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In this study we synthesized a series of thymine and 5-ethyluracil acyclic nucleoside
phosphonates bearing hydroxymethyl, methoxymethyl, azidomethyl, aminomethyl and
(trimethylammonio)methyl group in side chain as potent inhibitors of thymidine phos-
phorylase. In addition, we investigated in particular the novel syntheses of fluorinated de-
rivatives containing fluoromethyl or trifluoromethyl groups in side chain such as 5-ethyl-
1-[(S)-3-fluoro-2-(phosphonomethoxy)propyl]uracil (8) or 5-ethyl-1-[3,3,3-trifluoro-2-(phos-
phonomethoxy)propyl]uracil and thymine derivatives 27 and 28. Uracil acyclic nucleoside
phosphonates 1-{2-[(diisopropoxyphosphoryl)methoxy]ethyl}uracil (12) and 1-{2-[(diiso-
propoxyphosphoryl)methoxy]-3,3,3-trifluoropropyl}uracil (19) were fluorinated to corre-
sponding 5-fluorouracil derivatives. While the 5-fluorouracil derivatives exhibit a marginal
inhibitory effect, thymine and 5-ethyluracil compound with fluorine in side chains possess
considerable inhibitory potency toward thymidine phosphorylase from rat spontaneous
T-cell lymphoma.

Keywords: Acyclic nucleoside phosphonates; Acyclic nucleotide analogues; Nucleotides;
Thymidine phosphorylase; Fluorination; Pyrimidines; Uracil; Thymine.

Acyclic nucleoside phosphonates (ANPs) exhibit various kinds of biological
activities such as antiviral, cytostatic, antiparasitic and immunomodulatory
effects!. At present these compounds are investigated in connection with
their possible use as potent inhibitors of thymidine phosphorylase?. Thy-
midine phosphorylase [dThd, EC 2.4.2.4. platelet-derived endothelial-cell
growth factor (PD-ECGF)], an important salvage-pathway enzyme, catalyzes
phosphorolysis of thymidine to thymine and 2'-deoxy-D-ribose 1-phos-
phate. The dephosphorylated product of the latter, 2'-deoxy-D-ribose, has
a chemotactic activity in vitro and angiogenic activity in vivo stimulating
endothelial-cell migration. This process is crucial for the formation of new

Collect. Czech. Chem. Commun. 2006, Vol. 71, No. 4, pp. 595-624
© 2006 Institute of Organic Chemistry and Biochemistry
doi:10.1135/cccc20060595



596 Pomeisl, Votruba, Holy, Pohl:

blood vessels in a tumor which overexpress thymidine phosphorylase. Thus
the inhibition of 2'-deoxy-D-ribose release from endothelial cells is a poten-
tial anti-angiogenic target in cancer chemotherapy.

The aim of our work has been the development of new inhibitors of
thymidine phosphorylase based on the structure of specifically modified
and metabolically stable pyrimidine ANPs. In this study we synthesized a
series of thymine and 5-ethyluracil ANPs bearing hydroxymethyl, methoxy-
methyl, azidomethyl, aminomethyl and (trimethylammonio)methyl group
in side chain (compounds I, Fig. 1). In addition, we investigated in particu-
lar the novel syntheses of fluorinated derivatives containing fluoromethyl
(FPMP compounds) or trifluoromethyl groups in side chain because fluorine-
containing substituents are often powerful modifiers of chemical and bio-
logical properties. For the same reason we fluorinated 1-[2-(phosphono-
methoxy)ethyl]uracil and 1-[3,3,3-trifluoro-2-(phosphonomethoxy)propyl]-
uracil in the ring position C-5 to compare the inhibitory effect of the corre-
sponding 5-fluorouracil derivatives (compounds Il, Fig. 1). The obtained
compounds were tested as potent inhibitors of thymidine phosphorylase
(PD-ECGF) expressed in V79 chinese hamster cells, as well as thymidine
phosphorylase from SD-lymphoma and human placenta.
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RESULTS AND DISCUSSION

It is well known that a number of side-chain modified pyrimidine ANPs
possess considerable inhibitory activity on thymidine phosphorylase iso-
lated from rat livers3. This is documented by a kinetic study of several thy-
mine ANP derivatives* which showed the efficient inhibitory effect of
thymidine phosphorylase for 1-[2-(phosphonomethoxy)propyl]thymine
(PMPT), 1-[3-hydroxy-2-(phosphonomethoxy)propyl]thymine (HPMPT) and
1-[3-fluoro-2-(phosphonomethoxy)propyllthymine (FPMPT) (see Fig. 1).
Similarly to previously reported procedure® developed for the preparation
of HPMPT or FPMPT, we used this simple method for synthesis of com-
pounds 5a and 5b to compare the influence of their bulkier alkyl at posi-
tion C-5 of the uracil moiety on the bioactivity in new synthesized com-
pounds 5a, 5b and 8 (Scheme 1 and 2). N*-Alkylation® of protected base 1
with chiral oxiranes 2a and 2b takes place in dimethylformamide in the
presence of cesium carbonate as catalyst affording compounds 3a and 3b in
good preparative yields. For the preparation of 4a and 4b we have used a
general procedure®® with (diisopropoxyphosphoryl)methyl tosylate intro-
ducing a starting phosphonate block. The removal of trityl group in 4a and
the following replacement of hydroxy group with fluorine in the inter-
mediate 6 was performed using perfluorobutane-1-sulfonyl fluoride® in the
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(i) Cs2CO3, DMF, 80 °C; (ii) TSOCH,P(O)(OiPr),, NaH, THF, -20 °C-40 °C;(iii) (CHz)3SiBr, CH3CN. 1.t.

SCHEME 1
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presence of DBU to give 7 in a preparative yield (Scheme 2). Finally, the
obtained phosphonates 4a, 4b and 7 were deprotected by treatment with
bromotrimethylsilane followed by hydrolysis to give 5a, 5b and 8.
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(i) Hp, Pd/C, 99% AcOH, MeOH; (ii) CF3(CF,)3SO,F, DBU, toluene, rt- 90 °C;
(iii) (CH3)3SiBr, CH3CN, r.t.

SCHEME 2

According to previous studies®, a halogen atom in C-5 position of a uracil
moiety can also significantly modify the inhibitory activity of thymidine
phosphorylase. For example, the increased inhibition effect®” of 6-amino-
5-bromouracil ANPs compared with thymine derivatives can be mentioned.
In addition, 5-halouracil derivatives also exhibit various kinds of biological
activities®®. Our effort was directed to investigate inhibitory potency to-
ward thymidine phosphorylase of metabolically stable 5-fluorouracil ANP
derivatives 15 and 21.

Compound 15 was prepared by a multistep synthesis using direct fluori-
nation of the uracil moiety in easily avalaible phosphonate 12 with F, di-
luted with nitrogen, in acetic acid solution (Scheme 3). The reaction course
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(i) NaH, DMF, 90 °C; (ii) Dowex 50 (H*), 90% ag. MeOH, A;
(iii) 5-10% F»/Ny, 99% AcOH; (iv) EtsN, EtOH, reflux; (v) (CH3)sSiBr, CHsCN, r.t.

SCHEME 3
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may be assumed to include the primary addition of hardly formed
CH,;COOF to 5,6-double bound of base! to form intermediate adducts 13,
which completely converted to 14 by treatment with triethylamine. The re-
quired compound 12 was obtained by reaction of 4-methoxypyrimidin-
2(1H)-one!! 9 with diisopropyl [(2-chloroethoxy)methyl]phosphonate (10)
in the presence of sodium hydride followed by hydrolysis of compound 11
in agueous methanol using Dowex 50 (H* form).

Fluorination of a heterocyclic base was further used in the synthesis of
compound 21 bearing three additional fluorine atoms in the side chain
(Scheme 4). For preliminary biological studies we developed the synthesis
of only for racemic tetrafluorophosphonate 21 starting from commercially
available (trifluoromethyl)oxirane (16). Its reaction with 4-methoxy-
pyrimidin-2(1H)-one (9) in the presence of cesium carbonate afforded
hydroxyl derivative 17 which was further alkylated with (diisopropoxy-
phosphoryl)methyl tosylate in the presence of sodium hydride. The
methoxy group of the obtained phosphonate 18 was removed by hydrolysis
on a Dowex 50 (H* form) to give 19 which was fluorinated under usual con-
ditions??,
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(i) Cs,CO3, DMF, 80 °C; (ii) TSOCH,P(O)(OiPr),, NaH, THF, -20 °C-r.t.; (i) Dowex 50 (H*), 90% aq.
MeOH; (iv) 5-10% F,/Ny, 99% AcOH; (v) Et3N, EtOH, reflux; (vi) (CH3)3SiBr, CH3CN, r.t.

SCHEME 4

A similar procedure has used to synthesize phosphonates 27 and 28 con-
taining thymine or 5-ethyluracil moiety (Scheme 5). The preparation of
bulky quaternary (trimethylammonio)methyl derivative 32 followed the
same routel® using commercially avalaible glycidyltrimethylammonium
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chloride (29) as a starting compound. The separation of the product from
intermediate 31 by ion exchange chromatography on a Dowex 50 (H*
form) afforded compound 32.
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SCHEME 5

For the preparation of racemic azido and amino derivatives 36 and 37 we
used phosphonate 33, which was easily obtained by a previously reported
multistep synthesis!® starting from oxirane 2 (Scheme 6). The alkylation of
4-methyl-5-methoxypyrimidin-2(1H)-one (22) with 33 proceeded smoothly
in the presence of sodium hydride. Separation of N!- and O2-regioisomers
by column chromatography gave a mixture of 34a and 34b in the ratio
43:57. N-1-Alkylated regioisomer 34a was then converted to the corre-
sponding amino derivative 35 by hydrogenation in methanol over 10% pal-
ladium on charcoal followed by deprotection of the 4-OH group in aqueous
methanol using ion exchanger resin Dowex 50 (H* form).

Likewise, methoxy derivatives 45a, 45b and 46a, 46b were prepared from
chiral precursors 40a and 40b (Scheme 7). Similarly to the previously re-
ported procedure!* using azido derivative 33 or the other related com-
pounds'®, we synthesized the new phosphonate building blocks from chiral
oxiranes 2a and 2b. Their reaction with a sodium methoxide in the pres-
ence of cesium carbonate afforded quantitatively 38a and 38b. The
alkylation of obtained derivatives proceeded by usual reaction with a
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phosphonate building block to form 39a and 39b. Desired phosphonates
40a and 40b were obtained by removal of trityl group and further
tosylation of HO intermediates with tosyl chloride and triethylamine in the
presence of 4-(dimethylamino)pyridine in good preparative yields. Alkyl-
ation of protected pyrimidin-2(1H)-ones 1 and 22 in N!- and O?-positions
with synthons 40a and 40b gave chiral (R)- and (S)-derivatives of 41, 42
and 43, 44. After separation of both regioisomers N-derivatives were
deprotected as well as compounds 15, 21, 27, 28, 32, 36, 37, 41a, 41b and
42a, 42b with bromotrimethylsilane and hydrolysis.

The structures of all prepared compounds were confirmed by NMR spec-
troscopy with complete proton and carbon assignment using H,C-hetero-
correlated experiments (HSQC and HMBC). The N!- and O2-regioisomers
can be easily distinguished based on their 3C and HMBC spectra. Table |
shows characteristic chemical shifts for N'- and O?-regioisomers, wherein 3C
chemical shift of CH,-1' fragment is particularly noteworthy. H,C-HMBC
spectra of N1-isomers show crosspeaks of H-1' to C-6 and C-2, while spectra
of O?-isomers show crosspeaks of H-1' to only C-2. The optical purity of
selected enantiomeric products was checked by H NMR measurement of
dynamic complexes with chiral solvating agent (-)-(R)-1-(9-anthryl)-
2,2,2-trifluoroethan-1-ol (TFAE)!® in CDCl; and compared with the dia-
stereomeric mixtures of corresponding racemic compounds (Fig. 2). The
optical purity was >95% ee in all cases.

In conclusion, the series of thymine and 5-ethyluracil (phosphono-
methoxy)propyl derivatives substituted at the C-3' position of the aliphatic
chain with several subtituents were evaluated for their ability to inhibit
thymidine phosphorylase (TP) from rat spontaneous T-cell lymphoma,

TaBLE |
Characteristic chemical shifts (in ppm) for N*- and Oz-regioisomers

g?;f;;md H-1' c-1 c-2 c6

34a (NY) 3.86, 4.11 50.97 156.74 145.64
41 (NY 3.77, 4.19 50.96 156.67 145.06
42 (Nb 3.73, 4.20 50.84 156.77 145.92
34b (0?) 4.39, 4.48 65.66 163.03 156.92
43 (0?) 4.41, 4.44 65.50 163.21 156.03
44 (0?) 4.41, 4.44 66.56 163.25 156.99
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human placenta, and commercial enzymes (human TP expressed in V79
cells, E. coli). Table Il shows that the inhibitory effect of these substituted
(phosphonomethoxy)alkyl derivatives on T-cell lymphoma TP decreases ac-
cording to the substitution in side chain of the (phosphonomethoxy)alkyl
linker at the position C-3' in the order: -CH,F > -CH,0OCH; > -CH,N; > -CF; >
-CH,N*(CH3); > -CH,OH > -CH,NH, with one exception to this rule: Com-
pound 5a is the same or even stronger inhibitor of the enzyme than com-
pound 8, which inhibits T-cell lymphoma TP with higher efficiency than
(R)-FPMPT (V;/V, = 0.11)% and possesses also some, though low, inhibitory
activity towards human enzymes (V;/V, ~ 0.77). Very efficient inhibitors of
T-cell lymphoma TP are also compounds 46a, 45a, 36, 45b, 46b and 28.
A comparison of the inhibitory activity of compounds 46a, 45a, 45b, 46b
shows the crucial effect of the side-chain substitution with -CH,OCH,
group. Substitution of the uracil ring at position 5 with methyl and/or ethyl
group in both (R)- and (S)-configurations displays only a marginal effect.
The inhibitory potency of 5-fluorouracil derivatives 15 and 21 is low com-
pared with the synthesized thymine and 5-ethyluracil derivatives.

As in our previous study®4, the [(phosphonomethoxy)alkyl] thymines are
not efficient inhibitors of E. coli and human TPs. These differences in the
recognition of active sites of rat T-cell lymphoma by [(phosphonomethoxy)-

OCH,3
CH,

OMe-4 OMe-3'

a) 0 P(D)(OlPr)z
HA'a H-43+H2 1'b + 'b + H-3'a

T T T T T T T T T T T T T T T T T T 1
405 400 395 390 38 380 375 370 365 360 355 350 345 340 335 330 328 320 ppm

FiG. 2
Optical purity determination of the compounds 42a and 42b. a Part of *H NMR spectrum of
the dynamic complex 42a + TFAE; b part of *H NMR spectrum of the dynamic complex 42b +
TFAE; c part of IH NMR spectrum of the dynamic complex 42a + 42b + TFAE showing
diastereomeric mixture (racemic mixture was obtained by mixing of 42a and 42b in ~2:1 ratio)
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alkyllthymines, compared with human and E. coli TP, could be the result of
some mutation or post-translation modification.

Despite their TP inhibitory activity, any of the presented compounds do not
possess at a concentration of 10 umol I, a significant cytostatic activity in
tissue cultures estimated in mouse lymphocytic leukemia L1210 cells (ATCC CCL
219), CCRF-CEM T lymphoblastoid cells (human acute lymphoblastic leuke-
mia, ATCC CCL 119), human promyelocytic leukemia HL-60 cells (ATCC CCL
240) and human cervix carcinoma HelLa S3 cells (ATCC CCL 2.2).

