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8-Substituted purine derivatives: a new class of lipid-lowering agents
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Summary — A series of purine derivatives have been prepared and their in vivo abilities to lower plasma total cholesterol and
triglyceride levels, and to elevate high density lipoprotein (HDL) cholesterol levels in hyperlipemic rats have been tested. Some
compounds, among which 8-{2-(R)-hydroxy-3-[(p-isobutoxycarbonyl)phenoxy]propylthio}adenosine 31, 8-{3-[(p-isobutoxy-
carbonyl)phenoxy]-2-oxopropylthio} adenosine 33 and 8-{3-[(p-isobutoxycarbonyl)phenoxy]-2-hydrazonecarboxamidepropylthio}
adenosine 36 appear to be the most interesting, have been found to have both the desired profile of activity and no hepatotoxicity,
when administered po at 50, 100 or 300 mg/kg. Compounds 31, 33 and 36, orally tested at the same doses in the 15-d test, lower
triglyceride and VLDL/LDL (very low density lipoprotein/iow density lipoprotein) cholesterol levels by 10-33% and 13-46%, respec-
tively, and increase HDL-associated cholesterol levels by 10-32%. These molecules have been chosen for further pharmacological and
toxicological evaluations.

adenosine / purine / cholesterol / triglyceride / hypolipemic agent

Introduction

Recent epidemiological studies have identified hyper-
lipidemia, in particular that associated with increased
plasma concentrations of low density lipoproteins
(LDL) and very low density lipoproteins (VLDL), as a
risk factor for coronary heart disease [1-6] and
premature atherosclerosis [7, 8]. The same study and
others [9-13] also revealed a negative correlation
between plasma concentration of high density lipo-
proteins (HDL) and risk of coronary heart disease. On
the basis of these findings, the search for new drugs
has been aimed at agents that can correct such dys-
lipidemic conditions without causing hepatic toxicity,
the most serious drawback of many hypolipemics
[14].

In the literature 9-substituted adenine [15-18] and
adenosine derivatives, such as phenyl isopropyl
adenosine (PIA) [19, 20] and others [21-23], are
reported to have hypolipemic activity mainly by inter-
fering with the lipolytic processes triggered by speci-
fic adenosine receptors. Adenosines bearing sub-
stituents at positions 2 and N6 have a high affinity for
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both A, and A, adenosine receptors [24]. Since these
receptors are widely distributed, lack of selectivity
may lead to important side effects mainly on the
cardiovascular and central nervous systems. It is also
known [25] that 8-substituted adenosines generally
show a lower affinity for adenosine receptors. If this is
true, an adenosine bearing a side chain that induces
hypolipemic activity at the 8-position would represent
a potentially useful drug. This prompted us to think of
8-substituted purines as safe hypolipemics. A series of
8-substituted adenosines, characterized by a phenoxy-
alkylthioethereal chain (table I) were prepared. This
modification provided hypolipemic molecules that
were effective in raising HDL cholesterol [26, 27], to
our knowledge a feature that is never present in other
hypolipemic purines. The present work deals with this
series of compounds, the most interesting of which are
shown in figure 1.

Chemistry

Table I lists all the molecules synthesized and their
physical characteristics. Two general synthetic
methods were used to obtain most of the compounds
(1-17, 19-25, 28-32, schemes 1, 2).



Table I. Physical properties of derivatives HET-X-CH,- Y-CH,-O-Ar.

