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Abstract - Reactfon of 2',3'-secouridine with acetone gave the 3',5'-0-
isopropylidene derivative. (1) which upon treatmeni with mesylchloride gave
the 2'-0-mesy) compound (2). Replacement of the mesyl group of 2 with
halide Tould be effected by reaction with a metdl halide in DMF, The 3',5'-
0-isopropylidene group was removed simultaneousiy to give a 2'-halogeno-2'-
deoxy-2',3'-secouridine. 2',3'-Dichloro-2',63'-dideoxy-2',3'-secouridine
‘upon treatment with base_gave 6(5)-ch1drome{hy1-2(k)-(uraci]-l-yl)-1.4-
dioxane in addition to_02.2'-anhydro-3'-chloro—B'-aboxy-Z‘,3'-secour1d1ne,
as previously reported, 2',3'-Dichloro-2',3'-dideoxy-5'-0-trity1-2',3'-
secouridine was converted to 2',3'-dfchloro-2',3'~didebxy-2',3'-secocytidine
(16) via a triazole derivative. Compound 16 was unstable and appeared to
form UZ,2' -anhydro-3'~chloro-3' -deoxy-2",3' -secocytidine upon standing at
room temperature. 5-Vinyl- and 5-(E{(?-bromoviny1)ur1d1ne dialdehydes have
been made, as well. as a nuber of other 5-substituted 2',3'-secouridine
derivatives. None of the compounds obtained showed significant activity
against a number of virus strains or tumor cell Vines, except for 5-(E)(2-
bromovinyl)uridine dialdehyde, which was inhibitory to the growth of human
1ymphoblast (Raji, Namalva) cells at a concentration of 28 ug/ml.

In the previous paper of this series the synthesis and properties of 2',3'-secouridine were
described.1 In particular it was found that the 02 of the uracil ring could react with suitable
substituents at C-2' to give 02,2'-anhydro-2'.3'-secour1d1ne derivatives. Using these compounds it
was possible to obtain 2',3'-secouridines selectively substituted at C-3'. By starting with a
C-5'-substituted uridine 1t was possible to obtain 2',3'-secouridine selectively substituted at the
5'-position., The present paper describes a method of selectively substituting 2',3'-secouridine at
C-2' and also the synthesis of 5-substituted 2',3'-secouridines and derivatives of 2',3'-seco-
cytidine.

Treatment of 2',3'-secouridine with acetone under anhydrous acidic conditions gave 3',5'-0-
isopropylidene-2',3'-secouridine (1) which upon treatment with mesyl chloride gave the 2'-O-mesyl
derivative (2). The structures of these compounds were established by n.m.r. spectroscopy. In
particular it was ascertained by proton decoupling that the mesyl group of (2) was on the 2'-
position thus completely ruling out the unlikely possibility that the 2'-position was substituted
by the isopropylidene group. Treatment of 2 with alkali metal halides in DMF replaced the mesyl
group by halogen as expected, but surprisingly there occurred simultaneous removal of the
isopropylidene group to give the 2'-halogeno compounds (3 and 4). This series of reactions provides.
a simple route to obtain selective substitution at the 2'-position of 2',3'-secouridine,

As the removal of the isopropylidene group from 2 under the conditions used was unexpected,
experiments were carried out in order to provide an explanation. When 3',5'-0-isopropylidene-2',3'-
secouridine (1) was treated with a metal halide in DMF there was no removal of the {sopropylidene
group. It appeared, therefore, that the presence of a good leaving group at C-2' is required.
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Furthermore no reaction occurred when 2 was heated in DMF in the absence of a metal halide It
was considered probable that the first stage in the reaction was the formation of 0? ,2'-anhydro-
3',5'-0-1sopropylidene-2',3'-secouridine (5) and methanesulphonic acid.

0 0 0

HN HN | N |

HO

1 R=0H 3 R=QC1 5
2 R=0Ms 4 R=a1

In order to substantiate this, 2 was treated with 1,8-diazabicyclo[5.4.0]1-undec-7-ene (DBU) to give
5 as a crystalline compound whose structure was established by n.m,r. and u.v. spectroscopy.
Treatment of 5 with 1 molecular proportion of methanesulphonic acid and an excess of a metal halide
in dry DMF did not result in rapid removal of the 1sopropy11dene group unless 1 molecular propor-
tion of water was added. ;As compound 2 was very hygroscopic, it appeared probably that water was
present in the reaction so that the isopropylidene group was removed by acidic hydrolysis. However
when 3',5'-0-isopropylidene-2',3'-secouridine was treated with 0.1 molecular proportions of
methanesulphonic acid in DMF the isopropylidene group was only slowly removed; the rate of reaction
was greatly increased by the addition of a metal halide. The mechanism of this effect was not
investigated further,

In view of the known antiviral and antileukaemic activity of many nucleosides derived from
5-substituted urac11,2 ft was decided to prepare 5-substituted 2',3*-secouridine derivatives. The
starting materials were the 5-substituted uridines which were converted into their 5§'-0-trityl
derijvatives which were oxidised to the corresponding dialdehydes with periodate, In the case of
5-vinyl- and 5-(E)(2-bromovinyl) derivatives the dialdehydes (as acetals 6 and 7) were obtained by
the direct periodate oxidation of the nucleosides.

