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A method was developed to prepare 5'-deoxy-5'-substituted-y-uridine derivatives 4 from 3',5-041,1,3,3-
tetraisopropyldisiloxanyl}1,3-dimethyl-y-uridine 1 via a silyl rearrangement reaction. Nucleophilic displace-
ment of the mesyloxy function of 2'-O-mesyl-1,3-dimethyl-y-uridine 7 afforded products with the 2'-substitu-
ent in the ““down”’ ribo configuration 8. X-Ray crystallographic analysis of the 2'-chloro derivative 8a firmly
established the molecular structure of 8 and provided evidence for neighboring group participation of the
4-carbonyl function of 7 during the nucleophilic reactions.

Treatment of 1,3-dimethyl-y-uridine 11 with a-acetoxyisobutyryl chloride afforded a mixture from which
two 2'-chloro-2'-deoxy-C-nucleosides were obtained. The major product (33% yield) was identical with 8. The
minor product (7% yield) was consequently assigned the arabino nucleoside 14. This is the first direct intro-
duction of a 2'-substituent in the “‘up’’ configuration in a preformed pyrimidine nucleoside.

J. Heterocyclic Chem., 22, 1703 (1985).

The recent discovery in our laboratory that certain pyri- size some of their C-nucleoside analogs. The synthesis of
midine nucleosides containing the 2'-deoxy-2'-fluoro-8-D- 2'-"“up’’ substituted N-nucleosides is usually performed by
arabino-furanosyl moiety exhibit extremely potent and se- condensation of an appropriate sugar with a base. This ap-
lective antiherpetic activity [2-4] prompted us to synthe- proach is not applicable in the C-nucleoside area but,
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rather, requires the chemical construction of the aglycone.
Therefore, a method of direct introduction of a substi-
tuent in the C2'-""up” position is of great interest. Al-
though several purine nucleosides have been modified at
the C2' position by nucleophilic displacement of the C2'-
“down’’ leaving group, this goal in pyrimidine nucleo-
sides has not yet been achieved. In order to prepare such
C-nucleosides, we planned to synthesize 1,3-dimethyl-
3',5-01,1,3,3-tetraisopropyldisiloxanyl)-2"- O-trifluorome-
thylsulfonyl-y-uridine 6 (Chart 1) and displace the 2'-tri-
fluoromethylsulfonyloxy function with a fluoride nucleo-
phile. Application of the novel heterocyclic ring transfor-
mation reactions developed in our laboratory [5-7] to the
fluorinated product would then provide various C-nucleo-
sides containing the 2'-deoxy-2'-fluoro-arabino-furanosyl
moiety.

Though introduction of a substituent to the C2"-*up”’
position of a preformed pyrimidine-N-nucleoside by nu-
cleophilic reactions has not been achieved due to close
proximity of the 2-carbonyl group to the C2' position [8],
the distance between the base and sugar in 6 is further
apart than in uridine due to the longer bond length of the
C-C glycosyl linkage in 6 [9). In addition, the C-C glycosyl
linkage in C-nucleosides should render a leaving group on
C2' more susceptible to nucleophilic displacement than
would the more electronegative C-N linkage in N-nucleo-
sides or the C-O glycosyl linkage in a methyl 2-O-trifluoro-
methylsulfonyl-D-ribofuranoside [10). We hoped, there-
fore, that direct introduction of a fluorine atom into the
C2'-"up” position of the y-uridine might be possible by
this approach.
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Treatment of 1,3-dimethyl-3',5"-041,1,3,3-tetraisopro-
pyldisiloxanyl)-y-uridine 1 [11] with trifluoromethylsulfo-
nic (triflic) anhydride in the presence of base afforded an
almost quantitative yield of a crystalline product which,
however, was not the desired 2'-triflate 6 but the isomeric
5'-triflate 2 [12]. Nucleophilic displacement of the 5'-tri-
flate group occurred smoothly when 2 was treated with li-

Table I
Bond Lengths (A) in Molecules A and B [a]

Molecule
A B
NI1—Cl 1.46 1.47
N1--C2 1.37 1.36
Cc2—02 1.23 1.23
C2—N3 1.35 1.34
N3—C3 1.47 1.49
C4—04 1.23 1.22
C4—C5 1.44 1.42
C5—C6 1.34 1.32
C6—N1 1.38 1.42
C5—Cl1’ 1.51 1.55
Cl'—04' 1.44 1.41
C1'—C2’ 1.56 1.56
C2'—C12’ 1.81 1.81
C2'—C3' 1.51 1.51
C3'—03’ 1.43 1.45
C3'—C4' 1.53 1.51
C4'—04’ 1.45 1.47
C4'—C5’ 1.49 1.48
C5'—05’ 1.47 1.43

