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A systematic structuire-activity relationship study of 6'-fluorocyclopentenyl-

pyrimidines and -purines as anticancer agents is described
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Abstract

Based on the potent anticancer activity of 6'-fhayclopentenyl-cytosin@b in phase lla
clinical trials for the treatment of gemcitabinesistant pancreatic cancer, we carried out a
systematic structure-activity relationship study @fluorocyclopentenyl-pyrimidineSa-i
and -purines 3j-0 to discover novel anticancer agents. We also sgithd the
phosphoramidate prodri8p of adenine derivativéb to determine if the anticancer activity
depended on the inhibition of DNA and/or RNA polyae in cancer cells and/or on the
inhibition of S-adenosylhomocysteine (SAH) hydrolagdl of the synthesized pyrimidine
nucleosides exhibited much less potent anticanc#ivity in vitro than the cytosine
derivative 2b, acting as RNA and/or DNA polymerase inhibitor, catting that they could
not be efficiently converted to their triphosphates anticancer activity. Among all the
synthesized purine nucleosides, adenine derivdtivand N®-methyladenine derivativak
showed potent anticancer activity, showing equipbiehibitory activity as the positive
control, neplanocin Al@) or Ara-C. However, the phosphoramidate prod3pghowed less
anticancer activity thadb, indicating that it did not act as a RNA and/or ANolymerase
inhibitor like 2b. This result also demonstrates that the anticaacavity of 1b largely
depends on the inhibition of histone methyltrare$er resulting from strong inhibition of
SAH hydrolase. The deamination of th&-amino group, the addition of the bulky alkyl
group at theN®-amino group, or the introduction of the amino grau the C2 position almost

abolished the anticancer activity.



1. Introduction
Neplanocin A (a) [1], a naturally occurring nucleoside exhibitstggd antiviral and
antitumor activities by inhibition ofS-adenosylhomocysteine (SAH) hydrolase, which

catalyzes the interconversion of SAH into adenoaim# -homocysteine (Figure 13].
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Figure 1. Therationale for the design of target nucleosi8a

Its 6'-fluoro analogue, fluoro-neplanocin &b is also a potent inhibitor (g = 0.48uM) of
SAH hydrolase [3] and exhibits potent antiviral gty [3] and anticancer activity in
combination with 5-azacytidine [4]. On the othendathe cyclopentenyl-cytosin@d) [5]
exhibits potent antiviral and/or antitumor actigdi by reducing the cytidine-5'-phosphate
(CTP) pools and its 6'-fluoro analog@b also displays highly potent antitumor effects in a
broad range of tumor cell lines [6], but it showEedent mechanisms of action [7] from that

of 2a. Compound?b is intracellularly taken by a human equilibrativecleoside transporter



(hENT) and is phosphorylated by uridine-cytidinedse (UCK) to its monophosphate and
subsequently to its triphosphate, which can berpamated into RNA. Compounzb is also
incorporated into DNA by the action of ribonuclelgtireductase and/or it acts as a DNA
methyl transferase (DNMT) inhibitor [6] either biyet incorporation ofb into DNA by the
formation of a complex with the enzyme or diredtlyits triphosphate [7]. Compourib is
now undergoing phase lla clinical trials for theatment of gemcitabine-resistant pancreatic
cancer.

Inspired by the potent anticancer activity ldf and 2b, it was of great interest to
synthesize novel 6'-fluorocyclopentenyl-pyrimidirgssi and —purines3j-o for a systematic
structure-activity relationship (SAR) study andeialuate them for anticancer activity. We
also synthesized the phosphoramidate pro8pfyom the adenine analdd to determine if
the anticancer activity depended on the inhibittdrSAH hydrolase or DNA and/or RNA
polymerase. Herein, we report the comprehensiveactsire-activity relationships of 6'-
fluorocyclopentenyl-pyrimidine8a-i and -purines$j-o and the phosphoramidate prodr8ig

as novel antitumor agents.

2. Results and discussion

2.1. Chemistry

For the synthesis of the target nucleosi@she key fluoro intermediat8a was first
synthesized fronD-ribose, as shown in Scheme O-Ribose was converted to the key
intermediatet, according to our previously published proced@&ije The iodination off with
iodine in the presence of pyridine affordedbdo compound [9], which was reduced with
NaBH, followed by the protection of the resulting alcbBavith the TBDPS group to yield
[9], which is the precursor for thes-fluorination. Treatment of 7 with N-

fluorobenzenesulfonimide (NFSI) in the presencendulLi in the mixed solvents (THF,



methyltert-butyl ether (MTBE), heptane) at -78 °C yielded tlesired 6-fluoro compourgh
with concomitant formation of 6-H derivati8b and TBDPS-migrated derivati8zin a 2 :
1: 1 ratio [3,9].
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Reagents and Conditions: a) |, pyridine, THF, rt, 4 h; b) NaBH,, CeCl;-7H,0, MeOH, 0 °C, 30
min; ¢c) TBDPSCI, imidazole, DMF, 40 °C, 12 h; d) NFSI, n-BuLi, THF/MTBE/heptane, -78 °C, 30 min.

The key fluoro intermediat8a was converted to the glycosyl dor@iby treating it with
TBAF, which was subjected to the Mitsunobu condgasdo synthesize the final pyrimidine
nucleoside2b and3ai, as illustrated in Scheme Zhe condensation & with N*-benzoyl-
pyrmidines under the standard Mitsunobu condititsiowed by the removal of thé*-
benzoyl group, yielded the condensed prod@6btse. The treatment oiO0ae with 2 N HCI
afforded the final pyrimidine nucleosid@s-e, respectively [6]. For the conversion of the
uracil derivatives3a-e into the cytosine derivativeb and 3f-i, compounds3a-e were
peracetylated to givélae, which were treated with 1,2,4-triazole and PO@Ithe presence
of EtN to give theN*triazole derivativesl?a-e respectively. Treatment df2a-e with

ammonia water in 1,4-dioxane followed by the susses treatment with methanolic



ammonia afforded the final cytosine derivati&s and 3f-i [6]. This conventional method
[10a] turned out to be superior to other methodegu®,4,6-triisopropylbenzenesulfonyl

chloride/NH; [10b] or POC4/NaNs/Pd-C [10c] in terms of overall yield.
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Reagents and Conditions: a) TBAF, THF, 0 °C to rt, 3 h; b) N3-benzoyluracil or N3-benzoyl-5-halouracil,
PPh; DIAD, THF, 0 °C to rt, 16 h; c) NH;, MeOH, rt, 15 h; d) 2 N HCI, MeOH, rt, 18 h; e) Ac,0, pyridine, rt, 16
h; f) POCls, 1,2,4-triazole, EtsN, MeCN, rt, 16 h; g) NH,OH, H,0, 1,4-dioxane, rt, 18 h, then NH3;, MeOH, rt, 3 h.

The synthesis of the fluorocyclopentemMfisubstituted-purineslb and 3j-I was
accomplished by condensing the glycosyl ddhaith 6-chloropurine, as shown in Scheme 3.
The condensation & with 6-chloropurine under the standard Mitsunobodittons afforded

the 6-chloropurine derivativé3. To remove the acid-sensitive protecting groupshsas



trityl (Tr) and 2,3-isopropylidene, compouf8 was treated with 50% aqueous trifluoroacetic
acid (TFA) to yield the 6-chloropurine derivativel (75%), with the concomitant minor
formation of theN®-hydrolyzed hypoxanthine anal@®j (4%). It should be noted that higher
concentration of TFA, elevated temperature, andopged reaction time increased the
formation of 3j significantly and use of 2N HCI instead of 50% TFA yielded the
hypoxanthine analo8; as the major product. Treatmentlef with ammonia, methylamine,
and cyclopropylamineafforded the final adenine analdd [3c], the N°-methyladenine

analog3k, and theN®-cyclopropyladenine analdg), respectively.
Scheme 3
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Reagents and Conditions: a) 6-chloropurine, PPhs, DIAD, THF, 0 °C to rt, 15 h; b) TFA/H,0 (1:1), rt,
15 h; c) NH3, t-BuOH, steel bomb, 70-90 °C, 20 h; d) MeNH,/H,O (40 wt%), EtOH, sealed tube, rt, 20 h;
e) cyclopropylamine, Et;N, EtOH, 60-67 °C, 24 h;



To prepare the 2,6-disubstituted-purine anal®gso, the glycosyl dono® was condensed
with 2-amino-6-chloropurine under the standard Mhsbu conditions to afford the 2-amino-
6-chloropurine derivativd5 (Scheme 4). Compourib was treated with 50% aqueous TFA
to yield the guanine analom. Treatment ofl5 with ammonia and cyclopropylamine
followed by treatment with 50% aqueous TFA, affaldiee 2,6-diaminopurine derivatian

and the 2-amin®®-cyclopropylaminopurin&o, respectively.

Scheme 4
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Reagents and Conditions: a) 2-amino-6-chloropurine, PPhs, DIAD, THF, 0 °C to rt, 15 h; b) TFA/H,O
(1:1), rt, 15 h; c) NH3, t-BuOH, steel bomb, 70-90 °C, 20 h; d) cyclopropylamine, EtzN, EtOH, 60-67 °C,
24 h.

In order to determine if the anticancer activitypeeded on inhibiting DNA and/or RNA
polymerase in cancer cells, we prepared the phoaptidate prodrug3p, as shown in

Scheme 5. The adenine derivatiMe was protected as 2,3-acetoniti® which was treated
with di-tert-butyl dicarbonate (Be©) to give a mixture of mono-Boc- and di-Boc-adenin

derivatives17 and 18. Treatment of the mixture df7 and 18 with the phosphoramidate



reagent P) [11] in the presence

afbutylmagnesium chloride afforded the phosphorateida

derivative 19, which was treated with 50% HCOOH to yield theafiphosphoramidate

derivative3p.
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Reagents and Conditions: a) acetone, conc.H,SOy,, 6 h; b) i. HMDS, DMAP, TMSOTH,
75 °C, 2 h; ii. Boc,O, THF, rt, 4 h; iii. MeOH:Et3N (5:1), 55 °C, 16 h; c) P, t-BuMgCl,

molecular seives, THF, 0 °C to rt,

2.2. Biological evaluation

48 h; d) 50% HCOOH, rt, 8 h.

