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Carbocyclic Analogs of 6-Substituted Purine
Ribonucleosides and of Adenosine Ribonucleotides

Y. FULMER SHEALYA and JOE D. CLAYTON

Abstract [J New analogs of 6-substituted purine ribonucleosides in
which the furanose ring is replaced by a cyclopentane ring were
synthesized. The cyclopentane (carbocyclic) analog of 6-chloro-
purine ribonucicoside was obtained in pure form and was used to
prepare analogs having a methylamino, dimethylamino, hydroxyl-
amino, or methoxy group at position 6 of the purine ring. The
availability of the pure 6-chloropurine derivative also permitted
improved syntheses of the adenosine and 6-(methylthio)purine
ribonucleoside analogs, which had been prepared previously. The
ribonucleoside analogs having the chloro, methylamino, hydroxyl-
amino, or methoxy group at position 6 were cytotoxic to neoplastic
cells (human epidermoid carcinoma No. 2) in culture, but these
compounds were less active than the adenosine analog. In tests
against leukemia L-1210 in mice, all of the new and the previously
synthesized 6-substituted purine ribonucleoside analogs were ad-

ministered in a single dose (Day 1 or 2), and most were also ad-
ministered daily (g.4. 1-9) at several dose levels. There was no
evidence of activity in these tests. The racemic carbocyclic analogs of
adenylic acid and of 3’,5'-adenosine monophosphate (cyclic) were
prepared from the adenosine analog. These nucleotide analogs
were also cytotoxic.

Keyphrases [] Cyclopentane analogs of 6-substituted purine ribo-
nucleosides and adenosine ribonucleotides—synthesis, cytotoxicity
[J Carbocyclic analogs of 6-substituted purine nucleosides and
adenosine ribonucleotides—synthesis, cytotoxicity [J Purine ri-
bonucleosides, 6-substituted—synthesis of cyclopentane analogs,
cytotoxicity [J Adenosine ribonucleotides, 6-substituted—syn-
thesis of cyclopentane analogs, cytotoxicity [] Cytotoxicity—syn-
thesis, evaluation of cyclopentane analogs of 6-substituted purine
ribonucleosides and adenosine ribonucleotides

Nucleoside analogs in which a cyclopentane ring re-
places the furanose ring may be termed carbocyclic
analogs. The racemic?, carbocyclic analog (II, C-Ado?)
of adenosine (I) has been synthesized (1) by a multistep
route from norbornadiene. The carbocyclic analogs
(11I-V) of inosine and of the anticancer agents 6-mer-
captopurine ribonucleoside and 6-(methylthio)purine
ribonucleoside were also prepared (2) from the pre-

t Structures II-XVI depict one enantiomer of the racemic form that
was actually obtained. .

? (£ )-trans-3-(6-Amino-9H-purin-9-yl)-trans-5 - (hydroxymethyl) - cis-
1,2-cyclopentanediol. For the sake of brevity, the term C-Ado was em-
ployed in reports of biochemical studies (5, 6). In earlier publications
(1, 2), C-Ado was designated (+)- or DL-9-[8-(2a,3-dihydroxy-43-
(hydroxymethyl)cyclopentyl)] adenine.
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cursors of II. The carbocyclic analogs of 2’- and 3'-
deoxyadenosine were synthesized by similar routes
(3); the analog of a pyrimidine deoxyribonucleoside,
thymidine, had been prepared earlier by a different
method (4).

Carbocyclic analogs, having a stable carbon-nitrogen
bond instead of a glycosidic bond at position 9 of the
purine ring, should not be subject to cleavage by purine
nucleoside phosphorylases or hydrolases, but the simi-
larity of their structures to nucleosides endows the
carbocyclic analogs with the potential to function either
as substrates for, or as inhibitors of, other enzymes that
metabolize nucleosides. Biochemical studies show that
this potential can, in fact, be realized. Bennett and co-
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workers (5, 6) showed that II can serve as a substrate
for adenosine kinase and for adenosine deaminase and
as an inhibitor, presumably after it is phosphorylated,
of an early step in the biosynthesis de novo of inosinic
acid. Hill ef al. (7) found that II-phosphate (XV), the
preparation of which is reported here, is a potent in-
hibitor of guanylic acid kinase. Furthermore, an analog
of vitamin B;; coenzyme prepared from II can act as a
coenzyme in the reaction catalyzed by dioldehydrase
(8). Of added interest are the findings that II is a mod-
erate inhibitor of the protozoan Tetrahymena pyri-
formis (9) and that aristeromycin (10), an antibiotic
for certain plant pathogens, is one enantiomeric form
of I1 (11, 12). These biochemical and biological studies
show that alteration of the nucleoside structure by
replacement of the furanose oxygen atom with a methy-
lene group can produce biologically active compounds.
The preparation of carbocyclic analogs of other bio-
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chemically significant or biologically active 6-substituted
purine ribonucleosides and ribonucleotides is now de-
scribed.

