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Abstract. Impressive antitumor activity has been observeati fudarabine phosphate against tumors that exjites
coli purine nucleoside phosphorylase (PNP) due to itherdtion of 2-fluoroadenine in the tumor tissues-
Methylpurine (MeP) is another cytotoxic adenine lagathat does not exhibit selectivity when admimisd
systemically, and could be very useful in a geraapy approach to cancer treatment involMigoli PNP. The
prototype MeP releasing prodrug 9-(2-de@#p-ribofuranosyl)-6-methylpurinelj [MeP-dR] has demonstrated good
activity against tumors expressiig coli PNP, but its antitumor activity is limited due ttxicity resulting from the
generation of MeP from gut bacteria. Therefore,hage embarked on a medicinal chemistry programentify a
combination of non-toxic MeP prodrugs and non-huradenosine glycosidic bond cleaving enzymes. Weekest
MeP-based substrates with M64&/eoli PNP, a mutant which was engineered to tolerateifioation at the 5'-
position of adenosine and its analogues, were @(B«ya-L-talofuranosyl)-6-methylpurine3j [methyl(talo)-MeP-R]
and 9-@-L-lyxofuranosyl)6-methylpurine4) [lyxo-MeP-R]. The detailed synthesis methyl(JaldeP-R and lyxo-
MeP-R, and the evaluation of their substrate agtiwith 4 enzymes not normally associated with esrgatients is
described. In addition, we have determined theaparitoneal pharmacokinetic (ip-PK) propertiesnadthyl(talo)-
MeP-R and have determined itsvivo bystander activity in mice bearing D54 tumors thgpress M64V PNPThe
observed goodh vivo bystander activity of [methyl(talo)-MeP-R/M64&-coli PNP combination suggests that these
agents could be useful for the treatment of cancer.

Keywords: 6-Methylpurine « 2-Fluoroadenine ¢ Purine nucldegbhosphorylase « Prodrugs ¢ Cancer gene therapy.
I ntroduction.

Suicide gene therapy is a promising strategy themgts to limit the systemic toxicity
inherent to cancer chemotherapy by selective dslieé an exogenous gene to a tumor whose
expression product converts a nontoxic prodrug athighly cytotoxic agent.[1, 2] We have
developed a suicide gene therapy approach forrdentent of solid tumors that is based on
selective activation of none-toxic prodrugs of toadenine analogs such as 2-fluoroadenine and 6-
methylpurine withE. coli purine nucleoside phosphorylase (PNP).[38toli PNP differs from
human PNP in its ability to cleave the glycosidant of adenosine and adenosine analogs in
addition to 6-oxopurine derivatives.[6, 7] Excallein vivo antitumor activity has been
demonstrated with this strategy against human turesrografts in mice using a variety of
prodrugs,[8-11] including 9-[2-deoxy-D-ribofuranosyl]-6-methylpurine (MeP-dRt), 9-[3-D-
arabinofuranosyl]-2-fluoroadenine (F-ara), and 2-fluoro-2’-deoxyadenosine (F-dAdo). The
bestin vivo activity has been observed with F-araA,[12] armghase | clinical has been initiated to
evaluate its safety and efficacy.[13] However, #rgitumor activity of this approach is still



limited by the inherent toxicity of the prodrugalthough MeP-dR is much less toxic than F-araA
in vitro, it is much more toxic to mice due to its cleavédgePNP that is expressed in intestinal
bacteria,[14] which results in the systemic libematof 6-methylpurine (MeP), which is known not
to have selectivén vivo antitumor activity.[15] In spite of this toxicitygyoodin vivo antitumor
activity has been observed with MeP-dR, and itoissible that MeP prodrugs could be effectively
used in a gene therapy system utiliziagoli PNP, if they were not cleaved by intestinal baater
Therefore, we have initiated a program to change shbstrate specificity dt. coli PNP to
identify an enzyme/prodrug combination that carawxéeMeP containing prodrugs that are poor
substrates for the endogenous bacterial phosplses/[46]

Our studies have led to the identification of Bncoli PNP mutant (M64V) that is able to
cleave numerous 5’-modified nucleoside analogs witlth greater efficiency than the wild-type
enzyme.[16] We have determined the crystal strectdithe M64V mutant and have evaluated its
activity with a few nucleoside analogs.[16] Theothest MeP-based substrates were 9-(6-deoxy-
a-L-talofuranosyl)-6-methylpurine 3 [methyl(talo)-MeP-R] and 9efL-lyxofuranosyl)-6-
methylpurine 4) [lyxo-MeP-R] (Figure 1).

Insert Figure 1

Methyl(talo)-MeP-R demonstrated good activity agai D54 tumors that express M64V
PNP.[16] However, cytotoxicity (MTD) of the (M64®NP/methyl(talo)-MeP-R) combination
was observed and is attributed to the cleavage aghyt(talo)-6-MeP by unidentified bacterial
enzymes.[14] To circumvent this toxicity problemn, this study, we have determined the
intraperitoneal pharmacokinetic (ip-PK) propertefsmethyl(talo)-MeP-R and have determined
the in vivo bystander activity of methyl(talo)-MeP-R in micedning D54 tumors that express
M64V E.coli-PNP. In continuation of our efforts to identifyoatter (MeP-prodrug/phosphorylase)
combination, we have determined the substrateigct¥ 3 and4 against several other enzymes
known to cleave adenosine that should not be Iddatéhe gut bacteria. The detailed synthesis of
methyl(talo)-MeP-R and lyxo-MeP-R is described.

