Carbocyclic Analogs of Guanosine and 8-Azaguanosine
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Abstract (] (4:)-9-(trans-2,1rans-3-Dihydroxy-cis-4-(hydroxymethyl)-
cyclopentyljguanine. the carbocyclic analog of guanosine, was syn-
thesized by a five-step route beginning with (L )-rrans-3-amino-
trans-5-(hydroxymethyl)-cis-1.2-cyclopentanediol and 2-amino-4.6-
dichloropyrimidine. Preparation and reduction of a 5-(p~chloro-
phenylazo)pyrimidine derivative introduced the prerequisite 5-
amino substituent. Formation of the imidazole ring from this S-
amino derivative with triethyl orthoformate and acidic hydrolysis
of the resulting mixture of 2-amino-6-chloropurine derivatives
furnished the guanosine analog. The same S-aminopyrimidine
intermediate was diazotized to the 2-amino-6-chloro-8-azapurine,
and the latter derivative was hydrolyzed to the carbocyclic analog
of 8-azaguanosine. Neither of these analogs was cytotoxic to human
epidermoid carcinoma cells in citro. In tests using leukemia L-1210.
the guanosine analog was quite toxic but was inactive at nontoxic
doses; the 8-azaguanosine analog was not active in initial (single-
dose) tests.
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Syntheses of racemic, carbocyclic (cyclopentane)
analogs of adenosine, 2’- and 3’-deoxyadcnosine, ade-
nylic acid, adenosine cyclic 3’,5'-monophosphate, and
other 6-substituted purine nucleosides were described
previously (1-4). Some of these nucleoside analogs.
which have a stable carbon nitrogen bond at position 9
of the purine ring in place of the glycosidic bond, are
cytotoxic to cells in culture (4 -6), function as substrates
for or inhibitors of purine-metabolizing enzymes (5-7),
or display antimicrobial activity! (8). In the previously
described analogs, the only substituent on the purine
ring, other than the 9-cyclopentyl group, is at position 6.
This report deals with the carbocyclic analogs of guano-
sine and 8-azaguanosine, which arc 2-amino-6-substi-
tuted purines.

DISCUSSION

The synthesis of the racemic guanosine analog is outlined in
Scheme 1. Prolonged treatment of 2-amino-4,6-dichloropyrimidine
(I) with  trans-3-amino-trans-5-(hydroxymethyl)-¢is-1.2-cyclopen-
tanediol (I1) (2) gave the pyrimidinylaminocyclopentane derivative
(111). Tricthylamine was employed as a proton acceptor, rather
than an excess of 1I, because of the difficulty in obtaining large
amounts of 1. Coupling of III with p-chlorobenzenediazonium
chloride in aqueous acetic acid buffered with sodium acetate gave
good yields of the 5-(p-chlorophenylazo)pyrimidine (1V). The re-
quired 5-amino group was introduced by reducing the p-chloro-
phenylazo group with zinc in acetic acid, a method previously
found (9) to effect this type of reduction of simpler derivatives
without significantly affecting the chloro substituent on the pyrimi-
dine ring.

The purine ring was formed by an acid-catalyzed reaction of
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tricthyl orthoformate with the tetrasubstituted pyrimidine (V).
Reactions of the hydroxyl groups and the 2-amino group with the
reagent should produce derivatives (formyl., orthoester, cyclic
orthoester, or polymeric) of the expected 2-amino-6-chloropurine
(VI, Ry = R, = R; = R; = H). The isolation of pure derivatives
(V1) was not attempted instead, the material obtained from V and
triethyl orthoformate was subjected to acidic hydrolysis to hy-
drolyze the 6-chloro substituent and to liberate the functional
groups simultaneously, That purinc ring formation had proceeded
satisfactorily was shown by the 789} overall yield of the guanosine
analog (VII) from V. The proton magnetlc resonance (PMR) and
the UV absorption spectra were in accord with Structure VIIL.