TasLE Il
Inhibition of thymidine phosphorylases by ANPs

Inhibition of thymidine phosphorylase?, Vi/Vq

Compound
Escheri_chia Human, V79 SD-Lymphoma Human
coli expressed placenta
5a 0.94 0.86 0.01 0.94
5b 0.95 0.87 0.16 0.94
8 0.88 0.77 0.02 0.79
15 0.94 0.96 0.90 0.81
21 1.00 0.93 0.57 1.00
27 0.83 1.00 0.17 0.95
28 0.93 0.76 0.12 1.00
32 0.96 0.96 0.14 0.95
36 0.97 1.00 0.06 1.00
37 1.00 0.93 0.50 1.00
45a 1.00 0.96 0.04 0.99
45b 0.84 1.00 0.10 1.00
46a 1.00 0.96 0.04 1.00
46b 1.00 0.94 0.10 0.90

2100 um [3H]—2’—deoxythymidine, 250 pm P; (pH 6.7), tested compound 10 pmol I, an ap-
propriate amount of enzyme, 10 min incubation at 37 °C (refs4'17). The inhibitory efficacy is
expressed by V;/V, (V;, rate of phosphorolysis in the presence of inhibitors; V,, rate of
phosphorolysis in the absence of inhibitors). P;, inorganic phosphate
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EXPERIMENTAL

Unless stated otherwise, solvents were evaporated at 40 °C/0.5-2 kPa and compounds were
dried at 50 °C/13 Pa. Melting points were determined on a Kofler block and are uncorrected.
Optical rotations were measured on a Autopol IV polarimeter (Rudolph Research Analytical,
U.S.A)) at 25 °C; [a], values are given in 107t deg cm? g‘l. IR spectra were recorded on a
FTIR spectrometer Bruker IFS 55 (Equinox) in KBr, CCl, and CHCI;. Analytical TLC was car-
ried out on Silufol UV,g, plates (Kavalier Votice, Czech Republic). Column chromatography
was performed on neutral aluminum oxide 150 mesh 58 A with 3% of water (Aldrich) and
silica gel 60 um (Fluka). Preparative TLC was carried out on 45 x 18 x 0.4 cm loose-layer
silica gel containing UV indicator (system S1). Purification of phosphonates 5a, 5b, 15, 21,
27, 28, 32, 36, 37, 45a, 45b and 46a, 46b was performed on Sephadex A-25-120 DEAE (CI™
form, activated with 0.02 m triethylammonium hydrogencarbonate) and eluted in 0-0.4 m
triethylammonium hydrogencarbonate buffer (TEAB) (system S2). Reversed-phase HPLC was
performed on a Waters Delta 600; Xterral, analytical RP;g column 5 pm 3.9 x 150 mm,
0.05 m TEAB (system S3) or 0.025 m TEAB (system S4) or 0.0025 m (system S5) and Luna
Phenomenex[, preparative C,;g column 21.20 x 250 mm, 0.025 m TEAB (system S6). NMR
spectra were recorded on Bruker Avance 400, Bruker Avance 500, Varian Unity 200 or Varian
Unity 500 spectrometers (*H at 400 or 500, 3C at 100.6 or 125.8 , 3!P at 162 and °F at
188.2 or 470.2 MHz) in CDCl; with internal standard tetramethylsilane , in DMSO-dg solu-
tions (referenced to the solvent signal at 6 2.50) or in D,O solutions with dioxane'® as an
internal standard (3.75 ppm for *H and and 69.3 ppm for *3C). 3P and '°F NMR spectra
were referenced to the signal of H;PO, (0 ppm) and hexafluorobenzene (-163 ppm), respec-
tively, which were used as an internal standards or as an external standards in coaxial 2 mm
capillary tube. Chemical shifts (6, ppm) and coupling constants (J, Hz) were obtained by
first-order analysis of the spectra. The numbering system for assignment of NMR signals is
outlined in Fig. 3. Mass spectra were measured on a ZAB-EQ (VG Analytical) spectrometer
using FAB (Xe ionization, accelerating voltage 8 kV, glycerol matrix) and Q-Tof micro
(Waters, Milford, MA, U.S.A.) equipped with an ion source for atmospheric pressure chemi-
cal ionization (APCI probe temperature 400 °C, sample cone voltage 30 V, corona discharge
current 5.0 pA).

OCHj OCH; o
4 4 3
2 |5 RS N4/ |5 R3 3 |5 R
6 6
o L, o%\ml ¢ o)é\N1 X
NG N2 gt 121
O._-P(0)(OR?);, O._-P(0)(OR?), O._P(O)(OR?),
4 4 &

FiG. 3
General numbering scheme for assignment of NMR signals
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Materials and Chemicals

Standard chemicals, ion-exchange resin (Dowex 50WX8-200) and activated charcoal were
purchased from Sigma-Aldrich (Czech Republic). lon-exchange resin (Sephadex A-25-120 DEAE)
was purchased from Fluka. Perfluorobutane-1-sulfonyl fluoride was obtained from
Fluorochem (Wesley Street, Old Glossop). (Trifluoromethyl)oxirane was purchased from
Tokyo Kasei Kogyo Co, Ltd. (Toshima, Kita-ku Tokyo, Japan). Fluorination of uracil deriva-
tives 12 and 19 was performed with 5-10% mixture of fluorine and nitrogen (Messer
Technogas). 4-Methoxy-2-pyrimidin-2(1H)-ones 1, 9 and 22 were prepared from relevant
uracils as described in refs>!!, Oxiranes 2a and 2b were obtained from Daiso Co, Ltd.
(Japan). (Diisopropoxyphosphoryl)methyl tosylate was synthesized as described in ref.®,
diisopropyl [(2-chloroethoxy)methyl]phosphonate (10) was obtained according to ref.2°,
Diisopropyl ({[1-azido-3-(tosyloxy)propan-2-ylJoxy}methyl)phosphonate (33) was prepared
from racemic glycidyl trityl ether according to ref.}*. Dimethylformamide, tetrahydrofuran,
and acetonitrile were dried by distillation from calcium hydride and stored over molecular
sieves (4A).

Enzyme Assay

The standard reaction mixture (50 pl) contained 20 pm bis(Tris-HCI) pH 6.4, 1 mm EDTA and
2 mm DTT, 100 um [3H-methyl]thymidine, 250 pm potassium phosphate pH 6.7, tested com-
pound 10 pmol It and 25.5 pU of enzyme according to ref.*. The reaction was carried out at
37 °C for 10 min and stopped by spotting a 2 pl aliquot onto Silica gel 60 F254 plate that
had been prespotted with 0.01 pmol of each thymine and thymidine. The plate was developed
in the non-aqueous phase of the solvent system ethyl acetate-water-formic acid (60:35:5).
The spots were visualised under UV light (254 nm) and cutted out for radioactivity determi-
nation in the toluene-based scintillation cocktail.

Synthesis of 5-Ethyl-4-methoxypyrimidin-2(1H)-ones 3a and 3b. General Procedure

A mixture of 5-ethyl-4-methoxypyrimidin-2(1H)-one (1; 500 mg, 3.2 mmol), [(trityloxy)-
methyl]oxirane 2a or 2b (1.03 g, 3.2 mmol) and cesium carbonate (106 mg, 032 mmol) in
dimethylformamide (40 ml) was heated at 90 °C for 10 h. The mixture was concentrated in
vacuo to a minimum volume. The residue was codistilled with toluene (2 x 10 ml) and chro-
matographed on neutral aluminum oxide (toluene followed by ethyl acetate and ethyl ace-
tate—ethanol 10:1). The fractions containing compounds 3a or 3b were evaporated to
dryness in vacuo.

5-Ethyl-1-[(R)-2-hydroxy-3-(trityloxy)propyl]-4-methoxypyrimidin-2(1H)-one (3a). Yield 871 mg
(59%) of a white foam. IR (CCl,), v, 3357, 1663, 1638, 1537, 1472, 1401, 1368, 1335,
1099, 633. [a]y +43.8 (¢ 0.195 g/100 ml, CHCI;). HR MS (FAB): for C,4H4,N,O, calculated
471.2284, found 471.2270. For C,gH5,N,0, (470.6) calculated: 74.02% C, 6.43% H, 5.95% N;
found: 74.07% C, 6.49% H, 5.63% N. FAB MS, m/z: 471 [MH]" (4), 243 (100), 211 (15), 197
(15), 165 (38), 155 (11), 105 (10), 77 (9). *H NMR (500 MHz, DMSO-dg): 1.00 (t, 3 H, !
7.4, CH,CH,); 2.23 (q, 2 H, J,;. = 7.4, CH,CH,); 2.90 (dd, 1 H, ]
2.97 (dd, 1 H, Jyey, = 9.4, Jg,, = 5.0, H-3'3); 3.58 (dd, 1 H, Jjer, = 12.9, I3, » = 8.3, H-1'b);
3.83 (s, 3 H, OCHy); 3.99 (m, 1 H, H-2'); 4.05 (dd, 1 H, Jyer, = 12.9, J3,, »» = 4.0, H-1'a); 5.27
(d, 1 H, o » = 5.9, OH-2); 7.26 (m, 3 H, H-p-Ph); 7.33 (m, 6 H, H-m-Ph); 7.42 (m, 6 H,
H-0-Ph); 7.60 (s, 1 H, H-6). *C NMR (125.8 MHz, DMSO-dg): 13.28 (CH,CH,); 19.20

vic ~

gem = 94, Jgp o = 5.4, H-3'b);
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(CH,CHy); 53.16 (CH,-1'); 53.95 (OCH,;); 66.25 (CH,-3'); 67.08 (CH-2'); 86.03 (C-Tr); 109.60
(C-5); 127.16 (CH-p-Ph); 128.02 (CH-m-Ph); 128.42 (CH-0-Ph); 143.69 (C-i-Ph); 146.82
(CH-6); 155.56 (C-2); 169.79 (C-4).

5-Ethyl-1-[(S)-2-hydroxy-3-(trityloxy)propyl]-4-methoxypyrimidin-2(1H)-one (3b). Yield 944 mg
(64%) of a white foam. *H, *C NMR, [a], and IR data were identical with those of com-
pound reported in ref.5,

Synthesis of 5-Ethyl-4-methoxypyrimidin-2(1H)-ones 4a and 4b. General Procedure

A mixture of compound 3a or 3b (787 mg, 1.7 mmol), (diisopropoxyphosphoryl)methyl
tosylate (667 mg, 1.9 mmol) and 60% sodium hydride dispersion (103 mg, 2.6 mmol) in
tetrahydrofuran (25 ml) was stirred at —20 °C. The suspension was allowed to warm to 20-40 °C
for 2 h and stirred at room temperature overnight. The mixture was concentrated in vacuo
and the residue was diluted with chloroform (10 ml). After cooling the mixture was evapo-
rated to dryness. The residue was filtered on neutral aluminum oxide (ethyl acetate and fol-
lowed by ethyl acetate-chloroform-methanol 21:20:1). The crude product was purified by
chromatography on preparative TLC plate (S1, ethyl acetate-chloroform-methanol 21:20:1).
The fractions containing product 4a or 4b were evaporated to dryness in vacuo.

1-{(R)-[2-(Diisopropoxyphosphoryl)methoxy]-3-(trityloxy)propyl}-5-ethyl-4-methoxypyrimidin-
2(1H)-one (4a). Yield 363 g (32%) of a white foam. IR (CCl,), v,.,: 1674, 1653, 1536, 1471,
1403, 1386, 1331, 1256, 1007, 706. [a], +35.1 (c 0.362 g/100 ml, CHCI;). HR MS (ESI): for
CagH46N,0,P calculated 649.3043, found 649.3059. ESI MS, m/z: 649 [MH]* (7). '"H NMR
(400 MHz, CDCly): 1.10 (t, 3 H, J,;. = 7.4, CH,CH,); 1.25, 1.26, 1.28 and 1.30 (4 x d, 4 x 3 H,
Jic = 6.2, (CH3),CH); 2.31 (4, 2 H, J,;c = 7.4, CH,CHy); 3.10 (dd, 1 H, Jjo, = 10.7, Jgp 5 =
6.5, H-3'b); 3.40 (dd, 1 H, Jye, = 10.7, J3, » = 3.4, H-3'a); 3.55 (dd, 1 H, Iy, = 13.4, Jyp =
10.2, H-4'b); 3.80 (dd, 1 H, Jyer, = 13.6, )y » = 8.2, H-1'b); 3.85 (dd, 1 H, Iy, = 18.4, Jyyp =
8.7, H-4'a); 3.91 (dqg, 1 H, J, ;. = 8.2, 3.7, J, 3 = 4.0, 3.4, H-2'); 3.96 (s, 3 H, OCHy); 4.27 (dd,
1 H, Jyem = 136, ), » = 3.7, H-1'a); 4.67 and 4.70 (2 x dh, 2 x 1 H, }yp = 7.7, J ;. = 6.2,
CH(CH,),); 7.21-7.33 (m, 10 H, H-6 + H-m,p-Ph); 7.44 (m, 6 H, H-0-Ph). *C NMR (100.6 MHz,
CDCly): 12.96 (CH;CH,); 19.75 (CH,CHj); 23.93, 24.00 and 24.04 (d, Jcp = 4, (CH3),CH);
51.55 (CH,-1'); 54.38 (OCHy,); 62.37 (CH,-3'); 64.90 (d, Jc p = 169, CH,-4'); 70.79 and 70.97
(d, Jcp = 6, CH(CHy),); 78.96 (d, Jop = 13, CH-2'); 86.82 (C-Tr); 109.71 (C-5); 127.16
(CH-p-Ph); 127.91 (CH-m-Ph); 128.60 (CH-0-Ph); 143.54 (C-i-Ph); 145.17 (CH-6); 158.56
(C-2); 170.59 (C-4).

1-{(S)-[2-(Diisopropoxyphosphoryl)methoxy]-3-(trityloxy)propyl}-5-ethyl-4-methoxypyrimidin-
2(1H)-one (4b). Yield 363 mg (32%) of a white foam. *H, *C NMR, [a], and IR data were
identical with those of compound reported in ref.>. The procedure was repeated to obtain
8.6 g of 4a which was further utilized for the preparation of 8.