Results and Discussion

Chemistry. Synthesis of methyl(talo)-MeP-B, Vorbriiggenglycosylation of 1,2,3,5-tetr&®-
acyl-ribofuranosides with 6-alkyl/arylpurines haseh reported by us and others to selectively
produce 9{8-D-ribofuranosyl)-6-alkyl/arylpurine nucleosidesi[1 17-20] The anomeric
configuration is predominantlyrans with respect to the'heterocyclic moiety and'D-acyl
group.[14, 18, 19, 21] The key intermediate neddedhe coupling reactiorg-L-talofuranoside
derivative9 could be attained by the inversion of the confagjion at the C-5 position of 6-deoxy-
D-allofuranose derivativé followed by the application of the standard pragced of glycosyl
donor protection and activation (Scheme 1). 1&d0-isopropylidenea-D-glucofuranoseXR)
was converted in six steps to 6-deoxy-D-allofuranderivatives , with minor modification of the
literature procedure, in 44% total overall yiel@[223] Esterification of6 under Mistunobu
reaction conditions (BzOH/PRDEAD/THF) gave the corresponding@benzoate derivativé
with inversion of the configuration at the C-5 gimsi in 86% vyield. Treatment af with HCI in
MeOH/H,O, followed by benzoylation of the 2-hydroxyl grogave the corresponding methyl



glycoside derivativeB in 94% vyield. Acetolysis 0B gave the corresponding Q-acetyla-L-
talofuranose derivatived in 94% vyield. Coupling of silylated 6-methylpuginwith a-L-
talofuranose derivativ@ in the presence of Sn{h dry CHCN gave the corresponding 9-(2,3,5-
tri-O-benzoylf-D-talofuranosyl)-6-methylpurinelQ) in 96% yield. NOE correlation between H-
1" and H-4’ confirms the3-configuration of the nucleosid&). Irradiation at the H-1' signal
showed NOE enhancement at H-4’ signal (3%) andiat®]n at H-4’ signal showed enhancement
at H-1' signal (3%). Debenzoylation d0 with NHs/MeOH gavell in 94% vyield. Pd/C
catalyzed hydrogenation dfl gave 9-(6-deoxy-D-talofuranosyl)-6-methylpurine3] in 87%
yield. Thep-stereochemistry ad was further confirmed by an NOE correlation betwek@ and
H-3'. Irradiation at H-3’ signal showed NOE enhanment at H-8 signal (1%) and irradiation at
H-8 signal showed enhancement at H-3’ signal (1%).

Insert Scheme 1

Synthesis of Lyxo-MeP-R4[24]. Starting with the commercially available yxbse, the
glycosyl donor 1©-acetyl-2,3,5-tri©O-benzoyl-L-lyxofuranose 1) was prepared in three steps
with minor modification of the literature procedsn@5-27] Treatment of L-lyxose with acetyl
chloride in MeOH at 0 °C gave a mixture of theOdMe-lyxofuranoside and O-Me-
lyxopyranoside derivatives in a 5:1 ratio as deteen by’"H-NMR. A puref-anomer of 10-Me-
lyxofuranoside was isolated by crystallization loé tmixture from MeOH at -20°C. Benzoylation
of methyl lyxofuranoside with BzCl in dry pyridirfellowed by acetolysis of the corresponding
methyl 2,3,4-triO-benzoyl-lyxofuranoside derivative with A@/AcOH in the presence of conc.
H,SO, gave predominantly the correspondingdcetyl-2,3,5-tri©-benzoylf-L-lyxofuranose
(12)% in 89% yield. Coupling of silylated 6-methyl poei with 12 in the presence of Sngh
dry CH:CN to give the desired 6-MeP-lyxoside derivati@in 88% yield. Deprotection df3
with NaOMe/MeOH gave then @{L-lyxofuranosyl)-6-methylpurine4) in 86% yield.

Insert Scheme 2
Biology

Previous experiments have demonstrated that m&tto)MeP-R had good activity against
D54 tumors that express M64V PNP.[12] In ordedébermine then vivo bystander activity of
methyl(talo)-MeP-R, mice bearing tumors in whic®d.0f the cells expressed M64V were treated
ip with methyl(talo)-MeP-R. Three days of admirasion of compound (days 17, 18, and 19 after
tumor implantation) resulted in prolonged inhibitiof tumor growth at the two highest doses of
methyl(talo)-MeP-R (Figure. 2). We also determirtdt the terminal half-life of methyl(talo)-
MeP-R was 21 minutes (Figure 3), which was a litbleger than that of MeP-dR (14 minutes,
calculated from the change in plasma concentréddatween 30 and 60 minutes).