Treatment of pyrimidine V (Scheme 1) with sodium nitrite and
aqueous acetic acid produced a high yield of the 5-amino-7-chloro-
3H-r-triazolo[d,5-d]pyrimidine (VIII). Either acidic or basic hy-
drolysis of VIII gave the 8-azaguanosine analog (1X).
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The guanosine analog (VII) was tested against leukemia L-1210
in mice on three treatment schedules?, When administered on Day
1 at doses of 400, 300, 150, and 75 mg./kg., VII displayed acute
toxicity at the two higher doses. The difference (AW) between the
average weight changes of the treated (7) and the untreated (C)
mice indicated that the two lower doses were also toxic (AW =
—5.6 and —3.9 g, respectively), Administered on Days 1, 5, and 9,
doses of 38 and 19 mg./kg. were nontoxic and inactive; a shortened
survival time (T/C = 70%;) of treated animals indicated that a dose
of 75 mg./kg. on this schedule is toxic. Doses of 38 and 19 mg./kg./
day given g.d. 1-9 were toxic, as evidenced by shortened survival
times (7/C = 71 and 8377, respectively) relative to untreated animals
and by weight differences (AW = —5.1and —2.3 g., respectively),
whereas doses of 9.5 and 5 mg./kg./day were nontoxic and inactive.
These data, especially the results of daily treatment, indicate that
the toxicity of VII in vivo is approximately the same as that of the
adenosine analog (4). In contrast to the similarity of the toxicity
of the two analogs in vico. the guanosine analog (VII) is not cyto-
toxic (ED;; >100 mcg./ml) to human epidermoid carcinoma
cells (H.Ep.-2) in culture, whereas the adenosine analog is
highly cytotoxic® (EDsg = 0.7 mcg./ml.) (4).

The 8-azaguanosine analog (IX) was not cytotoxic (EDs, > 100
mcg./ml.) to H.Ep.-2 cells in culture and was not active against
L-1210 leukemia at doses of 100, 200, or 400 mg./kg. administered
on the Day 1 schedule. The observed AW (—2.3 g.) at the highest
dose was indicative of chronic toxicity.

EXPERIMENTAL*

(x)-trans-3-[(2-Amino-6-chloro-4 - pyrimidinyl)amino] - trans-5-
(hydroxymethyl)-cis-1,2-cyclopentanediol (III)—A mixture of 3.68
g. (22.4 mmoles) of 2-amino-4,6-dichloropyrimidine (I), 3.3 g. (22.4
mmoles) of rrans-3-amino-rrans-5-(Chydroxymethyl)-cis-1,2-cyclo-
pentanediol (11) (2), 2.26 g. (22.4 mmoles) of triethylamine, and 200
ml. of absolute ethanol was heated under reflux for 140 hr. The
white, crystalline product was separated by filtration from the
cooled reaction mixture, yielding 3.9 g. (63%), m.p. 234-238° dec.
A specimen was recrystallized from water, m.p. 236-239°dec.; UV:
Amax 302 (sh), 287 (infl), 274 (e 9600), 240 (¢ 12,600), and 214 (e
19,800) at pH 1; 286 (e 10,200) and 237 (¢ 11,400) at pH 7; and 287
(e 10,200) and 238 (e 11,200) at pH 13.

Anal —Calc. for C,,Hi;,CIN,0;: C, 43.72; H, 5.51; N, 20.40; Cl,
12.90. Found: C, 43.53; H, 5.49; N, 20.20; Cl, 12.9.

(=*)-trans-3-|{2-Amino-6-chloro-5 -[( p - chlorophenyl)azo) -4 - py-
rimidinyl]amino | -trans-5-(hy droxymethyl)-cis-1,2-cyclopentanediol
(IV)—A cold (0-57)solution of p-chlorobenzenediazonium chloride,
prepared from 5.90 g. (46.3 mmoles) of p-chloroaniline, 12.8 g. of 12
N HCI, 52 ml. of water, and 3.5 g. (50.5 mmoles) of sodium nitrite
in 42 ml. of water, was added dropwise during 1 hr. to a well-
stirred mixture of 11.53 g. (42 mmoles) of 111, 84 g. of sodium ace-
tate trihydrate, 200 ml. of acetic acid, and 200 ml. of water. The

2In the standard L-1210 leukemia test, mice are innoculated intra-
peritoneally on Day 0 with 10% L-1210 cells. Administration of a com-
pound is also by intrapcritoneal injection. Weight changes are deter-
mined 4 days after the ficst (or only) injection. Weight differences in
excess of 4 g. or valucs of T/C £ 859 are accepted criteria of chronic
toxicity. Since the carbocyclic analogs have gencrally shown a good
correlation between dose and weight difference (AW), a weight dif-
ference of 2-3 g. also appears to indicate chronic toxicity.