Synthesis of 5-Ethyluracils 5a and 5b. General Procedure

A mixture of compound 4a or 4b (302 mg, 0.5 mmol), acetonitrile (10 ml) and bromo-
trimethylsilane (0.7 ml) was stirred overnight at room temperature. The mixture was con-
centrated in vacuo and then codistilled with water (2 x 2 ml). The residue in water (10 ml)
was heated with Dowex 50X8 (H* form; 2 ml) at 100 °C for 1 h. The mixture was cooled to
room temperature and then filtered. The filtrate was concentrated in vacuo and purified on
40 ml of DEAE-Sephadex (S2) with subsequent deionization on activated charcoal. The rele-
vant fractions were combined, evaporated in vacuo and codistilled with water (3 x 5 ml).
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The residue was dissolved in water (3 ml), applied onto a column of Dowex 50X8 (Li* form;
30 ml) and then the column was washed with water. The appropriate UV absorbing fraction
containing product 5a or 5b was evaporated to dryness in vacuo. The residue was dissolved
in water and lyophilized. The following compounds were obtained as dilithium salts:

5-Ethyl-1-[(R)-3-hydroxy-2-(phosphonomethoxy)propyl]uracil (5a). Yield 129 g (87%) of a
white solid, b.p. > 300 °C. IR (KBr), v,,: 3418, 3260, 1684, 1471, 1462, 1440, 1076, 994,
918. [a]p +31.7 (c 0.365 g/100 ml, CHCIl;). HPLC, 99% (S3). HR MS (FAB): for C,yH,cLi,N,O,P
calculated 321.1015, found 321.1011. FAB MS, m/z: 321 [MH]" (9). 'H NMR (400 MHz, D,0,
ref(dioxane) 3.75 ppm): 1.09 (t, 3 H, J,;c = 7.5, CH3CH,); 2.31 (qd, 2 H, J;c = 7.5, Jopa6 =
1.0, CH5CH,); 3.56 (dd, 1 H, Iy, = 12.2, Jgp, » = 4.7, H-8'b); 3.60 (dd, 1 H, o, = 12.7, I p =
9.4, H-4'b); 3.64 (dd, 1 H, ., = 12.7, J,, 5 = 9.1, H-4'a); 3.73 (m, 1 H, H-2); 3.79 (dd, 1 H,
Jgem = 12.2, I3, 5 = 3.4, H-3'a); 3.87 (dd, 1 H, ., = 14.4, I3, » = 6.8, H-1'b); 3.94 (dd, 1 H,
Jgem = 14.4, 11,5 = 4.9, H-1'3); 7.49 (t, 1 H, Jg cpyp = 1.0, H-6). °C NMR (100.6 MHz, D,0,
ref(dioxane) 69.3 ppm): 12.66 (CH;CH,); 19.97 (CH,;CH,); 49.19 (CH,-1'); 61.09 (CH,-3');
67.80 (d, Jo p = 154, CH,-4'); 80.50 (d, Jo p = 11, CH-2'); 116.91 (C-5); 144.01 (CH-6); 153.00
(C-2); 167.29 (C-4). 3P NMR (162 MHz, D,0): 15.05 (t, J = 9.4, 9.1).

5-Ethyl-1-[(S)-3-hydroxy-2-(phosphonomethoxy)propyl]juracil (5b). Yield 100 mg (67%) of a
white solid, m.p. > 300 °C. HPLC, 99% (S3). [a], -30.5 (¢ 0.414 g/100 ml, H,0). FAB MS,
m/z: 321 [MH]* (15). H, 3C NMR, HR MS and IR data were identical with those of com-
pound 5a.

1-{(S)-2-[(Diisophosphoryl)methoxy]-3-hydroxypropyl}-
5-ethyl-4-methoxypyrimidin-2(1H)-one (6)

Compound 4a (8.6 g, 13.3 mmol) in methanol (125 ml) and glacial acetic acid (4 ml) was
hydrogenated over 10% palladium on charcoal (0.7 g) at room temperature for 32 h until
the conversion of starting phosphonate to 6 was complete (TLC in chloroform-methanol
25:1). The mixture was then neutralized with solid sodium hydrogencarbonate and filtered
through a Celite pad. The filtrate was concentrated to a minimum volume. The residue was
chromatographed on neutral aluminum oxide (chloroform followed by chloroform-methanol
25:1). Yield 2.9 g (54%) of 6 as a colorless oil. IR (CCl,), v,.,: 3406, 1674, 1663, 1641, 1536,
1472, 1403, 1386, 1375, 1375, 1254, 1011, 993. [a], -7.3 (c 0.109 g/100 ml, CHCI,). HR MS
(FAB): for C;,H;,N,O,P calculated 407.1947, found 407.1933. FAB MS, m/z: 407 [MH]"
(100). 'H NMR (400 MHz, CDCl,): 1.14 (t, 3 H, J;. = 7.5, CH,CH,); 1.31, 1.33 and 1.34
(3xd, 12 H, J;, = 6.2, (CH3),CH); 2.37 (qd, 2 H, J,;;c = 7.5, Jcyyp 6 = 1.0, CH,CH,); 3.52-3.65
(M, 2 H, H-3); 3.76 (dd, 1 H, Jjer, = 14.0, J, p = 8.8, H-4'b); 3.80 (dd, 1 H, J;o, = 14.0, Jyp =
7.9, H-4'a); 3.84 (m, 1 H, H-2'); 3.99 (dd, 1 H, Jjer, = 14.0, J;p , = 3.9, H-1'b); 4.00 (s, 3 H,
OCHy); 4.13 (dd, 1 H, Jjer, = 14.0, Iy, = 5.7, H-1'a); 4.29 (dd, 1 H, Jo,y 5 = 8.9, 5.7, OH-3');
471 and 4.77 (2 x dh, 2 x 1 H, Jp = 7.6, Jc = 6.2, CH(CH),); 7.35 (t, 1 H, Jg cpyp = 1.0,
H-6). 13C NMR (100.6 MHz, CDCl,): 13.07 (CH5CH,); 19.71 (CH,CHy,); 23.99 and 24.05 (d,
Jop = 4, (CHg),CH); 50.05 (CH,-1'); 54.56 (OCH,); 59.63 (CH,-3'); 64.88 (d, Jcp = 170,
CH,-4'); 71.43 (d, Jc p = 7, CH(CHy,),); 80.57 (d, Jc p = 8, CH-2'); 110.46 (C-5); 145.18 (CH-6);
157.51 (C-2); 170.82 (C-4).

vic
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1-{(S)-2-[(Diisopropoxyphosphoryl)methoxy]-3-fluoropropyl}-
5-ethyl-4-methoxypyrimidin-2(1H)-one (7)

A mixture of 1,8-diazabicyclo[5.4.0Jundec-7-ene (1.3 g, 8.5 mmol) and 92% perfluorobutane-
1-sulfonyl fluoride (3 g, 9.1 mmol) was stirred in toluene (15 ml) at room temperature for
10 min. A solution of compound 6 (2.6 g, 6.4 mmol) in toluene (30 ml) was added and the
resulting mixture was stirred for 8 h at room temperature and then heated at 80 °C for 1 h
until the conversion of starting phosphonate to 7 was complete (TLC in chloroform-methanol
25:1). The mixture was concentrated in vacuo and filtered over neutral aluminum oxide
(chloroform followed by chloroform-methanol 25:1). After evaporation of solvents the resi-
due was chromatographed on preparative TLC plate (S1, chloroform-methanol 15:1). Yield
792 mg (30%) of a colorless oil. IR (CCl,), v, 1674, 1651, 1536, 1471, 1403, 1386, 1376,
1255, 1106, 1007, 992. [a], —45.0 (c 0.549 g/100 ml, CHCI,). For C,,H3,FN,O4P (408.4) cal-
culated: 50.00% C, 7.40% H, 4.65% F, 6.86% N, 7.58% P; found: 49.84% C, 7.49% H,
4.90% F, 6.69% N, 7.64% P. FAB MS, m/z: 409 [MH]" (100). *H NMR (500 MHz, CDCly,): 1.15
(t, 3 H, ;. = 7.5, CH;CH,); 1.29, 1.31 and 1.32 (4 x d, 4 x 3 H, J;, = 6.2, (CH,),CH); 2.37
(M, 2 H, CH,CHy); 3.71 (dd, 1 H, Jy,, = 13.6, J,;p = 9.4, H-4'b); 3.81 (dd, 1 H, Jjer, = 13.8,
Jypy = 7.5, H-1'b); 3.89 (dd, 1 H, Iy, = 13.6, J,; p = 8.8, H-4'a); 3.99 (s, 3 H, OCHj); 4.05 (m,
1 H, H-2); 4.20 (dd, 1 H, ., = 13.8, J;,» = 3.8, H-1'a); 4.45 (ddd, 1 H, Jy¢ = 47.3, Jjor, =
10.7, Jgp o = 4.6, H-3'b); 4.71 (M, 2 H, CH(CH,),); 4.72 (ddd, 1 H, J,¢ = 47.3, Jy,, = 10.7,
Jyar = 2.5, H-3'a); 7.32 (t, 1 H, Jgcpp = 1.0, H-6). 1*C NMR (125.8 MHz, CDCl;): 13.02
(CH3CHy); 19.73 (CH,CHy); 23.90, 23.94 and 24.03 (d, Jc p = 4, (CH3),CH); 50.19 (d, Jc ¢ = 9,
CH,-1); 54.52 (OCHy,); 65.45 (d, Jo p = 169, CH,-4'); 71.08 and 71.21 (d, Jc p = 7, CH(CHy),);
78.42 (dd, Jop = 18, Jop = 11, CH-2'); 82,51 (d, Jop = 173, CH,-3"); 110.31 (C-5); 144.79
(CH-6); 156.60 (C-2); 170.83 (C-4). *°F NMR (188.2 MHz, CDCl;): -232.48 (td, J. |, 5 = 47.3,
S = 25.1).

5-Ethyl-1-[(S)-3-fluoro-2-(phosphonomethoxy)propyl]uracil (8)

Compound 8 was obtained as dilithium salt by the same procedure reported for 5a and 5b.

A mixture of compound 7 (302 mg, 0.74 mmol) in acetonitrile (10 ml) and bromo-
trimethylsilane (1 ml) afforded 150 mg (59%) of 8 as a white solid, m.p. 249-250 °C. IR
(KBr), Vihax: 3065, 1700, 1670, 1627, 1375, 1465, 1458, 1118, 1079, 996, 924, 583, 546. [a],
-12.3 (c 0.141 g/100 ml, H,0). HPLC, 99% (S3). HR MS (FAB): for C;,H;5FLi,N,O4P calcu-
lated 323.0971, found 323.0958. For C;,H,,FLi,N,O4xP-1.3H,0 (345.5) calculated: 34.76% C,
4.78% H, 5.50% F, 8.12% N, 8.96% P; found: 35.03% C, 4.59% H, 5.31% F, 7.59% N, 8.61% P.
FAB MS, m/z: 323 [MH]" (41). *H NMR (500 MHz, D,0, ref(dioxane) 3.75 ppm): 1.09 (t, 3 H,
Jvic = 7.5, CH3CH,); 2.31 (qd, 2 H, J;c = 7.5, Joppe = 1.1, CH,CH,); 3.64 and 3.72 (2 x dd,
2 H, Jgem =13.0, Jyp = 9.2, H-4'); 3.91-4.11 (m, 3 H, H-1'" and H-2'); 4.53 (ddd, 1 H, e =
47.0, Jyem = 10.6, Jgy, » = 3.6, H-3'b); 4.70 (ddd, 1 H, ;¢ = 47.0, Jpor, = 10.6, )y, = 3.2,
H-3'a); 7.50 (t, 1 H, Js oy = 1.1, H-6). 3C NMR (125.8 MHz, D,0, ref(dioxane) 69.3 ppm):
12.83 (CH4CH,); 19.97 (CH,CH,); 48.49 (d, Jof = 7, CH,-1'); 67.64 (d, Jop = 155, CH,-4");
78.31 (dd, Jop = 18, Jcp = 11, CH-2'); 82.96 (d, Jo; = 168, CH,-3'); 117.00 (C-5); 143.91
(CH-6); 152.97 (C-2); 167.32 (C-4). "°F NMR (188.2 MHz, D,0): -230.65 (td, J. 5 = 47.0,
Je p2 = 26.6).
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1-{2-[(Diisopropoxyphosphoryl)methoxy]ethyl}-4-methoxypyrimidin-2(1H)-one (11)

A mixture of compound 9 (4 g, 32 mmol) and 60% sodium hydride suspension (1.3 g, 33 mmol)
in dimethylformamide (200 ml) was stirred at room temperature for 1 h. The compound 10
(10 g, 39 mmol) was added and the resulting mixture was stirred at room temperature for
2 h and then heated at 90 °C for 12 h. The mixture was evaporated and codistilled with
toluene (50 ml). The residue was diluted in dichloromethane (300 ml) and filtered through a
Celite pad. The residue was chromatographed on neutral aluminum oxide (ethyl acetate-
methanol 20:1 followed by chloroform-methanol 25:1) and appropriate fractions were evap-
orated in vacuo to dryness. Yield 5.4 g (49%) of 11 as a white solid. IR (CCl,), v,,,: 1678,
1638, 1543, 1483, 1415, 1386, 1369, 1257, 1011, 990. For C,,H,:N,O4P (348.3) calculated:
48.27% C, 7.23% H, 8.04% N, 8.89% P; found: 48.05% C, 7.25% H, 7.87 N, 8.70% P. MS
(FAB), m/z: 349 (100) [MH]*. *H NMR (500 MHz, CDCl,): 1.29 and 1.32 (2 x d, 2 x 6 H, J;. =
6.2, (CH3),CH); 3.70 (d, 2 H, J,;» = 8.6, H-4'); 3.85 (dd, 2 H, J, ;. = 5.0 and 3.8, H-2'); 3.95
(s, 3 H, OCHg); 4.05 (dd, 2 H, J;.,, = 5.0 and 3.8, H-1'); 4.71 (dh, 2 H, J,p = 7.7, ;. = 6.2,
CH(CHy,),); 5.84 (d, 1 H, Jg 5 = 7.2, H-5); 7.52 (d, 1 H, Jg 5 = 7.2, H-6). "*C NMR (125.8 MHz,
CDCly): 23.99 and 24.04 (d, Jcp = 4, (CH3),CH); 49.99 (CH,-1'); 54.35 (OCHy); 66.05 (d,
Jop = 169, CH,-4'); 70.81 (d, Jo p = 12, CH,-2'); 71.07 (d, Jop = 7, CH(CH,),); 94.97 (CH-5);
148.36 (CH-6); 156.50 (C-2); 171.90 (C-4).

1-{2-[(Diisopropoxyphosphoryl)methoxylethyl}uracil (12)

Compound 11 (5 g, 14.4 mmol) was dissolved in 90% aqueous methanol (100 ml). Dowex 50
(H* form; 20 ml) was added and the suspension was refluxed for 3.5 h until the conversion
of starting phosphonate to 12 was complete (TLC in chloroform-methanol 25:1). The mix-
ture was concentrated in vacuo, chromatographed on neutral aluminum oxide (chloro-
form-methanol 15:1) and appropriate fractions were evaporated in vacuo. The product was
triturated with hexane. The solvent was decanted and the obtained product was dried in
vacuo. Yield 4.4 g (91%) of 12 as a white solid. IR (CCl,), v, 3410, 3169, 3056, 1725,
1709, 1692, 1634, 1386, 1376, 1348, 1255, 1243, 1179, 1142, 1106, 1010, 992. For
C,3H,3N,04P (334.1) calculated: 46.71% C, 6.93% H, 8.38% N, 9.27% P; found: 46.42% C,
7.00% H, 8.13% N, 9.34% P. FAB MS, m/z: 335 [MH]" (57). *H NMR (500 MHz, CDCly): 1.31
and 1.33 (2 x d, 2 x 6 H, J,;. = 6.2, (CH3),CH); 3.73 (d, 2 H, J,; = 8.4, H-4'); 3.82 (dd, 2 H,
J, 1= 5.2 and 3.9, H-2'); 3.95 (dd, 2 H, J;.,, = 5.2 and 3.9, H-1); 4.73 (dh, 2 H, J,;, = 7.7,
Jyic = 6.2, CH(CHj3),); 5.66 (d, 1 H, J5¢ = 7.9, H-5); 7.35 (d, 1 H, Jg5 = 7.9, H-6); 9.04 (bs,
1 H, NH). *C NMR (125.8 MHz, CDCl,): 24.00 and 24.03 (d, Jop = 4, (CH),CH); 48.30
(CH,-1); 66.07 (d, Jcp = 169, CH,-4'); 70.92 (d, Jcp = 11, CH,-2'); 71.16 (d, Jcp = 7,
CH(CHa;),); 101.50 (CH-5); 145.84 (CH-6); 150.77 (C-2); 163.61 (C-4).