0 0
“HN I R H
HO—tOj HO
0,H 0 H,0H

6 R = -Ci=CH, R = CHy; R' = C1

7 R= (E)-CHeCHBr . 9 R = (E)-CH=CHBr; R' = OH
10 R=F; R' =0H
11 R= CF3; R' = C1

Reduction of 5'-0-trityl nucleosides gave the corresponding S-substituted 5'-Q:tr1ty1-2',3'-
secouridines which in some cases were converted into 2',3'-di-O-mesyl derivatives and 2',3'-
dichloro-2',3'-dideoxy dertivatives by the procedures previously described1 to give the series of
compounds 8-11,
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Treatment of compound 8 with DBU gave the corresponding 02,2'-mhydro compound 12,

CLH,C 0
e o
' 0

a
12 R = CH, 14
13 R=H

Whilst working on this reaction it was noticed that when making the corresponding uracil derivative
(13) as previously reportedl a minor component (16X yield) was also produced. This had a u.v.
spectrum which was characteristic of a l-substituted uragtl and the n.a.r. spectrum showed the
presence of an NH group and the absence of an OH group. A compTex multiplet (7H) in the region

8 3.58-4.16 p.p.m. and a triplet (1H) at § 5.92 are consistent with the compound being 6(R)-
chloromethy1-2(R)(uracil-1-y1)-1,4-dioxane (14).

This assignment of structure was supported by the mass spectrum which showed a peak for (M + 1)
of 247 (35C1) and a strong peak of m/e 134 corresponding to C H70 C1. An increased yield of 14
was obtatned when 13 was treated with potassium t-butoxide in tetrahydrofuran,

Derivatives of 2',3'-secocytidine can be obtained from cytidine by similar procedures to those
described for 2',3'-set:our1dime.1 although to effect selective substitution at the hydroxy! groups
it is necessary to protect the amino group. An alternative, and in our case, more convenient
procedure was to start with a 2',3'-secouridine derivative and convert it by established procedures
into the 2',3'-secocytidine. Thus 5'-9_-tr1'c,y1-2',3'-(11chlov‘o-2'.3'-d1deox,y-2',3'-secour1d1ne1 was
treated with 1,2,4-triazole and p-chlorophenylphosphorus dichloridate3 to give 1(R)(1-chioro-4(R)-
chloromethy1-5- thy]oxy-3 azapentan-2-y1)-4-(1,2,4-triazo1-1-y1)-1,2-dfhydropyrimidine-2-one (15),
which upon treatment with dilute ammonia and: then with 80% acetic acid gave 2',3'-dichloro-2',3'-
dideoxy-2',3'-secocytidine (16) This compound was unstable. After standing at room temperature
for 24 h about 10% had decomposed to another compound which from its properties on tic and its
n.m.r. spectrum appeared to be the 02,2'-anhydro compound (17). It should be noted that a similar
transformation occurs with the corresponding 2',3'-secouridine derivative but more slowly. In the
Tatter case the reaction is rapid when strong base is used.1

Compounds 3, 4, 6-12, 16 were tested for antiviral and antileuksemic activity. None showed
significant antiviral activity; two of the compounds, 5-vinyluridine dialdehyde (6) and 4-(E)-
(2-bromovinyl) uridine dialdehyde (7), showed Tow activity (ID50 245 ug m1 and 112 ug/ml respect-
ively) against leukaemia L1210 cells. These were Tower activities than has been found for uridine
dialdehyde (1050 20 ug/nﬂ)l so that in these cases the presence.of a vinylic group at the §
position did not enhance activity.

Compounds 3, 4, 6-12 and 17 were also evaluated for their cytostatic effects on murine
Teukemia (L1210) cells, and a thymidine {dThd) kinase-deficient (L1210/BdUrd) subline thereof,
human 1ymphoblast (Namalva) cells, human lymphoblast (Raj1/0) cells and a dThd kinase-deficient
(Raj1/TX”) subline thereof. None of the compounds was endowed with an appreciable cytostatic
activity (ID50 (inhibitory dose-50) > 100 ﬁg/nﬂ), except for 5-(E)(2-bromovinyl)uridine
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dialdehyde (7) which was inhibitory to the growth of Namalva, Raji/0 and Raji/TK™ cells at an 1050
of 28 ug/mi. There was no significant difference in the cytostatic effects of the compounds on the
dThd kinase-deficient cell lines as compared to their effects on the corresponding parental cell
1ines. Thus, dThd kinase does not seem to play a significant role in the cell-growth inhibitory
effects of the compounds. This is in marked contrast with the antitumor cell activity of the
corresponding 2'-deoxy-ribonucleosides of compounds 6, 8, 10-12 which proved highly dependent on
dThd kinase activity.?