[a] Standard deviations are 0.01 A.
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aceta.te in hexamethylphosphoric triamide and the corres- Bond Angles (Deg) in Molecules A and B [a]
ponding 5'-substituted C-nucleosides (3a-e) were obtained
in high yields. Treatment of 3e with tetra-n-butylammon- Molecule
ium fluoride followed by saponification afforded 1,3-dime- A B
thyl-y-uridine [5], indicating that 3e was not the arabino- C1—N1-C2 118.7(8) 119.3@)
C-nucleoside. However, 3e was not identical with 2'-0- Cl1—-N1—C6 120.1(8) 119.5(8)
acetyl-3',5'-0<1,1,3,3-tetraisopropyldisiloxanyl)-1,3-dime- gz"l:l—gg 121.1(7) 121.2(8)
thyl-y-uridine 10 prepared by acetylation of 1 (Chart 2). Ni:C§:02 i;ggg; ;;gzg;
The only explanation of the above results was to assume 02—_C2—-N3 121.709) 121.809)
that the acetyl group was at the C5' position in 3e. Reduc- C2—N3—C3 117.5(7) 116.9(8)
tion of 3a with tri-n-butyltin hydride in the presence of gg—gg“gi i?‘;gﬁ% ﬁg;g;
2.,2 -a?zobls(2-methylpr(?plomtrlle) afforded the 5 -'deoxy de- N3—CA—04 120.78) 118.90)
rivative (3, X = H) which was further converted into 5'-de- N3—C4—C5 116.1(7) 114.007)
oxy-1,3-dimethyl-y-uridine [12] (4, X = H). Compounds 04—C4—C5 123.2(8) 127.009)
3b-d were also converted into the corresponding depro- 22_22_1(\:161 };Zg((g; ;fg?g
tected C-nucleosides 4b-d by treatment with tetra-n-butyl- ' '
ammonium fluoride. These experiments confirmed the C4—C5—C1’ 118.0(7) 116.8(7)
structures of 2 and 3, and established the fact that rear- C6—C5—CY’ 122.8(8) 120.3(8)
rangement of the 3',5'-cyclic disiloxanyl structure into the g::gi:gg 1(1)22((2 ;gzég;
2',3"-cyclic isomer had occurred during triflation of 1. C2'—C1'—C5 “1:5(7) 111:2(7)
Such a rearrangement with similarly silylated N-nucleo- C1'—C2'—C3’ 101.7(7) 101.47)
sides has been reported [13] to occur only in N,N-dimethyl- Cr'—C2'—Cl1 106.5(6) 107.0(6)
formamide under acid catalysis in low yields (up to 50%) 3 —C2—C12’ 1L5(7) 11L.5(6)
Y ow yrelds tup. o) C2'—C3'—C4’ 102.6(7) 103.7(7)
The rearrangement we report herein is unique in that it C2'—C3'—03' 115.2(8) 112.0(8)
occurred quantitatively and in methylene chloride. C4'—C3'—03' 107.3(7) 111.6(7)
C3'—C4'—04' 104.2(7) 104.1(7)
In order to gain insight into the mechanism of this iso- gi—(é‘i—gg 11(2)32?1; Hgig;
m'erlzatlofl, we treated compound l leth triflic a{xhydr‘lde CA'—C5'— 05" 108.0(7) 107.98)
with varying amounts of base (pyridine or 1,8-diazabicy-
clo[5,4,0]undec-7-ene) in methylene chloride, and found [a] Standard deviations are in parenthesis.
that even a small molar excess of the triflating agent over
the base brought about quantitative isomerization and 2 Table III
was obtained as the sole product. On the other hand, even Selected Dihedral Angles (Deg)
a slight molar excess of the base over the triflating agent
prevented triflation and 1 was recovered unchanged. A Molecule B
Treatment of 1 with the equivalent of pyridinium triflate
in methylene chloride did not cause 5' — 2' migration of C4—C5—Cl'—C2' 80 71
the silyl group. However, a slight excess of triflic acid did C4—C5—C1'—04' -165 -172
catalyze the migration (isomerization) of the silyl group of Sg—gg—gi_gi - 1(1)114 - 11063
1. The major product observed on Fhe thin layer'chromato- C3'_:-C4'-—C5-’—~—05‘ 174 53
graphy plate was the 2',3'-O-disiloxanyl-1,3-dimethyl-y- 04'—C4'—CS5'—05' 70 ~65
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Figure 1. ORTEP stereoview of 2'-chloro-2'-de-
oxy-1,3-dimethyl-p-uridine.

uridine, along with a host of unidentified degradation pro-
ducts.

Mesylation of 1 in the presence of excess pyridine did
not cause silyl rearrangement and the 2'-mesylate (5,
Chart 1) was obtained in high yield. After desilylation of 5
with tetra-n-butylammonium fluoride, the crystalline pro-
duct 7 (Chart 2) was treated with lithium chloride, lithium
bromide or sodium azide in N, N-dimethylformamide. The
corresponding 2'-substituted-1,3-dimethyl-y-uridines (8)
were obtained in high yields in crystalline form. The 2'-
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chlore derivative (8a) was also obtained by treatment of 1
with triflic chloride in pyridine followed by desilylation of
the product 9. Reduction of 8a with tri-n-butyltin hydride
afforded the known 2'-deoxy-1,3-dimethyl-y-uridine [11,
14). The position of the chloro substituent at C2' is there-
fore firmly established. In order to establish the configura-
tion of the chloro substituent at C2’, we attempted to pre-
pare 2'-chloro-2'-deoxy-1,3-dimethyl-y-uridine by an alter-
native route, as follows.