1-{2-[(Diisopropoxyphosphoryl)methoxy]ethyl}-5-fluorouracil (14)

Compound 12 (1.5 g, 4.5 mmol) was dissolved in glacial acetic acid (200 ml). A mixture of
5-10% fluorine in nitrogen was introduced to the solution until the conversion of starting
phosphonate was complete (UV absorption disappears on TLC). Excess fluorine was removed
by a stream of nitrogen and the mixture was concentrated in vacuo and codistilled with
ethanol (2 x 50 ml). The residue was dissolved in ethanol (100 ml) and triethylamine (2 ml).
The mixture was vigorously refluxed for 40 h until the conversion of intermediate dihydro
adducts to 14 was complete (monitoring by °F NMR). The mixture was concentrated in

Collect. Czech. Chem. Commun. 2006, Vol. 71, No. 4, pp. 595-624



Pyrimidine 1-[2-(Phosphonomethoxy)propyl] Derivatives 611

vacuo, the residue chromatographed on silica gel (chloroform-methanol 25:1 and 10:1) and
appropriate fractions were evaporated in vacuo. The product was triturated with hexane.
The solvent was decanted and the product dried under reduced pressure. For analytical pur-
poses the product was crystallized in hexane-acetone. Yield 1.1 g (68%) of 14 as a white
solid, m.p. 110-112 °C of crystalline product. IR (CCl,), v,,,,: 3403, 3146, 3078, 1729, 1713,
1670, 1386, 1378, 1356, 1255, 1239, 1178, 1142, 1105, 1010, 992. For C,5H,,FN,O4P (352.3)
calculated: 44.32% C, 6.29% H, 5.39% F, 7.95% N, 8.79% P; found: 44.33% C, 6.33% H,
5.17% F, 7.81% N, 8.69% P. FAB MS, m/z: 353 [MH]" (63). *H NMR (400 MHz, CDCl,): 1.31
and 1.33 (2 (d, 2 (6 H, J;c = 6.5, (CH3),CH); 3.74 (d, 2 H, J,;, = 8.3, H-4'); 3.82 (dd, 2 H,
Jy = 5.1 and 3.6, H-2'); 3.93 (dd, 2 H, J;,,, = 5.1 and 3.6, H-1); 4.74 (dh, 2 H, JHP—77
Jyic = 6.5, CH(CH,),); 7.52 (d, 1 H, J,; = 5.8, H-6); 9.35 (bd, 1 H, J,; = 3.4, NH). °C NMR
(100.6 MHz, CDCl5): 23.96 and 23.99 (d, Jc p = 4, (CH3),CH); 48.40 (CH,-1); 66.13 (d, Jcp =
169, CHy-4'); 70.95 (d, Jcp = 11, CH,-2'); 71.32 (d, Jcp = 7, CH(CHy;),); 130.26 (d, Jc ¢ = 33,
CH-6); 139.93 (d, Jc ¢ = 236, C-5); 149.41 (C-2); 157.18 (d, Jo ¢ = 27, C-4). %F NMR (470.2 MHz,
CDCly): -168.38 (t, J,; = 5.8 and 3.4).

5-Fluoro-1-[2-(phosphonomethoxy)ethyl]uracil (15)

Compound 15 was obtained as dilithium salt by the procedure reported for 5a and 5b. A
mixture of compound 14 (540 mg, 1.53 mmol) in acetonitrile (15 ml) and bromotrimethyl-
silane (2 ml) afforded 177 mg (38%) of 15 as a white solid, m.p. > 300 °C. IR (KBr), V.
3242, 3172, 3080, 1691, 1475, 1444, 1383, 1101, 994, 925, 570, 467. HPLC, 99% (S3). For
C,HgFLi,N,O4P-1.2H,0 (301.6) calculated: 27.88% C, 3.45% H, 6.30% F, 9.29% N, 10.27% P;
found: 27.62% C, 3.05% H, 6.36% F, 9.33% N, 10.55% P. FAB MS, m/z: 281 [MH]" (9). *H NMR
(500 MHz, D,0, ref(dioxane) 3.75 ppm): 3.58 (d, 2 H, J,,» = 8.6, H-4'); 3.81 (dd, 2 H, J,. ;. =
5.3 and 4.3, H-2'); 3.97 (dd, 2 H, J;., = 5.3 and 4.3, H-1'); 7.92 (d, 1 H, J;¢ = 6.1, H-6).
13C NMR (125.8 MHz, D,0, ref(dioxane) 69.3 ppm): 51.05 (CH,-1'); 70.45 (d, Jop = 155,
CH,-4'); 72.60 (d, Jcp = 11, CH,-2'); 134.58 (d, Jc ¢ = 33, CH-6); 143.04 (d, Jo( = 231, C-5);
154.59 (C-2); 162.92 (d, Jo ¢ = 29, C-4). '%F NMR (470.2 MHz, D,0): -167.13 (d, Jg , = 6.1).
3P NMR (162 MHz, D,0): 15.18 (t, J, 4 = 8.6).

4-Methoxy-1-(3,3,3-trifluoro-2-hydroxypropyl)pyrimidin-2(1H)-one (17)

A mixture of 4-methoxypyrimidin-2(1H)-one (9; 2 g, 15.9 mmol), trifluoromethyloxirane 16
(1.8 g, 16.0 mmol) and cesium carbonate (543 mg, 1.7 mmol) in dimethylformamide (140 ml)
was heated at 80 °C for 8 h. The mixture was concentrated in vacuo to a minimum volume.
The residue was codistilled with toluene (2 x 20 ml) and chromatographed on neutral alu-
minum oxide (toluene followed by ethyl acetate and ethyl acetate-methanol 75:25). The
fractions containing compound 17 were evaporated in vacuo. The residue was triturated
with hexane. The solvent was decanted and the obtained product dried under reduced pres-
sure. Yield 2.6 g (69%) of 17 as a white solid. IR (CHCI;), v,,,: 3607, 3289, 1668, 1654,
1638, 1543, 1487, 1487, 1416, 1321, 1273, 1116. For CgHgF;N,04 (238.2) calculated: 40.34%
C, 3.81% H, 23.93% F, 11.76% N; found: 40.19% C, 3.72% H, 23.63% F, 11.78% N. FAB MS,
m/z: 239 [MH]" (100). *H NMR (400 MHz, DMSO-dg): 3.72 (dd, 1 H, Jjer, = 13.4, Iy, » = 9.4,
H-1'b); 3.82 (s, 3 H, OCHy); 4.19 (dd, 1 H, Jy.,, = 13.4, J;,, = 3.2, H-1'a); 431 (m, 1 H,
H-2'); 6.02 (d, 1 H, J5 4 = 7.2, H-5); 6.66 (d, 1 H, Jo, »» = 6.5, OH-2); 7.92 (d, 1 H, Jg 5 = 7.2,
H-6). **C NMR (100.6 MHz, DMSO-dg): 45.59 (CH,-1'); 53.97 (OCH,); 65.99 (q, Jcr = 30,
CH-2'); 94.21 (CH-5); 125.08 (g, Jc ¢ = 283, CF3); 150.64 (CH-6); 155.52 (C-2); 171.70 (C-4).
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5-Ethyl-1-{2-[(diisopropoxyphosphoryl)methoxy]-3,3,3-trifluoropropyl}-
4-methoxypyrimidin-2(1H)-one (18)

A mixture of compound 17 (2.6 g, 10.9 mmol), (diisopropoxyphosphoryl)methyl tosylate
(4.6 g, 13.1 mmol) and 60% sodium hydride dispersion (655 mg, 13.4 mmol) in tetra-
hydrofuran (60 ml) was stirred at —20 °C. The suspension was allowed to warm to room tem-
perature for 1 h and stirred at the same temperature overnight. The mixture was filtered
through a Celite pad and concentrated in vacuo. The residue was chromatographed on neu-
tral aluminum oxide (ethyl acetate followed by ethyl acetate-chloroform-methanol 17:10:1)
and appropriate fractions containing compound 18 were evaporated in vacuo. Yield 2.5 g
(55%) of crude product 18 as a slightly yellow oil. It was used for preparation of 19 without
further purification. HR MS (FAB): for C,5H,sF3N,O4P calculated 417.3380, found 417.3383.
FAB MS, m/z: 417 [MH]* (26). 'H NMR (400 MHz, CDCl,): 1.29, 1.30, 1.31 and 1.32 (4 x d,
4% 3 H, = 6.2, (CHy),CH); 3.60 (dd, 1 H, Jpn, = 13.9, J;, = 8.9, H-1'b); 3.71 (dd, 1 H,
Jgem = 13.3, Jyp = 10.8, H-4'b); 4.03 (dd, 1 H, Jyo, = 13.3, Jyp = 9.6, H-4'a); 4.27 (m, 1 H,
gem = 13.9, J1.0 5 = 3.4, H-1'3); 4.63-4.78 (m,

[¢]
2 H, CH(CH3),); 5.90 (d, 1 H, Jg = 7.2, H-5); 7.49 (d, 1 H, Jg 5 = 7.2, H-6).

gem

11 = 8.9, 3.4, )¢ = 6.0, H-2); 4.49 (dd, 1 H, J

1-{2-[(Diisopropoxyphosphoryl)methoxy]-3,3,3-trifluoropropyl}uracil (19)

Compound 18 (2.4 g, 5.8 mmol) was dissolved in 90% aqueous methanol (40 ml). Dowex 50
(H* form; 10 ml) was added to the solution and the suspension was heated at 100 °C for 4 h
until the conversion of 18 to 19 was complete (TLC in ethyl acetate-chloroform-methanol
17:10:1). The mixture was concentrated in vacuo. The residue was chromatographed on neu-
tral aluminum oxide (ethyl acetate-chloroform-methanol 17:10:1) and appropriate fractions
containing compound 19 were evaporated in vacuo. Yield 780 mg (34%) of 19 as a colorless
oil. IR (CCl,), v, 3407, 3161, 1719, 1691, 1634, 1433, 1276, 1356, 1255, 1177, 1147,
1017, 996. HR MS (FAB): for C,,H,3F;N,O4P calculated 403.1246, found 403.1260. For
C14H,,F3N,OfP (402.3) calculated: 41.80% C, 5.51% H, 14.17% F, 6.96% N, 7.70% P; found:
41.90% C, 5.42% H, 13.83% F, 6.77% N, 7.56% P. FAB MS, m/z: 403 [MH]* (36). 'H NMR
(400 MHz, CDCl;): 1.31, 1.32, 1.33 and 1.34 (4 x d, 4 x 3 H, J;. = 6.2, (CH3),CH); 3.60 (dd,
1H,Jjem =144, )}, 5 = 85, H-1'b); 3.82 (dd, 1 H, Iy, = 13.7, ;5 = 9.0, H-4'b); 4.07 (dd, 1 H,
Jgem = 13.7, Jyp = 9.4, H-4'a); 423 (m, 1 H, H-2'); 4.35 (dd, 1 H, Jy,,, = 14.4, )., = 3.3,
H-1'a); 4.72 and 4.74 (2 x dh, 2 x 1 H, Jp = 7.6, J,;c = 6.2, CH(CH,),); 5.71 (d, 1 H, Jg ¢ =
8.0, H-5); 7.29 (d, 1 H, Jg5 = 8.0, H-6); 8.92(bs, 1 H, NH). *C NMR (100.6 MHz, CDCI,):
23.91 and 24.02 (d, Jo p = 4, (CH3),CH); 47.30 (CH,-1'); 67.18 (d, Jop = 169, CH,-4'); 71.55
and 71.71 (d, Jop = 7, CH(CHy),); 77.00 (qd, Jog = 30, Jcp = 12, CH-2'); 102.40 (CH-5);
123.77 (q, Jc ¢ = 284, CFy); 145.44 (CH-6); 150.59 (C-2); 163.22 (C-4).

1-{2-[(Diisopropoxyphosphoryl)methoxy]-3,3,3-trifluoropropyl}-5-fluorouracil (20)

Compound 19 (778 mg, 1.9 mmol) was dissolved in glacial acetic acid (90 ml). A mixture of
5-10% fluorine in nitrogen was introduced to the solution until the conversion of starting
phosphonate was complete (UV absorption disappears on TLC plate). Excess fluorine was re-
moved by a stream of nitrogen, the mixture was concentrated in vacuo and codistilled with
ethanol (2 x 20 ml). The residue was dissolved in ethanol (45 ml) and triethylamine (3 ml).
The mixture was vigorously refluxed for 11 h until the conversion of intermediate dihydro
adducts to 20 was complete (monitoring by °F NMR). The mixture was concentrated in
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vacuo and the residue was subjected to preparative TLC (S1, chloroform-methanol 20:1).
Yield 365 mg (45%) of 20 as a colorless oil. IR (CCl,), v,.,: 3405, 3168, 3065, 2983, 1723,
1703, 1670, 1387, 1377, 1248, 1274, 1181, 1158, 1105, 1013, 996. For C,,H,,;F,N,O4P
(420.3) calculated: 40.01% C, 5.04% H, 6.67% N, 7.37% P; found: 40.05% C, 5.17% H,
6.34% N, 7.37% P. FAB MS, m/z: 421 [MH]" (13). 'H NMR (400 MHz, CDCl,): 1.31, 1.32,
1.33 and 1.34 (4 x d, 4 x 3 H, Jjc = 6.2, (CH,),CH); 3.51 (dd, 1 H, Jper, = 14.4, J;,, = 8.6,
H-1'b); 3.85 (dd, 1 H, Jje, = 14.1, )y = 5.7, H-4'b); 4.10 (dd, 1 H, Iy, = 14.1, Jyp = 8.8,
H-4'a); 4.29 (m, 1 H, H-2); 4.37 (dd, 1 H, Jpe, = 14.4, J;,» = 3.0, H-1'a); 4.73 (dh, 2 H,
Jup = 7.6, ). = 6.2, CH(CH,),); 7.39 (d, 1 H, J,; = 5.5, H-6). 1*C NMR (100.6 MHz, CDCl,):
23.84, 23.90 and 23.99 (d, Jcp = 4, (CH;),CH); 47.45 (CH,-1'); 67.10 (d, Jc p = 168, CH,-4');
71.76 and 71.86 (d, Jop = 7, CH(CH,),); 76.75 (qd, Jc ¢ = 30, Jop = 14, CH-2'); 123.75 (q,
Jof = 284, CF3); 129.86 (d, Jc ¢ = 33, CH-6); 140.28 (d, Jo = 237, C-5); 149.35 (C-2); 157.13
(d, Jog = 27, C-4). '%F NMR (188.2 MHz, CDCly): -166.04 (d, J 4.6 = 5.5, F-5); —75.92 (dd,
Jeh2 = 6.0, J 4 = 2.0, CFy).