Entry Het X Y Ar synth.  mp  purif vyied  molecular Anal®
method  (°C) method (%) formula
1 8-adenosyl s ®Scuon phenyl 1 10010 «C) 64 CH.NOS CHNS
2 " S " 4-ethoxycarbonylphenyl 1 156-158  1(A) 56 C22H27N 5085 CHN,S
3 " S " 2-cthoxycarbonylphenyl 1 95-100  c(B) 33 C22H27N SOSS CHN,S
4 " S " 3-ethoxycarbonylphenyl 1 98100 oB) 6 CpH,.NOS CHNS
5 " S " 4-isobutoxycarborrylphenyt 1 164166 (&) 52 CpHyN,OS CHNS
6" " s " 4-carboxyphenyl 1 183-190  r(A) 61 C20H23N sOSS CHN,S
7 " S " 4-aminocarbonylpheny! 1 175-178  ¢(B) 32 020}{2 4N607S CHN,S
8 " s " 4-N,N-diethylami rbonylph 1 107-110  ¢(B) 53 C2 4“32N607S CHN,S
9 " S " 4-chlorophenyl 1 162-166  r(A) 59 Cl 9H22C]N5065 CHNS,Cl
10 " s " 4-dodecyloxycarbonylphenyl 1 163164 A) 63 C,HNOS CHNS
1 " S " 4-(2,3-dihydroxy)prop rbonylph 1 132-136 r(A) 52 C23H29N50] OS CHN,S
12 " S " 4-(2 lami! h rbonylph 1 124-126 (D) 42 C2 4}{30}16095 CHNS
13 " S " 4~(2,6~dimethoxy)ethoxycarbonylp 1 102-107  ¢(B) 48 C2 4’1-13 leows CHN,S
14 " S " 2-chloro-4-ethoxycarbonylpl 1 174-175  r(A) 60 szl-lz 6C1N5085 CHN,S,Cl
15 " S " 2-(5-ethoxycarbonyl)-pyridyl 1 amorph.  r(C) 45 CZ] 6N608s CHN,S
16 8-adenyl S " 4-ethoxycarbonylphenyl 1 200201 @ 50 CHNOS CHNS
17 8-guanosyl S " " 1 132-138 - 4 CyH,NOS CHNS
18 8-inosyl S " " amorph.  r(L) 52 szHz 6N 4095 CHN,S
19 8-theophyliyl S . 4-isobutoxycarbonylphenyl 1 4142 fE) 63 C,H,NOS CHNS
20 7-methoxymethyl-8-theophyltyl S " " 1 101-103 (F) 74 C 23H3 ON 4O7S CHN.S
21 §-caffeyl S " " 1 126-128  (F) 80 C22H28N 4065 CHN,S
22 2 ,3-O-isopropyliden-8-adenosyl S " “ 1 75-77 <«(G) 75 C27}-13 5N 5088 CHN,S
23 5-0-3,4,5-(OMe);benzoyl-8-adenosyl S " 4-ethoxycarbonylphenyl 1 83-86 - 66 C 3 2]-13 7N 501 2S CHN,S
24 5'-Q-isobutanoyl-8-adenosyt S N " 1 74-76 r(H) 70 C 2 6H3 3N 5095 CHN,S
25 2',3',5'-tri-O-acetyl-8-adenosyl S " " 1 66-70 <(J) 55 C28H3 3N 50l lS CHNS
26 8-adenosyl SO " 4-isobutoxycarbonylphenyl 174-175  o(E) 50 C 2 4}{3 1N 5095 CHN,S
27 “ SO2 " " 129-131 () 20 C2 4H3 leol 0S CHN,S
28 . S — N 2 126-129  r(A) 47 C2 3H29N 5078 CHN,S
29 " S CH2 " 2 174-175  n(A) 7 C 2 4H3 1N 5075 CHN,S
30 " S (CHZ)3 . 2 140-143  (N) 35 C 2 6H3 5N s075 CHN,S
31 " S (R)CH(OH) " 1 166-167  r(A) 67 C2 4H3 lN 5OBS CHN,S
R " s ®cuom " I 166168 cB) 74 C,H;NOS CHNS
33 " S Cco " 162-164  r(0) 85 C2 4l«lng 5085 CHN,S
34 " S C(NOH) " 156-160  r(P) 9% C2 4]-13 ON 6088 CHN,S
35 " S C(NOMe) " 104-106 M) 72 C2 5]-13 2N 6085 CHN,S
36 " S C(NNHCONHI) " 183-186 n(A) 88 C2 51-1321‘!8088 CHNS

1 = recrystallization; ¢ = chromatography (silica gel); f = flash chromatography (silica gel); A = EtOH; B = EtOAc/EtOH 9:1;

C = Et,O; D = EtOAc/EtOH 3:1; E = CH,Cl,/MeOH 97:3; F = CH;COCH3/n-C¢Hy, 1:1; G = CH,Cl,/EtOAc/MeOH 50:45:5

>

H = EtOH/H,0 1:1; J = EtOAc; L = i-C;H,OH/Et,O 1:3; M = »-C;H,(/EtOH 10:1; N = n-C¢H,; O = Et,0O/n-C¢H,, 1:1;
P = CH;COCH;/n-C;H4 1:1; 2Analytical results are within  0.4% of the theoretical values unless otherwise noted.
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Fig 1. Structure of compounds 31 (X: (R)OH), 33 (X: =0)
and 36 (X: =NNHCONH,).