3EDss = concentration of a compound that inhibits growth, mea-
sulrled by protein determinations, to 50%, of the growth of untreated
cells.

4 Melting temperatures were determined in capillary tubes heated in
a Mel-Temp apparatus and are not corrected. UV spectra were re-
corded with a Cary model 17 or 14 spectrophotometer. UV maxima
are in nanometers; sh = shoulder, and infl = inflection. Solutions for
UV determinations were prepared by diluting a 5-ml, aliquot of a water
or ethanol solution (0.1 N HCl for III) to 50 ml. with 0.1 ¥ HC], phos-
phate buffer (pH 7), or 0.1 N NaOH; absorption maxima are reported
at pH 1, 7, or 13. IR spectra were recorded with a Perkin-Elmer model
621 or 521 spectrometer from samples in KBr disks. PMR spectra were
determined with a Varian model XL-100-15 spectrometer for observing
proton resonance at 100 MHz. Chemical shift data (8) are in parts per
million downfield from tetramcthylsilane, the internal reference; s =
singlet, d = doublet, and m = multiplet. Unless otherwise indicated,
TLC was performed on plates of silica gel, and spots were detected
by: () UV light (254 nm.) after spraying the chromatogram with an
optical whitening agent (Ultraphor WT, BASF Colors and Chemicals,
Inc., Charlotte, N. C.) and (b) spraying with a basic solution of potas-
sium permanganate, The quantity applied and the developing solvent
are shown parenthetically at the appropriate places in the procedures.
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diazonium salt solution was maintained at 0-5° by adding it from a
jacketed addition funnel kept cold with circulating ice water; the
pyrimidine (III) solution was at room temperature. The mixture
was stirred for 18 hr. at room temperature, cooled in an ice bath,
and filtered to remove the yellow precipitate, which was washed
with cold water and dried in tacuo over phosphorus pentoxide,
yielding 14.1 g. (81%), m.p. 249-250° dec. (inserted at 230°);
homogeneous by TLC [10 mcg.. chloroform-methanol (5:1)].
After several days at room temperature, the filtrate deposited
a second crop, weighing 1.25 g., m.p. 245-246° dec. A specimen of
IV for analysis was recrystallized from dimethylformamide-
water, m.p. 258-259° dec. (inserted at 240°, 2°/min.) and m.p.
262-263° dec. (inserted at 2507, 2°/min.); UV: A .y 372 (e 26,600),
280 (e 8800), and 240 (e 18,300) at pH 1; and 385 (e 28,600), 280
(e 10,700), and 227 (¢ 16,300) at pH 7 and 13.

Anal—Calc. for Ci¢HisCLN¢O;: C, 46.50; H, 4.39; Cl, 17.16;
N, 20.34. Found: C, 46.33; H, 4.29; Cl. 17.3; N, 20.32.