5-Fluoro-1-[3,3,3-trifluoro-2-(phosphonomethoxy)propyljuracil (21)

Compound 21 was obtained as dilithium salt using the same procedure as reported for 5a
and 5b. A mixture of compound 20 (248 mg, 0.59 mmol) in acetonitrile (5 ml) and bromo-
trimethylsilane (0.8 ml) afforded 124 mg (59%) of 21 as a white solid, m.p. > 300 °C. IR
(KBr), Vax: 3250, 3080, 1701, 1669, 1482, 1442, 1378, 1252, 1179, 1154, 1136, 1079, 991,
921, 789, 759, 726, 685, 537, 469. HPLC, 99% (S3). HR MS (FAB): for CgHgF,Li,N,O4P calcu-
lated 349.0376, found 349.0386. For CgHF,Li,N,O4P-0.5H,0 (357.0) calculated: 26.91% C,
2.26% H, 22.28% F, 7.84% N, 8.68% P; found: 26.79% C, 2.42% H, 22.46% F, 7.43% N,
8.62% P. FAB MS, m/z: 349 [MH]" (36). 'H NMR (500 MHz, D,0, ref(dioxane) 3.75 ppm):
3.69 and 3.90 (2 x dd, 2 H, Jyo, = 12.6, J;p = 9.3, H-4); 3.96 (dd, 1 H, Jje, = 14.8, Jjy 5 =
7.4, H-1'b); 4.25 (dd, 1 H, o, = 14.8, )y, = 3.7, H-1'a); 432 (m, 1 H, H-2'); 7.97 (d, 1 H,
Jur = 6.0, H-6). 13C NMR (125.8 MHz, D,0, ref(dioxane) 69.3 ppm): 49.66 (CH,-1'); 72.61
(d, Jcp = 153, CH,-4); 79.28 (qd, Jor = 30, Jcp = 12, CH-2); 126.84 (q, Jor = 284, CFy);
142.18 (d, Jo¢ = 34, CH-6); 143.17 (d, Jop = 232, C-5); 152.30 (d, Jo¢ = 30, C-4); 154.04
(C-2). "°F NMR (188.2 MHz, D,0): -165.22 (d, J¢ ;.4 = 6.0, F-5); —73.63 (dd, Jg ., = 6.5, CF;).
3P NMR (162 MHz, D,0): 13.36 (t, Jp 44 = 9.3).

Synthesis of 1-(3,3,3-Trifluoro-2-hydroxypropyl)pyrimidin-2(1H)-one
Derivatives 23 and 24. General Procedure

A mixture of pyrimidin-2(1H)-one 1 or 22 (6.5 mmol), trifluoromethyloxirane 16 (6.5 mmol)
and cesium carbonate (0.7 mmol) in dimethylformamide (70 ml) was heated at 80 °C for
15 h. The mixture was concentrated in vacuo to a minimum volume. The residue was
codistilled with toluene (2 x 10 ml) and chromatographed on neutral aluminum oxide
(toluene followed by ethyl acetate and ethyl acetate—-methanol 60:40). The fractions contain-
ing compound 23 or 24 were evaporated to dryness in vacuo. The product was triturated
with hexane and the solvent was decantated. The product was dried under reduced pressure.

5-Ethyl-4-methoxy-1-(3,3,3-trifluoro-2-hydroxypropyl)pyrimidin-2(1H)-one (23). Yield 951 mg
(55%) of a white solid. IR (CCl,), v ,.,: 3606, 3280, 1663, 1630, 1537, 1475, 1402, 1271. For
C,oH13F3N,05 (266.2) calculated: 45.12% C, 4.92% H, 21.41% F, 10.52% N; found: 45.10% C,
4.87% H, 21.76% F, 10.47% N. FAB MS, m/z: 267 [MH]" (100). 'H NMR (400 MHz,
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DMSO-dg): 1.06 (t, 3 H, J,;; = 7.4, CH,CH,); 2.30 (qd, 2 H, J;c = 7.4, Jopp 6 = 1.0, CH,CHy);
3.71 (dd, 1 H, Jye, = 13.4, J, . = 9.4, H-1'b); 3.86 (s, 3 H, OCH,); 4.17 (dd, 1 H, Jper, = 13.4,
Jyap = 3.1, H-1'a); 4.32 (M, 1 H, H-2'); 6.62 (d, 1 H, Joy , = 6.7, OH-2'); 7.74 (t, 1 H, Jg ¢y =
1.0, H-6). 3C NMR (100.6 MHz, DMSO-dg): 13.35 (CH,CH,); 19.20 (CH,CH,); 49.47
(CH,-1'); 54.20 (OCHy); 66.07 (, Jc ¢ = 30, CH-2'); 108.30 (C-5); 125.12 (q, Jo ¢ = 283, CFy);
146.92 (CH-6); 155.39 (C-2); 170.25 (C-4).

4-Methoxy-5-methyl-1-(3,3,3-trifluoro-2-hydroxypropyl)pyrimidin-2(1H)-one (24). Yield 934 mg
(57%) of a white solid. IR (CCl,), v,,: 3623, 3273, 1671, 1650, 1542, 1478, 1399, 1339,
1270. For C4H;,F3N,04 (252.2) calculated: 42.86% C, 4.40% H, 22.60% F, 11.11% N; found:
42.47% C, 4.33% H, 22.10% F, 10.66% N. FAB MS, m/z: 253 [MH]" (100). *H NMR (400 MHz,
DMSO-dg): 1.87 (d, 3 H, Jcpz = 1.1, CHy-5); 3.66 (dd, 1 H, Jper, = 13.4, Iy, = 9.4, H-1'b);
3.85 (s, 3 H, OCHg); 4.16 (dd, 1 H, Jger, = 13.4, )1y 5 = 3.2, H-1'a); 4.31 (bm, 1 H, H-2'); 6.64
(bs, 1 H, OH-2'); 7.78 (4, 1 H, Jscps = 1.1, H-6). 1*C NMR (100.6 MHz, DMSO-dg): 11.65
(CHj-5); 49.45 (CH,-1'); 54.22 (OCHy,); 65.74 (q, Jc ¢ = 29, CH-2); 102.40 (C-5); 125.09 (q,
JoF = 283, CF,); 147.56 (CH-6); 155.49 (C-2); 170.54 (C-4).

Synthesis of 1-{2-[(Diisopropoxyphosphoryl)methoxy]-3,3,3-trifluoropropyl}-
pyrimidin-2(1H)-one Derivatives 25 and 26. General Procedure

A mixture of compound 23 or 24 (3.7 mmol), (diisopropoxyphosphoryl)methyl tosylate
(4.1 mmol) and 60% sodium hydride dispersion (5.5 mmol) in tetrahydrofuran (20 ml) was
stirred at —20 °C. The suspension was allowed to warm to room temperature for 1 h and
stirred at the same temperature overnight. The mixture was filtered through a Celite pad under
pressure and concentrated in vacuo to a minimum volume. The residue was chromatographed
on neutral aluminum oxide (ethyl acetate followed by ethyl acetate-chloroform-methanol
17:10:1). The crude product was purified by preparative TLC (S1, ethyl acetate-chloroform-
methanol 17:10:1). The fractions containing product 25 or 26 were evaporated to dryness in
vacuo.
1-{2-[(Diisopropoxyphosphoryl)methoxy]-3,3,3-trifluoropropyl}-5-ethyl-4-methoxy-pyrimidin-
2(1H)-one (25). Yield 563 mg (35%) of a white solid, m.p. > 300 °C. IR (CCl,), V., 2981,
2959, 2937, 2900, 1678, 1653, 1537, 1537, 1471, 1403, 1366, 1268, 1255, 1179, 1149, 1130,
1111, 1006, 992. For C,,H,gF3N,O4P (444.4) calculated: 45.95% C, 6.35% H, 12.83% F,
6.30% N, 6.97% P; found: 46.08% C, 6.43% H, 12.73% F, 6.24% N, 7.06% P. FAB MS, m/z:
445 [MH]* (100). *H NMR (500 MHz, CDCl,): 1.16 (t, 3 H, J,;, = 7.5, CH,CH,); 1.27, 1.29,
1.31and 1.32 (4 x d, 4 x 3 H, J,; = 6.2, (CH;),CH); 2.36 and 2.40 (2 x m, 2 H, J¢r, = 15.1,
Jvic = 7.5, Jepz = 1.1, CH,CHy); 3.64 (dd, 1 H, Iy, = 13.9, I3y, » = 8.6, H-1'b); 3.72 (dd, 1 H,
Jgem = 13.3, Jyp = 10.3, H-4'b); 4.00 (s, 3 H, OCHj); 4.01 (dd, 1 H, Jp, = 13.3, J,yp = 9.6,
H-4'a); 4.29 (m, 1 H, H-2'); 4.43 (dd, 1 H, Jjor, = 13.9, )y, , = 3.7, H-1'a); 4.67 and 4.73 (2 x
dh, 2 H, Jyp = 7.6, J;c = 6.2, CH(CH,),); 7.23 (t, 1 H, Jg ciyp = 1.1, H-6). °C NMR (125.8 MHz,
CDCly): 12.93 (CH3CH,); 19.75 (CH,CHy); 23.77, 23.85 and 23.99 (d, Jcp = 4, (CH3),CH);
49.18 (CH,-1'); 54.62 (OCH,); 67.39 (d, Jop = 170, CH,-4'); 71.24 and 71.54 (d, Jop = 7,
CH(CH3),); 76.54 (qd, Jo g = 30, Jop = 14, CH-2'); 110.78 (C-5); 123.93 (q, Jc r = 284, CFy);
144.51 (CH-6); 156.25 (C-2); 171.08 (C-4).
1-{2-[(Diisopropoxyphosphoryl)methoxy]-3,3,3-trifluoropropyl}-4-methoxy-5-methyl-pyrimidin-
2(1H)-one (26). Yield 382 mg (24%) of a white solid, m.p. > 300 °C. IR (CCly), V., 2982,
1679, 1654, 1541, 1476, 1398, 1386, 1376, 1366, 1337, 1267, 1255, 1013, 992. For C;gH.sFsN,OgP
(430.4) calculated: 44.65% C, 6.09% H, 13.24% F, 6.51% N, 7.20% P; found: 44.40% C,
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5.86% H, 13.06% F, 6.48% N, 7.33% P. FAB MS, m/z: 431 [MH]" (82). 'H NMR (400 MHz,
CDCly): 1.29, 1.30 and 1.31 (3 x d, 12 H, J,;; = 6.2, (CH,),CH); 1.96 (d, 3 H, Joyya = 1.1,
CH4-5); 3.60 (dd, 1 H, Jye, = 13.9, I, = 8.8, H-1'b); 3.72 (dd, 1 H, Iy, = 13.3, Jyp = 10.4,
H-4'b); 4.00 (s, 3 H, OCHg); 4.02 (dd, 1 H, Jyo, = 18.3, ), p = 9.5, H-4'a); 4.29 (M, 1 H, J, ;. =
8.8, 3.5, Iy = 6.2, H-2); 4.44 (dd, 1 H, Jy,, = 13.9, Iy, = 3.5, H-1'a); 4.68 and 4.73 (2 x
dh, 2 H, Jyp = 7.6, l;c = 6.2, CH(CHj),); 7.27 (0, 1 H, Jg oy = 1.1, H-6). **C NMR (100.6 MHz,
CDCly): 12.04 (CHg-5); 23.78, 23.85 and 23.99 (d, Jo p = 5, (CH3),CH); 49.04 (CH,-1'); 54.69
(OCH3); 67.36 (d, Jop = 169, CH,-4'); 71.27 and 71.54 (d, Jop = 7, CH(CHj),); 76.68 (qd,
Jop = 30, Jop = 14, CH-2'); 104.80 (C-5); 123.94 (q, Jo ¢ = 285, CF,); 145.36 (CH-6); 156.35
(C-2); 171.32 (C-4).

Synthesis of 5-Ethyl-1-[3,3,3-trifluoro-2-(phosphonomethoxy)propyljuracil and
Thymine Derivatives 27 and 28. General Procedure

Compounds 27 and 28 were obtained as dilithium salt by the same procedure reported for
5a and 5b.

5-Ethyl-1-[3,3,3-trifluoro-2-(phosphonomethoxy)propyl]uracil (27). A mixture of compound 25
(432 mg, 0.97 mmol) in acetonitrile (10 ml) and bromotrimethylsilane (1.3 ml) afforded
after work-up 173 mg (48%) of 27 as a white solid, m.p. > 300 °C. IR (KBr), v,.,: 3254,
1685, 1474, 1459, 1440, 1375, 1354, 1266, 1167, 1137, 1223, 1087, 989, 916, 568, 542, 444.
HPLC, 99% (S5). For C;yH;,F;Li,N,O4P-0.5H,0 (367.1) calculated: 32.72% C, 3.54% H,
15.52% F, 7.63% N, 8.43% P; found: 32.58% C, 3.64% H, 15.51% F, 7.34% N, 8.27% P. FAB

MS, m/z: 359 [MH]* (4). *H NMR (400 MHz, D,0, ref(dioxane) 3.75 ppm): 1.09 (t, 3 H, J ;. =

vic

7.5, CHyCH,); 2.32 (qd, 2 H, )¢ = 7.5, Joyp = 1.1, CH,CHy); 3.69 (dd, 1 H, Iy, = 12,5,
Jyp = 9.2, H-4'b); 3.84 (dd, 1 H, Iy, = 12,5, ), p = 9.5, H-4'a); 4.05 (dd, 1 H, ., = 14.8,
Jpy = 6.8, H-1'b); 421 (dd, 1 H, Jygy, = 14.8, J,, , = 4.5, H-1'a); 4.32 (m, 1 H, 1, ;. = 6.8,

4.5, )¢ = 6.5, H-2); 7.56 (t, 1 H, Jg c1yp = 1.1, H-6). °C NMR (125.8 MHz, D,0, ref(dioxane)
69.3 ppm): 14.94 (CH3CH,); 22.10 (CH,CHy); 49.25 (CH,-1'); 72.90 (d, Jcp = 152, CH,-4");
79.15 (qd, Jo ¢ = 30, Jop = 12, CH-2'); 119.29 (C-5); 126.97 (q, Jor = 284, CF;); 145.84
(CH-6); 154.90 (C-2); 169.36 (C-4). 'F NMR (188.2 MHz, D,0): -73.63 (dd, Jg ., = 6.5,
CF,). *'P NMR (162 MHz, D,0): 12.94 (t, Jp 44 = 9.5, 9.2).