Method 1 (scheme 1) involved the reaction of
8-mercaptopurines with epoxides in refluxing ethanol,
under 2,6-lutidine catalysis, to give compounds 1-17,
19-21, 22-25, 31, and 32. The epoxides were
obtained by reacting epichlorohydrin with appropri-
ately substituted phenols in the presence of K,CO; in
refluxing methylethylketone. The substituted phenols
were synthesized by esterifying the corresponding
hydroxybenzoic acids by standard methods.

Method 2 (scheme 2), reaction of 8-mercapto-
adenosine with appropriate bromides, performed with
sodium isobutoxide in isobutanol, was exploited for
the preparation of compounds 28, 29, and 30. The
bromides were obtained by reacting appropriately
substituted phenols (see above) with commercially

NH,

q/“_@)‘ "45:"\ s Ao "
A L ~3

1-15 R=ribose

16 R=H

22-25 R=protected ribose
R; see Table |

A< o
o v7/\o—<:>—coo
Qs [ "L ~<
£-3 O—@—COO
kul N\>_SH ) |§N N oH
HO- o HO: O,
17
HO OH HO OH
o T‘
Moy )‘IN
N
I s o—@—coo—/<
QJ\'I‘ "/>— /\Q
Me
o R 7 C) co0—< 18 R,=H
|

Mo

L :

20 R,=CH,OMe

o
Me A M-\" N\ . —/<
OJ\':I ?>—s/§:"\ —@—coo

21 R=Me

Scheme 1. Reagents (a) 2,6-lutidine, EtOH and reflux.
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Scheme 2. Reagents (a) i-BuOH and i-BuONa.

available o,£2-dibromoalkanes in DMF/K,CO,. Start-
ing from adenosine, 8-mercaptoadenosine was readily
prepared in 70% overall yield by an improved 2-step
procedure through bromination according to the
method of lkehara [28], followed by reaction with
sodium hydrogen sulfide. Compound 16 was prepared
from 8-mercaptoadenine, obtained from 4,5,6-tri-
aminopyrimidine and thiourea [29]. Compounds 17,
20 and 21 were synthesized from the 8-mercapto
derivatives obtained from guanosine, theophylline and
caffeine by bromination (in the case of 20 the bromo
derivative was alkylated with chloromethylmethyl-
ether in phase-transfer catalysis conditions) and
substitution with hydrogen sulfide in pyridine.
Analogue 19 was prepared from 8-mercaptotheophyl-
line, obtained from 5,6-diaminouracil and thiourea
[30]. The 2 diastereoisomers of 5 (31 and 32) were
prepared, in about 55% overall yield, from com-
mercially available S(+) or R(-)glycidyltosylates by
reaction with isobutyl-p-hydroxybenzoate in the
presence of NaH/DMF and condensation with
8-mercaptoadenosine.

The ribose-modified derivative 22 was prepared
directly from § upon treatment of 8-mercaptoadeno-
sine with acetone/p-toluenesulfonic acid. Monoesters
23 and 24 were obtained by acylation of 2',3'-aceto-
nide-8-mercaptoadenosine, followed by acid-cata-
lyzed selective removal of the protection. Compound
25 was synthesized from tri-O-acetyl-8-mercapto-
adenosine.

All the other products (18, 26, 27, 34-36)
were prepared by direct modification of available
starting materials (schemes 3, 4), except for 33,
which was prepared by a separate synthetic method
(scheme 4).

Results and discussion

As a preliminary screening of the hypolipemic effi-
cacy, compounds were orally administered in a 5-d
test at the single dose of 100 mg/kg to hyperlipemic
male rats and activity parameters were evaluated 2 h
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Scheme 4. Reagents (a) 2,6-lutidine, EtOH; (b) NH,OH.
HCl, i-BuOH; (¢) NH,0OMe-HCI, i-BuOH; (d) NH,NH-
CONH,, EtOH, HCl, H,0; (e) HBr/AcOH; and (f) CrO,/
H,SO0,.

after the last administration, as described in the
Biological methods. Reduction of serum triglycerides
and total cholesterol levels and increments of HDL
cholesterol levels were checked. Finally, the possible
induction of hepatomegaly (liver to body-weight
ratio) was evaluated. As reference standards, clo-
fibrate and gemfibrozil were used.

Entries 1-15 (table II) are adenosines with the same
side chain, ending with different” aromatic moieties.
Evaluations of the effects of substituents on the
phenyl ring showed that a p-carboxylic ester group is
important for hypolipemic activity. Additional sub-
stituents to the p-carboxylic ester group (13 and 14)
tended to reduce activity. Ethyl 2 and isobutyl §
esters were equally active and n-dodecyl ester 10
retained substantial, although not significant, activity.
Functionalized alkyl esters, like 11 and 12, showed a
depression of the hypolipemic profile.