1,3-Dimethyl-y-uridine (11) was treated with a-acetoxy-
isobutyryl chloride in the hope that the reaction would re-
sult in the formation of 2'-chloro-2"-deoxy-1,3-dimethyl-y-
uridine and its 3'-chloro-xylo isomer. After all the starting
material was consumed, the products were briefly treated
with ethanolic hydrogen chloride in chloroform to remove
the unstable 2,5,5-trimethyldioxolan-2-yl group from the
5'-position. The resultant mixture was subjected to silica
gel column chromatography, which gave two nucleoside
fractions. A 3'-O-acetyl-2'-chloro-nucleoside was obtained
as a foam from the less polar fraction in 33% yield overall
from 11. After deacylation, this compound gave a crystal-
line nucleoside identical to 8a. The more polar fraction
contained two nucleosides (pmr), one of which was directly
crystallized from the mixture in 9% yield. This crystalline
product afforded 3'-deoxy-1,3-dimethyl-y-uridine [14]
after deacetylation and tri-n-butyltin hydride reduction,
and is therefore assigned the 3'-chloro-xylo structure 13a.
From the mother liquor of crystalline 13a, the third pro-
duct was isolated in 7% yield overall from 11 as a foam
after deacetylation followed by chromatographic separa-
tion. This nucleoside was not identical with 8a but was

Table IV

Some Physical Constants of 5-Substituted (2-4) and 2"-Substituted (7-14) 1,3-Dimethylpseudouridines

Analyses %

Mp (°C) Calcd./Found
Compound (Yield %) Formula C H N X
2 117-120 C,H,,F,N,0,SSi, 4456 6.39 4.33
(100) 4449 634 4.24
3a 115-116 C,,H,,CIN,0,Si, 52.87 17.58 514 6.50
(88) 52.72 777 513 6.59
3b 114-115 C,;H,,BrN,0,Si, 4888 7.01 4.75 13.55
(68) 4871 725 4.70 13.59
3c 105 C,,H,,IN,0,Si, 45.27 649 4.50 19.93
(73) 4502 6.56 4.50 19.95
3d 74-75 C,,H,,N;0,Si, 5224 749 12.69
(98) 5197 1751 1276
3e 73 C,,H,,N,0,Si, 5393 796 5.03
(74) 54.04 8.06 491
3 132135 C,,H,,N,0,Si, 53.66 822 544
(X = OH) (98) 53.50 8.04 549
3 foam C,,H,.N,0,Si, 53.38 849 5.62
X = H) (70) 55.46 8.51 5.50

'H NMR Parameters [a)

Chemical Shifts (8) J1'.2' [b]
H-1' H-2" H-3 H4' H-55" H-6 NMe Other (Hz)
401 — — — 462m 7.75s 3.18s 1.02m
3.34 s (i-Pr, 28H)
468 d 452 m425m 382- 401 m 7.70s 3.16s 1.02m 2.7
3.32s (i-Pr, 28H)
467d455m422m395m3.75m 7.72s 3.16s 1.02m 3.0
3.32s (i-Pr, 28H)
467 d 453 m4.13 m3.70 m348 m 7.76s 3.16s 1.02m 3.0
3.32s (i-Pr, 28H)
4.66 d 451 m4.26 m3.86 m3.58 m 7.76s 3.16 s 1.02m 1.8
3.32s (i-Pr, 28H)
4.66 d 45! m4.26 m3.86 m3.58 m 7.76 s 3.16s 1.02m 2.1
3.33 s (i-Pr, 28H)
463d435m4.25m 3.39- 375 m 7.83s 3.16s 1.02m 2.0
3.30 s (i-Pr, 28H)
457d 443 m 380- — 399m760s 3.15s 1.02m 2.0
3.33 s (i-Pr, 28H)
1.27d