CHEMISTRY

(£)-trans- 3 -(5- Amino - 6-chloropyrimidin -4 -yl)- rrans-(5-hy-
droxymethyl)-cis-1,2-cyclopentanediol (XI) is the immediate pre-
cursor of the purine ring of carbocyclic analogs of 6-substituted
purine ribonucleosides (1, 2). The pyrimidine (XI) was treated with
triethyl orthoformate and concentrated hydrochloric acid to form
the 6-chloropurine ring (VI), and the crude syrup obtained from
the acid-catalyzed reaction was converted with anhydrous hydrogen
chloride to a solid consisting of a mixture of hydrochlorides of VI
and its derivatives (2). Such crude 6-chloropurine hydrochloride
preparations, used previously (2) for the preparation of Il and the
inosine carbocyclic analog (III), furnished the 6-(methylamino)-
purine (VII) and the 6-(dimethylamino)purine (VIII) derivatives by
nucleophilic displacement of the 6-chloro substituent.

However, acid-catalyzed reactions of ribonucleosides with ortho-
esters produce 2’,3’-alkoxymethylene derivatives (13-16), which
may be hydrolyzed under mildly acidic conditions to formate esters
(14-16). Mass spectral studies of crude VI-hydrochloride speci-
mens showed, as expected, the presence of derivatives of these
types in addition to VI. Strongly acidic (and subsequent basic)
conditions employed during the isolation and purification of II,
V11, and VIII and during the preparation of the inosine analog (IIT)
ensured liberation of the cyclopentyl hydroxyl groups. However,
strongly acidic or basic conditions are detrimental to some 6-
substituted purines, including 9-substituted 6-chloropurines. For
this reason and because VI was desired as a target compound for
biological evaluation, the preparation and purification of VI were
investigated further. By omitting hydrochloride formation after the
reaction of XI with triethyl orthoformate and by treating the reac-
tion product successively with aqueous acetic acid and methanolic
ammonia, pure VI was obtained. Mass spectral analyses at each
stage indicated that: (a) the initial reaction product obtained from
XI and triethyl orthoformate contained predominantly the formyl-
ethoxymethylene derivative (XIIa), together with small amounts of
X116 (or Xllc) and VI; (b) the product after the aqueous acetic
acid treatment consnsted principally of a mixture of VI, mono-
formate esters (XIId), and diformate esters (XIIc); and (¢) the
product after methanolic ammonia treatment was almost pure VI,
TLC or the mass spectrum indicated that small amounts of II, III,
X, and the 6-ethoxypurine analogous to X were formed by the se-
quence of treatments that began with XI. Pure VI could be ob-
tained by recrystallization.

The 6-(hydroxyamino)purine derivative (1X) was obtained by re-
placement of the chloro group of purified specimens of VI with hy-
droxylamine by a procedure similar to that used for the ribonucleo-
side (17). The 6-methoxypurine (X) was prepared by treating pure
VI with sodium methoxide in methanol. Previously (2), the 6-
(methylthio)purine derivative (V) had been prepared by methyla-
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Table I—Evaluation of Carbocyclic Analogs of 6-Substituted Purine Ribonucleosides against Neoplastic Cells In Vitro and In Vivo

Leukemia L-1210*

H.Ep.-2° or . q.d. 1-9
KB Cells, Single-Dose Treatmente——— Dose,
—~——————Compound———— EDgo Dose,  Average Weight mg./kg.; Average Weight
X Number (mcg./ml.) mg./kg. Change, T/C T/C, % Day Change, T/C T/C, %
Cl A% 3 400 +3.7/4+3.4 96 200 —-2.7/42.94 93
150 —1.4/41.3 92
100 —0.3/+41.3 101
75 +0.6/+1.3 107
NH, 1l 0.7 400/ —4.7/+14 88 50 —2.1/+41.5 95
200 —3.2/+14 91 50 —1.5/40.9 824
100 —-0.4/+1 102 25 —0.4/+0.9 89
50 +1.5/4+1 93 12.5 +0.7/4+0.9 97
6.3 +1.0/40.9 98
CH,;NH VvII 4.5 400 +1.4/+1.7 100 400 —3.7/+1.68 764
200 ~2.6/+1.3 844
100 —0.3/+1.3 100
(CHy):N VI >100 400 +1.5/+1.6 94
HONH IX 9 400 —4.6/+2.14 724 100 —2.9/42.94 89
200 +0.9/+1.8 100 75 —2.1/+1.3 86
50 —1.5/4+1.3 92
25 +0.5/+1.3 103
CH,0 X 20 (KB) 400 +0.3/+41.4 98 200 —2.2/42.9¢ 844
100 —1.3/4-0.2 91
50 —-1.5/40.2 94
25 —0.3/40.2 102
CH,S \Y% 92 400 +3.0/+2.8 91 200 +0.5/+1.3 101
(0] 11 >100 400/ +2.3/+1.9 97 400 —2.4/+1.64 68¢
200 +2.1/4+1.9 92 200 0/41.0 87
100 +2.9/41.9 101
S 1v >100 400/ 17 200 —-0.2/41.1 101
200 +1.5/+1.0 96
100 +1.6/+1.0 96
50 +1.7/+1.0 96
NH,, phosphate XV 0.7 400 —-3.3/42.0¢ 694 150¢ +1.8/4+2.5 100
300 —2.9/+1.94 794 754 +2.2/42.5 110
150 —-0.7/4+1.9 87 Ik +1.4/42.5 105
75 +1.5/4+1.9 107
NH;, cyclic phosphate XVI 3.6 50 +0.7/41.8 115
25 +1.5/40.4 103