All of the synthesized final nucleosidésb, 2b, and3a-p were assayed for the anticancer

activity in various human cancer cell lines inchgliA549 (lung cancer cells), HCT-116

(colon cancer cells), SNU-638

(stomach cancer cdiOA-MB-231 (breast cancer cells),



SK-Hep-1 (liver cancer cells), and PC-3 (prostatecer cells), using the SRB method (Table

1) [12,13].

Table 1. Anticancer activity of the 6'-fluorocyclopentenyspmidines2b, 3a-i and —purines
1b, 3j-p in human cancer cell lines

X X NH,
Y\ﬁN /NfN (NfN
Ho o N)%O HQO | <N N/*Y PO N N/)
HO OH HO OH HO OH
2b, 3a-i 1b, 3j-0 3p (P = phosphoramidate)
1C 50(nM)
Compound No.
A549 HCT-116 SNU-638 " SK-Hep-1 PC-3
2b (X = NH,, Y = H)* 0.76 0.18 0.31 0.48 0.62 0.64
3a(X =OH, Y = Hyf >100 >100 >100 >100 >100 >100
3b(X=0H,Y=F) >100 52.34 27.79 67.72 71.57 43.73
3c(X=0H,Y=Cl) >100 >100 86.83 >100 >100 61.88
3d (X =0H, Y =Br) >100 33.09 31.97 44,01 74.99 2.0
3e(X=0H,Y=1) >100 84.5 70.24 55.15 >100 46.4
Af(X=NHy, Y=F) >100 >100 >100 >100 >100 >100
3g(X=NH, Y=CI) >100 >100 >100 >100 >100 >100
3h (X =NH,, Y =Br) >100 >100 >100 >100 >100 >100
3i (X=NH,, Y =1) >100 99.84 83.65 79.79 >100 82.89
1b (X= NH,, Y = H) 2.17 1.10 1.88 1.45 1.35 1.52
3j (X=0OH, Y=H) >100 >100 >100 >100 >100 >100
3k (X=NHMe, Y = H) 2.39 2.14 2.28 8.05 2.76 15.3
3l (X= NHCP, Y = H) >100 >100 >100 >100 >100 >100

3m (X=0OH, Y = NH,) >100 >100 >100 >100 >100 >100



3n (X= NH,, Y = NH,) 85.43  21.9 32.19 2277 >100 >100

30(X=NHCP, Y =NH,) >100 >100 >100 >100 >100 >100

3p (P = phosphoramidate) 18.61 4.57 3.05 18.37 23.96 10.54

Neplanocin A (&) 2.16 1.45 0.82 0.86 2.36 2.14
Ara-C’ 1.75 4.4 1.08 10.49 1.8 48.4

%ef 6; °CP = cyclopropyl; ‘ref 3¢; “positive control

As shown in Table 1, the cytosine analig exhibited the most potent anticancer activity
among the pyrimidine nucleosides. The introductidra halogen at the C-5 position of the
pyrimidine nucleosides dramatically dropped theicamicer activity, indicating that they
could not be efficiently converted to their trippbates by cellular kinases, unlike the
cytosine derivative2b, which was efficiently converted by UCK, resulting potent
anticancer activity. The 5-halouracil derivativBs-e generally exhibited slightly better
anticancer activity than the corresponding 5-halogipe derivativesSf-i, demonstrating that
the 5-halouracil moiety was a somewhat better satestfor cellular kinases than the 5-
halocytosine moiety in this series, although thehildted weak anticancer activity. This
result was interesting in that the cytosine demneat2b was very potent, while the
corresponding uracil derivati@a was inactive up to 100 uM. Among the synthesizaathe
nucleosides, the adenine derivatiMe(X = NH,, Y = H) exhibited potent anticancer activity,
and it was as equipotent as the positive contegplanocin A 1a) or 2'f-arabinofuranosyl-
cytosine (Ara-C), but it&°-deaminated compour] (X = OH, Y = H) was totally inactive
up to 100 uM, indicating that the adenine derivafit» was not the substrate for adenosine
deaminase. The addition of a methyl group atNframino group, givingk (X = NHMe, Y

= H), still maintained a similar anticancer actyitvhen compared tdb. However, the
introduction of a bulkier group, like cyclopropyiving 30, totally abolished the anticancer

activity. To our disappointment, the introductiointloe amino group at the C2 position, such



as 3m-n, resulted in abolished anticancer activity, intiog that no substitution at the C2
position favored anticancer activity. Surprisingllge phosphoramidate anal8g exhibited
less potent anticancer activity than the parentenstdelb. The phosphoamidate prodrug
generally exhibits better biological activity théme parent drug because critical 5-mono-
phosphorylation by cellular kinase is skipped [1Mahich indicates that the inhibition of
DNA and/or RNA polymerase in cancer cells respdasibr anticancer activity otb, is a
minor pathway, although it is converted to the hagphate. It has been reported that
inhibition of SAH hydrolase increases the intragelt SAH concentration and reduction in
the level of S-adenosylmethionine (SAM), which tesin the inhibition of enhancer of zeste
homolog 2 (EZH2) histone methyltransferase [14hibition of EZH2 activity induces
apotosis in different types of cancer cells [19)eTphosphoramidate prodr@g is not active
against SAH hydrolase up to 10, but the parent compourib is a strong inhibitor (165

= 0.48uM) of SAH hydrolase [3], which in turns inhibits B2 histone methyltransferase [4].
Similarly, the anticancer activity &k is attributed to the inhibition of SAH hydrolas€¢ =
3.5uM). Thus, it is suggested that the major pathway ferahticancer activity dfb is the
inhibition of histone methyltransferase, resultingm strong inhibition (IG = 0.48uM) of

SAH hydrolase.

3. Conclusions

Based on the potent anticancer activity of thdug¥bcyclopentenyl-cytosin2b, we carried
out a structure-activity relationship study of Gidluorocyclopentenyl-pyrmidine3a-i and —
purines3j-p, which were synthesized fromribose via a vinyl fluorination as a key step.
From this study, the cytosine derivati2é exhibited the most potent anticancer activity
among all of the tested compound$e steric and electronic effects induced by haloge

atoms, which were substituted at the C5 positiorgerew detrimental to cellular



phosphorylation of the final nucleosides, resultingveak anticancer activity. The adenine
derivativelb and theN®-methyladenine derivativek demonstrated potent anticancer activity
comparable to the positive control, neplanocirld) r Ara-C. It was quite surprising in that
only the cytosine derivativeb without any substitution at the C5 position wasegptable for
anticancer activity in the pyrimidine series, wleey@ small substituent such asis)(or Me
(3k) in theN°®-substituted-aminopurine series was only toler&gotent anticancer activity,
demonstrating a very narrow structural requiremdat biological activity. The
phosphoramidate prodrugp of 1b did not improve the anticancer activity dramatigal
indicating thatlb did not seem to act as a DNA and/or RNA polymenaiitor after being
converted to its triphosphate, but acted as a mestoethyltransferase inhibitor, resulting
from the inhibition of SAH hydrolase. All of thesmdings will contribute greatly to the
design of biologically active fluoro-carbocyclicclaosides.

4. Experimental section

4.1. Chemistry

The proton {H), carbon ¥*C) NMR and fluorine {°F) NMR spectra were obtained on a
Jeol JNM-LA300 (300/75 MHz), Bruker AV 400 (400/3160 MHz), Bruker AMX 500
(500/125 MHz), Jeol INM-ECA600 (600/150 MHz), oruBer AVANCE 11l 800 (800/200
MHz) spectrometer. The chemical shifts are repomeppm units with MgSi or CHC} as
the internal standard. All reactions were routinedyried out under an inert atmosphere of
dry nitrogen. The reactions were checked by thyedahromatography (Kieselgel 60 F254,
Merck). The spots were detected by viewing themeurdUV light, and by colorizing them
with charring after dipping them in p-anisaldehyde solution or phosphomolybdic acid
solution. In agueous work-up, all organic solutiomsre dried over anhydrous magnesium
sulfate and filtered prior to rotary evaporatiomater pump pressure. The crude compounds

were purified by column chromatography on a sigeé(Kieselgel 60, 70-230 mesh, Merck).



Unless otherwise noted, the materials were obtafrmd commercial suppliers and were
used without purification. All of the solvents weperified and dried by standard techniques
just before use. THF and k&t were freshly distilled from sodium and benzopheno
Methylene chloride, toluene, and benzene wereipdrlfy refluxing with Call The hexanes
and ethyl acetate were purified by simple disiblat The mass spectra were obtained on a
Jeol JMS-700 (FAB) or Agilent 6530 Accurate-MassTQF (ESI). The optical rotations
were determined on JASCO P-2000 in the appropsiatieent. The UV spectra were recorded
on a Perkin Elmer Lambda 25. The melting points ewdetermined on a Barnstead

Electrothermal 1A9100.