In an effort to identify better enzymes for actiagtthese agents, we determined the substrate
activity of both methyl(talo)-MeP-R and lyxo-MeP-&Yyainst several other enzymes known to
cleave the glycosidic bond of adenosine and whiduksl not be located in gut bacteria (Table 1).
Methyl(talo)-MeP-R showed approximately 8-fold lesgstrate activity again3t vaginalis PNP
compared with the M64V PNP. Interestingly, modemaibstrate activity was observed with lyxo-



MeP-R against. vaginalis PNP and the mutanE. coli M64V PNP. Poor substrate activity of
both methyl(talo)-MeP-R and lyxo-MeP-R was obserwéith E. coli SAH/MTA hydrolase andr
tulorensis PNP. Although considerable cleavage activity waseoved with these enzymes, it was
not better than that observed with M64V PNP, wtgalggests that the antitumor activity of these
two prodrugs with any of these enzymes would naduyerior to that seen with methyl(talo)-MeP-
R and M64V.

Insert Table 1

Excellentin vivo bystander activity was observed with methyl(tdigP-R (T-C of > 32 days
at the maximally tolerated dose). In the experimgrown in Figure 2, the enzyme activity of
M64V PNP using methyl(talo)-MeP-R as substrateuimdr extracts removed from mice at the
initiation of treatment (day 17) was 365 + 155 nesobf compound cleaved/mg-hr (N = 3),
whereas in previous studies[8-11] the enzyme dgtovi E. coli PNP was 40 nmoles and 11,000
nmoles of MeP-dR cleaved/mg-hr of tumor tissuepeesvely. In D54 tumors in which 20% of
the cells expressed low levels®Bfcoli PNP[3] there was also a good antitumor response ¢t
26 days at the maximally tolerated dose of 67 mg/kehich was similar to the antitumor activity
of MeP-dR (T-C of 22 days at the maximally tolecatiose of 33 mg/kg) against D54 in which
10% of the tumors expressed high levelg.ofoli PNP.[16] Note that the dose of MeP-dR needed
to be reduced in mice bearing tumors expressing hlegels ofE. coli PNP due to increased
toxicity of MeP-dR in these mice. The total dodentethyl(talo)-MeP-R used in the current
experiments (300 mg/kg) was approximately 3-foléager than MeP-dR used against tumor
expressing high levels &. coli PNP.[16]

Insert figure 2

These results indicate that the antitumor actieitynethyl(talo)-MeP-R was as good as MeP-
dR, even though there was much less expressiorctfadng enzyme in the tumor cells.[16]
Although there was not a correlation of antitumaotivdty with E. coli PNP expression with MeP-
dR, due to having to decrease MeP-dR administéresl,possible that better antitumor activity
with methyl-(talo)-MeP-R would be observed, if Didnors expressed higher levels of activating
enzyme (M64V).

Insert Figure 3

Conclusions.

Methyl(talo)-MeP-R and Lyxo-MeP-R were synthesizgficiently via Vorbriiggen glycosylation
procedure. Their substrate activity with newlyteéels adenosine cleaving enzymes were not
superior to that with the mutant enzyme M6EVColi PNP. Although methyl(talo)-MeP-R at its
maximally tolerated dose (MTD) demonstrated vergdjm vivo antitumor activity against D54
tumors that express M64V, it did not demonstratitebentitumor activity than that seen with F-
araA.[11, 16, 28] Therefore, these results sugtest better MeP-prodrugs are still needed.



Efforts to identify MeP-based prodrugs with a bett@mbination of pharmacological properties is
ongoing.

Experimental Section. *H NMR and’*C NMR spectra were recorded on a Nicolet NT 300 NB
spectrometer operating at 300.635 MRH)(or 75.6 MHz t°C). Chemical shifts are expressed in
parts per million from tetramethylsilane. The Hygien-decoupled>C-NMR spectra were
assigned by comparison of tley values obtained from hydrogen-couplE€-NMR spectra.
When necessary, selective hydrogen decoupling war$ormed in order to confirm the
assignments. Ultraviolet absorption spectra weeterchined on Perkin-Elmer Lambda 19
spectrometer by dissolving each compound in methanwater and diluting appropriately with
0.IN HCI, pH 7 buffer, or 0.0l NaOH. Values are in nanometers, and numbersremgizeses are
extinction coefficientsg x 10°). Mass spectra were recorded on a Varian/MAT 3tibéble-
focusing mass spectrometer in the fast atom bomtemt (FAB) mode (glycerol matrix). CHN
elemental analysis was carried out on Perkin-EI24€0 elemental analyzer. HPLC analysis was
carried out on a Hewlett-Packard 1100 series ligoldomatograph with a Phenomenex
Sphenclone 5 uM ODS (1) column (4.6 mm x 25 cmhwidV monitoring (254 nm). All flash
column chromatography used 230-400 mesh silicérgel E. Merck. TLC was done on Analtech
pre-coated (250 um) silica gel (GF) plates