a EDso determined ror H.Ep.-2 cells unless otherwise indicated. H.Ep.-2 = human epidermoid carcinoma cells, No. 2, growing in cell culture.
KB = Eaglc's KB cells growing in cell culture and derived from a carcinoma of the human nasopharynx. EDso = concentration of a compound that
inhibits cell growth, measured by protein determinations, to 50%; of the growth of untreated cells. ® Mice were implanted intrapcritoncally on Day 0
with 105 L-1210 cells. For single-dose treatment, a compound was injected intraperitoneally on Day 1 (about 24 hr.) or on Day 2 (about 48 hr.) after
implantation; g.d. 1-9 means that daily injections at the specified dose were initiated on Day 1 and continued through Day 9 or until the death of the
anmimal. Average weight change = average weight change of host animals. Weight changes were determined 4 days after the first (for daily treatment)
or only injection. T = treated mice; C = control mice, ¢ Treatment on Day 1 unless otherwise indicated. @ T/C <85% and a difference in weight change
(T-C) greater than 4 g. are criteria of toxicity to thc host animals, ¢ Approximate average of several tests. EDso determined by the clone-colony
method = 0.7 umole/ml. (6). / Single-dose treatment with this compound was performed on Day 2. ¢ Half of the treated animals died on or before Day
5. » The treatment schedule was Days 1, 5, and 9 rather than g.d. 1-9. i Average of three tests.

tion of the purine-6-thione (I1V). The availability of pure VI per-
mitted the synthesis of V by methylmercaptide ion generated from
sodium methoxide and hydrogen sulfide in methanol (18). Proton
magnetic resonance analysis of recrystallized V showed that it
contained no more than 1% of the 6-methoxypurine (X). The 6-
(methylamino)purine (VII) and the adenine (II) derivatives were
also obtained more conveniently and in superior yields from purified
VL

The following derivatives of 11 were synthesized: the tetrabutyryl
(XIII) and tributyryl (XIV) derivatives; the 5-dihydrogen phosphate
(XV), which is the (%)-analog of adenylic acid; and the cyclic
1,5-phosphate (XVI), which is the (%)-analog of cyclic 37,5'-
adenosine monophosphate. The phosphate (XV) was obtained in
679, yield by phosphorylating isopropylidene II with phosphorus
oxychloride in trimethyl phosphate (19, 20), isolating the product
as the ammonium salt, and converting the salt to the free acid.
After this work had been completed, the preparation of aristeromy-
cin phosphate was reported by Imai et al. (21). The cyclic phosphate
(XVI) was synthesized from XV by the method of Smith et al. (22)
for the preparation of cyclic adenosine monophosphate; a simplified
isolation procedure afforded a good yield of XVI.

BIOLOGICAL EVALUATION

Most purine ribonucleosides are not active per se; observed
biological effects are caused by ribonucleotides formed from the
ribonucleosides (23). Since it is generally accepted that nucleotides
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do not penetrate cell walls, activity is dependent on intracellular
activation by kinases or by the sequential action of phosphorylases
and phosphoribosyl transferases (23). Some new derivatives (VI-
VIII and X) were selected, therefore, because the analogous ribo-
nucleosides are good substrates for adenosine kinase from human
epidermoid carcinoma (H.Ep.-2) cells (24), and these derivatives
might also be phosphorylated by this enzyme. Additionally, the
6-(hydroxyamino)purine derivative (IX) is the analog of a nu-
cleoside having anticancer activity (17, 25), and the cyclic phosphate
(XVI) is the analog of cyclic adenosine monophosphate which may,
in some degree, be transported intact into cells (26, 27).

The adenine derivative (11) is a highly cytotoxic compound (5, 6).
The 6-chloropurine (VI), 6-(methylamino)purine (VII), and 6-
(hydroxyamino)purine (IX) derivatives and the two nucleotide
analogs (XV and XVI) also proved to be cytotoxic to neoplastic cells
growing in culture (Table I), and the 6-methoxypurine (X) was
modestly inhibitory. There is no evidence to indicate whether XV
and XVI are cytotoxic as such or whether the observed activity
is due to cleavage to II. As mentioned in the introduction, XV was
found to be a potent inhibitor of guanylic acid kinase (7).

The results shown in Table I summarize tests of carbocyclic
analogs of 6-substituted purine ribonucleosides against leukemia
L-1210 in mice. All of the nucleoside analogs (II-X) were tested on
a single-dose schedule (Day 1 or 2) at 400 mg./kg. If toxic symptoms
appeared at this dose, testing was continued at lower doses. The 6-
chloropurine (VI), 6-aminopurine (II), 6-(methylamino)purine
(VID), 6-(hydroxyamino)purine (IX), and 6-methoxypurine (X)
derivatives and the hypoxanthine (I11) were administered at several



doses on a g.d. 1-9 schedule. These doses ranged from an upper,
toxic dose (indicated by host weight loss or T/C <85%) to lower
doses that caused little, or no, weight loss. The remaining com-
pounds shown in Table I received more limited testing in rivo.
None of the tests performed gave evidence of activity. The results
in Table I indicate the degree of toxicity of these compounds in rivo
(to leukemia-bearing mice) and show the scope of the evaluation.