(4'-Me, 3H)
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Table IV continued
Some Physical Constants of 5'-Substituted (2-4) and 2'-Substituted (7-14) 1,3-Dimethylpseudouridines
Analyses % 'H NMR Param/eters [a]
Mp (°C) Calcd./Found Chemical Shifts (6) J1',2" [b]
Compound (Yield %) Formula C H N X H1' H-2° H-3 H4' H-55" H6 NMe Other (Hz)
4a 168 C,,H,;CIN,O; 4545 520 9.63 1219 456d 3.80- —~ — 404m767s 3.17s 4.0
(62) 45.70 5.16 944 12.24 3.32s
4b 134-136  C,,H,;BrN,0O, 39.42 451 836 2384 455d 3.68 — — 4.05m 7.69s 3.165s 4.0
(65) 39.56 4.67 8.29 2393 3.32s
4c 159-160 C, H,IN,O, 34.57 395 7.33 3320 454d4.06 m 368- 381 m3.46m 7.70s 3.17s 4.0
) 34.64 4.04 718 33.09 3.32s
4d 118120 C,,H,;N,O, 44.44 5.08 23.56 4.54d 400 m3.85m385m3.50m 7.66s 3.16 s 4.0
67) 44.38 5.11 23.58 3.32s
4e 143 C,,H,N,0, 49.68 5.77 899 454 d 3.83- 420 m 7.61s 3.16s 2.05 s 3.0
(65) 49.68 5.73 8.86 3.32s (5-Ac, 3H)
4 173 C,.H;(N.O; 51.55 6.29 10.93 4.45 d 3.93 m 3.45- 378 m 7.57s 3.16 s 1.22d 4.0
X =H (88) 5143 6.22 1081 332s (4"-Me)
7 150 C,H,N.0,S 41.14 5.18 799 4.84- 494 m4.15dd 3.43- 3.75m 792s 3.19s 3.31s
(72) 4096 5.19 7.85 331s (Ms, 3H)
8a 165 C,;H,;CIN, O, 4545 520 9.63 12.19 480d 4441t 4159380 m3.60m 7.93s 3.18 s 5.2 [d]
91) 45.20 5.24 9.50 1240 [e} 3.32s
8b 175 C,,H,;BrN,0, 39.42 451 836 2384 495d 453t 403q3.78m3.56m 793s 3.15s 6.1 [e]
(72) 3941 4.64 840 24.00 3.32s
8c 171172 C, ,H(N,O; 44.44 5.08 23.56 464d 3801t 480 q 3.48- 385 m 7.83s 3.18s 4.9 [f}
(90) 44.28 5.14 23.48 [e] 3325
9 104-105  C,H,,CIN,0,Si, 5287 7.58 5.14 6.50 4.89s 4.37- 451 m 3.84- 401 m 7.56s 3.17s 1.02 m 0
(66) 5265 7.66 520 6.56 3.29s (i-Pr, 28H)
10 128 C,;H,,N,0,Si, 5393 796 503 4.64 5 5.32 d 4.42dd 3.67- 396 m 7.60s 3.155s 1.02 m 0
(i-Pr, 28H)
(90) 53.80 7.89 493 3.29 s 2.06 s
(2"-Ac, 3H)
12a foam C,,H,,N,0,Cl 4692 5.15 842 1065 4.63- 485m 523t 403 m3.60m 7.96s 3.18 s 2115
(32) 4697 5.07 843 10.54 3.33s (3Ac, 3H)
12b See 8a
13a 181 C,,H,,N,0,Cl 4692 5.15 8.42 10.65 4.71dd 5.18dd 4.53dd 4.19 m 3.72t 7.62d 3.16 s 2.08 s 3.1 (g]
a1 46.80 5.25 831 10.60 3.31s (2"Ac, 3H)
13b foam C,,H,;N,0,Cl 4545 520 9.63 12.19 455d 421- — 426m3.70d 7.56s 3.18s 3.0
4523 520 9.50 1235 3.34s
14b foam C,,H,;N,0,Cl 4545 520 9.63 12.19 5.02d 445d 4.19d 3.53- 383 m 760s 3.18 s 3.6 {h]
(7) 4520 524 9.50 1240 3345

[a] Solvent is DMSO-d,, s = singlet, d = doublet, dd = doublet doublet, t = triplet, @ = quartet. [b] J values are first order. [c] Collapses to an ap-
parent triplet upon addition of deuterium oxide. {d] Jp 3 = 5.2, J34 = 49. [¢] Jo 3 = 4.9,J34 = 49. [f] Jo3 = 5.0,J34 =55. [g] J23 = 1.2,

Jpg =37, Jp5 =Jos = Js50 = 55, J16 = 1.0. [h] J3 4 = 25.

converted into the same 2'-deoxy-1,3-dimethyl-y/-uridine
derived from 8a upon reduction. Thus, the reaction of 11
with o-acetoxyisobutyryl chloride produced both the
2'.chloro-arabino 14 and the 2'-chloro-ribo 12 nucleosides,
of which the major product was identical to 8a, but unam-
biguous assignment of the configuration of these products
was not chemically possible. Therefore, 8a was subjected
to X-ray analysis (see Experimental).

It was found that the 2'-Cl in 8a is in the “‘down’’ ribo
configuration. Apparently, the neighboring group partici-
pation of the 4-carbonyl group was involved during the nu-
cleophilic displacement of the 2'-mesyl function even in
the C-nucleoside 7 with extended bond length of the glyco-
syl linkage, and the reaction proceeded via the 4,2"-an-
hydro intermediate (7', Chart 2). The X-ray analysis also

revealed (as with the case of the crystalline structure of the
potent antiviral nucleoside 142-deoxy-2-fluoro-3-D-arabi-
no-furanosyl)-5-iodocytosine or FIAC [15]) that there are
two equally populated molecular structures A and B
(Figure 1) due to the two independent conformations of
the 5'-OH group. The bond lengths and bond angles of the
independent molecules A and B are given in Table I and
II. Some selected dihedral angles are listed in Table III
The conformation of the sugar ring is the C3'-endo-C2'-
ex0-°T,), and of the base to sugar is anti. It is also interest-
ing to note that the ribosyl ring conformation of the C-nu-
cleosides 8 in solution appears to be controlled in large
measure by the nature of the 2'-substituent as evidenced
by pmr spectroscopy. The J;- o value of 8 is smallest for
the 2'-N, substituent (8c, Table IV) and largest for the
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2'-Br (8b), indicating the dihedral angle defined by
Cl’-H1' and C2'-H2' is largest in 8¢ and smallest in 8b.