5-O-Benzoyl-3-O-benzyl-1,2-O-isopropylidene-a-L -talofuranose (7). A mixture of DEAD (22
mL, 0.139 mol) and BzOH (17 g, 0.139 mol) in THB (ML) was added to a solution®{16.4 g,
57 mmol) and P{P (36.5 g, 0.139 mol) in THF (150 mL) at 0 °C underatmosphere. The
mixture was stirred for 10 h at rt, quenched wit®B (10 mL) and the solvents were evaporated
under reduced pressure. The residue was dissoiVEtDAC (250 mL), washed with 4@, dried
over MgSQ and evaporated. The residue was purified byshfilica gel column (eluate; 10%
EtOAc/Hexanes) to givg (19.5 g, 86% yield) as a pale yellow syrup. MS BfAWz 405.1
[M+Li] © , m/z 447.1 [M+LiCI]"; m/z 803 [2M+Li]*, '"H NMR (300 MHz, CDCJ): &y = 7.97-7.94
(2H, m, Bz), 7.54-7.37 (3H, m, Bz),7.29-7.11 (5H, Bm-Ar), 5.80 (1H, dJ = 3.5 Hz, H-1). 5.32
(1H, ddd, H-5J=3.1,0J=6.6, = 9.7 Hz), 4.73 (1H, d, PhGH J = 12.1 Hz), 4.58 (1H, H-2, dd,
J=4.2,0=35Hz), 452 (1H, d) = 12.1 Hz, PhCH), 4.16 (1H, dd, H-4) = 3.1,J = 9.0 Hz),
3.68 (1H, dd, H-3J) = 4.4,J = 9.0 Hz), 1.62 (3H, g;pr), 1.44 (3H, d, 5-CKJ = 6.6 Hz), 1.38
(3H, s,i-pr).

Methyl 3-O-benzyl-2,5-di-O-benzoyl-a-L -talofuranoside (8). Compound’ (6.45 g, 16.1 mmol)
was dissolved in 20% HCI in MeOH.B [prepared from MeOH (150 mL),.B (42 mL) and
AcCl (27 mL)] and the mixture was stirred for 6 thra  The mixture was neutralized withzHt
and diluted with EtOAc. The whole was washed wif® (300 mL) and NaHC¢X(300 mL). The
organic phase was dried over MgS&ahd evaporated. The residue was dried under vadonu3
hr, then dissolved in dry pyridine (150 mL) andatesl with BzCl (4.2 mL, 31.5 mmol) at 0 °C
under Ar atmosphere. The mixture was stirred fom@n. at room temperature. Ice® was
added to the mixture and the solvents were evagubratvacuo. The residue was purified by a
flash silica gel column (eluate; 5% EtOAc/Hexanesyive 8 (7.2 g, 94% yield) as a colorless
syrup. MS [FAB]m/z 494 [M+NH,]* , mVz 499 [M+Na]; m/z 445 [M-OMe]; *H NMR (300



MHz, CDCL): 8y = 8.11-8.02 (4H, m, Ar), 7.59-7.40 (6H, m, Ar)g-1.12 (5H, m, Ar), 5.80
(1H, d, H-2,J = 3.74 Hz). 5.22 (1H, m, H-5), 5.04 (1H, s, HA)%4 (1H, d, PhCk, J = 11.2 Hz),
4.43 (1H, d,J = 11.2 Hz), 4.32-4.23 (2H, m, H-3 and H3#s 4.2,J = 3.5 Hz), 3.44 (3H, s, OMe),
1.62 (3H, sj-pr), 1.43 (3H, d, 5-CklJ = 6.6 Hz).

9-(3-O-Benzyl-2,5-di-O-benzoyl-B-L -talofur anosyl)-6-methylpurine (10). 6-Methylpurine (5.1
g, 37.5 mmol) was suspended in a mixture of DCHE (@) and HMDS (150 mL) and treated
with TMSCI (4.5 mL). The mixture was heated foin 2t 80 °C whereupon a complete dissolution
was observed. The solvents were evaporated aedagerated with toluene (100 mL x 3 times),
under residue pressure, to give a white solid. ugpsension of the solid residue a&d12.75 g,
25.5 mmol) in dry CHCN (600 mL) was treated with SnGM in CH,Cl,, 126 mL) at -10 °C.
The mixture was stirred for 10 min whereupon treatstg material was completely consumed.
NaHCG; (1M, 450 mL) was added to the mixture, diluted with@4(1 L), the organic phase was
separated, dried over Mgg@nd evaporated. The residue was purified byieasdel column
(eluate: 3% MeOH in CHG) to give10 (13.5 g, 94%) as a white foam: MS [FABJz 579 [M +
H]*; UV Amax PH 1: 264.3 nm; 233.7nm, pH 7: 237.1 nm, pH 13).26im;'H NMR (300 MHz,
CDCl): 64 = 8.67 (1H, s, H-2), 8.22 (1H, s, H-8,), 8.11-7(1@H, m, Bz and Bn-Ar), 6.28 (1H, d,
J= 2.6 Hz, H-1’), 6.22 (1H, dd, H-2J = 2.4,J = 5.3 Hz), 5,42 (1H, m, H-5’), 4.86 (1H, dd, H-3’,
J=5.3,0=7.7Hz), 4.69 (1H, d, C&Bn, J = 11.2 Hz), 4.69 (1H, d, Gi#Bn,J = 11.2 Hz), 4.56
(1H, d, CHy-Bn,J = 11.2 Hz), 4.36 (1H, dd, H-43, = 7.9,J = 3.1 Hz), 2.87 (3H, s, 6-G}) 1.43
(3H, d, 5-CH;, J = 6.6 Hz); NOE: irradiation at H-1' signal showethhancement at H-4’
signal(3%) and irradiation at H-4’ signal showedamcement at H-1' signal (3%); Anal. Calcd.
for C3oH30N406'0.5 H0: C, 67.67; H, 5.42; N, 9.42. Found: C, 67.695H6; N, 9.29.