As regards HDL cholesterol, only the para-
benzoates, together with para-chloro 9, were effective.

Replacement of the aryl ring with a heteroaromatic
nucleus 15 resulted in an inactive product. Taking into

consideration the overall results, the compounds with
the desired profile were 2 and 5.

The second group covers molecules in which
adenosine is replaced with other purines (16-21).
Removal of ribose to give 16 did not affect the hypo-
lipemic profile, except for reducing the increase of
HDL cholesterol. Guanosine 17 and inosine 18 were
essentially devoid of activity on triglycerides.
Theophylline 19 retained good efficacy, while caffeine
21 had no effect on serum cholesterol. Alkylation of
theophylline at position 7 was crucial; derivative 20
was completely inactive. Therefore, the only molecule
that joined increase of HDL cholesterol to hypolipe-
mic efficacy was 19.

Modifications at ribose are reported in entries 22 to
25. Esterification of its primary hydroxyl (23 and 24)
gave compounds with reduced potency, especially on
triglycerides. Acetylation of all the hydroxyls pro-
duced 25, which is only moderately active on tri-
glycerides and the same as 22.

The importance of divalent sulfur is highlighted
by sulfoxide 26 and sulfone 27, which are almost
inactive.

The final group (28-36) includes adenosines dif-
fering in the central part of the side chain. When the
chain was constituted of a linear alkyl without any
other functionality (28-30), efficacy was greatly re-
duced, especially with the longer analogue (30). When a
heteroatom (O, N) was present as an appendage of the
chain (31-36), the compounds showed an interesting
profile with dissimilar potencies. The screening pro-
cedure failed to reveal significant differences between
31 and 32, apparently negating any importance of this
chiral center on activity. Compounds 2, § (with its 2
isomers 31 and 32), 19, ketone 33 and semicarbazone
36 all had the desired profile of efficacy. The tested
derivatives were more effective than clofibrate and
comparable to gemfibrozil in reducing total choles-
terol and triglyceride levels. On HDL cholesterol
testing, these compounds showed a significant
increase, even if not to the extent of gemfibrozil,
which is known to be the most efficacious on this
parameter in rats. In these animals clofibrate is inac-
tive [31-33]. In contrast to reference drugs, none of
the new derivatives caused hepatomegaly. The selec-
ted products were further tested orally at 50, 100 and
300 mg/ kg/d in 5-d tests.

The activity data are summarized in table III.
Derivatives 33 and 36 show a clear-cut dose-
dependence for all the parameters while compounds 5,
31, 32 show dose dependence only for some of them.
Lack of liver toxicity was confirmed even at 300 mg/
kg. The outcome of the second test was the choice of
3 products (31, 33, 36), together with 19, included for
its interesting values at the lowest dose. The choice of
31, rather than §, was due to the convenience of in-



Table IL. Hypolipemic activity of purinic derivatives HET-X-CH,-Y-CH,-OAr on cholesterol-fed rats?.

Entry

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
Clofibrate

Gemfibrozil

Het

8-adenosyl

8-adenyl
8-guanosyl
8-inosyl
8-theophyllyl
7-methoxymethyl-8-theophyltyl
8-caffeyl

2',3'-Q-isopropyliden-8-adenosyl

5"-0~(3,4,5-trimethoxy)benzoyl-8-adenosyl

5'-O-isobutanoyl-8-adenosyl
2'3' 5"tri-O-acetyl-8-adenosyl

8-adenosyl

SO
SO

S
S
S
5
S
S

S

(CH,),
®caon)
ScHOH)

co

C(NOH)
C(NOMe)

C(NNHCONH

)

Ar

phenyl
4-ethoxycarbonylphenyl
2-ethoxycarbonylphenyl
3-ethoxycarbonylphenyl
4-isobutoxycarbonylphenyl
4-carboxypheny!
4~aminocarbonylphenyl

Nactiotid
4N ¥

4-chlorophenyl

4-dodecyloxycarbonylphenyl

4-(2,3-dihydroxy)propoxycarbonylphenyl

4-(2-acetylamino)ethoxycarbonylphenyl

1 1nh

Tahanul
ylphenyl

42,6

hoxy)ethoxy yip!
2-chloro-4-ethoxycarbonylphenyl
2-(5-ethoxycarbonyl)pyridyl

4-ethoxycarbonylphenyl

4-isobutoxycarbonylphenyl

4-ethoxycarbonylphenyl

4-isobutoxycarbonylphenyl

% change (vs com.rolsb) in:

serum
triglyc.