EXPERIMENTAL?

(=%)-trans-3-(6-Chloro-9 H-purin-9-yl)-trans-5<hydroxymethyl)-
cis-1,2-cyclopentanediol (VI)—A solution of 500 mg. of XI, 15 ml.
of triethyl orthoformate, and 0.15 ml. of 12 N hydrochloric acid
was stirred at room temperature for 19 hr. The solution was con-
centrated in racuo at 25° to a syrup, and several portions of toluene
were similarly evaporated from the residue to aid in the removal of
traces of volatile components. The mass spectrum (direct-probe
inlet temperature 395°) of the residue indicated that it was com-
posed principally of derivatives of VI formed by the reaction of
triethyl orthoformate with the hydroxyl groups, along with trace
amounts of VI and other components*.5: m/e 368 (M* of Xlla,
weak), 340 (M* of X114 or Xllc, very weak). 339 (Xlla — CHO),
323 (XIla — OC,H,, very strong), 295 (X1l — OC.H; or 323 —
CO0), 284 (M+ of VI, very weak), 235 (XIla — OCHOC;H; — CH,-
OCHO, very strong), 155 (P + 2H), 154 (P + H), and 153 (P);
relative peak heights above 150 mass units, mjfe 155 > 323 > 235 >
153. The fact that the peak of m/e 323 was the second strongest
in the spectrum indicates that the crude product was mostly XIla,
the strong peak at m/e 235 is consistent with this interpretation, but
it also might have arisen partly from X116 (340 — OCHOC,H; —
CH,OH).

To hydrolyze the ethoxymethylene group of X1la and X114 and
other orrho-ester groups that might be present, a solution of the
crude product in 10 ml. of 507; acetic acid was stirred at room tem-
perature for 5.5 hr. and then concentrated to a syrup. To remove
residual acetic acid, a solution of the syrup in water was lyophilized,
yielding 553 mg. An IR spectrum showed strong ester absorption
at 1710 cm.7! (—OCHO), and the mass spectrum*:* (direct-probe
inlet temperature 390°) indicated that the product was chiefly a
mixture of VI and its formate esters: mfe 340 (M* of Xll¢), 312
(M* of Xlld, stronger than 284 and 340), 311 (XIlc — CHO), 294
(XIId — H,0), 284 (M* of VI), 283 (XIlId — CHO), 253 (VI —
CH:OH or X1ld — CH,OCHO), 235 (XIld — CH,OCHO — H.O
or VI — CH.OH — H:0), 181 (P 4+ CH,), 155 (P + 2H, base
peak), 154 (P 4+ H), and 153 (P); relative peak heights above 100
mass units, 155 > 157 > 181 > 154 ~ 235 > 156 > 119 > 183. The
peak of m/e 235 must have been derived chiefly from XI11d, because
it was much stronger than the molecular ion peak of VI and it was
much weaker than m/e 284 in the spectra of pure specimens of VI.
Weak peaks of m/e 368 (Xl1la), 358, 330, 323 (Xlla — OC:H:), and
302 showed the presence of other minor components.

3 UV spectra were recorded with a Cary model 17 or 14 spectro-
photometer, UV maxima are in nanometers; sh = shoulder. Solutions
for UV determinations were prepared by diluting a 5-ml. aliquot of a
water or ethanol solution of the compound to 50 ml. with 0.1 N HCI,
phosphate buffer (pH 7), or 0.1 N NaOH; absorption maxima are re-
ported at pH 1, 7, and 13. IR spectra were recorded with a Perkin-
Elmer model 621 or 521 spectrometer from samples in KBr disks. Mass
spectral data were taken from low-resolution spectra determined with a

itachi-Perkin-Elmer RMU-7 double-focusing instrument; the peaks
listed are those due to the molccular ion (M), those attributable to the
loss of certain fragments from the molecular ion (M — a fragment),
and other prominent peaks due to fragments heavier than the purine
moiety (minus the cyclopentyl group). Proton magnetic resonance
(PMR) spectra were determined with a Varian model XL-100-15 spec-
trometer for observing proton resonance at 100 MHz. Chemical shift
data (8) are in parts per million downfield from tetramethylsilane, the
internal reference; s = singlet, and m = multiplet. Melting tempera-
tures were determined in capillary tubes heated in a Mel-Temp ap-
paratus. 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 by spraying
with a basic solution of potassium permanganate. The quantity applied
and the developing solvent are shown parenthetically at the appropriate
places in the procedures.

¢ The chlorinc-containing fragments listed contain Cl; the cor-
responding fragments (heavier by 2 mass units) containing ¥Cl are not
listed unless the peaks were stronger than expected from the isotope
ratio.

® P = the purine ring fragment without a 9-substituent.