4.1.1. tert-Butyl((3aR,4R,6aR)-5-fluoro-2,2-dimethyl-6ifttoxymethyl)-4,6a-dihydro-
3aH-cyclopenta[d][1,3]dioxol-4-yloxy)diphenylsilar{8a).

n-Butyllithium (11 mL, 17.6 mmol, 1.6 M solution imexanes) was added dropwise to
a cooled (=78 °C) solution of [9] (5.58 g, 7.04 mmol) andl-fluorobenzenesulfonimide
(3.33 g, 10.56 mmol) in anhydrous Tht-butyl methyl etheri-heptane (3:1:1.5, 90 mL
total, 0.08 M) over a period of 1 h undes. Mfter stirring at the same temperature for 30
min, the reaction mixture was quenched with sataraqueous NI (100 mL) and was
diluted with EtOAc (100 mL). Then the layers weeparated and the agueous layer was
extracted with EtOAc (2 x 50 mL). The combined arigdayers were washed successively
with H,O and brine, dried over anhydrous MgS@®ltered, and evaporatedrinally, the
residue was purified by medium pressure liquid ofatomgraphy (silica gel, hexanes/EtOAc =
25/1) to give vinyl fluoride8a (2.17 g, 45%)8b (1.03 g, 22%) anéc (0.84 g, 18%).
8a [a]p® = -8.42 € 0.19, MeOH);'H NMR (400 MHz, CDCJ) § 7.80 (d,J = 6.6 Hz, 2 H),
7.72 (d,J = 6.6 Hz, 2 H), 7.35-7.44 (m, 13 H), 7.16-7.27 @1H), 4.93 (tJ= 6.6 Hz, 1 H),
4.34 (s, 1 H), 3.22-3.25 (m, 1 H), 3.89 {ds 11.8 Hz, 1 H), 3.77 (d] = 12.3 Hz, 1 H), 1.44

(s, 3 H), 1.38 (s, 3 H), 1.07 (s, 9 HJ© NMR (100 MHz, CDGJ) 5 157.3 (d,J = 288.0 Hz),



143.8, 136.0 (dJ = 23.1 Hz), 133.5 (d] = 21.2 Hz), 129.7 (d] = 4.9 Hz), 127.7, 127.5 (d,

= 9.2 Hz), 127.0, 115.6 (d,= 4.2 Hz), 111.8, 87.0, 78.6 (@= 8.8 Hz), 75.3 (d] = 7.2 Hz),

71.0 (d,J = 18.9 Hz), 56.3, 29.5 (d, = 29.8), 27.9, 27.2, 26.7, 19.4F NMR (376 MHz,

CDCl) 5 -128.2; MS (ESI+) found 707.2968 [calcd fogB4sFNaQSi (M+Na) 707.2969].

8b: *H NMR (400 MHz, CDCY) § 7.73-7.81 (m, 4 H), 7.34-7.45 (m, 13 H), 7.16-7(@9 8

H), 5.76 (s, 1 H), 4.66 (d,= 5.6 Hz, 1 H), 4.53-4.58 (m, 1 H), 4.42J& 5.5 Hz, 1 H), 3.84
(d,J=14.2 Hz, 1 H), 3.58 (d, = 14.2 Hz, 1 H), 1.42 (s, 3 H), 1.32 (s, 3 H) AL(8, 9 H).

8c: 'H NMR (400 MHz, CDCJ) § 7.72-7.81 (m, 4 H), 7.35-7.45 (m, 13 H), 7.22-7(80 8

H), 5.13 (m, 2 H), 4.80 (dl = 13.6 Hz, 1 H), 4.19 (d} = 14.4 Hz, 1 H), 3.73 (1= 5.2 Hz, 1

H), 1.31 (s, 3 H), 1.22 (s, 3 H), 1.12 (s, 9 H).

4.1.2. (3aS,4R,6aR)-5-Fluoro-2,2-dimethyl-6-(trityloxyimg}-4,6a-dihydro-3aH-
cyclopenta[d][1,3]dioxol-4-ol 9).

Tetran-butylammonium fluoride (9.1 mL, 1.0 M solution iMHF) was added
dropwise to a cooled (0 °C) solution & (2.50 g, 3.65 mmol) in anhydrous THF (20 mL)
under N. After stirring at room temperature for 2 h, tleaction mixture was evaporated.
Finally, the residue was purified by medium pressliquid chromatography (silica gel,
hexanes/EtOAc = 4/1) to give (1.417 g, 87%) as a white foanu]p?® = +20.77 € 0.39,
MeOH); *H NMR (400 MHz, CDCJ) § 7.46-7.48 (m, 6 H), 7.21-7.31 (m, 9 H), 5.13)(t
6.6 Hz, 1 H), 4.66-4.69 (m, 1 H), 4.40 §t= 6.6 Hz, 1 H), 3.92 (d) = 12.0 Hz, 1 H), 3.77
(dd,J = 1.6, 12.0 Hz, 1 H), 2.81 (d,= 9.3 Hz, 1 H), 1.42 (s, 3 H), 1.41 (s, 3 £ NMR
(100 MHz, CDC}) & 157.7 (d,J = 287.8 Hz), 143.7, 128.6, 127.8, 127.0, 115.7)(d,4.5
Hz), 112.3, 87.1, 78.7 (d,= 8.9 Hz), 73.8 (dJ = 7.7 Hz), 69.1 (dJ = 21.0 Hz), 56.2, 27.7,
26.6; F NMR (376 MHz, CDGJ)) & -130.1; MS (ESI+) found 469.1779 [calcd for

CagHo7FNaQ, (M+Na)* 469.1791].



4.1.3. General Procedure for Mistunobu Condensation

Diisopropyl azodicarboxylate (2.5 equiv) was addadpwise to a cooled (6C)
suspension of triphenylphosphine (2.5 equiv) anda®N>-benzoyluracil (2.5 equiv) in
anhydrous THF (0.2 M) under,;NAfter stirring at room temperature for 15 mine tleaction
mixture was re-cooled to €. Then, a solution d® (1.0 equiv) in anhydrous THF (0.2 M)
was added dropwise to the mixture. After stirraigoom temperature for 24 h, the reaction
mixture was evaporated. Finally, the residue wasfipd by medium pressure liquid

chromatography (silica gel, hexanes/EtOAc = 3/1gite the base condensed derivatives.

4.1.4. General Procedure for Debenzoylation

Saturated methanolic ammonia (5 mL) was added ¢o ahove generated base
condensed derivatives at room temperature. Afierng} at room temperature for 15 h, the
reaction mixture was evaporated. Finally, the mesidwas purified by column
chromatography (silica gel, hexanes/EtOAc = 2/1git@ the debenzoylated derivativi3a-

e as white foams.

41.4.1. 1-((3aS,4S,6aR)-5-fluoro-2,2-dimethyl-6-((tritylgmyethyl)-4,6a-dihydro-
3aH-cyclopenta[d][1,3]dioxol-4-yl)pyrimidine-2,4(1,8H)-dione (0a).

Yield: 81%:; [o]p> = —=37.04 € 0.20, MeOH); UV (MeOH)max 263 nm*H NMR
(500 MHz, CDC}) § 9.43 (bs, 1 H), 7.46 (d,= 7.4 Hz, 6 H), 7.46 (] = 7.2 Hz, 6 H), 7.22
(d,J = 7.3 Hz, 3 H, merged with CDg}) 6.90 (d,J = 8.0 Hz, 1 H), 5.73 (dd} = 1.5, 8.0 Hz,
1 H), 5.34 (tJ = 5.4 Hz, 1 H), 5.27 (s, 1 H), 4.56 Jt= 5.0 Hz, 1 H), 3.97 (d] = 12.7 Hz, 1

H), 3.83 (d,J = 12.7 Hz, 1 H), 1.44 (s, 3 H), 1.35 (s, 3 ¢ NMR (125 MHz, CDGJ) &



163.1, 150.3, 149.9 (d,= 228.4 Hz), 143.6, 141.2, 128.6, 127.9, 127.2,42112.3, 103.0,
87.4, 80.3 (dJ = 5.3 Hz), 79.7 (dJ = 7.3 Hz), 65.7 (dJ = 19.1 Hz), 56.9, 27.4, 25.7F
NMR (378 MHz, CDC}) § -130.5: HRMS (FAB+) found: 541.2132 [calcd fog830FN,Os

(M+H)* 541.5594].

4.1.4.2. 5-Fluoro-1-((3aS,4S,6aR)-5-fluoro-2,2-dimethyl-Gtytoxymethyl)-4,6a-
dihydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)pyrimidar2,4(1H,3H)-dionel0b)

Yield: 63%; []p?®>=-16.94 € 0.36, MeOH); UV (MeOHmax 268 nm:*H NMR
(400 MHz, CDC}) 6 9.14 (bs, 1 H), 7.45-7.48 (m, 6 H), 7.22-7.32 &H), 6.97 (dJ = 5.4
Hz, 1 H), 5.31 (m, 2 H), 4.52 @,= 5.2 Hz, 1 H), 4.01 (d] = 12.6 Hz, 1 H), 3.86 (d|= 12.8
Hz, 1 H), 1.35 (s, 3 H), 1.44 (s, 3 HJC NMR (100 MHz, CDGJ) § 156.3 (d,J = 26.8 Hz),
149.5 (d,J = 285.5 Hz), 148.9, 143.5, 140.8 (& 238.7 Hz), 128.6, 127.9, 127.3, 125.2 (d,
J = 32.8 Hz), 123.4 (d) = 3.1 Hz), 112.6, 87.5, 80.3 (d= 6.8 Hz), 79.5 (d) = 9.2 Hz),
65.6 (d,J = 19.6 Hz), 56.9, 27.3, 25.7F NMR (376 MHz, CDCJ) 5 -128.2,-165.4; MS

(ESH) found: 557.1891 [calcd fordgH7F>N-Os (M-H)” 557.1888].

4.1.4.3. 5-Chloro-1-((3aS,4S,6aR)-5-fluoro-2,2-dimethyl-6tftoxymethyl)-4,6a-
dihydro-3aH-cyclopenta[d][1,3]dioxol-4-yD)pyrimidey2,4(1H,3H)-dionel(0c).