~1642%

-3345%

743

-8+4

-2813*

<114

1544

61

515

-1245

143

-1146

-14+4

-11%7

-20+3*

48

442

-2621*

1415

-23x1*

-18£2*

-7+5

<Tx1

-10£3

-3£8

EY]

~15+2*

-16+2*

-162%

1£3

=713

-33x]*

-10£1*

-32+3%

serum
tot.chol.

-14+5
-36+3*
1515
114
-3842*
S2142%
-10+2
1946
-1445
164
0£2
~2142%
544

-15¢1%

-212%
-11%1
82

-13x1*
745

167

2201+
-17£2*
4£1
5+4
343
<1348
-10+7
4249%
-17£3%
-153*
-2242%
-25+2
)
-3244*
-5£1

-2242%

serum
HDL chol.

4x1
11£2*
-1£l
-l1x1*
61*
e
11£1*
1£7
2241*
38+2%
6£3
~11£3
34x1*
20£3*
22
241
17+1*
121*
10£1*
-1543
-1£2
2242
161*
2343*
-7+2
=31
6£3
-15+4
-1£2
-2418
151*
151
8t1*
343
1843%
24x1%
-16£2%

3322%

hepatic
index €

0£1
21
-3+
342
-5+1
21
33
%1
-242
12+4
51

-11x4

<72l
-1144
-2+1

-5&1

-5+1
-1#1
1%1

11

Five-day test, 100 mg/kged dose; aNath’s diet supplemented with 1% cholesterol + 1% cholic acid; bcontrols given orally
10 ml/kg of 0.5% w/v carboxymethylcellulose (CMC), serum parameters evaluated 2 h after last administration; chepatic
index = (liver weight/body weight) x 100; *p < 0.05 Dunnett T test, after ANOVA determination; control value levels (& SE, 30
experiments): triglycerides 441 % 19 mg/dl, total cholesterol 312 £ 14 mg/dl, HDL cholesterol 19.6 £ 1 mg/dl, hepatic index

5.5+04.
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Table III. Hypolipemic activity on cholesterol-fed ratsa.

% change (vs oontrolsb) in:

Entry dose triglyc. total HDL hepatic
(mg/Kg.day) cholest cholest. indexc
2 50 1425 84 94
100 2542% 2743* 843
300 -1645 17£1% 4726+ -4£2
s 50 127 244 243
100 2122% 2916% 1221
300 2823% 20+1% 1543* REY)
19 50 3054 -8+7 20£2%
100 -2242% -14£1* 104
300 -1721% -15£3+ 131% 342
31 50 -1642% -8+2 1846
100 2723% -10£1* 1842%
300 272* -3041% 3541% 01
32 50 344 445 1143
100 -1033 4] 1241%
300 -1041* 3423+ 4743% 1£1
33 50 134 1642+ 442
100 1742 2543% 1743%
300 2242+ 31£2¢ 2342# 411
36 50 -181* 743 -121
100 3121% 3543+ 20+1%
300 -411* 41x4* 28+]1% 1123
Clofibrate 50 8+1 -10+1 642
100 -101* 022 164
300 3043* -1521% 1742+ gx1*
Gemfibrozil 50 2742% -10+3 15£1%
100 30+2% -20£3* 35420
300 -515% 22+1* 6748* 71

Five-day test; 3 doses; aNath’s diet supplemented with 1%
cholesterol + 1% cholic acid; bcontrols given po 10 ml/kg of
0.5% w/v CMC, serum parameters evaluated 2 h after last
administration; chepatic index = (liver weight/body weight) x
100; *p < 0.05 Dunnett T test, after ANOVA determination;
control value levels (+ SE, 10 experiments): triglycerides
477 £ 23 mg/dl, total cholesterol 303 + 15 mg/dl, HDL
cholesterol 15.5 £ 1 mg/dl, hepatic index 5.6 £ 0.6.

vestigating a single diastereoisomer. These compounds
were further evaluated at the same doses for 15 d on
rats fed with a lower cholesterol-containing diet
(0.5%). Lower cholesterol content does not influence
the animal growth, while, on the other hand, a longer
treatment allows us to better evaluate tolerability.