These data are consistent with the earlier reports that
the more electronegative [16,17] the C-2' substituent, the
more the C-2' is pulled toward the side of the substituent.
It should be noted, however, that the 2'-fluoro-arabino-nu-
cleosides exist as an approximately 50:50 mixture of the
C3'-endo and C2'-endo conformers in solution [17].

The X-ray data also established the arabino structure of
the minor product 14. This is the first example of direct in-
troduction of a substituent in the C2'-"up’ position.
Though the yield of 14 is very low, this result indicates
that nucleophilic displacement of 2"-“*down’’ function is
possible in pyrimidine C-nucleosides. It is also clear that
decreasing the nucleophilicity of the 4-carbonyl group
might increase the amount of arabino derivatives. Further
studies are underway in our laboratory.

EXPERIMENTAL

General Methods.

Melting points were determined on a Thomas-Hoover capillary appa-
ratus and are uncorrected. The pmr spectra (Table IV) were recorded on
a JEOL-PFT-100 spectrometer, tetramethylsilane was the internal stan-
dard for organic solvents and sodium 2,2-dimethyl-2-silapentane-5-sulfon-
ate for deuterium oxide, chemical shifts are reported in parts per million
(0). Values given for coupling constants are first order. Thin layer chro-
matography was performed on Uniplates (Analtech Co., Newark, DE) and
column chromatography on Woelm silica gel (70-230 mesh). Microanaly-
ses were performed by Galbraith Laboratories, Inc., or by M.H.W. Labo-
ratories.

Trifluoromethylsulfonylation (Triflation) of 1,3-Dimethyl-3',5'-0-
(1,1,3,3-tetraisopropyldisiloxanyl}y-uridine (1).

Compound 1 [11] (5.14 g, 10 mmoles) was dissolved in dry methylene
chloride (100 ml) containing pyridine (0.79 g, 10 mmoles). The mixture
was cooled to —60°, and a solution of triflic anhydride (3.38 g, 12
mmoles) in methylene chloride (20 ml) was added dropwise. The reaction
mixture was allowed to warm to room temperature and then was washed
with water, dried over sodium sulfate, and evaporated to dryness. The re-
sidue was coevaporated with petroleum ether to give 2 as a white solid
(6.2 g, 96%). Some physical constants for 2 are given in Table IV.

5'-Deoxy-5'-substituted-2',3"-041,1,3,3-tetraisopropyldisiloxanyl)-1,3-di-
methyl-y-uridine (3).

A mixture of 2 (646 mg, 1 mmole) and lithium chloride, lithium brom-
ide, potassium iodide, sodium azide or sodium acetate (2 to 5 mmoles) in
hexamethylphosphoramide (5 ml) was stirred for 30 minutes at room tem-
perature and was then partitioned between ethyl acetate (100 ml) and
water (50 ml). The organic layer was separated, washed with water, dried
(sodium sulfate) and concentrated in vacuo. The residue was purified by
column chromatography using methylene chloride-acetone (50:1 v/v) as
the eluent to give 3a-e crystals. Some physical constants of these pro-
ducts are listed in Table IV.

2',3"-041,1,3,3-Tetraisopropyldisiloxanyl)-1,3-dimethyl-y/-uridine 3, X =
OH).

Compound 3e (278 mg, 0.5 mmole) was dissolved in methanolic am-
monia (5 ml, saturated at 0°). After 4 hours at room temperature, the
mixture was concentated in vacuo to a small volume and the precipitated
crystals were filtered and washed with methanol to give 250 mg (98 %) of
3 (X = OH). (Table IV lists some physical properties of this compound.)

Vol. 22

5"-Deoxy-2',3"-0{1,1,3,3-tetraisopropyldisiloxanyl)-1,3-dimethyl-/-uridine
3, X = H).

A mixture of tri-n-butyltin hydride (1.1 g, 6.4 mmoles) and 2,2"-azobis-
(2-methylpropionitrile) (150 mg) in dry toluene (10 ml) was added drop-
wise to a refluxing solution of 3a (850 mg, 1.6 mmoles) in toluene (10 ml).
The reaction was monitored by tle (chloroform-ethyl acetate 7:1 viv).
When the starting material disappeared, the mixture was concentrated in
vacuo and the residue subjected to chromatographic purification on a
silica gel column using chloroform-ethanol (15:1 v/v) as the eluent. From
the uv-absorbing fraction, 800 mg (100%) of 3 (X = H) was obtained as a
foam. (For pmr data, see Table IV.)