9-(3-O-Benzyl-a-L -talofuranosyl)-6-methylpurine (11). A solution of10 (6 g, 10.4 mmol) was
dissolved in saturated NHMeOH (130 mL) and the mixture was kept stirringtdbr 2 days. The
solvent was evaporated and the residue was puofied a silica gel column (eluate: 7 % MeOH
in CHCL) to givell (3.6 g, 96%) as a white glassy sofit NMR (300 MHz, CDC}): & = 8.80
(1H, s, H-2), 8.79 (1H, s, H-8), 7.42-7.31 (5H, Bm-Ar), 6.08 (1H, d, H-1'J= 6.1 Hz), 5.64
(1H, d, 2’-OH,J = 6.4 Hz, exchangable with,D), 5.17 (1H, dJ = 6.3 Hz, exchangable with
D,0, 5-0OH), 4.78 (1H, m, H-2’), 4.76 (1H, d, GBn,J = 12.2 Hz), 4.63 (1H, d] = 12.2 Hz,
CHy,-Bn), 4.09 (1H, dd, H-3'J = 3.4,J = 4.7 Hz), 4.02(1H, t, H-4J = 3.3 Hz), 3.82 (1H, m, H-
5), 2.47(3H, s, 6-Ch), 1.13 (3H d, 5-CH J = 6.5 Hz);NOE irradiation at H-1" signal showed
enhancement at H-4’ signal (1%) and irradiatiokl-&' signal showed enhancement at H-1’ signal
(2%); UV Amax pH 1: 263.7 nm; 233.7 nm, pH 7: 244.1 nm, 26012;43, 260.7 nm; MS [FAB]
m'z 371 [M + HJ , 377.1 [M + Nal; Anal. Calcd. for GgH2:N4040.5 H0: C, 60.46; H, 5.99; N,
14.73. Found: C, 60.29; H, 6.11; N, 14.77.

9-(6-Deoxy-a-L -talofur anosyl)-6-methylpurine (3). A mixture of11 (2.3 g, 6.1 mmol) and 10%
Pd/C (0.5 g) in EtOH (95%, 100 mL) was stirreddn at room temperature undes &mosphere.
The mixture was filtered over Celite pad and thieatie was evaporated under reduced pressure.
The residue was purified over a silica gel columlngte: 10 % MeOH in CHg)Ito give3 (1.5 g,
87%) as a white solid: MS [FAB{Vz 280.9 [M + HT; UV Amax pH 1: 263.9 nm; 233.8 nm, pH 7:
244.5 nm, 260.9; pH 13; 260.8 nm; HPLC [100%; RT918 min; 0.0M NH4H,PO,: MeOH (85



: 15); 20 min linear gradient from 10-90% BH NMR (300 MHz, DMSOdg) 5 = 8.79 (1H, s, H-
2), 8.78 (1H, s, H-8), 6.02 (1H, d, H-T = 5.7 Hz), 5.50 (1H, d, 2’-OH] = 5.9 Hz, exchangable
with D,0), 5.18 (1H, d, 3'-OHJ = 5.1 Hz, exchangable with,D), 5.09 (1H, d, 5-OH,) = 5.9
Hz, exchangable with @), 4.54 (1H, m, H-2’), 4.14 (1H, m, H-3’), 3.8583. (2H, m, H4’ and H-
57, 2.74 (1H, s, 6-Ch), 1.14 (3H, d, 5'-CH J = 6.15 Hz);"*C-NMR (75 MHz, DMSO#ds) 3¢ =
158.62 (C-6), 151.46 (C-2), 149.93 (C-4), 144.38}C133.07 (C-5), 92.08 (C-}, 87.23 (C-1)),
73.7 (C-27), 69.78 (C-3’), 69.67 (C-5'), 26.42 (6Hs), 26.08 (5’-CH). NOE: irradiation at H-3’
signal showed enhancemnet at H-8 signal (1%) aadiation at H-8 signal showed enhancemnet
at H-3" signal (1%); Anal. Calcd. forieHieN4O4: C, 42; H, 75; N, 19.98. Found: C, 51.37.; H,
5.73; N, 19.74.