Table IV. Hypolipemic activity on cholesterol-fed ratsa.

change (vs comrolsb) in:

Ent i .
Y ey TP VILIOL o, lepalig catalase?
19 50 -1942% 243 -13;1
100 -39+3% -26£3% -15+3%
300 -2+2 8+4 5+5 4} -15£1
3 50 211+ -24+1* 242
100 -1742 -40+2* 1842*
300 -32+]* -46+4* 20+1* =31 241
33 50 -2542% -25+1* 18£2*
100 -2843% 27£3% 23+1*
300 -2943% -35¢1* 30+3* -3+1 243
36 50 -10£2 -1312 10£1*
100 -1722% -13x1* 6x1
300 -33+1* -45+3% 324]1* 01 441
Clofibrate 200 -30+2¢ -13+1 -25+1* 2742% 25+1*
Gemfibrozil 200 -26x1* -18+1* 56£5% 9+1 33+2%

Fifteen-day test, 3 doses; 2Nath’s diet supplemented with
0.5% cholesterol + 0.5% cholic acid; bcontrols given orally
10 ml/kg of 0.5% w/v CMC, serum parameters evaluated
24 h after last administration; chepatic index = (liver
weight/body weight) x 100; dumol/min/mg protein; *p <
0.05 Dunnett T test, after ANOVA determination; mean
control values (& SE, 5 experiments): triglycerides 497 + 45
mg/dl, HDL cholesterol 17.5 + 1 mg/dl, VLDL + LDL
cholesterol 240 * 30, hepatic index 5.8 £ 0.3, liver catalase
activity 542 + 32 pmol/min/mg protein.

All the compounds, with the exception of 19, had a
very good activity on VLDL/LDL cholesterol and
triglycerides, even 24 h after the last administration,
showing the same efficacy on HDL cholesterol as in
the previous test. Hepatic parameters (including cata-
lase, a marker of peroxisomal proliferation) were not
modified, which does occur with reference standards,
and none of our products influenced normal body-
weight gain.

An overview of the results allows us to advance
some structure—activity relationships: i) adenosine and
adenine are the best purines; ii) the presence of di-
valent sulfur is required; iii) a heteroatom (O, N) as
an appendage on the side chain seems important;
iv) an aromatic ring at the end of the chain appears to
be decisive; and v) the substitution pattern on the
aromatic nucleus is also very important.

The mechanism of action of these molecules is
unknown. The activity might be due to interaction
with a specific subgroup of purinergic receptors, regu-
lating lipolysis mainly in the adipose tissue. This
hypothesis should be confirmed by irn vitro experiment
on stimulated and non-stimulated lipolysis of adipose



cells. While the reduced activity of 8-substituted
adenosines on A; and A, cerebral receptors has been
fully confirmed (Fiorentini F, Sfriso L, unpublished
results (Internal reports LBS 8/90 and LBS 2/91)),
preliminary data [34] suggest the in vivo existence of
interference on lipolysis stimulated by noradrenalin in
rats. An alternative explanation is that the good
efficacy on VLDL/LDL, HDL cholesterol and serum
triglycerides may be due to the side chain, similar to
that of modified fibrates (eg lifibrol [35], terbufibrol
[36], tazasubrate [37]). This feature might increase the
hypolipemic aptitude of adenosine itself, while at the
same time the adenosine nucleus strongly decreases
the secondary toxic effects on liver functionality.

Conclusions

On the basis of the pharmacological data from short-
and long-term tests in rats (good hypolipemic
activity, significant increase of HDL cholesterol
and no hepatotoxicity), adenosine derivatives 31
(P-0654), 33 (P-06103) and 36 (P-06133) were
selected for further evaluation.

Experimental protocols

Chemistry

Melting points were determined in a Buchi 510 apparatus and
are uncorrected. IR spectra were obtained with a Biorad FTS7
spectrophotometer. 'H- and 13C-NMR spectra were recorded
on Bruker AC 200 or CXP 300 spectrometers using tetra-
methylsilane as internal standard. Optical activities were
measured on a Perkin—-Elmer 241 polarimeter. All new com-
pounds were analysed for C, H, N and the values found were
within + 0.4% of the theoretical values.

8-{[(2-Hydroxy-3-phenoxy)propyl]thio} adenosine 1

A mixture of 1-phenoxy-2,3-epoxypropane (7.3 g, 48.6 mmol),
8-mercaptoadenosine (11.5 g, 38.4 mmol), 2,6-lutidine (2 ml)
and ethanol (300 ml) was refluxed for 1 h, concentrated and
ether was added. The precipitate was filtered, washed with
ether, chromatographed on silica (eluent: ethylacetate/ethanol,
9:1) and crystallized from dichloromethane/ethanol (9:1) yield-
ing 6.5 g (14.4 mmol, 37% yield) of 1, mp 100-110°C, oy =
~48.23° (¢ = 1% MeOH).