5"-Deoxy-5'-substituted-1,3-dimethyl-y-uridine (4).

A mixture of 3 (0.5 mmole) and tetra-n-butylammonium fluoride (1
mmole) in tetrahydrofuran (6 ml) was stirred for 5 minutes at room tem-
perature and then concentrated in vacuo. The residue was chromatoga-
phed on a silica gel column using chloroform-acetone (1:1 v/v) as the
eluent to give 4a-e and 4 (X = OH), as crystalline products. Compound 4
(X = OH) was identical with an authentic sample of 1,3-dimethyl-y-uri-
dine [5]). Some physical constants of 4a-e are given in Table IV.

5"-Deoxy-1,3-dimethyl-y-uridine (4, X = H).

Compound 3 (X = H) (320 mg, 0.64 mmole) was dissolved in tetrahy-
drofuran (5 ml) and treated with 1 mole solution of tri-n-butylamine hy-
drofluoride [18] in tetrahydrofuran (1 ml). Crystalline 4 (X = H) precipi-
tated was collected by filtration and washed with tetrahydrofuran (145
mg, 88%). (See Table IV for some physical properties of this compound.)

2'-0-Mesyl-3',5"-0(1,1,3,3-tetraisopropyldisiloxanyl)-1,3-dimethyl-y-uri-
dine (5).

A mixture of 1,3-dimethyl-y-uridine [5] (5.4 g, 20 mmoles) and 1,3-di-
chloro-1,1,3,3-tetraisopropyldisiloxane [19] (7.0 g, 22 mmoles) in pyridine
(60 ml) was stirred at room temperature for 5 hours. Mesyl chloride (6 ml)
was then added and the mixture was stirred for 5 hours. The solvent was
removed in vacuo and the residue divided between methylene chloride
(100 ml) and water (100 ml). The organic layer was separated, washed se-
veral times with water, dried (sodium sulfate) and concentrated to a syrup
which was purified on a silica gel column (chloroform-acetone 1:1) to give
S: pmr (dimethylsulfoxide-d,): 6 1.02 (28H, m, i-Pr), 3.19 (3H, s, NMe),
3.30 (3H, s, NMe), 3.34 (3H, s, Ms), 3.86-4.17 (3H, m, H4', 5", 5", 4.35 (1H,
dd, H3', J3 3 = 4.6, J3 4 = 9.8 Hz), 4.86 (1H, s, H1"), 5.00 (1H, d, H2"),
7.53 (1H, s, H6). This compound was not further purified but used direct-
ly in the next step.

Compound 5 is slowly hydrolysed during a prolonged storage in open
atmosphere to give 2'-O-mesyl-3-041,1,3,3-tetraisopropyldisiloxan-3-ol)-
1,3-dimethyl-y-uridine (mp 150°) which was separated by column chro-
matography and characterized by pmr (dimethyl sulfoxide-d,): 4 0.86-0.99
(28H, m, i-Pr), 3.18 (3H, s, NMe), 3.31 (3H, s, NMe), 3.37 (3H, s, Ms),
3.60-3.88 (3H, m, H4', 5', 5"), 4.50 (1H, dd, H3", J3 3 = 3.7, J3.4 = 7.0
Hz), 4.89-4.94 (2H, m, H1’, H2'), 5.20 (1H, t, OH), 6.06 (1H, s, OH), 7.98
(1H, s, H6).

2'-0-Mesyl-1,3-dimethyl-y-uridine (7).

To a solution of 5 (10.9 g, 18.5 mmoles) in tetrahydrofuran (25 ml) was
added to 1 mole solution of triethylamine hydrofluoride in tetrahydro-
furan (55 ml) and the mixture stirred for 3 hours, then concentrated in
vacuo. The residue was chromatographed on a silica gel column using
chloroform-ethanol (9:1 v/v) as the eluent to give 7 as colorless crystals
(4.64 g, 72%). (Some physical constants of 7 are listed in Table IV.)

2"-Deoxy-2"-substituted-1,3-dimethyl-y-uridine (8).

Compound 7 (700 mg, 2 mmoles) was dissolved in N, N-dimethylforma-
mide (5 ml), and lithium chloride, lithium bromide or sodium azide (2 to
5 mmoles) was added. The mixture was stirred at 100-110° for 4 to 10
hours. After cooling to room temperature, the mixture was filtered and
the filtrate concentrated to dryness in vacuo. The residue was purified by
chromatography on a silica gel column using chloroform-ethanol (95:5
v/v) as the eluent to give 8a, 8b or 8¢ in crystalline form. Table IV lists
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some physical properties of 8.

2'-Chloro-2"-deoxy-3',5"-041,1,3,3-tetraisopropyldisiloxanyl)-1,3-dimethyl-
Y-uridine (9).