1-[3,3,3-Trifluoro-2-(phosphonomethoxy)propyl]thymine (28). A mixture of compound 26
(418 mg, 0.97 mmol) in acetonitrile (10 ml) and bromotrimethylsilane (1.3 ml) afforded
after work-up 207 mg (60%) of 28 as a white solid, m.p. > 300 °C. IR (KBr), v, ,,: 3243,
1690, 1477, 1439, 1374, 1352, 1230, 1171, 1152, 1131, 1087, 992, 916, 563, 541, 473, 455.
HPLC, 99% (S3). For CgH;,F;Li,N,0O4P-0.5H,0 (353.0) calculated: 30.61% C, 3.14% H,
16.14% F, 7.93% N, 8.77% P; found: 30.49% C, 3.18% H, 16.07% F, 7.79% N, 9.00% P. FAB
MS, m/z: 345 [MH]* (17). 'H NMR (400 MHz, D,0, ref(dioxane) 3.75 ppm): 1.88 (d, 3 H,
Jenas = 1.2, CHy-5); 3.68 and 3.86 (2 x dd, 2 H, Jye, = 12.5, Jj;p = 9.1, H-4'); 4.01 (dd, 1 H,
Jgem = 14.8, Jyp 5 = 7.0, H-1'b); 4.22 (dd, 1 H, o, = 14.8, )y, = 4.2, H-1'a); 4.30 (m, 1 H,
Iy =70, 4.2, )¢ =6.0, H-2); 756 (q, 1 H, Jgcpyg = 1.2, H-6). *C NMR (125.8 MHz, D,0,
ref(dioxane) 69.3 ppm): 14.05 (CH3-5); 49.15 (CH,-1'); 72.84 (d, Jop = 153, CH,-4"); 79.27
(qd, Jog = 30, Jcp = 12, CH-2'); 113.52 (C-5); 126.93 (q, Jo = 284, CF;); 146.43 (CH-6);
154.98 (C-2); 169.80 (C-4). °F NMR (188.2 MHz, D,0): -73.58 (dd, J¢ , , = 6.0, CF;). *'P NMR
(162 MHz, D,0): 13.02 (t, Jp 1y 4 = 9-1).
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1-[2-Hydroxy-3-(trimethylammonio)propyl]-4-methoxy-5-methylpyrimidin-2(1H)-one
Chloride (30)

A mixture of 4-methoxy-5-methylpyrimidin-2(1H)-one (22) (1 g, 7.1 mmol), trimethyl-
glycidylammonium chloride (29; 1.01 g, 7.1 mmol) and cesium carbonate (273 mg, 0.8
mmol) in dimethylformamide (50 ml) was heated at 80 °C for 7.5 h. The mixture was con-
centrated in vacuo to a minimum volume. The residue was codistilled with toluene (20 ml)
and the residue was treated with acetone (50 ml) and ethanol (5 ml). The resulting suspen-
sion was heated until a white precipitate was obtained. After cooling the precipitate was fil-
tered off and dried under reduced pressure. Yield 661 mg (32%) of crude product 30 as a
white solid which was used for preparation of 32 without further purification. HR MS (FAB):
for C,,H,5CIN;O, calculated 292.7820, found 292.7828. FAB MS, m/z: 292 [MH]" (71). *H
NMR (500 MHz, DMSO-dg): 1.88 (d, 3 H, Jcpzs = 1.0, CH3-5); 3.13 (s, 9 H, (CH3);3N); 3.30
(dd, 1 H, Jyep, = 18.6, Jzpp, = 11.2, H-3'b); 3.45 (dd, 1 H, Iy, = 13.6, Jg,, = 1.9, H-3'a); 3.65
(dd, 1 H, Jye, = 134, Jy 5 = 7.4, H-1'b); 3.85 (s, 3 H, OCHy); 3.88 (dd, 1 H, Jjor, = 13.4, J;, »
= 4.1, H-1'a); 438 (m, 1 H, H-2'); 6.01 (bs, 1 H, OH-2); 7.73 (4, 1 H, Jgcpys = 1.0, H-6).
13C NMR (100.6 MHz, DMSO-dg): 11.77 (CHj-5); 53.11 (CH,-1'); 53.58 ((CH,);N); 54.13
(OCH,;); 63.52 (CH-2'); 67.51 (CH-3'); 102.20 (C-5); 147.43 (CH-6); 155.83 (C-2); 170.31
(C-4).

gem

1-[2-(Phosphonomethoxy)-3-(trimethylammonio)propyl]thymine (32)

A mixture of compound 30 (661 mg, 2.3 mmol), (diisopropoxyphosphoryl)methyl tosylate
(873 mg, 2.5 mmol) and 60% sodium hydride dispersion (136 mg, 3.4 mmol) in dimethyl-
formamide (15 ml) was stirred at —20 °C. The suspension was allowed to warm to room tem-
perature for 1 h and stirred at the same temperature overnight. The mixture was concen-
trated in vacuo to a minimum volume and the residue was dissolved in water (3 ml). The
mixture was applied onto a Dowex 50X8 (H* form; 30 ml) and the column was washed with
water until the UV absoption of the eluate dropped to the original value. The product was
then eluted with 2.5% aqueous ammonia. The fractions containing compound 31 were
evaporated to dryness in vacuo. The residue was dissolved in acetonitrile (5 ml) and
bromotrimethylsilane (0.6 ml) was added. The resulting mixture was stirred overnight at
room temperature. The mixture was concentrated in vacuo and then codistilled with water
(2 x 2 ml). The residue in water (20 ml) was heated with Dowex 50X8 (H* form; 2 ml) at
100 °C for 2 h. The suspension was applied onto a column which was then washed with
2.5% aqueous ammonia. The filtrate was evaporated to dryness in vacuo. The residue was
purified on 30 ml of Sephadex (S2) with subsequent deionization on Dowex 50X8 (H* form;
30 ml). The relevant fractions were combined and evaporated in vacuo. The residue was dis-
solved in water and lyophilized. Yield 96 mg (12%) of 32 as a slightly yellow solid. IR (KBr),
Vmax. 1685, 1605, 1524, 1175, 1477, 1436, 968, 1069, 1100, 935, 902, 540, 451. HPLC, 99%
(S3). HR MS (FAB): for C,,H,3N;O4P calculated 336.1324, found 336.1338. For
C,,H,,N304P-1.5H,0 (362.3) calculated: 39.78% C, 6.96% H, 11.59% N, 8.56% P; found:
39.65% C, 6.58% H, 11.76% N, 8.17% P. FAB MS, m/z: 336 [MH]" (26). *H NMR (400 MHz,
D,0, ref(dioxane) 3.75 ppm): 1.89 (d, 3 H, Joyyz 6 = 1.2, CH3-5); 3.23 (s, 9 H, (CH3);3N); 3.46

(dd, 1 H, Jyop, = 14.2, I3y = 2.4, H-3'); 3.54 (dd, 1 H, Iy, = 14.2, Iy, , = 9.4, H-3'a); 3.61
(dd, 1 H, Iy = 12.4, Jyp = 10.2, H-4'b); 3.84 (dd, 1 H, Iy, = 12.4, J;p = 9.6, H-4'a); 4.00
(dd, 1 H, Jyor, = 15.1, Jp» = 5.1, H-1'b); 4.12 (dd, 1 H, Jyo, = 15.1, Jj,, » = 3.6, H-1'a); 4.34

(m, 1 H, H-2); 754 (q, 1 H, Jgcps = 1.2, H-6). >°C NMR (100.6 MHz, D,0, ref(dioxane)

Collect. Czech. Chem. Commun. 2006, Vol. 71, No. 4, pp. 595-624



Pyrimidine 1-[2-(Phosphonomethoxy)propyl] Derivatives 617

69.3 ppm): 14.05 (CH4-5); 50.10 (CH,-1'); 57.16 ((CHg)3N); 69.26 (d, Jop = 153, CH,-4');
69.54 (CH-3'); 77.31 (d, Jop = 13, CH-2'); 113.95 (C-5); 146.09 (CH-6); 155.32 (C-2); 169.63
(C-4). *'P NMR (162 MHz, D,0): 13.14 (t, Jp 5 = 10.2, 9.6).

Synthesis of 1-{3-Azido-2-[(diisopropoxyphosphoryl)methoxy)]propyl}
Derivatives 34a and 34b

A mixture of 4-methoxy-5-methylpyrimidin-2(1H)-one (22) (616 mg, 4.4 mmol) and 60%
sodium hydride dispersion (179 mg, 4.5 mmol) in dimethylformamide (40 ml) was stirred at
room temperature for 1 h. Compound 33 (1.8 g, 4.4 mmol) in dimethylformamide (25 ml)
was added and the resulting mixture was heated at 90 °C for 6.5 h. The mixture was concen-
trated in vacuo to a minimum volume. The residue was codistilled with toluene (2 x 10 ml)
The residue was chromatographed on neutral aluminum oxide (ethyl acetate followed by
ethyl acetate-chloroform-methanol 11:10:1). The relevant fractions were combined and
evaporated in vacuo.

1-{3-Azido-2-[(diisopropoxyphosphoryl)methoxy]propyl}-4-methoxy-5-methylpyrimidin-2(1H)-one
(34a). Yield 662 mg (36%) of a slightly yellow oil. Rz 0.30 in ethyl acetate-chloroform-
methanol 11:10:1. IR (CCl,), v, 2104, 1675, 1654, 1540, 1476, 1400, 1386, 1376, 1257,
1106, 1012, 992. HR MS (FAB): for C,4H,gN;OgP calculated 418.1855, found 418.1862. FAB
MS, m/z: 418 [MH]" (100). *H NMR (400 MHz, CDCl,): 1.31, 1.32, 1.33 and 1.34 (4 x d, 4 x
3 H, Ji = 6.2, (CH5),CH); 1.96 (d, 3 H, Jcpyz 6 = 1.1, CHy-5); 3.28 (dd, 1 H, Jo,, = 135, Jgp 5 =
5.3, H-3'b); 3.67 (dd, 1 H, Jye, = 135, J3, » = 3.2, H-3'a); 3.70 (dd, 1 H, Jy,,, = 13.7, Jyp
9.4, H-4'b); 3.86 (dd, 1 H, Jjer, = 13.6, Jy, » = 6.9, H-1'b); 3.90 (dd, 1 H, Jyo, = 13.7, Jyyp =
8.5, H-4'a); 3.95 (m, 1 H, J,. ;, = 6.9, 3.6, J, 5 = 5.3, 3.2, H-2); 3.99 (s, 3 H, OCHy); 4.11 (dd,
1 H, Jjem = 18.6, Jy,» = 3.6, H-1'a); 4.72 and 4.73 (2 (dh, 2 H, J,p = 7.6, J,;c = 6.2,
CH(CHy),); 7.42 (4, 1 H, Jgcps = 1.1, H-6). *C NMR (100.6 MHz, CDClg): 11.97 (CHg-5);
23.92, 23.96, 24.00 and 24.03 (d, Jcp = 4, (CH3),CH); 50.97 (CH,-1); 51.69 (CH-3'); 54.56
(OCHy,); 65.64 (d, Jop = 169, CH,-4'); 71.14 and 71.30 (d, Jop = 7, CH(CH,),); 79.14 (d, Jcp =
10, CH-2'); 104.34 (C-5); 145.64 (CH-6); 156.74 (C-2); 171.04 (C-4).

2-{3-Azido-2-[(diisopropoxyphosphoryl)methoxy)]propoxy}-4-methoxy-5-methylpyrimidine (34b).
Yield 879 mg (48%) of a slightly yellow oil. Rz 0.50 in ethyl acetate-chloroform-methanol
11:10:1. IR (CCly), V. 2104, 1608, 1576, 1423, 1386, 1375, 1295, 1261, 1106, 1085, 1077,
1009, 991. HR MS (FAB): for C,gH,gNsO4P calculated 418.1855, found 418.1845. FAB MS,
m/z: 418 [MH]* (100). *H NMR (400 MHz, CDCl,): 1.33, 1.34, 1.35 and 1.36 (4 x d, 4 x 3 H,
Jyic = 6.2, (CH5),CH); 2.06 (d, 3 H, Jgp3e = 0.9, CH5-5); 3.50 (dd, 1 H, Jgop, = 13.1, Iy =
6.1, H-3'b); 3.59 (dd, 1 H, Jye, = 13.1, 3, » = 3.9, H-3'a); 3.94 (dd, 1 H, Iy, = 13.7, Jyp =
8.7, H-4'b); 3.98 (M, 1 H, J, ;. = 6.0, 5.2, J,, 3 = 6.1, 3.9, H-2'); 3.99 (s, 3 H, OCH3); 4.03 (dd,
1H, Jyem = 137, )y p = 8.9, H-4'a); 4.39 (dd, 1 H, Iy, = 11.4, I, = 6.0, H-1'b); 4.48 (dd, 1 H,
Jgem = 11.4, )., 5 = 5.2, H-1'a); 4.76 and 4.77 (2 x dh, 2 H, J;p = 7.6, J;c = 6.2, CH(CHj),);
7.97 (4, 1 H, Jgcpg = 0.9, H-6). °C NMR (100.6 MHz, CDCl,): 11.82 (CH-5); 23.92, 24.03
and 24.05 (d, Jc p = 4, (CH3),CH); 51.95 (CH-3'); 53.90 (OCHy); 65.22 (d, Jo p = 168, CH,-4);
65.66 (CH,-1'); 71.18 (d, Jc p = 7, CH(CHy),); 78.84 (d, Jc p = 11, CH-2'); 111.58 (C-5); 156.92
(CH-6); 163.03 (C-2); 169.65 (C-4).

gem

1-{3-Amino-2-[(diisopropoxyphosphoryl)methoxy]propyl}thymine (35)

Compound 34a (724 mg, 1.7 mmol) in methanol (25 ml) was hydrogenated over 10% palla-
dium on charcoal (733 mg) at room temperature for 13 h. The mixture was filtered through
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a Celite pad. Water (2.5 ml) and Dowex 50X8 (H* form; 6 ml) were added to the filtrate and
the resulting suspension was refluxed for 2 h. The suspension was applied onto a Dowex
50X8 (H" form; 30 ml) column and washed with 90% aqueous methanol until the UV
absoption of the eluate dropped to the original value. The column was then eluted with
2.5% ammonia in 90% aqueous methanol and the fraction containing the product was
evaporated in vacuo. The crude product was purified by chromatography on preparative TLC
plate (S1, methanol). Yield 159 mg (24%) of 35 as a slightly yellow oil. IR (CCl,), V..
3411, 3172, 3060, 2981, 1693, 1608, 1424, 1255, 1010, 991. HR MS (FAB): for C,5H,gN;OP
calculated 378.1794, found 378.1779. FAB MS, m/z: 378 [MH]* (58). 'H NMR (400 MHz,
CDCly): 1.32, 1.33 and 1.34 (3 x d, 12 H, J,;. = 6.2, (CH,),CH); 1.92 (d, 3 H, Jopze = 1.2,
CHg-5); 2.75 (dd, 1 H, Jjer, = 13.6, Jgy, » = 4.9, H-3'b); 2.93 (dd, 1 H, Jjer, = 13.6, Jg, = 5.1,
H-3'a); 3.67 (M, 1 H, H-2'); 3.74 (dd, 1 H, Jy,,, = 13.6, J, , = 8.8, H-4'b); 3.85 (dd, 1 H, Iy, =

em
13.6, )y p = 9.5, H-4'a); 3.86 (dd, 1 H, ., = 14.3, J;,, = 7.6, H-1'b); 3.96 (dd, 1 H, Jjem =
14.3, ), » = 4.1, H-1'a); 4.74 (m, 2 H, CH(CH,),); 7.25 (4, 1 H, Jg cpyz = 1.2, H-6). 1°C NMR
(100.6 MHz, CDCl,): 12.24 (CH4-5); 23.96, 24.00 and 24.07 (d, Jop = 4, (CH3),CH); 41.54
(CH-3'); 48.84 (CH,-1); 64.96 (d, Jop = 170, CH,-4'); 71.14 and 71.22 (d, Jop = 7,
CH(CHg),); 81.60 (d, Jop = 11, CH-2'); 110.06 (C-5); 142.06 (CH-6); 151.07 (C-2); 163.89
(C-4).