(=t )-trans-3-{(6-Chloro-2,5-diamino-4-pyrimidiny)amino}- trans-
5-(hydroxymethyl)-cis-1,2-cyclopentanediol (V)—A mixture of 7.2 g.
of the p-chlorophenylazopyrimidine (1V), 140 ml. of ethanol, 172
ml. of water, and 14 ml. of acetic acid was heated to 70° with vigor-
ous mechanical stirring under a nitrogen atmosphere. Zinc dust
(11.2 g.) was added in small portions during 45 min., and the mix-
ture was heated at 70 with vigorous stirring for an additional 1.25
hr. Excess zinc was filtered from the hot mixture and washed with
three portions of ethanol; the filtrate, combined with the ethanol
washings, was concentrated in vacuo to about 50 ml.; and the re-
sulting mixture was diluted with ethanol (50 ml.) and stored at 5°
overnight. The tan crystalline precipitate was separated by filtration,
washed with ethanol-water (3:1), and dried in vacuo at 78°, yielding
2.46 g. (499), m.p. 245-247° dec. (inserted at 230°); UV: X, 298
(e 8000), 237 (¢ 15,500), and 210 (e 16,200) at pH 1 ; 303 (e 9000), 240
(sh), 225 (sh), and 204 (e 19,200) at pH 7; and 303 (e 9000), 240
(sh), and 225 (sh) at pH 13.

Anal .- -Cale. for C,¢H¢CIN;O;: C, 41.45; H. 5.57; Cl, 12.24; N,
24.18. Found: C, 41.22; H, 5.70; C1, 12.4; N. 24.00.

The filtrate was concentrated in vacuo. A water (100 ml.) solution
of the residual oil was washed with ether (3 X 75 ml.), concentrated
in racuo to about 30 ml., and kept at 5° overnight. Recrystallization
of the brown crystalline precipitate from water gave 320 mg. of V
(total yield 55%;), m.p. 235--243 ¢ dec.

(£)9-[trans-2,trans-3-Dihydroxy-cis-4-(hy droxymethyl)cyclo-
pentyl)guanine (VII)—A solution consisting of 1.45 g. of V, 20 ml.
of dimethylformamide, 40 ml. of triethyl orthoformate. and 1 ml.
of 12 N HCl was kept at room temperature for 1.5 hr., at 5° for 16
hr., and at room temperature for 8 hr. The reaction solution was
concentrated in racuo at 30°. A mixture of the residual syrup and
200 ml. of 2 N HC! was heated under reflux for 5 hr. and then con-
centrated in racuo at 50°. Several portions of water were evaporated
in vacuo from the residue before it was dissolved in water (10 ml.).
The pH of the aqueous solution was adjusted to § with 6 N NaOH,
the mixture was chilled (5°) for 2 hr., and the solid precipitate
(1.285 g.) was separated by filtration and washed with water. The
precipitate was recrystallized from water (15 ml.) and dried in vacuo
over phosphorus pentoxide at 78 for 18 hr., yielding 1.154 g. (783
as a 0.75 hydrate), m.p. 279- 2827 dec. (softened and resolidified
in 250-260° range); purity 96-9772; by UV (calculated as a 0.75 hy-
drate). A sample for analysis [white needles (150 mg.) obtained by
recrystallizing 225 mg. of crude V1I from 10 ml. of water] was dried
at 100° over phosphorus pentoxide for 20 hr., m.p. 278-284¢ dec.
(inserted at 230°, softened and darkened at 250--255", resolidified);
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IR: 1725, 1675, 1625, 1605 (sh), 1565, 1545, 1480, 1170, 770 (sharp),
and 680 cm.™! and other bands (broad or weak); PMR® (dimethyl
sulfoxide-ds): & about 1.3-1.7 (m, Ha), about 1.8-2.4 (m, HaHb),
3.28-3.6 (m, HcHe), 3.37 (s, water), 3.72-3.9 (m, Hd). 4.08-4.34 (m,
He), 4.36-4.78 (m. Hf + 20H), 4.82-4.98 (d. OH), 6.39 (s, NH,).
7.79 (s, Hy of purine ring), and 10.58 (s, NH of purine ring); UV:
A max (€ calculated for 0.75 hydrate) at 278 (¢ 8000) and 255 (e 11,900)
at pH 1; 268 (sh) and 253 (¢ 13,000) at pH 7; and 268 (¢ 11,100) and
257 (sh) (¢ 10,500) at pH 13.

Anal. - Calc. for C Hi:N.O,-%H,0: C, 4481; H, 5.64. N.
23.76. Found: C, 44.75; H, 5.87. N, 23.44.