To a solution of 1 (2.5 g, 5 mmoles) in pyridine (30 ml) was added triflic
chloride (4.2 g, 25 mmoles) dropwise. The mixture was stirred for 2 days
at room temperature and then concentrated in vacuo. The residue was
dissolved in methylene chloride and the solution placed on a column of
silica gel. The column was washed with methylene chloride followed by
methylene chloride-ethyl acetate (95:5 v/v). Compound 9 was then eluted
with methylene chloride-ethyl acetate (9:1 v/v) in 66% yield as colorless
crystals after crystallization from n-hexane. Some physical parameters
are given in Table I'V.

Upon treatment of 9 with triethylamine hydrofluoride in tetrahydro-
furan [18], the corresponding desilylated product was obtained in 94%
yield which was identical with 8a prepared from 7.

2"-Deoxy and 3'-deoxy-1,3-dimethyl-y-uridine.

a) Compound 9 (533 mg, 1 mmole) was dissolved in toluene (15 ml) and
heated under reflux. To this solution, a mixture of 2,2"-azobis(2-methyl-
propionitrile) (100 mg) and tri-n-butyltin hydride (708 mg, 4 mmoles) in
toluene (10 ml) was added dropwise. The mixture was concentrated in
vacuo, and the residue chromatographed on a silica gel column (chloro-
form-ethyl acetate 9:1 v/v) to give the 2"-deoxy derivative (200 mg, 79%),
mp 136° (lit mp 137-138°). The pmr spectrum of this sample was identi-
cal with that previously reported [11].

b) Compound 12b (100 mg, 0.3 mmole) and 14b (100 mg, 0.3 mmole)
were treated as described above and products were purified on a silica
gel column(chloroform-methanol 12:1) to give 2'-deoxy-1,3-dimethyl-y-
uridine (55 mg, 62%). The pmr spectrum of this sample was identical
with that previously reported [14].

Compound 13b (100 mg, 0.3 mmole) was reduced in the same manner
as above to give 3-deoxy-1,3-dimethyl-y-uridine (60 mg, 68 %). Analytical
data of this compound were identical with that previously reported [14].

2'-0-Acetyl-3',5'-01,1,3,3-tetraisopropyldisiloxanyl}1,3-dimethyl-y/-uri-
dine (10).

A mixture of 1 (514 mg, | mmole) in acetic anhydride (500 mg, 4.9
mmoles) in pyridine (2.5 ml) was stirred overnight at room temperature
and then concentrated in vacuo. The residue was chromatographed on a
silica gel column (chloroform-ethyl acetate 9:1 v/v), and the product 10
crystallized from n-hexane. For some physical constants of 10, see Table
Iv.

Reaction of 1,3-Dimethyl-y-uridine with 2-Acetoxyisobutyryl Chloride.

1,3-Dimethyl-y-uridine [5] (11, 1.5 g, 5.5 mmoles) and 2-acetoxyisobu-
tyryl chloride (2.5 g) in dry acetonitrile (75 ml) was heated under reflux
until the solution became clear (1/2-1 hour). The mixture was evaporated
in vacuo, the residue was dissolved in chloroform (100 ml) and this solu-
tion was treated with ethanol saturated with hydrogen chloride (2 ml).
The mixture was kept at room temperature until hydrolysis of the 5'-pro-
tected, 2,5,5-trimethyldioxolan-4-on-2-yl ortho ester group was completed
(tlc) and the mixture was evaporated in vacuo. The residue was chromato-
graphed on a silica gel column with chloroform-acetone 21:1 followed by
10:1 as eluents. Compound 12a (600 mg, 33%) was eluted first followed
by a mixture of 13a and 14a. This mixture was crystallized from ethanol
to give crystalline 13a (150 mg, mp 181°). The mother liquor was treated
with methanolic ammeonia for 15 minutes and evaporated. The residue
was separated on a silica gel column with chloroform-ethanol 19:1 to give
13b (50 mg) and 14b (125 mg, 7%). Compound 12a (400 mg) and 13a
(100 mg) were treated with methanolic ammonia for 30 minutes at room
temperature, then evaporated and purified on a column of silica gel with
chloroform-ethanol 19:1 as the eluent to give 12b (320 mg) and 13b (60
mg), respectively. (Table IV lists some physical properties of these com-
pounds.)

Crystallographic Measurement.

The crystal of 8a used for the measurement had the dimensions (mm?)
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of 0.4 x 0.3 x 0.2. The density was determined by the flotation method
in carbon tetrachloride-light petroleum. Cell dimensions were determin-
ed by a least squares fit of the 20 values of the 24 strong reflections in
the range of 15° <20° < 35°. The intensities were measured by a means
of a Rigaku four-circle diffractometer using CuKa (A = 1.5418A). The
following data were obtained for the crystal: Space group P21, monocli-
nic, a = 14.677(4), b = 16.655(4), ¢ = 5,420(1)A, B = 95.41(2) (standard
deviation in parentheses); Dm = 1.5 gem™,Dx = 1.54 gcm™,and Z =
4. Three standard reflections, measured at intervals of every 50 reflec-
tions, showed no significant decrease in intensity during the course of
data collection. The intensities were corrected for Lorentz and polariza-
tion factors but not for absorption. The atomic scattering factors for C, I,
N and Cl were given by Cromer and Mann [20)], and those for H by
Stewart et al. [21]. The total numbers of independently observed reflec-
tions of the compound above the 36> level were 2334.