Yield: 62%:; [t]p® = -55.26 € 0.19, MeOH); UV (MeOHMmax 276 nm:*H NMR
(400 MHz, CDC}) 5 8.90 (bs, 1 H), 7.46 (d,= 7.4 Hz, 7 H), 7.19-7.32 (m, 9 H), 5.32-5.35
(m, 2 H), 4.55 ()= 5.3 Hz, 1 H), 3.98 (d] = 12.8 Hz, 1 H), 3.82 (d]= 12.8 Hz, 1 H), 1.44
(s, 3 H), 1.35(s, 3 H)**C NMR (100 MHz, CDGJ) 5 158.5, 149.6 (dJ = 285.7 Hz), 149.3,

143.5, 137.8, 128.6, 127.9, 127.2, 123.3)(¢, 3.1 Hz), 112.6, 109.9, 87.5, 80.3 Jdk 6.7



Hz), 79.6 (d,J = 9.2 Hz), 66.0 (dJ = 20.2 Hz), 56.9, 27.3, 25.% NMR (376 MHz, CDG))

8 —128.2; MS (ESI+) found 597.1556 [calcd fog,6CIFN,NaG; (M+Na)" 597.1568].

4.1.4.4. 5-Bromo-1-((3aS,4S,6aR)-5-fluoro-2,2-dimethyl-@ftoxymethyl)-4,6a-
dihydro-3aH-cyclopenta[d][1,3]dioxol-4-yl)pyrimid&2,4(1H, 3H)-dionelQd).

Yield: 51%; p]p® = -52.50 € 0.20, MeOH); UV (MeOH)imax 279 nm;*H NMR
(400 MHz, CDC}) & 8.90 (bs, 1 H), 7.46-7.48 (m, 6 H), 7.22-7.32 (®,H), 5.34 (tJ =6
Hz, 1 H), 5.30 (s, 1 H), 4.57 @=5.1 Hz, 1 H), 3.98 (d] = 12.6 Hz, 1 H), 3.80 (d = 12.6
Hz, 1 H), 1.44 (s, 3 H), 1.35 (s, 3 HfC NMR (100 MHz, CDG)) 5 158.6, 149.7 (dJ =
285.4 Hz), 149.6, 143.5, 140.4, 128.6, 127.9, 12123.2 (dJ = 2.9 Hz), 112.6, 97.6, 87.5,
80.3 (d,J = 6.6 Hz), 79.7 (dJ = 9.3 Hz), 66.2 (dJ = 20.2 Hz), 56.9, 27.3, 25.7F NMR
(376 MHz, CDC4) 6 —128.2; MS (ESI+) found 619.1073 [calcd fogB,0BrFN,Os (M+H)”

619.1244].

4.1.4.5. 1-((3aS,4S,6aR)-5-Fluoro-2,2-dimethyl-6-(trityloystinyl)-4,6a-dihydro-3aH-
cyclopenta-[d][1,3] dioxol-4-yl)-5-iodopyrimidine;2(1H,3H)-dione 10e).

Yield: 63%; []p?®= =70.67 € 0.15, MeOH); UV (MeOHMmax 284 nm;*H NMR
(400 MHz, CDCH}) § 8.92 (bs, 1 H), 7.43-7.48 (m, 7 H), 7.22-7.33 ¢H), 5.35 (tJ = 5.4
Hz, 1 H), 5.27 (s, 1 H), 4.58 @,= 5.1 Hz, 1 H), 3.96 (d] = 12.5 Hz, 1 H), 3.78 (d] = 12.5
Hz, 1 H), 1.43 (s, 3 H), 1.35(s, 3 HfC NMR (100 MHz, CDGJ) & 159.7, 149.9, 149.8 (d,
=285.7 Hz), 145.6, 143.5, 128.6, 127.9, 127.2,028J = 2.8 Hz), 112.5, 110.0, 87.4, 80.3
(d,J = 6.5 Hz), 79.7 (dJ = 9.2 Hz), 69.1, 66.3 (d, = 21.2 Hz), 56.9, 27.3, 25.F NMR
(376 MHz, CDC}) 6 -128.2; MS (ESI+) found: 689.0916 [calcd for:B.sFINNaGs

(M+Na)* 689.0925].



4.1.5. General Procedure for Trityl and Isopropylidene @poDeprotection

A 2 N HCI solution (0.6 M) was added dropwise to a cddl@ °C) solution oflOae
(2.0 equiv) in MeOH (0.6 M). After stirring at roomemperature for 18 h, the reaction
mixture was co-evaporated with MeOH three times fidsidue was diluted with MeOH and
was neutralized with saturated methanolic ammonfae resulting reaction mixture was
allowed to stir at room temperature for 1 h, and l@en evaporated. Finally, the crude
residue was purified by column chromatograpf (reverse-phase silica gel,®{MeCN =

99/1) to give the 5-halouracil derivativ@a-e as white solids.

4.1.5.1. 1-((1S,4R,5S)-2-Fluoro-4,5-dihydroxy-3-(hydroxymgbttyclopent-2-en-1-
yl)pyrimidine-2,4(1H,3H)-dione3@)[6]

Yield : 80%; mp 78-79C; [a]p*>"?=-93.5 € 1.2, MeOH); UV (MeOH}\mnax 264.0 nm:H
NMR (400 MHz, CROD) & 4.12 (dt,J = 2.4, 13.2 Hz, 1 H), 4.19 (td,= 1.2, 5.6 Hz 1 H),
4.37 (d,J = 12.8 Hz, 1 H), 4.68 (td, J = 1.2, 6.0 Hz, 1 5143 (bs, 1 H), 5.73 (d), = 8.0 Hz,
1 H), 7.47 (ddJ = 1.2, 8.0 Hz, 1 H)*°C (100 MHz, CQOD) § 166.8, 155.4 (dJ = 284.6
Hz), 153.6, 144.7, 123.8 (d= 1.9 Hz), 104.1, 75.5 (d,= 5.3 Hz), 71.6 (dJ = 8.8 Hz), 66.1
(d, J = 17.6 Hz), 55.1°F (376 MHz, CROD) § -128.9; HRMS (ES#) found 259.0722
[calculated for GoH1,FN,Os 259.065 (M+HJ]; Anal. calcd for GoH11FN,Os: C, 46.52; H,

4.29; N, 10.85. Found: C, 46.55; H, 4.31; N, 10.91.

4.1.5.2. 5-Fluoro-1-((1S,4R,5S)-2-fluoro-4,5-dihydroxy-3-dhyxymethyl)cyclopent-
2-enyl)pyrimidine-2,4(1H,3H)-dion&}f). Yield: 52%; m.p: charred above 2i3@; [0]p*°=

~10.00 (c 0.21, MeOH); UV (MeOH)max 272 nm:*H NMR (400 MHz, CROD) § 7.74 (dd,



J=0.8,6.4 Hz, 1 H), 5.46 (bs, 1 H), 4.68 (t&, 1.6, 6.0 Hz, 1 H), 4.37 (d, J = 13.2 Hz, 1 H),
419 (td, J = 1.6, 5.6 Hz, 1 H), 4.14 (t, J = 2Z HH), 4.11 (t, J = 2.4 Hz, 1 HC NMR

(100 MHz, CROD) § 159.5 (d,J = 25.8 Hz), 154.5 (d] = 284.9), 151.7, 143.6 (d,= 233.2
Hz), 127.8 (dJ) = 34.2 Hz), 123.6, 74.8 (d,= 5.3 Hz), 70.9 (d) = 8.3 Hz), 65.4 (d) = 18.2
Hz), 54.4;:*F NMR (376 MHz, CROD) § -126.9,-162.6 (d, J = 6.4 Hz); MS (FAB) found:
277.0645 [calcd for GH11F-N,Os (M+H)" 277.0636]; Anal. Calcd for fgH11F>N2Os: C,

43.49; H, 3.65; N, 10.14. Found: C, 43.09; H, 31619.98.

4.1.5.3. 5-Chloro-1-((1S,4R,5S)-2-fluoro-4,5-dihydroxy-3-dhyxymethyl)cyclopent-
2-enyl)pyrimidine-2,4(1H,3H)-dion&¢). Yield: 50%; m.p: 124-126C: [o]p>°> =-121.33 (c
0.15, MeOH); UV (MeOHR\max278 nm;'H NMR (400 MHz, CROD) 6 7.82 (d, J = 0.8 Hz,
1 H), 5.46 (bs, 1 H), 4.69 (td, J = 1.6, 6.0 H#)14.38 (d, J = 13.2 Hz, 1 H), 4.21 (td, J =
1.2, 6.0 Hz, 1 H), 4.14 (t, J = 2.4 Hz, 1 H), 4(8,1 = 2.4 Hz, 1 H)**C NMR (100 MHz,
CD;0D) & 161.5, 154.4 (d] = 284.2 Hz), 152.1, 140.9, 123.5, 110.3, 74.9 5.3 Hz),
70.8 (d,J = 8.4 Hz), 65.8, 65.7, 54.4%F NMR (376 MHz, CROD) & -126.9; MS (FAB+)
found 293.0345 [calcd forgH11CIFN,Os (M+H)™ 293.0341]; Anal. Calcd for

C10H11CIFN2Os: C, 41.04; H, 3.44; N, 9.57. Found: C, 41.34; 43N, 9.17.

4.15.4. 5-Bromo-1-((1S,4R,5S)-2-fluoro-4,5-dihydroxy-3-(toxymethyl)cyclopent-2-
enyl)pyrimidine-2,4(1H,3H)-dion&d). Yield: 74%; m.p: 68-76C; [o]p?> =-163.68 (c 0.19,
MeOH); UV (MeOH)Amax 281 nm'H NMR (400 MHz, CROD) & 7.89 (s, 1 H), 5.45 (bs,
1 H), 4.67 (t, J=5.2 Hz, 1 H), 4.37 (d, J =180 1 H), 4.21 (t, $ 5.6 Hz, 1 H), 4.11 (d, J =
13.0 Hz, 1 H){*C NMR (100 MHz, CROD) & 161.7, 154.5 (d] = 284.2 Hz), 152.4, 143.5,
123.4, 98.0, 74.9 (d,= 5.4 Hz), 70.9 (d) = 8.4 Hz), 65.8 (d) =17.4 Hz), 54.4°F NMR

(376 MHz, CDC}) 5 =126.9; MS (FAB+) found 337.1014 [calcd foid810BrFN,Os (M+H)*



336.9835]; Anal. Calcd for {gH10BrFN.Os: C, 35.63; H, 2.99; N, 8.31. Found: C, 35.34; H,

2.67; N, 8.32.