Specimens of VII dried at 100° for about 20 hr. apparently re-
hydrated readily since they were observed to increase in weight
during weighing for analysis. The melting point was evidently in-
fluenced by the degree of hydration as well as the heating rate. A
specimen recrystallized from dimethylformamide ethanol melted
at 298-300° dec. without prior softening (inserted at 100°, 2°/min.
at 260°). Recrystallization of this specimen from water (including
treatment with activated carbon) changed the melting point to 284-
286" dec. (softened and darkened at 2607, resolidified: inserted at
230", 2/min. at 260 “); homogeneous by TLC [silica gel or cellulose,
10 mcg., propanol- water (3:1); detection by UV, UV and spraying®,
and potassium permanganate spray]. The exact values of € are also
determined by the degree of hydration at the time the sample is
weighed for UV determination,

(=)-trans-3-(5-Amino-7-chloro-3H-v-triazolo{4,5-d|pyrimidin-3-
yI)-trans-5-(hydroxymethyi)-cis-1,2-cyclopentanediol (VIII) A
solution of 240 mg. (3.48 mmoles) of sodium nitrite in 6 ml. of water
was added dropwise to a cold (0) mixture of 870 mg. (3.0 mmoles)
of V,9 ml. of water, and 3 ml. of acetic acid. The mixture was stirred
at 0° for 1 hr., and the product was separated by filtration and
washed with § ml. of cold water, yielding 828 mg. Recrystallization
of the crude VIII from ethanol hexane gave a white solid, which was
dried in vacuo over phosphorus pentoxide at room temperature
for 18 hr. and then at 78° for 0.5 hr.. yielding 766 mg. (85%;), m.p.
172-174° dec.; TLC: 1 spot [20 mcg.. chloroform-methanol (4:1)];
UV A 226 (€ 21,600), 245-260 (infl), and 316 (e 7500) at pH 1;
226 (e 21,900), 245-260 (infl), and 316 (e 7500) at pH 7 and 246 (e
4700) and 286 (e 9900) at pH 13.

Anal.—Calc. for CoHi:CIN:O;: C, 39.94; H, 4.36; N, 27.95.
Found: C, 39.75; H.4.55; N, 27.71.

(- )-5-Amino-3,6-dihydro-3-{trans-2,trans-3-dihydroxy - cis-4-
(hy droxymethyl)cyclopentyl]-7H- v - triazolo[4,5 - d|pyrimidin-7 - one
(IX)- A mixture of 250 mg. of VIII and 20 ml. of 1 N HCl was
heated under reflux for 4 hr. and concentrated in cacuo at 40° 1o a
syrup. Water (2 X 20 ml.) was added to the residue and evaporated
in tucuo. and ethanol (10 ml.) was then added. A gelatinous solid
was separated by filtration, washed with acetone, and dried in vacuo
over phosphorus pentoxide at 78¢, yielding 75 mg. The filtrate and
the acetone washings were combined and c¢vaporated in tacuo, the

¢ The positions of protons «—f are shown in Structure VII.
6 Ultraphor WT.
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residue was triturated with ethanol-hexane (1:1, 10 ml.), and a
gelatinous solid was filtered away and dried in vacuo over phos-
phorus pentoxide at 78°, yielding 99 mg. (total yield 7427). Both
portions were homogeneous according to TLC [20 mcg., ethanol-15
N aqueous ammonia (4:1)]. A 6 N HCl solution of the two portions
was diluted with ethanol, and the gelatinous precipitate was dried
as before, yielding 88 mg. (387(), m.p. 252-254° dec. (inserted at
240°, 2°/min.); IR: 1700, 1635, 1595 (sh), 1580, 1525, 780, and 680
cm.~ L UV A 253 (e 11,800) and 270 (sh) at pH 1, 253 (e 11,700)
and 270 (e 8600) at pH 7, and 279 (¢ 11,000) and 260 (sh) at pH 13.

Anal —Calc. for CiyHuNgO,-%/;H.0: C, 40.81; H, 5.25; N,
28.56. Found: C, 40.99; H. 5.22; N, 28.60.

Hydrolysis of VIII with refluxing 1 N NaOH also yields IX.
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