8-{[2-(R)-Hydroxy-3-(p-isobutoxycarbonyl)phenoxypropyl]-
thio} adenosine 31

A solution of isobutyl-p-hydroxybenzoate (5.12 g, 26.4 mmol)
in dry DMF (10 ml) was added to a suspension of NaH (60% in
oil, 1.06 g, 26.4 mmol) in dry DMF (20 ml), followed by a sol-
ution of (S)-glycidyltosylate (5 g, 22 mmol) in dry DMF
(10 ml). After 1.5 h the reaction mixture was poured into
NH,CI (sat aq sol) and extracted with ether (3 x 100 ml). The
organic layer was washed with 3 M NaOH, dried (Na,SO,) and
concentrated to dryness. The residue was distilled to give
3.56 g (14.2 mmol, 65% yield) of isobutyl-p~(S)-glycidyloxy
benzoate, o, = +8.70° (¢ = 1% MeOH). This product was dis-
solved in ethanol (20 mi) and slowly dropped into a suspension
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of 8-mercaptoadenosine (4.2 g, 14.2 mmol) in ethanol (60 ml)
and 2,6-lutidine (0.5 ml). The reaction mixture was refluxed for
4 h, cooled, filtered and the residue crystallized from ethanol,
yielding 5.3 g (9.6 mmol, 68% yield) of 31, mp 166-167°C,
op=-12.8° (¢ = 1% MeOH).

Diastereoisomer 8-{[2-(S)-hydroxy-3-(p-isobutoxycarbonyl)
phenoxypropyllthio} adenosine 32, was obtained in 74.7%
yield, utilizing isobutyl p-(R)-glycidyloxy benzoate, prepared
from (R)-glycidyltosylate, as described above, mp 166-167°C,
op ==76.1° (¢ = 1% MeOH).

8-{[3-(p-Isobutoxycarbonyl)phenoxyethyljthio} adenosine 28

A suspension of 8-mercaptoadenosine (5.4 g, 18 mmol) in dry
isobutanol (150 ml) was treated with 11.9 ml (18 mmol) of
1.52 M sodium isobutoxide and warmed at 60°C. To this
suspension a solution of p-(2-bromoethoxy) isobutyl benzoate
(7.8 g, 26 mmol) in dry isobutanol (35 ml) was added and the
mixture stirred at 60°C for 3 h and then overnight at rt. The
reaction mixture was filtered, concentrated and the residue was
dissolved in ethylacetate (200 ml), washed with NaHCOQO; (sat
aq sol, 200 ml), water (2 x 200 ml), dried (Na,SO,) and
concentrated to oil that crystallized from absolute ethanol,
yielding 3.9 g (8.5 mmol, 47% yield) of 28, mp 126-129°C,
op =—32.40° (¢ = 0.5% MeOH).

8-{[2-Hydroxy-3-(p-ethoxycarbonyl)phenoxypropyljthio}
inosine 18

A solution of sodium nitrite (24 g, 347 mmol) in water (50 ml)
was added to a solution of 8-{[2-hydroxy-3-(p-ethoxycarbo-
nyl)phenoxypropyl]thio} adenosine 2 (10 g, 19.2 mmol) in
acetic acid (100 ml) and water (200 ml) at +5°C. The solution
was stirred at +5°C for 1 h then at rt for 4 h. The reaction
mixture was neutralized with solid NaHCO;, extracted with
ethylacetate/n-butanol 7:3 (1000 ml), dried on anhydrous
Na,SO, and concentrated. The residue was dissolved in dichlo-
romethane/n-butanol (7:3) and extracted with cold 5% ammo-
nia. The water layer, adjusted to pH 6 with 10% sulfuric acid,
was extracted with 700 ml of ethylacetate/rn-butanol (7:3). The
organic layer was dried (Na,SO,), concentrated and crystallized
from isopropanol/ether. A white amorphous material (5.3 g,
9.98 mmol, 52% yield) was obtained.

8-{[3-(p-Isobutoxycarbonyl)phenoxy-2-hydroxypropyl]sulfinyl}
adenosine 26

A solution of meta-chloroperbenzoic acid (2.96 g, 14.6 mmol)
in ethanol (20 ml) was added dropwise to a solution of 8-{[2-
hydroxy-3-(p-isobutoxycarbonyl) phenoxypropyl]thio} adeno-
sine § (4 g, 7.3 mmol) in ethanol (40 ml). The mixture was
concentrated, water was added and the mixture extracted with
ethylacetate/hexane (4:1). The organic layer was washed with
NaHCO; (sat aq sol), concentrated and the residue was purified
on Florisil, eluting with dichloromethane and dichloromethane/
methanol (9:1) to yield 26 (2.1 g, 3.65 mmol, 50% yield), mp
174-175°C, o = —19.21° (¢ = 0.5% MeOH).