Synthesis of 1-[3-Azido-2-(phosphonomethoxy)propyl]thymine (36) and
1-[3-Amino-2-(phosphonomethoxy)propyl]thymine (37). General Procedure

Compounds 36 and 37 were obtained by a procedure similar to that reported for 5a and 5b.
1-[3-Azido-2-(phosphonomethoxy)propyl]thymine (36). A mixture of compound 34a (532 mg,
1.27 mmol) in acetonitrile (10 ml) and bromotrimethylsilane (1.8 ml) afforded 131 mg
(31%) of dilithium salt of 36 as a white solid, m.p. > 300 °C. After deionization of product
on activated charcoal the purification of 36 was performed by preparative HPLC (S6). IR
(KBI), Vo 3242, 2106, 1684, 1475, 1437, 1386, 1351, 1225, 1177, 1139, 1077, 989, 921,
556, 470. HPLC, 99% (S4). For CgH ,Li,N;O4P-1.25H,0 (335.6) calculated: 32.21% C,
3.75% H, 20.86% N, 9.23% P; found: 32.33% C, 3.82% H, 20.53% N, 11.26% P. FAB MS,
m/z: 332 [MH]* (5). *H NMR (400 MHz, D,0, ref(dioxane) 3.75 ppm): 1.88 (d, 3 H, Joy3 6 =
1.2, CHg-5); 3.42 (dd, 1 H, Jyo,, = 135, gy, 5 = 4.4, H-3'b); 3.59 (dd, 1 H, Jpr, = 12.8, Jyp =
9.4, H-4'b); 3.67 (dd, 1 H, Jye, = 135, Iz, » = 4.2, H-3'a); 3.71 (dd, 1 H, )., = 12.8, )y =
9.1, H-4'a); 3.88 (M, 1 H, H-2); 3.91 (dd, 1 H, J;, = 14.0, J;, , = 6.1, H-1'b); 4.00 (dd, 1 H,
Jgem = 14.0, Jy 5 = 4.5, H-1'a); 7.57 (q, 1 H, Jg cpys = 1.2, H-6). **C NMR (125.8 MHz, D,0,
ref(dioxane) 69.3 ppm): 14.04 (CH;-5); 51.63 (CH,-1); 53.39 (CH-3'); 69.74 (d, Jcp = 154,
CH,-4'); 80.64 (d, Jop = 11, CH-2'); 113.29 (C-5); 146.68 (CH-6); 155.20 (C-2); 169.83 (C-4).
3P NMR (162 MHz, D,0): 14.53 (t, Jp 44 = 9.4, 9.1).
1-[3-Amino-2-(phosphonomethoxy)propyl]thymine (37). A mixture of compound 35 (125 mg,
0.33 mmol) in acetonitrile (5 ml) and bromotrimethylsilane (0.5 ml) afforded 54 mg (56%)
of phosphonic acid 37 as a white solid, m.p. 203-205 °C. The product was separated by
chromatography on 40 ml of Sephadex (S2) and finally purified on Dowex 50X8 (H* form)
column by washing with water. IR (KBr), v, ... 3251, 3000, 1627, 1689, 1472, 1435, 1386,
1102, 1051, 914, 544, 459. HR MS (FAB): for CyH;;N;O4P calculated 294.0855, found
294.0841. FAB MS, m/z: 294 [MH]* (84). 'H NMR (400 MHz, D,0, ref(dioxane) 3.75 ppm):
1.88 (d, 3 H, Jopze = 1.1, CHy-5); 3.02 (dd, 1 H, Iy, = 13.7, J3y, » = 8.9, H-3'b); 3.26 (dd, 1 H,

Jgem = 13.7, I3, = 2.6, H-3'b); 3.64 and 3.86 (2 x dd, 2 H, )y, = 12.8, J;p = 9.6, H-4'b);

gem

gem
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3.97-4.05 (m, 3 H, H-1' and H-2'); 7.49 (q, 1 H, Jgcps = 1.1, H-6). °C NMR (125.8 MHz,
D,0, ref(dioxane) 69.3 ppm): 14.01 (CH3-5); 43.23 (CH-3'); 50.47 (CH,-1); 69.27 (d, Jcp =
157, CH,-4'); 79.33 (d, Jop = 12, CH-2'); 113.74 (C-5); 146.20 (CH-6); 155.25 (C-2); 169.69
(C-4). *'P NMR (162 MHz, D,0): 15.60 (t, Jp .4 = 9.6).

Synthesis of 1-Methoxy-3-(trityloxy)propan-2-ols (38a, 38b). General Procedure

A mixture of [(trityloxy)methyl]oxirane 2a or 2b (12.6 mmol) and sodium methoxide
(12.7 mmol) in methanol (40 ml) was heated in an autoclave at 95 °C for 5 h. The mixture
was concentrated in vacuo to a minimum volume. The residue was chromatographed on
silica gel (chloroform followed by chloroform-methanol 20:1). The fractions containing
product 38a or 38b were evaporated to dryness in vacuo.
(R)-1-Methoxy-3-(trityloxy)propan-2-ol (38a). Yield 3.2 g (74%) of a white solid. [a], +18.4
(c 0.328 g/100 ml, CHCI3). HR MS (ESI): for C,3H,,0;Na calculated 371.1623, found
371.1605. For C,3H,,04 (348.4) calculated: 79.28% C, 6.94% H; found: 79.11% C, 6.68% H.
ESI MS, m/z: 371 [MNa]* (100). *H NMR (400 MHz, CDCly): 2.42 (bd, 1 H, Joy oy = 4.4, OH);

3.18 (dd, 1 H, Jyer, = 9.4, J;c = 5.3, bCH,OTr); 3.20 (dd, 1 H, Jyo, = 9.4, )i = 5.7, aCH,OTr);
3.36 (s, 3 H, OCHy); 3.43 (dd, 1 H, Jy, = 9.7, & = 6.5, bCH,0OMe); 3.49 (dd, 1 H, Jyo, =
9.7, l,;. = 4.1, aCH,0OMe); 3.95 (m, 1 H, J,;. = 6.5, 5.7, 5.3, 4.1, CH); 7.20-7.33 (m, 9 H,

H-m,p-Tr); 7.41-7.46 (m, 6 H, H-0-Tr). *C NMR (100.6 MHz, CDCl,): 59.12 (OCH,); 64.65
(CH,0Tr); 69.81 (CH); 74.07 (CH,OMe); 86.67 (C-Tr); 127.06 (CH-p-Tr); 127.83 (CH-m-Tr);
128.64 (CH-0-Tr); 143.80 (C-i-Tr).

(S)-1-Methoxy-3-(trityloxy)propan-2-ol (38b). Yield 4.1 g (93%) of a white solid. [a], -17.5
(c 0.192 g/100 ml, CHCI;). For C,3H,,05 (348.4) calculated: 79.28% C, 6.94% H; found:
78.71% C, 6.87% H. ESI MS, m/z: 371 [MNa]* (100). *H, 3C NMR and HR MS data were
identical with compound 38a.

Synthesis of Diisopropyl ({[1-Methoxy-3-(trityloxy)-2-propan-2-yl]Joxy}methyl)-
phosphonates (39a, 39b). General Procedure

A mixture of compound 38a or 38b (11.4 mmol), (diisopropoxyphosphoryl)methyl tosylate
(12.5 mmol) and 60% sodium hydride dispersion (17.1 mmol) in tetrahydrofuran (60 ml)
was stirred at —20 °C. The suspension was allowed to warm to room temperature for 1 h and
then stirred at the same temperature overnight. The suspension was heated at 40 °C for 8 h
and the mixture was then filtered through a Celite pad. The mixture was concentrated in
vacuo to a minimum volume and chromatographed on neutral aluminum oxide (chloro-
form). The fractions containing product 39a or 39b were evaporated to dryness in vacuo.
Diisopropyl ({[(R)-1-methoxy-3-(trityloxy)-2-propan-2-ylJoxy}methyl)phosphonate (39a). Yield
5.3 g (88%) of a slightly yellow oil. IR (CCl,), v, 3088, 3062, 3035, 2981, 2932, 2895,
2836, 1386, 1375, 1259, 1179, 1142, 1107, 1010, 991. HR MS (ESI): for C,yHzq0sNaP calcu-
lated 549.2382, found 549.2375. FAB MS, m/z: 549 [MNa]* (35). 'H NMR (400 MHz, CDCly):

1.30, 1.31, 1.32 and 1.33 (4 x d, 4 x 3 H, 1,;. = 6.2, (CH,),CH); 3.22 (d, 2 H, J,;; = 5.1,
CH,OTr); 3.31 (s, 3 H, OCH,); 3.50 (dd, 1 H, Iy, = 10.4, J; = 6.0, bCH,0OMe); 3.54 (dd, 1 H,
Jgem = 10.4, 1 = 4.2, aCH,0OMe); 3.73 (m, 1 H, J;. = 6.0, 5.1, 4.2, CH); 3.91 (d, 2 H, J;p =

8.8, CH,P); 4.74 (dh, 2 H, Jp = 7.5, J,jc = 6.2, CH(CHy),); 7.20-7.33 (m, 9 H, H-m,p-Tr);
7.41-7.46 (m, 6 H, H-0-Tr). **C NMR (100.6 MHz, CDCl,): 23.95, 23.98 and 24.11 (d, Jgp =
4, (CHZ),CH); 59.11 (OCHj); 63.39 (CH,OTr); 65.21 (d, Jcp = 167, CH,P); 70.92 and 70.98
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(d, Jcp = 6, CH(CHy),); 73.11 (CH,OMe); 80.33 (d, Jcp = 12, CH); 88.26 (C-Tr); 126.98
(CH-p-Tr); 127.77 (CH-m-Tr); 128.71 (CH-0-Tr); 143.90 (C-i-Tr).

Diisopropyl ({[(S)-1-methoxy-3-(trityloxy)-2-propan-2-ylJoxy}methyl)phosphonate (39b). Yield
4.9 g (82%) of a slightly yellow oil. FAB MS, m/z: 549 [MNa]* (100). H, 3C NMR, HR MS
and IR data were identical with compound 39a.

Synthesis of Diisopropyl ({[1-Methoxy-3-(tosyloxy)-2-propan-2-ylJoxy}methyl)-
phosphonates (40a, 40b). General Procedure

A mixture of compound 39a or 39b (6.6 mmol) and Dowex 50X8 (H* form; 15 ml) in 90%
aqueous methanol (25 ml) was vigorously refluxed for 5 h until the trityl group of starting
phosphonate was completely removed (TLC in chloroform). After cooling the mixture was
filtered through a Celite pad and concentrated in vacuo to a minimum volume. The residue
was dissolved in dichloromethane (20 ml) and triethylamine (5 ml). The solution of tosyl
chloride (7.8 mmol) in dichloromethane (10 ml) was added at O °C and the resulting mix-
ture was stirred at room temperarure for 2 h. 4-(Dimethylamino)pyridine (0.1 mmol) was
added and the mixture was then refluxed for 10 h. The mixture was concentrated in vacuo
to a minimum volume, the residue was chromatographed on silica gel (chloroform followed
by chloroform-methanol 20:1) and appropriate fractions containing 40a or 40b were evapo-
rated to dryness in vacuo.

Diisopropyl ({[(R)-1-Methoxy-3-(tosyloxy)-2-propan-2-ylJoxy}methyl)phosphonate (40a). Yield
1.3 g (46%) of a slightly yellow oil. IR (CCl,), v . 2981, 2880, 1386, 1375, 1258, 1190,
1179, 1142, 1121, 1106, 1100, 1020, 815, 555. [a], +3.6 (c 0.414 g/100 ml, CHCIl,). HR MS
(FABY): for C;gH;,04PS calculated 439.1556, found 439.1570. FAB MS, m/z: 439 [MH]" (13).
'H NMR (500 MHz, CDCl,): 1.31, 1.32 and 1.33 (3 x d, 12 H, ;. = 6.2, (CH,),CH); 2.46 (s,
3 H, CHj-Ts); 3.29 (s, 3 H, OCH,); 3.44 and 3.47 (2 x dd, 2 H, Jgey, = 10.3, J,;c = 5.1,
CH,OMe); 3.82 (dd, 1 H, Jg, = 13.8, J;p = 8.6, bCH,P); 3.83 (m, 1 H, CH); 3.84 (dd, 1 H,
Jgem = 13.8, )y p = 8.6, aCH,P); 4.06 (dd, 1 H, J., = 10.5, I = 6.0, bCH,OTs); 4.15 (dd, 1 H,
Jgem = 10.5, Jjc = 4.2, aCH,0Ts); 4.72 (m, 2 H, CH(CHy),); 7.36 (m, 2 H, H-m-Ts); 7.80 (m, 2 H,
H-m-Ts). **C NMR (125.8 MHz, CDCl;): 21.64 (CHj-Ts); 23.90, 23.93 and 24.06 (d, Jop = 4,
(CH3),CH); 59.22 (OCHy); 65.10 (d, Jcp = 168, CH,P); 69.06 (CH,OTs); 70.98 (CH,OMe);
71.16 and 71.18 (d, Jcp = 6, CH(CHy),); 77.93 (d, Jc p = 10, CH); 127.96 (CH-0-Ts); 129.87
(CH-m-Ts); 132.48 (C-i-Ts); 144.93 (C-p-Tr).

Diisopropyl ({[(S)-1-methoxy-3-(tosyloxy)-2-propan-2-ylJoxy}methyl)phosphonate (40b). Yield
2.7 g (91%) of a slightly yellow oil. [a]; —0.6 (¢ 0.490 g/100 ml, CHCI;). HR MS (FAB): for
C,gH3,04PS calculated 439.1556, found 439.1558. FAB MS, m/z: 439 [MH]" (22). *H, *C NMR
and IR data were identical with those of compound 40a.

Synthesis of 2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropyl Derivatives of
5-Alkyl-4-methoxypyrimidin-2(1H)-one and Pyrimidine 41-44. General Procedure

A mixture of pyrimidin-2(1H)-one 1 or 22 (3 mmol) and 60% sodium hydride dispersion
(83 mmol) in dimethylformamide (40 ml) was stirred at room temperature for 1 h. Com-
pound 40a or 40b (3 mmol) in dimethylformamide (25 ml) was added at 80 °C and the re-
sulting mixture was heated at 100 °C for 9 h. The mixture was concentrated in vacuo to a
minimum volume. The residue was codistilled with toluene (2 x 20 ml). The residue was
chromatographed on neutral aluminum oxide (ethyl acetate followed by ethyl acetate-chlo-
roform-methanol 26:25:1). The crude product was purified by preparative TLC (S1, ethyl
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acetate—chloroform-methanol 26:25:1). The relevant fractions were combined and evapo-
rated in vacuo.
1-{(R)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropyl}-5-ethyl-4-methoxypyrimidin-2(1H)-
one (41a). Yield 441 mg (35%) of a slightly yellow oil. R 0.25 (ethyl acetate-chloroform-
methanol 26:25:1). IR (CCl,), v, 2998, 2937, 2980, 1673, 1652, 1536, 1471, 1403, 1255,
1107, 1007, 991. [a], +49.0 (¢ 0.539 g/100 ml, CHCI;). HR MS (FAB): for C;gH;,N,O,P
calculated 421.2104, found 421.2120. FAB MS, m/z: 421 [MH]" (100). *H NMR (500 MHz,
CDCl,): 1.16 (t, 3 H, J,;. = 7.5, CH,CH,); 1.28, 1.29, 1.30 and 1.31 (4 x d, 4 x 3 H, J,;; = 6.2,
(CHy),CH); 2.34 and 2.38 (2 x dqd, 2 H, Jjey, = 17.3, 0 = 7.5, Jeo 6 = 1.0, CH,CHy); 3.36

gem 1 Yvic
(s, 3 H, OCH4-3); 3.44 (dd, 1 H, Jyg, = 10.8, Jgp, , = 4.7, H-3'b); 3.63 (dd, 1 H, J,,, = 10.8,
Jyaz = 3.3, H-3'a); 3.70 (dd, 1 H, Jp, = 18.7, Jyp = 9.2, H-4'b); 3.77 (dd, 1 H, Jp, = 13.8,