1-O-Acetyl-2,3,5-tri-O-benzoyl-a-L -lyxofuranose (12).2" L-Lyxose (5 g, 33.3 mmol) was
dissolved in dry MeOH (40 mL) and treated with cok;SO, (40 pL) at 0 °C under Ar.
atmosphere and the mixture was stirred for 72rh a@Pyridine (2 mL) was added and the solvents
were evaporated and coevaporated with tolueneruadaced pressure. The residue was purified
by a silica gel column (eluate: 7% MeOH in CH)Ab give Methyla-L-lyxofuranosid&® (3.34 g,

61 % yield) as a mixture af andp anomers, which was crystalized from cold MeOH:NMR
(300 MHz, DMSO#,) o1 = 4.85 (1H, d, H-1J = 3.73 Hz). 4.23 (1H, m, H-3), 4.15 (1H, dt, H34,

= 4.2, =6.8 Hz), 4.02 (1H, dd, H-3 = 3.7, = 4.8 Hz), 3.74 (1H, dd, H-p3 = 4.3, = 11.9
Hz), 3.64 (1H, dd, H-5b]) = 6.8,J = 11.9 Hz), 3.24 (3H, s, OGH Benzoyl chloride (6.3 mL,
54.9 mmol) was added to a solution oDiMethyl-a-L-lyxofuranose (2 g, 12.2 mmol) in dry
pyridine (50 mL) at 0 °C. The mixture was stirfed 30 min. at 0 °C, MeOH (2 ml) was added
and the mixture was stirred further for 10 min.eolvents were evaporated and the residue was
partitioned between EtOAc and®. The organic phase was dried (Mgpénd evaporated. The
residue was purified by a flash silica gel coluretuéte: 25% EtOAc in hexanes) to give Methyl
2,3,5-tri-O-benzoyla-L-lyxofuranoside (4.1 g, 73% yield) as a whiteidoMS [FAB] m/z 477.5

[M + H]*; 'H NMR (CDCk, 300 MHz) 8y = 7.99-7.96 (6H, mQ-Bz), 7.53-7.47 (3H, mp-Bz),
7.40-7.28 (6H, mm-Bz), 6.03 (1H, t, H-3J = 5.6 Hz), 5.63 (1H, dd, H-J,= 1.43,J = 5.3 Hz),
5.23 (1H, d, H-1J = 1.43 Hz), 4.84 (1H, dd, H-4,= 5.9,J = 6.1 Hz), 4.72-4.60 (2H, m, HB,
3.49 (3H, s, O-Ch). Methyl 2,3,5-triO-benzoyla-L-lyxofuranoside (1.2 g, 2.52 mmol) was
dissolved in AcOH (36 mL), A© (3.6 mL) and the mixture was cooled to 0 °C. acdSO,
(150puL) was added dropwise to the mixture at 0 °C @@&min. The mixture was stirred for 2 h
at rt. The mixture was pured into a cold saturdatiCQ; solution and diluted with EtOAc. The
organic phase was separated, dried over (My&@d evaporated. The residue was purified by a
flash silica gel column (eluate; 30% EtOAc/Hexanespive 12 (1.14 g, 89% vyield) as a white
solid: MS [FAB] m/z 505 [M + HJ; '"H NMR (300 MHz, CDC}) 8, = 7.97-7.88 (6H, mg-Bz),
7.53-7.52 (3H, mp-Bz’s), 7.40-7.32 (6H, nm-Bz’s), 6.50 (1H, d, H-1) = 1.9 Hz), 6.09 (1H, dd,
H-3,J=5.2,J =5.8 Hz), 5.78 (1H, dd, H-3,= 1.9,J = 5.2 Hz), 4.94 (1H, dd, H-4,= 5.8, =

6.0 Hz), 4.67- 4.65 (2H, m, HY, 2.17 (3H, s, CH).

9-(2,3,5-tri-O-Benzoyl-a-L -lyxofur anosyl)-6-methylpurine (13). 6-Methylpurine (0.66 g, 4.8
mmol) was suspended in a mixture of DCE (30 mL) BiMDS (6 mL) and treated with TMSCI
(0.6 mL). The mixture was heated for 3 h at 80 wlereupon a complete dissolution was



observed. After cooling down to room temperatufe solvents were evaporated and co-
evaporated with toluene (60 mL x 3 times), undetuoed pressure to give a white solid.
Compoundl2 (1.14 g, 2.22 mmol) in dry GJEN (40 mL) was added to the silylated 6-MeP, the
mixture was then treated with Sn@iM in CH,Cl,, 11.1 mL) at -10 °C. The mixture was stirred
for 4 h whereupon the starting material was comeptetonsumed. Cold NaHG@1M, 140 mL)
was added to the mixture, diluted with CHCL50 mL), the organic phase was separated, dried
over MgSQ and evaporated. The residue was purified byi@agyel column (eluate: 1.5:1 EtOAc

: hexanes) to givé3 (1.17 g, 88%) as a white foarVS [FAB] mVz 579 [M + HJ; UV Amax pH 1:
265.1 nm; 232.7 nm, pH 7: 245.6 nm, pH 13, 260.628%2 nm;"H NMR (300 MHz, CDC})