R? NH

N/‘I
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R'oko% HOKO\b
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15 R = C1; R' = trityl; R® = —N _
16 R=CT; R = H; RZ = -Ni N

z._//
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Since the corresponding 2'-deoxyuridine analogues of compounds 10 and 11 are very potent
inhibitors of thymidylate (dTMP) s,\mthase.5 additional experiments were carried out to determine
the role of dTMP-synthase in the fnhibitory effects of the 2',3'-secouridines on L1210 cell
proliferation. To this end, we measured the cell growth-inhibitory effects of the compounds
following addition of dUrd and dThd, and their inhibition of the incorporation of (1'.2'-3H)durd
and tmethx1-3u)d'fhd into cell DNA. Indeed, (i) a more efficient reversal of cell growth inhibition
upon addition of dThd than of durd, and (ii) a greater inhtbitory effect on dUrd than on dThd
incorporation into DNA, have previously been interpreted as valuable parameters for a selective
inhibition of thymidylate synthase.S None of the compounds appeared to act as a thymidylate
synthetase inhibitor.

Apparently, 5-fluoro-2',3'-secouridine (10) was not intraceilularly converted to 5-fluoro-
uracil, since the Tatter compound was about 1000-fold more inhibitory to the growth of L1210 cells
and the incorporation of (1',2'-3H)dUrd into L1210 cell DNA than compound 10 (data not shown).

EXPERIMENTAL

N.m.r. spectra were recorded on 100 MHz spectrometers (Perkin Elmer R14 and Varian XL100) with
(CD,),S0 as the solvent unless otherwise stated. U.v. spectra were measured in ethanol on a
Periiﬁ Elmer 552 spectrophotometer. Column chromatography was carried out on silica gel,
Kieselgel 60 type 7734, 0.063-0.200 mm, 70-230 mesh ASTM (E. Merck A.G., Darwstadt, W. Germany).
A1 experiments were carried out under scrupulously dry conditions unless otherwise stated and all
evaporations of solvents were carried out under reduced pressure.

"3'.5'-0-1sopropylidene-2',3'-secouridine (1). To a solution of 2‘.3'-5!1(;_t>ur'ld1ne1 (8 g) in
metﬁano‘l (38 m%; There was added acetone (2 1) and 60% perchloric acid (3'ml) and the solution
kept at room temperature for 2 h, It was neutralised (K,C0,), filtered and the filtrate evapor-
ated to give an of1 which was fractionated by column chrgmaéogruphy,. Etution of the column with
chloroform-methanol (6:1) gave the product as a hygroscopic white solid (4.3 g, 45% yield). The
unreacted starting material was recovered by elution with chloroform-methanol 23:1) and the above
procedure repeated to give a further amount of product (1.5 q, overall yield, 61%) (Found: C, 50.1;
H, 6.2; N, 9.9,. 2H'1 Nzos requires C, 50.3; H, 6.4; N, 9.8%); u.v. Apay, 260 nm (e, 9,800); n.m.r.
: 1.3 ZGH. : (wg zc ?. 3“"'0 (7”. m, H'?', H- " H-4' H-S')t 5-05 ?}Ht t' 2'-“{), 508 (2“1 m,

d
5
H-1' and H-5), 7.85%(1H, d, H-6), 11.0 p.p.m. (1H, s, -NH
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3',5'-0-1 H 2 -0 1-2',3'-secouridine (2). To a solution of compound 1 (3.4-g) in
pyridine (20 ®m was %a a sovution of mesyl chloride (1.07 ml) in pyridine (20 w!
dropwise, with stirring over 30 min. The solution was stirred.at 0°C for a further 90 min. and
then ethanol (10 m1) was added. The solution was evaporated under high vacuum at low temperature
to give an o1l which was co-evaporated several times with toluerie. The residual gum was purified
by column chromatography by using chloroform-methanol (9:1) as the eluant. The product was finally
obtained as a hygroscopic white solid (3.3 gi 77% yield) (Found: C, 43.1; H, 5-#: N, 7.8.°
C13HyN,00S requires C, 42.9; H, 5.5; N, 7.7%); u.v. 260 m (e, §,400); o.m.r. & (CDC13; 1.4
(84,20,2(Bu,),€0), 3.1°(3; 3, CH,50,), 3.5-4.1 (5H, *, H-at "R-8Y), 438 (2H, d, He29),

5.75 (1H, d> A-5), 6.05 (1M, t, H31°9,°7.5 (1N, d, H-6), 9.75 p.p.m. (1H,’s, WH).