A solution of 353 mg. of the gummy solid in 10 ml. of 109 am-
monia-methanol was kept at room temperature for 4 hr. to remove
the formyl groups. After evaporation of the solvent and of several
portions of ethanol from the reaction product, it was stirred with a
mixture of ethyl acetate (7 ml.) and ethanol (3 ml.) until solidifica-
tion occurred, yielding 227 mg. (68% yield from XI), m.p. 152-
170° dec. UV data and the mass spectrum (compared with spectra
of pure specimens of VI) indicated that this material was almost
pure VI; TLC showed that it was VI contaminated with small
amounts (less than 3-5%) of both II and the hypoxanthine deriva-
tive (1I). These impurities must have been introduced by displace-
ment of the 6-chloro group by ammonia and ciq acidic hydrolysis,
respectively. Also, weak peaks of m/e 280 and 294 in the mass
spectrum correspond to the molecular ions of the 6-methoxypurine
(X) and the analogous 6-ethoxypurine derivative, respectively, and
suggest that slight displacement of the 6-chloro group by methanol
and ethanol occurred. Recrystallization of such specimens from a
small volume of ethanol-ethyl acetate or from ethanol-hexane
(1:1) gave pure VI, m.p. 171-175° dec.; TLC, 1 spot [20 mcg.,
chloroform-methanol (4:1)]; UV: An.x 265 (e 9400) at pH 1 and 7;
mass spectrum*.® (direct-probe inlet temperature 390°): m/e 284
(M*), 267 (M — OH), 266 (M — H.0), 256 (M — CO), 255, 253
(M — CH,OH), 237, 235 (M — CH,OH — H,0), 225 (M — CH.-
OH — CO0), 219, 209, 197, 181 (P + C,HJ), 167, 155 (P + 2H), 154
(P + H), and 153 (P). The peak of m/e 155 was the base peak in the
spectra of purified specimens of VI. The peaks of m/e 157 (due to
the ¥Cl-fragment analogous to m/e 155) and m/e 181 were the next
strongest; other strong peaks above 100 mass units were 156, 154,
183, 119, 284, and 209,

Anal—Calc. for C,1Hi;CINO;: C, 46.40; H, 4.60; Cl, 12.45; N,
19.75. Found: C,46.35; H, 4.69; C1,12.72; N, 19.51.

Crude 6-chloropurine (VI) hydrochloride specimens were used
for preparing some 6-substituted purine derivatives. These very
hygroscopic, white specimens were prepared by the previously
described procedure (2) from XI, triethyl orthoformate, and con-
centrated hydrochloric acid, followed by treatment of the crude
syrup with hydrogen chloride to obtain a solid product. Several
specimens of the crude mixture of hydrochlorides gave similar
(weak) mass spectral patterns. Dissolution of such specimens in
water to dissociate the hydrochloride salts, followed by lyophiliza-
tion, increased the volatility of the crude products; mass spectra
were improved but not appreciably changed. Typical mass spectra
showed peaks corresponding to the molecular ions of VI, XIIb or
Xlle, XIld, and fragments derived from these compounds. Since
the crude hydrochloride preparations are very hygroscopic, hy-
drolysis of some ethoxymethylene and formyl groups may have
occurred during handling. Weak molecular ion peaks of m/e 358,
348 and 330, and 302 in the spectra correspond to by-products in
which one or two hydroxyl groups of X116 or X1lc, X1ld, and VI,
respectively, are replaced by chloro groups. These minor by-prod-
ucts may have been introduced during the preparation of the crude
mixture of hydrochlorides or during one of the two preceding steps
(2) and, because of their greater volatility, may have been detectable
in trace amounts.

(=%)-trans-3-(Hydroxymethyl)- trans-5-[6-(methylamino)-9H-
purin-9-yl]-cis-1,2-cyclopentanediol (VII)--A solution of 1.0 g. of
crude VI hydrochloride (2) and 60 ml. of liquid methylamine was
heated in a glass-lined, stainless steel bomb at 70° for 18 hr. and then
concentrated to a syrup. A solution of the syrup, 30 mi. of water, 30
ml. of ethanol, and 3 ml. of 12 N HCl was heated at 45° for 0.5 hr.
The solvents were evaporated in racuo, and several portions of
water were evaporated from the residue. A solution of the residue
in 150 ml. of water was stirred with 10 g. of an anion-exchange
resiné for 0.5 hr., the resin was removed by filtration and washed
several times with 50-ml. portions of warm water, and the residue
remaining after evaporation in vacuo of the combined filtrate and
wash solutions was dried further by evaporating several portions of
ethanol from it. A solution of the amorphous residue in 50 ml. of
ethanol deposited 693 mg. (80%) of crude VII free base (m.p.
103-106° dec.). A solution of 670 mg. of the crude free base, 25
ml. of ethanol, and 15 ml. of ether was treated with anhydrous
hydrogen chloride. A white precipitate, with the approximate com-
position of a dihydrochloride, was recrystallized from methanol-
ether, yielding 555 mg. of the monohydrochloride of VII, m.p. 177-

¢ Dowex 1-X8, OH~ form.
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179° dec.; UV: Amax 263 (e 17,200) at pH 1 and 267 (¢ 16,800) at pH
7 and 13,

Anal—Calc. for C;,;HN:;O;- HCl: C, 45.65; H, 5.74; N, 22.17.
Found: C,45.74; H, 5.79; N, 22.26.