4.1.5.5. 1-((1S,4R,5S)-2-Fluoro-4,5-dihydroxy-3-(hydroxymghttyclopent-2-enyl)-5-
iodopyrimidine-2,4(1H,3H)-dione3¢). Yield: 61%; m.p: 87-89C; [o]p*°=-153.24 (c 0.37,
MeOH); UV (MeOH)Amax287 nm:*H NMR (400 MHz, CROD) & 7.90 (d, J = 0.8 Hz, 1 H),
5.43 (bs, 1 H), 4.68 (td, J = 1.2, 5.6 Hz, 1 H}84(d, J = 12.8 Hz, 1 H), 4.22 (td, J = 1.2, 5.6
Hz, 1 H), 4.12 (dt, J = 2.4, 12.8 Hz, 1 K NMR (100 MHz, CROD) § 162.9, 154.6 (dJ

= 284.2 Hz), 152.7, 148.5, 123.2, 74.91&; 4.6 Hz), 70.8 (d) = 8.3 Hz), 69.5, 65.7 (d,=
17.5 Hz), 54.4'°F NMR (376 MHz CROD) 5 -126.8; MS (ESI+) found 406.9514 [calcd for
C1oH10FINoNaGs (M+Na)™ 406.9516]; Anal. Calcd for gH1oFINoNaGs: C, 31.27; H, 2.62;

N, 7.29. Found: C, 31.45; H, 2.23; N, 7.08.

4.1.6. General Procedure for the Conversion of the UrabDirivatives 3a-e to the
Cytosine Derivativegb and 3f-i.

[Acetylatior} Acetic anhydride (4.0 equiv) was added dropwisetstirred solution of the
pyrimidine derivatives3a-e (1.0 equiv) in anhydrous pyridine (0.17 M) undes. Mfter
stirring at room temperature for 18 h, the reactiurture was evaporated. Then, the residue
was diluted with CHCI, and HO, and the organic layer was separated, dried RSO,
filtered, and evaporated. Finally, the residue vpasified by medium pressure liquid
chromatography (silica gel, hexanes/EtOAc = 9/1)pitee the triacetatedla-e as a thick
liquid.

[Introduction of 1,2,4-triazolePOCk (10.0 equiv) was added dropwise- to a cooledQp
suspension of 1,2,4-triazole (10.0 equiv) in anbydr CHCN (1.1 M) under N After

stirring at room temperature for 1 h, the reactitimture was cooled to 8C and E$N (10.0



equiv) was added, followed Hyla-e(1.0 equiv) in anhydrous GEBN (0.1 M). After stirring
for an additional 24 h at room temperature, thetrea mixture was evaporateéd a half-
volume, diluted with CKLCl,, and washed with ¥0. The layers were separated, the organic
layer was dried over MgSQfiltered, and evaporated to git@a-e which were used for the
next step without further purification.

[Amination with DeacetylatigrAqueous ammonia (0.2 M) was added to a stirrégtien of
12a-ein 1,4-dioxane (0.13 M). After stirring at roommtperature for 16 h in glass-sealed
tube, the reaction mixture was evaporat&dmethanolic ammonia solution (5.0 mL) was
added to the above-generated reaction mixturer Afteing for an additional 15 h at room
temperature, the reaction mixture was evaporakedally, the residue was purified by
column chromatography®C reverse-phase silica gel,®/MeCN = 99/1) to giv@b and3f-i

as white solids.

4.1.6.1. 4-Amino-1-((1S,4R,5S)-2-fluoro-4,5-dihydroxy-3-(toxymethyl)cyclopent-2-
en 1-yl)pyrimidin-2(1H)-one2p) [6]. Yield : 40%:; mp 101-102C; [¢]p*"*=-135.47 (c 5.3,
MeOH); UV (MeOH)Amax 274.5 nm*H NMR (400 MHz, CROD) § 4.10 (dt, J = 2.4, 12.8
Hz, 1 H), 4.24-4.27 (m, 1 H), 4.36 (d, J = 12.8 A1), 4.68 (td, J = 1.2, 6.0 Hz 1H), 5.34
(bs, 1 H), 5.92 (d, J=7.2Hz, 1 H), 7.47 (J &6z, 1 H);**C (100 MHz, CROD) & 167.6,
158.8, 155.6 (dJ = 284.9 Hz), 145.0, 122.0, 96.6, 74.6 Jd 3.9 Hz), 70.9 (dJ = 8.9 Hz),
67.1 (d,J = 17.5 Hz), 54.3'% (376 MHz, CQOD) 5 -128.1; HRMS (ESI+) found 258.0822
[calculated for GoH1aFN3O4 (M+H)™ 258.081]; Anal. calcd for {gH1oFNsO4: C, 46.59; H,

4.70; N, 16.34. Found: C, 46.63; H, 4.77; N, 16.40.



4.1.6.2. 4-Amino-5-fluoro-1-((1S,4R,5S)-2-fluoro-4,5-dihyxlyeB-(hydroxymethyl)
cyclopent-2-enyl)pyrimidin-2(1H)-on@&f}. Yield: 21%; m.p: 121-125C; [0]p*>=-60.00 (c
0.21, MeOH); UV (MeOH}max 276 nm"H NMR (400 MHz, DMSO-¢) § 7.94 (d, J = 3.0
Hz, 1 H), 5.82 (s, 1 H), 4.84 (bs, 2 H), 4.51 ($§)1.4.02 (d, J = 7 Hz, 1 H), 3.87-3.93 (m, 2
H); **C NMR (100 MHz, DMSO-g) § 159.8, 154.9 (d] = 13.7 Hz), 154.1 (d] = 282.6 Hz),
143.4, 141.0, 139.7 (d,= 20.2 Hz), 121.9, 79.8 (d,= 18.2 Hz), 73.4 (d] = 6.3 Hz), 68.5 (d,
J=9.3 Hz), 52.3'%F NMR (376 MHz, CROD) § -128.6,-157.3 (d, J = 8.6 Hz); MS (ESI+)
found 276.0793 [calcd for igH1,FoN304 (M+H)™ 276.0796]; Anal. Calcd for fgH1oFoN3Oy:

C,43.32; H, 4.73; N, 15.16. Found: C, 43.45; M44N, 14.98.

4.1.6.3. 4-Amino-5-chloro-1-((1S,4R,5S)-2-fluoro-4,5-dihyxye8-(hydroxymethyl)
cyclopent-2-enyl)pyrimidin-2(1H)-on&d). Yield: 42%; m.p: 135-137C; [a]p*° = -166.19

(c 0.21, MeOH); UV (MeOHhmax 289 nm:*H NMR (400 MHz, DMSO-¢) § 7.88 (s, 1 H,
D,0O exchangeable), 7.80 (s, 1 H), 7.25 (s, 1 kD Bxchangeable), 5.31 (s, 1 H), 5.17 (d, J =
7.1 Hz, 1 H, DO exchangeable), 4.98 (d, J = 5.9 Hz, 1 HQ@xchangeable), 4.78 (dd, J =
6.2, 4.6 Hz, 1 H, BO exchangeable), 4.47 (dd, J = 10.2, 4.8 Hz , 14H))-16 (m, 2 H),
3.87-91 (m, 1H)*C NMR (100 MHz, CROD) § 161.3, 154.1, 152.5 (d, = 281.9 Hz),
141.4, 121.4, 99.1, 72.7 (d= 4.8 Hz), 68.9 (dJ = 9.1 Hz), 64.5 (dJ = 20.4 Hz), 52.6*°F
NMR (376 MHz, DMSO-¢) § ~134.5; MS (ESI+) found 292.0492 [calcd forg81,CIFN3O4
(M+H)™ 292.0500]; Anal. Calcd for gH1,CIFN;O4: C, 40.90; H, 4.46; N, 14.31. Found: C,

40.98; H, 4.06; N, 13.98.

4.1.6.4. 4-Amino-5-bromo-1-((1S,4R,5S)-2-fluoro-4,5-dihygr@x(hydroxymethyl)
cyclopent-2-enyl)pyrimidin-2(1H)-on&H). Yield: 42%; m.p: 219-22£C; [a]p*° = -188.42

(c 0.19, MeOH); UV (MeOHRmax290 nm;*H NMR (400 MHz, CROD) § 7.85 (s, 1 H),



5.37 (bs, 1 H), 4.69 (t, J = 5.2 Hz, 1 H), 4.37)¢; 12.8 Hz, 1 H), 4.28 (td, J = 1.2, 5.6 Hz, 1
H), 4.11 (dt, J = 2.4, 12.8 Hz, 1 HfC NMR (100 MHz, CROD) 6 164.9, 158.4, 157.4 (d,
= 284.4 Hz), 146.4, 123.1, 90.0, 75.5 Jd 5.2 Hz), 71.6 (dJ = 8,8 Hz), 68.3 (dJ = 16.8
Hz), 55.1;*F NMR (376 MHz, CROD) & -133.8; MS (ESI+) found 335.9994 [calcd for
CroH12BrFN3O4 (M+H)* 335.9995]; Anal. Calcd for fgH1:BrFN:O4: C, 35.52; H, 3.88; N,

12.43. Found: C, 35.13; H, 4.23; N, 12.04.

4.1.6.5. 4-Amino-1-((1S,4R,5S)-2-fluoro-4,5-dihydroxy-3-({toxymethyl)cyclopent-2-
enyl)-5-iodopyrimidin-2(1H)-one3{). Yield: 38%; m.p: 228-236C; [0]p>°>=-199.44 (c 0.18,
MeOH); UV (MeOH)Amax 297 nm;*H NMR (500 MHz, CQOD) 6 7.88 (s, 1 H), 5.32 (bs, 1
H), 4.67 (t, J = 5.5 Hz, 1 H), 4.36 (d, J = 13.Q #H), 4.27 (t, J = 6.0 Hz, 1 H), 4.09 (dt, J =
2.0, 13.0 Hz, 1 H)**C NMR (100 MHz, DMSO-g) 6 164.1, 154.7, 153.2 (d,= 282.2 Hz),
149.8, 121.5, 73.1, 69.3 (d,= 9.1 Hz), 65.0 (dJ = 17.9 Hz), 53.0, 49.0°F NMR (376
MHz, CD;OD) § -133.7; MS (ESI+) found 384.1259 [calcd foroB1,FIN3O,; (M+H)"
383.9857]; Anal. Calcd for gH1,FIN3O4: C, 31.19; H, 3.40; N, 10.91. Found: C, 31.56; H,

3.80; N, 9.89.

