.17 (m, 1H, CH), 4.07 (m, 1H,
NCH,), 3.98 (m, 3H, NCH, and OCH,), 3.92 (s, 3H,
N,-CHj3), 3.41 (s, 3H, N3;-CHj3). Anal. Calcd for
CoHN4O4: C, 65.01; H, 545; N, 13.78. Found: C,
64.93; H, 5.54; N, 13.62.

5.1.28.2. 3,7-Dimethyl-1-[1-(2-hydroxy-3-phenoxy-
propyl)]-8-(4-methoxyphenyl)xanthine (4f). Yellow crys-
tals (53%); mp 138 °C. IR (KBr) v: 3450 (OH), 1685
and 1655 (CO). '"H NMR (DMSO-d) d: 7.75 (d, 2H,
J =8.70 Hz, H-2" and H-6"), 7.24 (t, 2H, J=7.70 Hz,
H-3’ and H-5'), 7.11 (d, 2F, J=8.70 Hz, H-3’ and H-
5, 690 (t, 1H, J=7.70 HZ', H-4'), 6.82 (d, 2H,
J=7.0Hz, H-2" and H-6'), 5.18 (d, 1H, J=5.40 Hz,
OH), 4.19 (m, 1H, CH), 4.09 (m, 1H, NCH,), 3.99 (m,
3H, NCH, and OCH,), 3.93 (s, 3H, N;-CH3), 3.85 (s,
3H, OCH,), 3.43 (s, 3H, N;-CH;). °C NMR (DMSO-
dg) 0: 160.7 (C-4"), 158.5 (C-1"), 154.8 (C-6), 151.3 (C-
2), 151.1 (C-8), 147.8 (C-4), 130.7 (C-3” and C-5"),
129.4 (C-3’ and C-5'), 120.6 (C-4"), 120.5 (C-1"), 114.4
(C-2" and C-6'), 114.3 (C-2" and C-6"), 107.7 (C-5),
70.9 (OCH,), 66.0 (CH), 55.4 (OCHs;), 43.9 (NCH,),
33.6 (N;-CHj3), 294 (N;-CH;3). Anal. Caled for
C23H24N4051 C, 6329, H, 554, N, 12.84. Found: C,
63.45; H, 5.48; N, 12.93.

5.2. X-ray crystallography

Colourless single crystals were obtained from a chloro-
form-methanol (80:20) solution of 2¢ or 4f. Diffraction
data were collected using an Enraf-Nonius CAD-4 dif-
fractometer. An empirical absorption correction was ap-
plied. The data were also corrected for Lorentz and
polarization effect. The program PLATON**47 was used
for analysis and drawing figures. The positions of non-H
atoms were easily determined by the program SHEL-
XS86* and the positions of the H atoms were deduced
from coordinates of the non-H atoms and confirmed by
Fourier synthesis. The non-H atoms were refined with
anisotropic temperature parameters. H atoms were
included for structure factor calculations but not re-
fined. Full crystallographic results have been deposited
at the Cambridge Crystallographic Data Centre
(CCDC-262106 and CCDC-262107), UK, as supple-
mentary material.*

5.3. Adenosine binding assays

Radioligand binding assays were performed as previously
described using rat brain cortical membrane preparations
for adenosine A; receptor assays and rat brain striatal
membrane preparations for adenosine A, receptor as-
says.’%% Frozen rat brains (unstripped) obtained from
Pel Freez®, Rogers (Arkansas, USA), were thawed and
the striata were dissected. For assays at human adenosine
Aj receptors, Chinese hamster ovary (CHO) cell mem-

branes expressing the human adenosine Aj; receptor were
used as described.>%-53-55 [°PH]2-Chloro-N°-cyclopentylad-
enosine (PH]JCCPA) was used as the A, radioligand,
[*H]3-(3-hydroxypropyl)-7-methyl-8-(m-methoxystyryl)-
l-prog)argylxanthine (PHIMSX-2) as the A,a ligand*!
and ["H]2-phenyl-8-ethyl-4-methyl-(8 R)-4,5,7,8-tetrahy-
dro-1H-imidazo[2,1-i]purine-5-one (["H]PSB-11) as the
adenosine Aj receptor radioligand.*>** Initially, a single
high concentration of compound (10 uM at A;, A, and
Aj receptors) was tested in three (A; and A,4) or two
(A3) independent experiments. For potent compounds,
which showed greater than 50% inhibition of radioligand
binding at the test concentration, curves were determined
at the adenosine A and A, receptors using 6-7 different
concentrations of test compounds spanning 3 orders of
magnitude. At least three separate experiments were per-
formed each in triplicate. Data were analyzed using
GraphPad Prism™, version 3.0 (GraphPad, San Diego,
CA, USA). For non-linear regression analysis, the
Cheng—Prusoff equation and Kp values of 0.5nM (rat
A;) and 0.61 nM (human A,;) for PH]JCCPA, 8.0 nM
(rat A,A) and 7.3 nM (human A,,) for [PHIMSX-2 and
4.9 nM for [*H]PSB-11 were used to calculate K; values
from ICsq values.
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