Pure VI (500 mg.) was treated with 30 ml. of methylamine ac-
cording to the procedure already described for crude VI hydrochlo-
ride. Concentration of the reaction mixture to dryness left a white
solid. The product was recrystallized twice from ethanol and dried
in vacuo at 78°, yielding 440 mg. (77%;), m.p. 110-112° dec.; TLC,
1 spot [60 mcg., chloroform-methanol (3 :1)]; mass spectrum (direct-
probe inlet temperature 240°): mfe 279 (M*), 262 (M — OH), 248
(M — CH;0OH), 232, 230 (M — CH:OH — H,0), 220 (M ~— CH,-
OH — CO), 204, 192, 176 (P + C.H,), 150 (P + 2H, base peak),
149 (P + H), and 148 (P).

Anal.—Calc. for C,HiN;0;-C,H.OH: C, 51.68; H, 7.12; N,
21.53. Found: C, 51.72; H, 7.43; N, 21.36.

(£)-trans-3-[6-(Dimethylamino)-9H - purin-9-yl]- trans-(5-hy-
droxymethyl)-cis-1,2-cyclopentanediol (VIII)—A solution of 350 mg.
of crude VI hydrochloride (2) in 12 ml. of 2597 aqueous dimethyl-
amine was heated under reflux for 3 hr., allowed to stand at room
temperature for 5 days, and evaporated in vacuo to a syrup. By a
procedure similar to that described for the preparation of VII from
crude VI, the dihydrochloride of VIII was obtained from a chilled
mixture of ethanol, ether, and dry hydrogen chloride, yielding 130
mg. (32%), m.p. 98-105° with premature softening; UV: Anax 268
(e 17,700) at pH 1 and 277 (¢ 18,000) at pH 7 and 13.

Anal.—Calc. for C;:H1sN:O;-2HC): C, 42.63; H, 5.78; N, 19.12.
Found:C,642.78; H, 5.52; N, 18.84.

trans-3-{6-(Hydroxyamino)-9 H - purin-9 - yl]- trans-5 - (hydroxy-
methyl)-cis-1,2-cyclopentanediol (IX)—A solution of 854 mg. of
pure VI, 6 ml. of methanol, 6 ml. of ethanol, and 2.5 g. of hydroxyl-
amine (prepared from the hydrochloride and sodium methoxide
in methanol) was heated under reflux for 3 hr. and then allowed to
stand at room temperature for 18 hr. A white precipitate was sepa-
rated by filtration, washed with ethanol, and dried in vacuo at 78°,
yielding 655 mg., m.p. 204-220° dec. The crude product was dis-
solved in 509 aqueous ethanol, the solution was concentrated to
a syrupy consistency, ethanol was added, and the solution was
chilled. The first crop (357 mg.) of IX was stirred with water, washed
with ethanol, and dried in vacuo at 78°, yielding 313 mg., m.p. 225°
dec.; TLC, 1 spot [40 mcg., butanol-water-acetic acid (5:3:2));
UV: Amax 266 (¢ 16,7€0) at pH 1 and 267 (¢ 13,700) at pH 7.

Anal.—Calc. for CnHuN[;OG C, 4697, H, 5.37; N, 24.90.
Found: C,46.64; H, 5.65; N, 24.89.

A second crop of IX, obtained by concentrating the filtrate and
cooling it to —20°, was recrystallized from aqueous ethanol, yielding
73 mg., m.p. 224° dec.; UV Amax 266 (e 16,500) at pH 1.

(*)-trans-3(Hydroxymethyl)-trans-5-(6-methoxy -9 H - purin-9-
yD-cis-1,2-cyclopentanediol (X)—A solution prepared from 600 mg.
of pure VI, 14 ml. of anhydrous methanol (dried with molecular
sieves), and 6 ml. of 1 N sodium methoxide in methanol was heated
under reflux for 2 hr., allowed to stand at room temperature for
48 hr., and evaporated to dryness in vacuo. A solution of the residue
in 10 ml, of water was acidified with 1 ml. of 6 N HCI and then
neutralized with solid sodium bicarbonate. The mixture, containing
a precipitate, was allowed to stand at 5° and was then filtered to
separate white crystals, yielding 490 mg., m.p. 203-210° dec. The
crude product was recrystallized from water and dried in rvacuo
at 78°, yielding 387 mg. (65%), m.p. 210-212° dec.; TLC, 1 spot
[40 mcg., chloroform-methanol (3:1)]; UV: Amax 252 (¢ 10,800)
and 262 (sh) at pH 1 and 250-254 (¢ 11,400) and 262 (sh) at pH 7
and 13; mass spectrum® (direct-probe inlet temperature 250°):
mje 280 (M), 263 (M — OH), 262 (M — H;0), 252 (M — CO),
249 (M — CH,OH), 233, 231 (M — CH:OH — H;0), 221 (M —
CH,OH — CO0), 205, 193, 177 (P + C.H,), 163, 151 (P + 2H, base
peak), 150 (P + H), and 149 (P); PMR" (dimethyl sulfoxide-ds): 6
1.6-about 2.5 (m, HaHaHb), 3.4-3.63 (m, HcHe), 3.78-3.96 (m,
Hd), 4.1 (s, CH;0), 4.24-4.5 (m, He), 4.56-4.98 (m, Hf + 30H),
8.44 (s, H; of purine ring), 8.50 (s, H: of purine ring), and 4.62-
5.04 (after addition of D,O, m, Hf). A specimen for analysis was
dried at 110°.