4.1.7. 6-Chloro-9-((3aS,4S,6aR)-5-fluoro-2,2-dimethyl-8#{loxy)methyl)-3a,6a-
dihydro-4H-cyclopenta[d][1,3]dioxol-4-yl)-9H-purinél3). Compoundd was converted to
13, using a procedure similar to the one used irpteparation ofL0: *H NMR (300 MHz,
CDCl) 5 8.76 €, 1 H), 8.01 (s, 1 H), 7.43-7.50 (m, 6 H), 7.20-7(8% 9 H), 5.53-5.62
(m, 2 H), 4.78 (t, J = 5.7 Hz, 1 H), 4.02 (d, JZ6lHz, 1 H), 3.83 (d, J = 12.6 Hz, 1 H),
1.48 (s, 3 H), 1.37 (s 3 H); The resultit® contaminated with DIAD, was used in the next

step.



4.1.8. (1S,2R,5S)-5-(6-Chloro-9H-purin-9-yl)-4-fluoro-3yflroxymethyl)cyclopent-3-
ene-1,2-diol 14) and 9-((1S,4R,5S)-2-fluoro-4,5-dihydroxy-3-(hydmmethyl)cyclopent-2-
en-1-yl)-1H-purin-6(9H)-one3).

A suspension 013 (1.0 g, 1.72 mmol) in 50% TFA (10 mL, 0.17 M) wstired at
room temperature for 15 h. The mixture was evapdrand the residue was purified by
column chromatography (silica gel, @E,/MeOH = 9/1 to 4/1) to give the 6-chloropurine
derivative14 (387 mg, 75% fron®) as a pale yellow solid arg] (19 mg, 4% fronB) as a

white solid.

Compoundl4 m.p: 103-105C; [o]p*°=-12.52 € 0.24, MeOH); UV (MeOH\nax 265 nm;

'H NMR (600 MHz, CRQOD) & 8.72 (s, 1 H), 8.62 (&, H), 5.73 (s, 1 H), 4.83 (m, 1 H,
merged with HO), 4.63 (tJ = 5.5 Hz, 1 H), 4.41 (d] = 12.8 Hz, 1 H), 4.19-4.22 (m, 1 H);
*C NMR (150 MHz, CROD) § 154.5 (d,J = 284.4 Hz), 154.1, 153.9, 152.4, 148.2, 133.6,
124.0, 76.1 (dJ = 4.3 Hz), 71.8 (dJ = 8.6 Hz), 64.8 (dJ = 18. Hz), 55.2!°F NMR (376
MHz, CD;0OD) & -78.8, -134.7; MS (ESI+) found 301.0511 [calcd for:B8:1CIFN,Os

(M+H)" 301.0504].

Compound3j: m.p: 280°C (decomp.); d]o?°=-3.23 € 0.22, MeOH); UV (MeOHM\nax 250
nm;*H NMR (800 MHz, CRQOD) § 8.11 (s, 1 H), 8.02 (s, 1 H), 5.59 (s, 1 H), 4%8 = 5.0
Hz, 1 H), 4.52 (1) = 5.6 Hz, 1 H), 4.39 (d] = 13.2 Hz, 1 H), 4.17 (dfi= 12.8, 2.2 Hz, 1 H);
3C NMR (200 MHz, CROD) § 159.7, 155.0 (dJ = 284.4 Hz), 151.3, 147.5, 141.8, 126.5,
123.5, 76.6 (dJ = 4.7 Hz), 71.7 (dJ = 8.5 Hz), 64.3 (dJ = 18.1 Hz), 55.1'°F NMR (376
MHz, CD;0D)  -78.7,-132.4,-134.7; MS (ESI+) found: 283.0842 [calcd for81:FN4O,
(M+H)" 283.0843]; Anal. Calcd for GH1:FN4O4: C, 46.81; H, 3.93; N, 19.85. Found: C,

46.98; H, 4.13; N, 19.65.



4.1.9. (1S,2R,5S)-5-(6-Amino-9H-purin-9-yl)-4-fluoro-3-ngxymethyl)cyclopent-3-ene-
1,2-diol @b) [3c].

Saturated ammonia itert-butanol (10.0 mL) was added to a solution1df(69 mg, 0.23
mmol) intert-butanol (1.0 mL, 0.23 M) in a steel bomb. Afteirrstg at 70°C for 24 h, the
reaction mixture was evaporated. Finally, the m#sidwas purified by column

chromatography (silica gel, GBI,/MeOH = 4/1) to givelb (36 mg, 56%) as a white solid:

mp 181-184C; [0]p*°= -181.1 € 0.62, MeOH); UV (HO) Amax 260.0 nm*H NMR (400

MHz, CD;0OD) & 8.17 (s, 1 H), 8.15 (s, 1 H), 5.56 (bs, 1 H), 479 = 5.2, 6.0 Hz, 1 H),
4.56 (t,J = 5.6 Hz, 1 H), 4.41 (d) = 13.2 Hz, 1 H), 4.16 (td] =2.4, 13.2 Hz, 1 H)**C
NMR(100 MHz, CROD) § 157.7, 154.7 (d) = 285.3 Hz), 154.2, 151.2, 142.1, 122.8¢,
2.3 Hz), 120.8, 75.7 (d,= 4.6 Hz), 71.2 (d) = 8.5 Hz), 63.6 (dJ = 18.4Hz), 54.7*°F NMR
(376 MHz, CROD) 6 -133.1; MS (FAB+) found 282 [calcd for;(E13FNsO3 282.2554
(M+HM]; Anal. Calcd for GiH1oFNsOs: C, 46.98; H, 4.30; N, 24.90. Found: C, 46.99; H,

4.28; N, 25.20.

4.1.10.(1S,2R,5S)-4-Fluoro-3-(hydroxymethyl)-5-(6-(methylao)-1H-purin-9(6H)-
yl)cyclopent-3-ene-1,2-dioBK).

Aqueous methylamine (40 wt%, 1 mL) was added ttreed solution ofl4 (57 mg,
0.19 mmol) in ethanol (2.0 mL, 0.1 M) in a glassiseibe. After stirring for 20 h at room
temperature, the mixture was evaporated. Finalg tesidue was purified by column
chromatography (silica gel, GBI,/MeOH = 9/1) to give3k (24 mg, 43%) as a white solid:
m.p: 157-160°C; [0]p*°=-14.95 € 0.36, MeOH); UV (MeOHM\max 266 nm;*H NMR (600
MHz, CD;0OD) & 8.23 (s, 1 H), 8.08 (s, 1 H), 5.55 (s, 1 H), 49 = 5.9 Hz, 1 H), 4.55 (1]

= 6.0 Hz, 1 H), 4.41 (d] = 12.8 Hz, 1 H), 4.14-4.19 (m, 1 H), 3.10 (bs, )3 EFC NMR (150



MHz, CD;0OD) § 157.6, 155.3 (dJ = 284.4 Hz), 154.6, 150.6, 142.0, 123.2, 121.92 16,J
= 5.0 Hz), 71.7 (dJ = 8.7 Hz), 64.1 (dJ = 17.9 Hz), 55.2, 28.5°F NMR (376 MHz,
CDs0OD) § -78.7, -134.3; MS (ESI+) found: 296.1159 [calcd for,B15sFNsOs (M+H)”
296.1159] Anal. Calcd for C1oH1sFNsOs: C, 48.81; H, 4.78; N, 23.72. Found: C, 48.90; H,

4.48; N, 23.43.

4.1.11.(1S,2R,5S)-5-(6-(Cyclopropylamino)-9H-purin-9-yijidoro-3-
(hydroxymethyl)cyclopent-3-ene-1,2-disll)(

Cyclopropylamine (821L, 1.18 mmol) and triethylamine (234, 1.65 mmol) were
successively added to a solutionldf (71 mg, 0.24 mmol) in ethanol (1.5 mL, 0.16 M)an
steel bomb. The reaction mixture was stirred aC®7or 24 h, and was evaporated. The
residue was purified by column chromatographydailjel, CHCIl,/MeOH = 7/1) to gives|
(20 mg, 25%) as a white solid: m.p: 9395 [0]p?°=-12.85 € 0.11, MeOH); UV (MeOH)
Amax 270 nm*H NMR (600 MHz, CROD) & 8.27 (s, 1 H), 8.11 (s, 1 H), 4.79 Jt= 6.0 Hz,
1 H), 4.56 (tJ = 5.9 Hz, 1 H), 4.41 (d] = 12.7 Hz, 1 H), 4.14-4.20 (m, 1 H), 2.96 (bs, )1 H
0.87-0.92 (m, 2 H), 0.62-0.68 (m, 2 HJC NMR (150 MHz, CROD) & 157.9, 155.2 (d] =
285.1 Hz), 151.0, 149.5, 142.4, 123.3, 121.9, 16,4 = 4.3 Hz), 71.7 (dJ = 4.6 Hz), 64.2
(d, J = 18.7 Hz), 55.2, 25.3, 8.38F NMR (376 MHz, CROD) § -78.8,-134.4; MS (ESI+)
found 322.1326 [calcd for gH17FNsOz (M+H)™ 322.1315]; Anal. Calcd for gH17FNsOs: C,

52.33; H, 5.02; N, 21.80. Found: C, 52.76; H, 419821.99.