Determination of Structure.

The structure was determined by the heavy atom method. From the
Patterson map, the position of one Cl atom was easily deduced. From the
Fourier synthesis with the chlorine phases, the second Cl atom was de-
duced. From the Fourier synthesis with the two Cl atoms, all the non-hy-
drogen atoms in asymmetric unit were obtained. The O and N atoms
were identified by structural considerations. Refinement of atomic para-
meters was carried out by the full-matrix least-squares method, the quan-
tity minimized being Za(|Fo|-|Fc|), with w = 1.0 for all the reflections
used. With anisotropic thermal parameters for atoms, the final R value
was 7.00%. The final atomic parameters are given in Tables I-III.

Acknowledgments.

We are indebted to Dr. Jack J. Fox of the Sloan-Kettering Institute for
Cancer Research, for his warm and continued interest. We thank Kyowa
Hakko Kogyo Co. Ltd., Tokyo, for y-uridine used in this work.

REFERENCES AND NOTES

[1] This investigation was supported by funds from the National
Cancer Institute, U. S. Department of Health and Human Services,
Grants Nos: CA-08748 and CA-33907.

[2] K. A. Watanabe, U. Reichman, K. Hirota, C. Lopez and J. J. Fox,
J. Med. Chem., 22, 21 (1979).

[3] J. J. Fox, C. Lopez and K. A. Watanabe in ‘*Medicinal Chemistry
Advances’’, F. G, de las Heras, ed, Pergamon Press, New York, 1981,
p 27.

4] K. A. Watanabe, T-L. Su, R. S. Klein, C. K. Chu, A. Matsuda,
M-W. Chun, C. Lopez and J. J. Fox, J. Med. Chem., 28, 152 (1983).

{5] K. Hirota, K. A. Watanabe and J. J. Fox, J. Heterocyclic Chem.,
14, 537 (1977), J. Org. Chem., 43, 1193 (1978).

[6] K. Hirota, Y. Kitade, S. Senda, M. J. Halat, K. A. Watanabe and
J. J. Fox, J. Am. Chem. Soc., 101, 4423 (1979); J. Org. Chem., 46,
846 (1981).

[7] T-L. Su and K. A. Watanabe, J. Heterocyclic Chem., 19,
1261 (1982).

[8] For a review of our work covering this subject, see J. J. Fox,
Pure Appl. Chem., 18, 223 (1969).

[9] The bond length of the glycosyl linkage in a-y-uridine is 1,501

A, whereas that for 5-methyluridine is 14-81A D. C. Rohrer and
J. Sundaralingam, J. 4m. Chem. Soc., 92, 4950 (1970).

[10] T-L. Su, R. S. Klein and J. J. Fox, J. Org. Chem., 46, 1790
(1981).

[11] K. Pankiewicz, A. Matsuda and K. A. Watanabe, J. Org. Chem,,
47, 485 (1982).

[12) K. W. Pankiewicz and K. A. Watanabe, Nucleic Acid Res.,
Symp. Ser., 11, 9 (1982).

[13] C. H. M. Verdegaal, P. L. Jansse, J. F. M. de Rooiji and J. H.
van Boom, Tetrahedron Letters, 21, 1571 (1980).

[14] A. Matsuda, C. K. Chu, U. Reichman, K. Pankiewicz, K. A.
Watanabe and J. J. Fox, J. Org. Chem., 46, 3603 (1981).



1710 K. W. Pankiewicz, K. A. Watanabe, H. Takayanagi, T. [toh and H. Ogura

[15] G. L. Birnbaum, M. Cygler, K. A. Watanabe and J. J. Fox, J.
Am. Chem. Soc., 104, 7626 (1982).

{16] S. Uesugi, H. Miki, M. Ikehara, H. Kurahashi and Y. Kyogoku,
Tetrahedron Letters, 4073 (1979); H. Guschlbauer and K. Jankowski,
Nucleic Acid Res., 8, 1421 (1980).

[17] R. L. Lipnick and J. D. Fissekis, Biochim. Biophys. Acta, 608,
96 (1980).

[18] W. T. Markiewicz, E. Biala, R. W. Adamiak, K. K. Grzeskowiak,
R. Kierzek, A. Kraszewski, J. Stawinski and M. Wiewiorowski, Nucleic

Vol. 22

Acid Res., Symp. Ser., 7, 115 (1980).

[19] W. T. Markiewicz and M. Wiewiorowski, Nucleic Acid Res.,
Spec. Publ., 4, s185 (1978); W. T. Markiewicz, J. Chem. Res. S,
181 (1979).

[20] D. Cromer and J. Mann, Acta Crystallogr., Sect. A., 24, 321
(1968).

[21] R. H. Stewart, E. R. Davidson and W. T. Simpson, J. Phys.
Chem., 42, 3175 (1965).