Anal —Calc. for C,H;(N,O,: C, 51.40; H, 575; N, 19.99.
Found: C, 51.15; H, 5.48; N, 19.60.

(£)-N-{9{trans-2,trans-3-Dihydroxy-cis-4-(hydroxymethyl)cy-

" The positions of the protons are shown in Structure XVII.
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clopentyl]-9 H-purin-6-yl} butyramide Tributyrate (XIII)—An anhy-
drous mixture of 500 mg. of 1§, 10 ml. of pyridine, and 7.5 ml. of
butyric anhydride was stirred at room temperature for 2 days and
then concentrated in racuo to a solid residue. White crystalline
XIH was obtained by triturating the residue with ethanol-hexane
(1:9) and recrystallizing the crude product (821 mg.) from ethyl
acetate-hexane (4:15), yielding 723 mg. (70%), m.p. 116-117°;
UV: Amax 282 (e 17,800)at pH 1.

Anal.—Calc. for C;yH;sN;04: C, 59.43; H, 7.21; N, 12.84. Found:
C,59.25; H,7.24; N, 12.87.

(x£)-trans-3-(6-Amino-9 H-purin-9-yl)-trans-5 - (hy droxymethyl)-
cis-1,2-cyclopentanediol Tributyrate (XIV) Picrate—A solution of
190 mg. of XIII, 229 mg. of picric acid, and 11 ml. of methanol was
heated under reflux for 45 min. A yellow precipitate was collected
by filtration, washed with methanol, and recrystallized from an
ethanol-acetone mixture, yielding 180 mg. (73 %), m.p. 190-195°.

Anal.—Cale. for Cy3Hi3NsO- CeH3N:;Oq: C, 49.43; H, 5.17; N,
15.92. Found: C, 49.25; H, 5.03; N, 15.96. -

(= )-trans-3-(6-Amino-9 H-purin-9-yl)-tran s-5-(hy droxymethyl)-
cis-1,2-cyclopentanediol 5-Dihydrogen Phosphate (XV)—A solution
of 12 ml. of trimethyl phosphate (19, 20), 0.732 ml. (8 mmoles) of
phosphorus oxychloride, and 1.188 g. (3.9 mmoles) of the iso-
propylidene derivative (2) of 1T was prepared at —10°, stirred for
3 hr. at from —5to —10°, and poured into 350 ml. of water. The re-
sulting solution was allowed to stand at 25° for 1 hr., neutralized
with 2.5 N aqueous ammonia, and passed through a column of a
cation-exchange resin® (20 g.). The column was washed with 300 ml.
of water and then with 400 ml. of 1 N aqueous ammonia. The am-
monia effluent was concentrated in racuo to a low volume (about
10 ml.), and ethanol (100 ml.) was added and the evaporation con-
tinued. Then additional ethanol (100 ml.) was added, and a white
precipitate was collected by filtration and dried in vacuo over phos-
phorus pentoxide, yielding 1.036 g. (709, calculated as a monohy-
drate of the ammonium salt of XV?*). A solution of 1 g. of this mate-
rial in 2 ml. of water was neutralized with 0.5 ml. of 6 N hydro-
chloric acid, diluted with 5 ml. of ethanol, and cooled to —20°.
The white precipitate was dried in vacuo at 78° over phosphorus
pentoxide, yielding 901 mg. (adjusted yield 67%), m.p. 250-252°
dec.; TLC, 1 spot [60 mcg. on cellulose, butanol-water-acetic acid
(5:3:2), detection by UV light after spraying!®]. A specimen was
recrystallized from water—ethanol and dried as before, m.p. 251-
253° dec.; UV: Amax 258 (¢ 14,500) and 212 (e 21,000) at pH 1 and
261 (¢ 15,100) and 204 (¢ 21,900) at pH 7.

Anal—Calc. for CHiN:OP-/,H.O: C, 37.29; H, 4.84; N,
19.77; P, 8.74. Found: C, 37.43; H,4.60; N, 19.56; P, 8.64.