Jypy = 7.7, H-1'b); 3.91 (dd, 1 H, Iy, = 13.7, ),y = 8.6, H-4'a); 3.95 (M, 1 H, H-2); 3.98 (s, 3 H,
OCHg-4); 4.19 (dd, 1 H, Jye, = 13.8, J;,,, = 3.7, H-1'a); 4.69 and 4.71 (2 x dh, 2 H, J,,;, =
7.8, Jyic = 6.2, CH(CHy),); 7.34 (t, 1 H, Jgcpyp = 1.0, H-6). *°C NMR (100.6 MHz, CDCI,):
13.03 (CH3CHy); 19.70 (CH,CHy); 23.90, 23.93, 24.02 and 24.04 (d, Jcp = 4, (CH3),CH);
50.96 (CH,-1'); 54.42 (OCHj3-4); 59.27 (OCH;-3'); 65.04 (d, Jcp = 168, CH,-4'); 70.93 and
71.02 (d, Jop = 7, CH(CH3),); 71.90 (CH-3'); 78.57 (d, Jo p = 11, CH-2'); 109.89 (C-5); 145.06
(CH-6); 156.67 (C-2); 170.64 (C-4).
1-{(S)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropyl}-5-ethyl-4-methoxypyrimidin-2(1H)-
one (41b). Yield 440 mg (35%) of a slightly yellow oil. R 0.25 in ethyl acetate-chloroform-
methanol 26:25:1. [a], -45.3 (c 0.651 g/100 ml, CHCI;). HR MS (FAB): for C,gH4,N,O.P
calculated 421.2104, found 421.2083. FAB MS, m/z: 421 [MH]* (100). *H, ¥*C NMR and IR
data were identical with compound 41a.
1-{(R)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropyl}-4-methoxy-5-methylpyrimidin-
2(1H)-one (42a). Yield 304 mg (25%) of a slightly yellow oil. R 0.25 in ethyl acetate-chloro-
form-methanol 26:25:1. IR (CCl,), V., 2981, 2899, 2836, 1676, 1655, 1541, 1475, 1255,
1141, 1107, 1011, 991. [a], +88.8 (c 0.526 g/100 ml, CHCI,). HR MS (FAB): for C,,H,,N,0,P
calculated 407.1947, found 407.1961. FAB MS, m/z: 407 [MH]" (100). 'H NMR (400 MHz,
CDCly): 1.29, 1.30, 1.31 and 1.32 (4 x d, 4 x 3 H, J,;c = 6.2, (CH3),CH); 1.94 (d, 3 H, Joiy36 =
1.1, CHy-5); 3.36 (s, 3 H, OCH,;-3'); 3.45 (dd, 1 H, Jg, = 10.8, Jyy, »» = 4.9, H-3'b); 3.63 (dd,
1 H, Jgem = 10.8, 3, = 3.3, H-3'a); 3.69 (dd, 1 H, Iy, = 13.7, Jyp = 9.2, H-4'b); 3.73 (dd,
1 H, Jgem = 13.8, Jjp, = 7.7, H-1'b); 3.93 (dd, 1 H, Iy, = 13.7, )y = 8.8, H-4'a); 3.94 (m,
1 H, H-2); 3.98 (s, 3 H, OCHg-4); 4.20 (dd, 1 H, Jy,, = 13.8, Iy, = 3.5, H-1'a); 4.70 (dh,
2 H,Jyp =77, ), = 6.2, CH(CH,),); 7.38 (0, 1 H, Jg s = 1.1, H-6). 1*C NMR (100.6 MHz,
CDCly): 12.02 (CH3-5); 23.91, 23.93 and 24.04 (d, Jcp = 4, (CH3),CH); 50.84 (CH,-1'); 54.49
(OCH;-4); 59.28 (OCH;-3'); 65.05 (d, Jcp = 168, CH,-4'); 70.90 and 71.01 (d, Jcp = 7,
CH(CHy),); 72.04 (CH-3'); 78.72 (d, Jcp = 11, CH-2'); 103.85 (C-5); 145.92 (CH-6); 156.77
(C-2); 170.88 (C-4).
1-{(S)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropyl}-4-methoxy-5-methylpyrimidin-
2(1H)-one (42b). Yield 366 mg (30%) of a slightly yellow oil. Rz 0.25 in ethyl acetate-chloro-
form-methanol 26:25:1. [a], -79.4 (c 0.487 g/100 ml, CHCI;). HR MS (FAB): for C,,H;,N,0O,P
calculated 407.1947, found 407.1934. FAB MS, m/z: 407 [MH]* (100). *H, ¥*C NMR and IR
data were identical with those of compound 42a.
2-{(R)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropoxy}-5-ethyl-4-methoxypyrimidine
(43a). Yield 252 mg (20%) of a slightly yellow oil. R 0.50, ethyl acetate-chloroform-methanol
26:25:1). IR (CCl,), V. 2980, 1603, 1571, 1424, 1399, 1386, 1375, 1352, 1258, 1107, 1011,

max-

991. [a]p, +12.8 (c 0.392 g/100 ml, CHCI;). HR MS (FAB): for C,gH;,N,O.P calculated
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421.2104, found 421.2124. FAB MS, m/z: 421 [MH]" (100). *H NMR (400 MHz, CDCl,): 1.16
(t, 3H,J,, =75 CH;CH,); 1.31, 1.32 and 1.33 (3 x d, 12 H, J ;. = 6.2, (CH3),CH); 2.48 (qd,
2 H, Jic = 7.5, Jgppg = 0.7, CH,CHy); 3.38 (s, 3 H, OCH,-3); 3.60 (dd, 1 H, Jjer, = 10.4, Iz 5 =
5.5, H-3'b); 3.64 (dd, 1 H, Jjor, = 10.4, I3, = 4.5, H-3'a); 3.98 (s, 3 H, OCH-4); 3.99 (dd,
1 H, Jyom = 18.7, )y p = 8.8, H-4'b); 4.01 (M, 1 H, H-2); 4.03 (dd, 1 H, Jjor, = 13.7, I, = 8.8,
H-4'a); 4.41 (dd, 1 H, Jjo, = 11.4, Iy, = 5.2, H-1'b); 4.44 (dd, 1 H, J,o, = 11.4, 1., = 5.8,
H-1'a); 4.75 (m, 2 H, CH(CHy),); 7.97 (t, 1 H, Jg ¢y, = 0.7, H-6). °C NMR (100.6 MHz,
CDCly): 13.43 (CH3CHy); 19.79 (CH,CHg); 23.90 and 24.08 (d, Jcp = 4, (CHj3),CH); 53.80
(OCH3-4); 59.23 (OCH3-3'); 65.20 (d, Jo p = 167, CH,-4'); 66.50 (CH,-1'); 71.03 and 71.08 (d,
Jcp = 6, CH(CHy),); 72.48 (CH-3'); 78.83 (d, Jcp = 12, CH-2'); 117.07 (C-5); 156.03 (CH-6);
163.21 (C-2); 169.32 (C-4).

2-{(S)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropoxy}-5-ethyl-4-methoxypyrimidine
(43b). Yield 530 mg (42%) of a slightly yellow oil. Rz 0.50 in ethyl acetate-chloroform-
methanol 26:25:1. [a], -10.2 (¢ 0.720 g/100 ml, CHCI;). HR MS (FAB): for C;gH;,N,0O,P
calculated 421.2104, found 421.2124. FAB MS, m/z: 421 [MH]* (100). *H, 3C NMR and IR
data were identical with those of compound 43a.

2-{(R)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropoxy}-4-methoxy-5-methylpyrimidine
(44a). Yield 207 mg (17%) of a slightly yellow oil. Rc 0.50 in ethyl acetate-chloroform-
methanol 26:25:1. IR (CCl,), V. 2981, 1608, 1575, 1424, 1397, 1386, 1374, 1258, 1107,
1010, 992. [a]y +20.0 (¢ 0.231 g/100 ml, CHCI;). HR MS (FAB): for C,,H3,N,OP calculated
407.1947, found 407.1936. FAB MS, m/z: 407 [MH]" (100). *H NMR (400 MHz, CDCl,): 1.31,
1.32, 1.33 and 1.34 (4 x d, 4 x 3 H, J;. = 6.2, (CH,),CH); 2.05 (d, 2 H, Joyy36 = 1.0, CH4-5);
3.37 (s, 3 H, OCH4-3"); 3.60 (dd, 1 H, Jyer, = 10.4, 3y, = 5.5, H-3'b); 3.63 (dd, 1 H, Iy, =
10.4, Iy, » = 4.6, H-3'a); 3.98 (s, 3 H, OCHj-4); 3.99 (dd, 1 H, Jper, = 13.7, J, = 8.8, H-4');
4.01 (m, 1 H, H-2'); 4.03 (dd, 1 H, Jger, = 13.7, )y = 8.8, H-4'a); 4.41 (dd, 1 H, Iy, = 11.4,
Jypy = 5.2, H-1'b); 4.44 (dd, 1 H, Jyo, = 11.4, )y, = 5.8, H-1'a); 4.75 (m, 2 H, CH(CHy),);
7.96 (0, 1 H, Jgcpys = 1.1, H-6). '*C NMR (100.6 MHz, CDCl,): 11.84 (CH,-5); 23.93 and
24.10 (d, Jo p = 4, (CH,),CH); 53.87 (OCH-4); 59.24 (OCH,-3'); 65.25 (d, Jo p = 167, CH,-4');
66.56 (CH,-1'); 71.01 and 71.06 (d, Jcp = 7, CH(CH,),); 72.50 (CH-3'); 78.84 (d, Jcp = 12,
CH-2'); 111.23 (C-5); 156.99 (CH-6); 163.24 (C-2); 169.41 (C-4).

2-{(S)-2-[(Diisopropoxyphosphoryl)methoxy]-3-methoxypropoxy}-4-methoxy-5-methylpyrimidine
(44b). Yield 524 mg (43%) of a slightly yellow oil. Rz 0.50 (TLC, ethyl acetate-chloroform-
methanol 26:25:1). [a], -16.4 (¢ 0.268 g/100 ml, CHCI;). HR MS (FAB): for C;,H;,N,0O,P
calculated 407.1947, found 407.1957. FAB MS, m/z: 407 [MH]* (100). *H, 3C NMR and IR
data were identical with those of compound 44a.

Synthesis of 1-[2-(Phosphonomethoxy)-3-methoxypropyl] Derivatives of
5-Ethyluracil and Thymine 45 and 46. General Procedure

A mixture of compounds 41 or 42 (1 mmol) in acetonitrile (10 ml) and bromotrimethyl-
silane (10 mmol) afforded corresponding derivatives 45, 46 which were obtained as
dilithium salts by the same procedure as described for 5a or 5b.
5-Ethyl-1-[(R)-2-(Phosphonomethoxy)-3-methoxypropyl]uracil (45a). Yield 243 mg (69%) of a
white solid, m.p. > 300 °C. [a], +22.1 (c 0.261 g/100 ml, H,0). IR (KBr), v,.,: 3188, 3035,
2894, 2831, 1689, 1460, 1107, 1090, 991. HPLC, 99% (S3). HR MS (FAB): for
C,1H;gLi,N,0O,P calculated 335.1171, found 335.1167. For C,;H,,Li,N,O,P-1H,0 (352.1)

calculated: 37.57% C, 5.43% H, 7.96% N, 8.80% P; found: 37.57% C, 5.54% H, 7.79% N,
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8.44% P. FAB MS, m/z: 335 [MH]" (100). 'H NMR (400 MHz, D,0, ref(dioxane) 3.75 ppm):

1.09 (t, 3 H, l,; = 7.5, CH4CH,); 2.31 (qd, 2 H, J,;o = 7.5, Jopyp6 = 1.0, CH,CHj); 3.36
(OCHy); 3.47 (dd, 1 H, Jygy, = 11.0, Jgp, 5 = 4.3, H-3'b); 3.58 (dd, 1 H, Jo, = 12.4, J;p = 9.5,
H-4'b); 3.62 (dd, 1 H, Jy, = 12.4, Jy;p = 9.4, H-4'a); 3.67 (dd, 1 H, Jygy, = 11.0, Iy, = 3.8,
H-3'a); 3.83 (tt, 1 H, J, 1 = 5.8, J, 5 = 4.3, 3.8, H-2); 3.92 (dd, 1 H, Jyo, = 14.3, J;p» = 5.8,

H-1'b); 4.01 (dd, 1 H, Jgo, = 14.3, )., = 5.8, H-1'a); 7.50 (t, 1 H, Jg cpyp = 1.0, H-6).
3C NMR (125.8 MHz, D, o ref(dioxane) 69.3 ppm): 15.03 (CH,CH,); 22.08 (CH,CH,); 51.15
(CH,-1); 61.21 (OCHy); 70.07 (d, Jop = 154, CH,-4); 73.48 (CH-3'); 80.23 (d, Jcp = 12,
CH-2'); 118.96 (C-5); 146.17 (CH-6); 155.10 (C-2); 169.43 (C-4). 3P NMR (162 MHz, D,0):
14.36 (t, Jp e = 9.5, 9.4).

5-Ethyl-1-[(S)-2-(phosphonomethoxy)-3-methoxypropyl]uracil (45b). Yield 239 mg (68%) of a
white solid, m.p. > 300 °C. [a]y -20.1 (¢ 0.250 g/100 ml, H,0). HPLC, 99% (S3). HR MS
(FAB): for C,;H;gLi,N,0O,P calculated 335.1171, found 335.1166. For C,,H,,Li,N,O,P-1H,0
(352.1) calculated: 37.57% C, 5.43% H, 7.96% N, 8.80% P; found: 37.56% C, 5.36% H,
7.72% N, 8.54% P. FAB MS, m/z: 335 [MH]* (51). *H, *C NMR and IR data were identical
with compound 45a.

1-[(R)-2-(Phosphonomethoxy)-3-methoxypropyl]thymine (46a). Yield 252 mg (71%) of a white
solid, m.p. > 300 °C. IR (KBr), v, 3260, 2902, 2837, 1690, 1474, 1439, 1105, 1081, 1073,
992. [a]p +27.9 (c 0.330 g/100 ml, H,0). HPLC, 99% (S3). HR MS (FAB): for C,oH;4Li,N,O,P
calculated 321.1015, found 321.1022. For C,;,H;sLi,N,0,P-2H,0 (356.1) calculated:
33.73% C, 5.38% H, 7.86% N, 8.69% P; found: 34.07% C, 5.54% H, 7.88% N, 8.35% P. FAB
MS, m/z: 321 [MH]* (37). 'H NMR (400 MHz, D,0, ref(dioxane) 3.75 ppm): 1.88 (d, 3 H,
Jenas = 1.2, CHy-6); 3.36 (OCHj); 3.48 (dd, 1 H, Iy, = 11.0, Jgy, . = 4.5, H-3'b); 3.57 (dd, 1 H,
Jgem = 12.5, Jyp = 9.6, H-4'b); 3.64 (dd, 1 H, Jy,,, = 12,5, J,,, = 9.4, H-4'a); 3.67 (dd, 1 H,
Jgem = 11.0, )3, 5 = 3.9, H-3'a); 3.81 (bp, 1 H, J, ;. = 5.9, 5.1, ), 5 = 4.5, 3.9, H-2'); 3.93 (dd,
1H, Jg = 14.4, Jlbz = 5.1, H-1'b); 3.97 (dd, 1 H, Jye, = 14.4, J;,, = 5.9, H-1'a); 7.55 (q, 1 H,
Js chz = 1.2, H-6). 3¢ NMR (125.8 MHz, D,0, ref(dioxane) 69.3 ppm): 14.02 (CH;-5); 51.14
(CH,-1); 61.23 (OCHy,); 69.87 (d, Jcp = 154 CH,-4); 73.56 (CH-3'); 80.46 (d, Jcp = 12,
CH-2'); 113.14 (C-5); 146.78 (CH-6); 155.20 (C-2); 169.86 (C-4). 3P NMR (162 MHz, D,0):
14.67 (t, Jpyp = 9.6, 9.4).

1-[(S)-2-(Phosphonomethoxy)-3-methoxypropyl]thymine (46b). Yield 228 mg (64%) of a white
solid, m.p. > 300 °C. [a] -23.4 (¢ 0.280 g/100 ml, H,0). For C;,H;5Li,N,O,P-2H,0 (356.1)
calculated: 33.73% C, 5.38% H, 7.86% N, 8.69% P; found: 34.88% C, 4.94% H, 7.52% N,
8.33% P. FAB MS, m/z: 321 [MH]"* (27). H, 3C NMR, HR MS and IR data were identical with
compound 46a.
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