0= 8.91 (1H, s, H-2), 8.15 (1H, s, H-8), 8.07-7.25H1 m, Bz), 6.78 (1H, t, H-2') = 5.2 Hz),
6.44-6.40 (2H, m, H-2" and H-3’), 5.50 (1H, m, Hx44.80 (1H, dd, H-5; J =8.94,J = 11.8 Hz),
4.71 (1H, dd, H-5, J = 5.2,J = 11.8 Hz), 2.88 (3H, s, 6-Ght *C NMR (75 MHz, CDC}) 5 =
166.06 (C=0, Bz), 165.13 (C=0, Bz), 165.03 (C=0),B59.95 (C-6), 152.45 (C-2), 150.33 (C-
4), 143.12 (C-8), 133.98 (C-5), 133.75 (C-Ph), 683(C-Ph), 133.21 (C-Ph), 129.79 (C-Ph),
129.72 (C-Ph), 129.30 (C-Ph), 128.73 (C-Ph), 128@2h), 128.40 (C-Ph), 128.33 (C-Ph),
128.15 (C-Ph), 88.03 (C-1’), 79.47 (C-4’), 74.8847, 72.40 (C-3’), 62.33 (C-5’), 19.52 (6-GH
Anal. Calcd. for GH26N4O7: C, 66.43; H, 4.53; N, 9.68. Found: C, 66.13; 665N, 9.08.

9-(a-L-Lyxofuranosyl)-6-methylpurine (4). To a solution ofl3 (0.54 g, 1.59 mmol) in dry
MeOH (15 mL) was added NaOMeM1soln., 0.8 mL) dropwise at 0 °C. The mixture waged
for 2 h at rt, then neutralized with Amperlyst 5@ (weakly acidic). The mixture was filtered off
and the filtrate was evaporated under reduced pressThe residue was purified by a flash silica
gel column (eluate: 10%MeOH in CH{lo give 4 (0.12 g, 86%) as a white solid: MS [HABz
267 [M + HJ; UV Amax pH 1: 264.5 nm; pH 7: 260.5 nm, pH 13, 260.6 ArNMR (300 MHz,
DMSO-ds) 6 = 8.81 (1H, s, H-2), 8.79 (1H, s, H-8), 6.00 (BHH-1",J = 7.3 Hz), 5.53 (1H, d, 2’-
OH, J = 6.77 Hz, exchangable with,0), 5.22 (1H, d, 3'-OHJ = 4.1 Hz, exchangable with,D),
5.05 (1H, m, H-2’J = 4.18,J = 7.3 Hz), 4.68 (1H, t, 5’-OHJ = 5.6 Hz, exchangable with,D),
4.54 (1H, m, H-4’), 4.21 (1H, m, H-3’), 3.68 (1H,MH-5'a,J = 5.3,J = 11.43 Hz), 3.55 (1H, m,
H-5'b, J = 6.6,J = 11.43 Hz,), 2.74 (3H, s, 6-GH™*C NMR (75 MHz, DMSO#d) 5 = 158.30 (C-
6), 151.69 (C-2), 150.28 (C-4), 144.82 (C-8), 13&¥15), 87.73 (C-1), 82.85 (C-4), 74.67 (C-2),
70.87 (C-3), 59.84 (C-57), 19.11 (6-GH Anal. Calcd. for GH14N404.0.2 CHOH: C, 49.34; H,
5.47; N, 20.55. Found: C, 49.43; H, 5.47; N, 20.56.

Methodsfor Biological Section.

In vivo studies. Parental and M64V PNP expressing D54MG (humaongd) tumor cells were
mixed so that 10% of the cells expressed M64V PNRis mixture was injected subcutaneously
(2 x 10 total cells) into the flanks of nude mice (nu/nuyghased from Charles River Laboratories
(Wilmington, MA, USA). When the tumors reached Hppropriate size (approximately 300 mg),
the mice were treated with methyl(talo)-MeP-R. Téempound was administered in the
peritoneal cavity 5 times a day (every 2 hours) Joctonsecutive days at doses of 5, 10, or 20
mg/kg. There were 6 mice per treatment group. @éthect of compound on tumor size was
determined by measuring the tumors twice a weeh waatipers. Tumor weight was calculated
from the formula: [length (mm) x width{mm)]/2 = mg, assuming unit density and assumiag t
the tumor takes the general shape of a prolatgseitl. In allin vivo experiments, mice were



examined daily for evidence of mortality or othewogs clinical signs. All procedures were
performed in accordance with a protocol that wagz@ped by the IACUC of Southern Research
Institute.

Enzyme assay and HPL C analysis of purine nucleosides and bases. Enzymes were incubated
with various substrates in 10@0reactions containing 50 mM potassium phosphateqgt), 100
uM of substrate, and an appropriate amount of enzerthat linear increase in product formation
could be followed over time. After incubation foy 0.25, 0.5, 1, and 2 hours at 25°C, 150 ul of
the reaction was removed and mixed with 150 pul atew and the reaction was stopped by
boiling. The precipitated proteins were removedfittyation (0.2 um syringe filter), and the
sample was injected onto qubh BDS Hypersil C-18 column (150 x 4.6 mm) (Keyst@wentific
Inc., State College, PA). The mobile phase wa8 enbl ammonium dihydrogen phosphate buffer
(pH 4.5) containing acetonitrile (flow rate of 1/minute). The appropriate amount of acetonitrile
(1.25 to 5%) was determined for each compound tonige separation of substrate and product.
The nucleosides and their respective bases weeetddtas they eluted from the column by their
absorbance at their 254 nm. The percent convedsisabstrate to product was calculated and the
specific activity was determined by dividing thenther of nmoles of product formed by the mg
protein and the time of incubation.