4.1.12.6-Chloro-9-((3aS,4S,6aR)-5-fluoro-2,2-dimethyl-8#loxy)methyl)-3a,6a-
dihydro-4H-cyclopenta[d][1,3]dioxol-4-yl)-9H-puri-amine 15). Compoundd (123 mg,

0.28 mmol) was converted b (90 mg, 55%) as a white foam, using a proceduraéagi



to the preparation of0: [a¢]p*°= -1.23 € 0.47, MeOH); UV (MeOHmax 255 nm; 'H
NMR (600 MHz, CDCY)  7.65 (s, 1 H), 7.45-7.49 (m, 6 H), 7.22-7.31 (nt)95.58 (t,J

= 4.56 Hz, 1 H), 5.33 (s, 1 H), 5.00 (s, 2 H), 4§23 = 5.46 Hz, 1 H), 4.04 (d,= 11.8 Hz,

1 H), 3.77-3.82 (m, 1 H), 1.46 (s, 3 H), 1.38 (SHB °C NMR (150 MHz, CDGJ) 5
159.0, 153.3, 151.8, 150.2 (d,= 285.1 Hz), 143.7, 140.8, 128.6, 127.9, 127.13.12
121.5, 112.4, 87.3, 80.5 (d,= 5.8 Hz), 80.2 (dJ = 9.3 Hz), 62.4 (dJ = 20.1 Hz), 56.5,
27.5, 26.0°F NMR (376 MHz, CDGJ) 5 —129.0; MS (ESI+) found 598.2027 [cacld for

Ca3Ha0FNsO3 (M+H) ™ 598.2021].

4.1.13.2-Amino-9-((1S,4R,5S)-2-fluoro-4,5-dihydroxy-3-(opymethyl)cyclopent-2-en-1-
y)-1H-purin-6(9H)-one 3m).

A suspension 015 (65 mg, 0.11 mmol) in 50% TFA (6 mL, 0.018 M) wsigred for
15 h at room temperature. The reaction mixture evagporated and the residue was purified
by column chromatography (silica gel, &,/MeOH = 7/1) to give3m (19 mg, 59%) as a
white solid: m.p: 223C (decomp.); §]o?°=-6.70 € 0.29, MeOH); UV (MeOHWmax 255
nm; *H NMR (800 MHz, CROD) § 7.73 (s, 1 H), 5.38 (s, 1 H), 4.76 Jt= 4.8 Hz, 1 H),
4.49 (t,J=5.6 Hz, 1 H), 4.39 (dl = 12.9 Hz, 1 H), 4.13-4.17 (m, 1 HYC NMR (200 MHz,
CD;0OD) 6 160.2, 156.1, 155.6 (d,= 284.7 Hz), 154.3, 139.2, 123.0, 118.8, 76.2)(d,4.9
Hz), 71.7 (dJ = 8.6 Hz), 63.7 (dJ = 18.1 Hz), 55.0**F NMR (376 MHz, CROD) & -78.7,
-134.3; MS (ESI+) found 298.0950 [calcd fori8:13FNsO4 (M+H)* 298.0952]; Anal. Calcd

for C11H13FNsOu: C, 44.45; H, 4.07; N, 23.56. Found: C, 44.123t89; N, 23.16.

4.1.14.(1S,2R,5S)-5-(2,6-Diamino-9H-purin-9-yl)-4-fluoreddydroxymethyl)cyclopent-3-

ene-1,2-diol 8n).



[Aminatior] Saturated ammonia tert-butanol (10.0 mL) was added to a solutiorLl6f(110
mg, 0.18 mmol) inert-butanol (1.0 ml, 0.18 M) in a steel bomb. Afteatiag at 90°C for 20
h, the reaction mixture was evaporated. Finallye tiesidue was purified by column
chromatography (silica gel, GBIl,/MeOH = 19/1) to give a diamino intermediate (26, 125
%) as a white foama]p?°=-2.07 € 0.08, MeOH); UV (MeOH}max 258, 282 nm;"H NMR
(600 MHz, CDC}) § 7.45-7.51 (m, 7 H), 7.19-7.31 (m, 9 H), 5.67 (®4${), 5.57 (tJ = 5.52
Hz, 1 H), 5.27 (s, 1 H), 4.69-4.80 (m, 3 H), 4.60X= 12.4 Hz, 1 H), 3.76 (d,= 11.9 Hz, 1
H), 1.44 (s, 3 H), 1.36 (s, 3 H*C NMR (150 MHz, CDGJ) 5 159.8, 155.8, 150.9 (d, =
288.0 Hz), 143.8, 136.7, 128.7, 128.5, 127.9, 12120.8, 114.8, 112.2, 87.3, 80.7 Jd; 7.2
Hz), 80.3 (dJ = 9.3 Hz), 62.0, 56.7, 27.6, 26 05 NMR (376 MHz, CDGJ) § -129.0; MS
(ESI+): found 579.2501 [Calcd for fors3,FNsO3 (M+H)" 579.2520].

[Deprotectio A 50% TFA (2.0 mL) was added to a solution of #mve generated diamino
intermediate (26 mg, 0.045 mmol) in 1,4-dioxan@ (AL, 0.2 M), and it was stirred for 20 h
at room temperature. Finally, the mixture was evajgal, and the residue was purified by
column chromatography (silica gel, gH,/MeOH = 7/1) to give8n (11 mg, 83%) as a white
solid: m.p: 219°C (decomp.); d]p*° =-9.01 € 0.15, MeOH); UV (MeOHW\max 257, 283
nm; 'H NMR (600 MHz, CROD) & 7.80 (s, 1 H), 5.39 (s, 1 H), 4.77 {t= 4.6 Hz, 1 H),
451 (t,J = 5.4 Hz, 1 H), 4.40 (d) = 13.2 Hz, 1 H), 4.14-4.18 (m, 1 H)**C NMR (150
MHz, CDsOD) 6 161.9, 157.8, 155.6 (d,= 284.4 Hz), 154.1, 139.5, 123.1, 115.1, 76.13(d,
= 5.0 Hz), 71.7 (dJ = 8.6 Hz), 63.6 (dJ = 18.0 Hz), 55.1*%F NMR (376 MHz, CROD) 5
-78.8,-134.0; MS (ESI+) found 297.1108 [calcd fori814FNgOs (M+H)* 297.1111]; Anal.

Calcd for Gi1H14FNgOs: C, 44.60; H, 4.42; N, 28.37. Found: C, 44.984H3; N, 28.19.

4.1.15.(1S,2R,5S)-5-(2-Amino-6-(cyclopropylamino)-9H-pt@tyl)-4-fluoro-3-

(hydroxymethyl)cyclopent-3-ene-1,2-didb).



[Aminatior] Cyclopropylamine (32uL, 0.46 mmol, 5.0 equiv) and triethylamine (9@,
0.644 mmol, 7.0 equiv) were added to a solutiod®{55 mg, 0.092 mmol, 1.0 equiv) in
ethanol (1.0 mL, 0.1 M) in a steel bomb. The reactnixture was stirred at 6 for 24 h,
and was then evaporated. The residue was purifistdaglumn chromatography (silica gel,
CH.Cl,/MeOH = 33/1) to give a cyclopropylamino intermedid27 mg, 47%) as a white
foam: [u]p?°=-0.94 € 0.45, MeOH); UV (MeOH}\max 261, 286 nm;'H NMR (600 MHz,
CDCly) § 7.15-7.50 (m, 6 H), 7.36 (s, 1 H), 7.20-7.30 (n4)95.72 (bs, 1 H), 5.57 (§,= 5.0
Hz, 1 H), 5.27 (s, 1 H), 4.73 3,= 5.0 Hz, 1 H), 4.68 (bs, 2 H), 3.99 (= 11.8 Hz, 1 H),
3.75 (d,J = 12.4 Hz, 1 H), 2.97 (bs, 1 H), 1.43 (s, 3 HR6L(S, 3 H), 0.81-0.85 (m, 2 H),
0.56-0.62 (m, 2 H)**C NMR (150 MHz, CDG)) 5 160.0, 156.3, 151.1 (d, = 285.8 Hz),
143.7, 135.9, 128.7, 128.5, 127.9, 127.1, 120.3,1112.1, 87.3, 80.7 (d,= 5.7 Hz), 80.3
(d, J = 9.3 Hz), 61.8 (dJ = 20.8 Hz), 56.6, 27.6, 26.1, 22.6, 74 NMR (376 MHz,
CD;OD) & -117.1,-128.9; MS (ESI+) found: 619.2828 [calcd foggB3sFNgOs (M+H)*
619.2833].

[Deprotectioh A 50% TFA (2 mL) was added to a solution of thgclopropylamino
intermediate (27 mg, 0.044 mmol) generated abavéd,4-dioxane (0.2 mL, 0.2 M) and it
was stirred for 20 h at room temperature. Findlg, mixture was evaporated and the residue
was purified by column chromatography (silica g&H,Cl,/MeOH = 7/1) to give8o (13 mg,
89%) as a white solid: m.p: 57-80; [0]p*°=-16.27 € 0.07, MeOH); UV (MeOH\nmax 260,
287 nm;*H NMR (600 MHz, CDCJ) § 7.82 (s, 1 H), 5.40 (s, 1 H), 4.77 Jt= 5.0 Hz, 1 H),
4.49 (t,J = 5.0 Hz, 1 H), 4.39 (d] = 12.8 Hz, 1 H), 4.14-4.18 (m, 1 H), 2.89 (bs, I ®189-
0.94 (m, 2 H), 0.67-0.73 (m, 2 H}*C NMR (150 MHz, CDGJ) § 157.2, 153.9, 153.3 (d,=
284.4 Hz), 151.4, 138.1, 121.1, 114.2, 113.0, 74,0 = 5.0 Hz), 69.6 (dJ = 8.6 Hz), 61.5

(d,J = 18.0 Hz), 53.0, 22.9, 6.5F NMR (376 MHz, CQOD) § -78.8,-134.2; MS (ESI+)



found: 337.1421 [calcd for GH1sFNsO3 (M+H)™ 337.1424]; Anal. Calcd for GgH1sFNgOs:

C, 50.00; H, 5.09; N, 24.99. Found: C, 50.23; 984N, 25.04.