8-{[3-(p-Isobutoxycarbonyl)phenoxy-2-hydroxypropyl]sulfo-
nyl} adenosine 27

A solution of potassium peroxymonosulfate (28 g, 45.6 mmol)
in water (100 ml) was added dropwise to 8-{[2-hydroxy-3-(p-
isobutoxycarbonyl)phenoxypropyljthio} adenosine 5 (5 g,
9.1 mmol) in methanol (60 ml) at 0°C. The solution was stirred
for 5 h at rt, concentrated and the residue was purified on
florisil (eluent: dichloromethane/methanol, 9:1), to give 960
mg (1.6 mmol, 18% yield) of 27, mp 129-131°C, o = -0.39°
(¢ = 0.5% MeOH).
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8-{{3-(p-1sobutoxycarbonyl)phenoxy-2-oxo-propyl]thio} adeno-
sine 33

A mixture of 8§-mercaptoadenosine (4 g, 13.4 mmol), 2,6-luti-
dine (1.8 ml, 16 mmol) and isobutyl-p-(3-bromo-2-o0xo)-
propoxy benzoate (4.4 g, 134 mmol) in absolute ethanol
(100 ml) was refluxed for 3 h, concentrated to dryness and the
residue, dissolved in ethylacetate (150 ml), was washed with
NaHCO; (sat aq sol, 100 ml), with water (2 X 250 ml), dried on
N4,S0, and concentrated. The residue was triturated with
ether, filtered and crystallized from absolute ethanol to yield 33
(6.2 g, 11.4 mmol, 85% yield), mp 162-164°C, o, = -53.79°
(c =0.5% MeOH).

8-{[3-(p-Isobutoxycarbonyl)phenoxy-2-oximino-propyl]thio}
adenosine 34

A mixture of 33 (15 g, 27.4 mmol), imidazole (11.2 g,
164.7 mmol) and hydroxylamine-HC1 (8.85 g, 137.2 mmol) in
isobutanol was heated at 100°C for 10 min, concentrated and
the residue, dissolved in ethylacetate, was washed with
NaHCO; (sat aq sol) and water. The organic layer was dried on
Na,SO, and concentrated. Crystallization from acetone/
n-heptane (1:1) gave 14 g (24.7 mmol, 90% yield) of 34,
mp 156-160°C, op =-97.3° (¢ = 0.5% MeOH).

Compounds 35 and 36 were prepared analogously from
O-methyl hydroxylamine (72% yield), mp 104-106°C, oy =
-77.7° (¢ = 0.5% MeOH) and semicarbazide (90% yield), mp
183-185°C, o, =-24.27° (¢ = 0.5% MeOH).

Biological methods

First screening, 5-day test

All the substances were first tested at 100 mg/kg in male
Sprague—Dawley rats (120-180 g each, Charles River, Calco,
Italy). After 7 d acclimatization with chow diet, the animals
were fed ad libitum with a modified Nath’s diet [38], supple-
mented with 1% cholesterol (w/w) and 1% cholic acid (w/w)
(Dottori Piccioni, Gessate, Italy), for 5 d, concomitantly with
test compound administration. The test compounds were
suspended in 0.5% w/v carboxymethylcellulose (CMC) and
orally administered (10 ml/kg) daily by gavage between
9-11 am. Controls received vehicle alone. On the S5th d, 2 h
after the final treatment, the rats were exsanguinated by decapi-
tation. The following analyses were performed on serum
obtained by low speed centrifugation of the blood samples:
i) triglycerides and total cholesterol levels by an enzymatic
method (Poli kit); and ii) HDL cholesterol levels by enzymatic
method after removal of VLDL/LDL by precipitation (phos-
photungstate method). In addition, hepatomegaly (liver to
body-weight ratio) was evaluated.

Second screening, 15-day test

Male Sprague-Dawley rats (120-180 g each, Charles River,
Calco, Italy) were fed a diet supplemented with 0.5% choleste-
rol (w/w) and 0.5% cholic acid (w/w) (Dottori Piccioni,
Gessate, Italy), for 15 d, concomitantly with test compound
administration (same procedure as above). On the 16th d, 24 h
after the final treatment, the same analyses as in the 5-d test
were performed. Body-weight gain during the treatment period
was also recorded. Finally, liver catalase was evaluated in liver
homogenates [39].
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