(x)-trans-3-(6-Amino-9 H-purin-9-yl)-trans-5 - (hydroxymethyl)-
cis-1,2-cyclopentanediol Cyclic 1,5-Hydrogen Phosphate (XVI)—A
solution of 353 mg. of II-phosphate (XV), 293 mg. of 4-morpholino-
N,N’-dicyclohexylcarboxamidine, 25 ml. of pyridine, and 5 ml.
of water was evaporated to dryness in vacuo, and three 15-ml. por-
tions of pyridine were added and evaporated separately in vacuo to
remove water. A solution of the residue in 100 ml. of anhydrous
pyridine was added dropwise during 3 hr. to a refluxing solution
of 412 mg. of dicyclohexylcarbodiimide in 100 ml. of anhydrous
pyridine, and the mixture was heated under reflux for an additional
hour and then evaporated to dryness in vacuo. A mixture of the
residue and water (250 ml.) was allowed to stand at room tempera-
ture for about 2 hr. and then concentrated in vacuo to dryness.
Equal volumes of water and ether (100 ml.) were added, the mixture
was shaken and filtered to remove dicyclohexylurea (m.p. 222-
227°), and the aqueous layer was evaporated in vacuo to a yellow
syrup. A solution of the syrup in 25 ml. of water was stirred with
3 g. of a strongly basic ion-exchange resin!! for 15 min., the resin
was separated by filtration and washed with water (10 X 3 ml),
and the product was recovered by stirring the resin with 175 ml.
of 259 acetic acid. The aqueous acetic acid filtrate was concen-
trated in vacuo to a small volume (10 ml.), diluted with ethanol (10
ml.}, chilled, and filtered to remove the white precipitate which was
dried in rvacuo at 78°, yielding 259 mg. (79 %). The cyclic phosphate
(XVI) was recrystallized from water (40 ml.) and dried in vacuo at
110°, yielding 198 mg. (61 %), m.p. 268-272° dec.; UV: Amax 258

8 Amberlite CG-120, H* form.

¢ Analytical data from a similar product of another experiment were
in approximate agreement with the monoammonium salt monohydrate.

10 With Ultraphor.

11 Rexyn 201, OH- form.



(¢ 13,500) and 211 (e 20,600) at pH 1 and 261 (¢ 14,100) and 205
(¢ 20,400) at pH 7; TLC [silica gel, detection by UV and spraying?,
propanol-water (3:1)], XVI moved similarly to Il and faster than
XV; TLC [butanol-water-acetic acid (5:3:2)], XVI moved slower
than I and slightly faster than XV.

Anal—Calc. for CyHN:OsP: C, 40.37; H, 4.31; N, 21.44; P,
9.46. Found: C,39.98; H, 4.47; N, 21.71; P, 9.37.

(x)-trans-3-(6-Amino-9 H-purin-9-yl)- trans-5-(hy droxymethyl)-
cis-1,2-cyclopentanediol (II)—This compound was obtained in
better yield and by a simpler procedure by beginning with purified
VI(c/f. 2). A mixture of 1.215 g. of VI and 20 ml. of liquid ammonia
was heated in a glass-lined, stainless steel bomb at 60° for 20 hr. and
then at 80° for 1 hr. The residue obtained by evaporating the am-
monia with a current of nitrogen was stirred with 20 ml. of warm
909, ethanol. Compound II (885 mg., m.p. 238-247° dec.) was
separated by filtration, recrystallized from water (35 ml.), and
washed with ethanol, yielding 768 mg. (white crystals), m.p. 245-
247° dec. A second crop (113 mg., m.p. 231-240° dec.) of I from
the 909 ethanol filtrate was recrystallized from water, yielding 86
mg., m.p. 244-248° dec. TLC and UV data showed that both por-
tions (total yield 75 %) were pure I1.

(£)-trans-3-(Hydroxymethyl)-trans-5-[6-(methylthio)-9 H-purin-
9-y1)-cis-1,2-cyclopentanediol (V)—This compound was prepared
by an improved procedure (c/. 2). A solution consisting of 780 mg. of
purified VI, 30 ml. of anhydrous methanol (dried with molecular
sieves), and 5.5 ml. of a | N methanol solution of sodium methoxide
was saturated with methanethiol at 5°. The solution was heated at
100° in a glass-lined, stainless steel bomb for 18 hr. and then con-
centrated to dryness in vacuo. A water solution (25 ml.) of the res-
idue was acidified to pH 3 with 1 N HCI, neutralized by the addition
of solid sodium bicarbonate!?, and evaporated to dryness in vacuo.
The residual solid was leached repeatedly (10 times) with a boiling
ethyl acetate-acetone (4:1) mixture. The total extract was concen-
trated in vacuo to about 10 ml., and the precipitate (630 mg.) was
separated by filtration. Recrystallization of the crude product from
ethanol gave 605 mg. (74 %) of white crystals, m.p. 179-181° dec.;
mass spectrum (direct-probe inlet temperature 270°): m/e 296 (M*),
279 (M — OH), 278 (M — H;0), 265 (M — CH,OH), 249, 247
(M — CH,OH — H:0), 237 (M — CH.OH — CO0), 231, 222, 221,
209, 193 (P + C:H)), 179, 167 (P 4+ 2H, base peak), 166 (P + H),
and 165 (P); PMR? (dimethyl sulfoxide-ds): 6 1.64-about 2.5 (m,
HaHaHb), 2.68 (s, CH,S), 3.42-3.64 (m, HcHe), 3.8-3.96 (m, Hd),
4.24-4.52 (m, He), 4.58-5.06 (m, Hf + 30H), 8.53 (s, H; of purine
ring), 8.7 (s, H, of purine ring), and 4.66-5.06 (after addition of
D:0, m, Hf). A very weak singlet at 4.1 p.p.m. indicated that this
sample contained about 1% of the 6-methoxypurine derivative (X).
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