Determination of plasma concentration of MeP-dR and methyl(talo)-MeP-R. Groups (4
mice/group) of nontumored animals were euthanizedasous times (5, 15, 30, 60, and 120
minutes) after a single intraperitoneal injectidn100 mg/kg of H]-methyl(talo)-MeP-R or 67
mg/kg PH]MeP-dR. The plasma was collected into heparthizdes and frozen until the amount
of methyl(talo)-MeP-R or MeP-dR in each plasma darspuld be determined using reverse phase
HPLC analysis as described above. The plasma samy#re centrifuged through a Centrifree
Ultrafiltration Device (Millipore) prior to analysiby HPLC.
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Figure Captions

Figure 1. 6-Methylpurine and 2-fluoroadenine basexdirug structures.

Figure 2. Effect of methyl(talo)-MeP-R on D54 tumman which 10% of the cells express M64V-
PNP.

Figure 3. Plasma concentrations after IP admiristraf methyl(talo)-MeP-R and MeP-dR.



Table 1. Activity of sugar modified nucleosidesiwitarious phosphorylase enzymes.

Compd. Human Human E. coli E. coli T.vag Ssul SAH/MTA F. tul
PNP MTAP PNP M64V-PNP  PNP MTAP Hydrolyase  PNP
(nmol/mg/hr (nmol/mg/hr (nmol/mg/hr (nmol/mg/hr  (nmol/mg/hr  (nmol/mg/hr  (nmol/mg/hr ~ (nmol/mg/hr
Adenosine - 596 398,000* - 501,000 57,000 21,00 02,1
Inosine 391,000 - 342,000 - 154,00( 84,00( - 200(
MeF-dR 35 <1 528,000 593,00( 484,00( 12,00( 30 3,90(
MeP-R 12 - 96,000* 176,000 155,000 4,000 290 4,800
Lyxo-MeP- - <1 218 10,000** 10,000 1,400 36 180
R
methyl(talo)- <1 4 915 86,000** 8,400 1500 51 100
MeP-R

Enzymes were incubated at°Z5with 100 uM of each compound, 50 mM potassium phosphate (pH, And an
appropriate amount of enzyme to measure a lingarafacleavage. Substrate activity was measuredyusverse phase
HPLC to separate product from substrate [8]. Tieyme concentration was changed based on subattitéy and the
lower limit for detection of activity is 1 nmolesgthr. Each value shown is the average of at astexperiments which
were in good agreement. All enzymes were reconmiénexcept for tularemia PNP which was isolatedhfiude extract

from tularemia.

M64V PNP was prepared as descrid@fl T. vaginalis PNP, S. solfataricus MTAP, and E. coli

SAH/MTA hydrolase was obtained for Dr. Steve Eakit¢kCornell University. * Reference [5]. **Refersn[12,16].



Figure 1. Prodrug structures for 6-methylpurine asftlioroadenine
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Figure 2. Effect of methyl(talo)-MeP-R on D54 turmidn which 10% of the cells express M64V
PNP.
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Wild-type D54 tumor cells were mixed with D54 tumeells that had been transduced with the M64V PHiRegs0
that 10% of the mixture contained cells that expedsM64V PNP. This 90/10 mixture was injectedrsa the flanks
of nude mice. Mice were treated with methyl(tdiégP-R at the doses shown in the figure 5 timesydaiery 2
hours) for 3 consecutive days beginning on day h@nvtumors were approximately 300 mg. Values sharenthe
mean and SEM of 6 measurements (10 in the vehiebdetd group). The experiment has been repeatédsimmilar

results.



Figure 3. Plasma concentrations after IP administraf methyl(talo)-MeP-R and MeP-dR.
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Mice were injected ip with 100 mg/kdH]5'-methyl(talo)-MeP-riboside or 67 mg/kgH]MeP-dR . Four mice were
sacrificed 5, 15, 30, 60, and 120 minutes aftezdtipn of drug, and the plasma was collected aogefr until the
amount of 5’-methyl(talo)-MeP-riboside (open cig)l@r MeP-dR (filled squares) could be determinsidgireverse
phase HPLC analysis. The figure shows the redulvo experiments for each compound. The resultstle mean
and standard deviation.
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Scheme 24
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Highlights
Methyl(talo)-MeP-R; 3 and lyxo-MeP-R; 4 were synthesized and evaluated as potential

prodrugs.
The substrate activity 3 and 4 were evaluated with several phosphorylase enzymes.

In conjunction with M64V-E. coli PNPm, 3 showed good in vivo bystander activity.