4.1.16.((3aS,4S,6aR)-4-(6-Amino-9H-purin-9-yl)-5-fluor@zlimethyl-3a,6a-dihydro-
4H-cyclopenta[d][1,3]dioxol-6-yl)methanolf).

cH,SO, (1 drop) was added dropwise to a stirred suspergditb (21 mg, 0.074 mmol) in
acetone (40 mL), at 0 °C undeg,Nind the reaction mixture was stirred at room Enaore
for 6 h. The reaction mixture was then neutralizeidh solid NaHCQ, filtered, and
evaporated. Finally, the residue was further pedlifboy column chromatography (silica gel,
CH.Cl,/MeOH = 9/1) to givel6 (21 mg, 92%) as a colorless liquidH NMR (400 MHz,
CDsOD): § 8.20 (s, 1 H), 8.13 (s, 1 H), 5.62 (br s, 1 HR45(td,J = 1.7, 6.3 Hz, 1 H), 4.85-
4.81 (m, merged with signal due to®in CD;0D, 1 H), 4.43 (dJ = 13.3 Hz, 1 H), 4.17 (dt,
J=22,13.3 Hz, 1 H), 1.48 (s, 3 H), 1.36 (s, 3 HRMS (ESI+) (m/z): found 322.1309

[C&'Cd for G4H17FNsO3 (M+H)+ 3221310]

4.1.17.Tert-butyl (9-((3aS,4S,6aR)-5-fluoro-6-(hydroxyny8ti2,2-dimethyl-4,6a-dihydro
3aH-cyclopenta[d][1,3]dioxol-4-yl)-9H-purin-6-yl)adbamate 17) and ((3aS,4S,6aR)-4-
(N6,N6-Bis(tert-Butoxycarbonyl)-6-amino-9H-purinyB-5-fluoro-2,2-dimethyl-3a,6a-
dihydro-4H-cyclopenta[d][1,3]dioxol-6-yl)methanal§).

Trimethylsilyl trifluoromethanesulfonate (plL) was added dropwise to a suspensiorl®f
(19 mg, 0.059 mmol), hexamethyldisilazane (2 mind d-dimethylaminopyridine (120 mg)
and the reaction mixture was heated at 75 °C for&fter concentration, anhydrous THF (10
mL) and dit-butyl dicarbonate (64 mg, 0.29 mmol) were addeth&reaction mixture at 0
°C under N. After stirring at room temperature for 4 h, tleaction mixture was evaporated

and methanol/trimethylamine (5:1, total 12 mL) wadded to the residue. Then, it was



heated with stirring at 55 °C for 16 h. Finallyetreaction mixture was evaporated, and the
residue was purified by column chromatographydaitiel, CHCIl,/MeOH = 19/1) to givel7

(11.5 mg, 48%) and8 (6.7 mg, 28%) as colorless liquids.

CompoundL7: *H NMR (500 MHz, CROD): § 8.56 (s, 1 H), 8.31 (s, 1 H), 5.69 (br s, 1 H),
557 (m, 1 H), 4.89 (m, 1 H), 4.43 @z 13.4 Hz, 1 H), 4.18 (d, = 13.4 Hz, 1 H), 3.63 (br s,
1H), 1.57 (s, 9 H), 1.49 (s, 3 H), 1.36 (s, 3 HRMS (ESI+) (m/z): found 422.1839 [calcd

for C19H25FN5Os5 (M‘l‘H)+ 4221834]

CompoundL8: *H NMR (500 MHz, CRQOD): § 8.85 (s, 1 H), 8.56 (s, 1 H), 5.78 (br s, 1 H),
5.62 (m, 1 H), 4.96 (m, 1 H), 4.43 @= 13.5 Hz, 1 H), 4.19 (d = 13.5 Hz, 1 H), 1.50 (s, 3
H), 1.38 (s, 18 H), 1.37 (s, 3 H); HRMS (ESI+) (n/Zound 522.2366 [calcd for

CosH33FNsO; (M+H)+ 5222359]

4.1.18.(S)-Isopropyl 2-(((S)-(((3aR,6S,6aS)-6-(6-((tertdxycarbonyl)amino)-9H-purin-
9-yD)-5-fluoro-2,2-dimethyl-6,6a-dihydro-3aH-cyclkapmta[d][1,3]dioxol-4-
yl)methoxy)(phenoxy)phosphoryl)amino)propano&$). (

A tert-butylmagnesium chloride solution (0.15 mL, 1.0rMTHF, 0.15 mmol) was added to
a cooled (O°C) suspension df7 (8 mg, 0.018 mmol)18 (5 mg, 0.0095 mmol) and powdered
molecular sieves (4 A, 35 mg) in anhydrous THF if25 under N. After 5 min, a solution
of pentafluro-phosphoramidate reagrn(20 mg, 0.046 mmol) [10] in anhydrous THF (5 mL)
was added dropwise and the reaction mixture wagdtat room temperature for 48 h. Next,
the reaction mixture was cooled in an ice bath teth quenched by dropwise addition of
methanol (10 mL). The reaction mixture was filtetetbugh a Celite and was washed with
methanol (50 mL) and evaporated. Finally, the w&sidwas purified by column

chromatography (silica gel, GBI,/MeOH = 9/1) to give the phosphoramiddi@ (6.9 mg,



33%) as a colorless liquidH NMR (500 MHz, CROD): § 8.53 (s, 1 H), 8.33 (s, 1 H), 7.30
(m, 2 H), 7.22-7.13 (m, 3 H), 5.72 (br s, 1H), 5(B8 1 H), 4.91-5.02 (m, 3 H), 4.65 (m, 1 H),
4.40 (br s, 1 H), 3.90-3.98 (m, 1 H), 1.58 (s, 9 H%2 (s, 3 H), 1.32-1.38 (m, 6 H), 1.20-1.26

(m, 6 H); HRMS (ESI+) found 691.2671 [calcd fosi841FNsOoP (M+H)" 691.2651].

4.1.19. (S)-Isopropyl 2-(((S)-(((3S,4S,5R)-3-(6-amino-Atp-9-y1)-2-fluoro-4,5-
dihydroxycyclopent-1-en-1-yl)methoxy)(phenoxy)phogd)amino)propanoate3p).

A solution 0f19 (4 mg, 0.005 mmol) in 5 mL of formic acid/@ (1:1, 2 mL) was
stirred at room temperature for 8 h. The reactioxtune was evaporated at 25 °C, and the
residue was purified by column chromatographydailjel, CHCI,/MeOH = 6/1) followed
by lyophilization (HO/acetonitrile = 3:1, 3 mL) to givep (2.7 mg, 85%) as a white solid:
UV (MeOH) hmax 259.5 nmH NMR (500 MHz, CROD): § 8.23 (s, 1 H), 8.19 (s, 1 H), 7.40
(m, 2 H), 7.24 (dJ = 8.5 Hz, 2 H), 7.18 (m, 1 H), 5.62 (br s, 1 HP25.01 (m, 2 H), 4.75-
4.80 (m, 1H), 4.70 (m, 1H), 4.56 (m, 1 H), 3.90B(en, 1 H), 1.35 (dJ = 7.0 Hz, 3 H), 1.22
(d,J = 6.3 Hz, 6 H); HRMS (ESI+) (m/z): found 551.17@@lcd for GzHagFNgO/P (M+H)"
551.1814]; Anal. Calcd for £H2gFNsO;P: C, 50.18; H, 5.13; N, 15.27; Found: C, 50.15; H,

5.11; N, 15.23.

4.2. Biology
4.2.1. Cell culture

The human lung cancer (A549), colon cancer (HCT}14t@mach cancer (SNU-638),
breast cancer (MDA-MB-231), liver cancer (SK-Hep-dnd prostate cancer (PC-3) cell lines
were provided by the Korean Cell Line Bank (Sed(brea). The cells were grown in
medium (DMEM for the MDA-MB-231 and SK-Hep-1 celiad RPMI 1640 medium for the

A549, HCT-116, SNU-638 and PC-3 cells) supplementitial 10% fetal bovine serum (FBS)



and antibiotics—antimycotics (PSF: 100 units/mL ipm G sodium, 100 pg/mL
streptomycin, and 250 ng/mL amphotericin B). Alllgewere incubated at 37 °C in a

humidified atmosphere containing 5% £0

4.2.2. Cytotoxicity assay (sulfornodamine B ass/)3]

The anticancer activity of the test compounds ajaiarious human cancer cells was
determined using the sulforhnodamine B (SRB) asthg.cells were seeded in 96-well plates
at a density of 5 x TOcells/mL and were treated with various conceruretiof the test
compounds for 72 h. the cells were fixed with 10khtoroacetic acid solution, washed with
tap water, and dried in air. The cells were stawet 0.4% SRB in 1% acetic acid solution.
After washing the unbound dye and drying, the shioells were dissolved in 10 mM Tris
(pH 10.0), and the absorbance was measured at ®15Cell viability was calculated by
comparison with the absorbance of the vehicleaabntrol group. The Kg values were

determined by nonlinear regression analysis usaigelCurve software.
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- Eighteen 6'-fluorocyclopentenyl-pyrimidines apdrines were designed and synthesized.

- The mechanism of action of the cytosine an2lmg related to the inhibition of DNA/RNA

polymerase.

- The mechanism of action of the adenosine analdigand 3k is related to the inhibition of

SAH hydrolase, associated with the inhibition aftbhe methyltransferase.