2'-Chloro-2'-deoxy-2',3'-secouridine 83). Compound 2 (2.27 g) was added to dimethylforwamide

(20 mT) and the mixﬁre Fe"iEE at JOO'C for 10 min. Then LiC1 (1 g) was added and the mixture
heated with stirring at 100°C for a further 2 h, The solvent was then removed by evaporation and
co-evaporation with toluene and the residue purified by column chromatography using chloroform-
methanol (4:1) as the eluant. Evaporation of the solvent from the appropriate fractions gave the
roduct as a white hygroscopic solid (1.6 g, 97% yield) (Found: C, 39.9; H, 5.0; N, 9.9.

8953!!'"{20 .0.5H,0 requires C, 39.5; H, 5.1; N, 10.2X); n.m.r. & 3.46 (54, m, H-3', H-4', H-5'),
379 (2Hn ﬁo H'zz)n 4.96 (1H9 t’ 5'-0"5. 5.19 (IHi t, 3"“")» 5.66 (1“0 d' H-S), 6.01 (l“o t, H‘l').

7.84 (1H, d, H-6), 11,36 p.p.m. (1M, br, NH).

2'-Deoxy-2'-1odo-2',3'-secouridine {(4). To a solution of compound 2 (2.5 g) in dimeghyiformamide
ml) a ere was Sodium fodide (2.6 g) and the sixture heated at 100 °C with
stirring for 30 min., The solvent was removed by evaporation to give an 0i1 to which methanol
(50 m1) was added. The resulting suspension was filtered and the. filtrate evaporated to gtve an
0i1 which was purified by column chromatography. Elution with chloroform-methanol (3:1) and
evaporation of the appropriate fractions gave the product as a hygroscopic solid (1.76 g, 76%
yield) (Found: C, 30.4; H, 3.9; N, 7.7. C9H mzu requires C, 30.3; H, 3.7; N, 7.9%); u,v, Kw
260 nm (€, 7,700); n.m.r. 6 3.1-3.5 (7H, w2 R32'2 A-37, Hed', H-5'), 3.7-4.17 (20, bd, 3'-0M.
5'-0H), 5.6 (1H, d, H-5), 5.9 (1H, t, H-1*), 7.65 (1H, d, H-6), 11,05 p.p.m. (1H, s, NH).

02 2'-Anhydro-3',5'-0-1s 1idene-2*,3'-secouridine (5). To a solution of ctvound 2 (2 g) in
dichToromethane ISU mT) was 9g d the solution kept at ~20 C for 30 ain, The
solvent was then removed by evaporation and the residual oi71 purified by column chromatography.
Elution of the column with acatone-éthanol (4:1) and evaporation of the solvent gave the product
(1.26 g, 86X yleld), m.p. 149 C (Found: C, 53.4; H, 6.2; N, 10.3. leu’ IZO requires C, 53.7;

H, 6.0; N, 10.4%), u.v. A 247 nm (€, 8.300); n.m.r. & 1.3 (64, s, fchS)2c?), 3.6-4.1 (SH, m,
H-3', H-4', H-5'), 4,55 (Tﬁ’,‘ dd, H-2'), 4.8 (1H, dd, H-2'), 5.9 ZIH, d, a- }, 6.05 (14, dd, H-1'),
7.95 p.p.m. (1H, d, H-6).

5-Vinyluridine dfaldehyde (6). To a solutfon of 5-vinyluridine (2.7 9)6 in ethanol-water (2:1)
(100 m1) there was aaag;a solution of sodium periodate (2.25 g) in water (20 m1) and the solution
left at "20°C in the dark for-18 h. The solvent was then removed by evaporation and the resulting
solid twice extracted with boiling ethanol (50 m1) for § min, The insoluble material was rejected
and the ethanol solution evaporated to dryness and the residue dissolved in ethanol. A small
amount of insoluble material was filtered off and the filtrate evaporated to dryness to give a
residue which was purified by column chromatography. FElution of the column with chloroform-
methanol (4:1) and evaporation of the appropriate fractions gave the product as a monohydrate

(2.68 g, 93% yield) (Found: C, 46.6; H, 5.0; N, 10.4, cnulznzoa. 0 Tequires C, 45.2; H, 5.0;

N, 9.8%); u.v. Amax 290 nm (e, 7,700).

(£)5-(2-Bromovinyl}uridine dialdeh (7). This was obtained from 5-(E) (Z-brmvinyl)uridinJ in
almost quan ve yie Y 3 procedure as described for compound 6. The compound was
obtained as a solid which tenaciously retained ethanol (Found: C, 38.8; H, 4.1; N, 7.6,
CuHuBrﬂzos.O.ﬁtOH requires C, 38.9; H, 3.8; N, 7.6%); u.v. A 294 om (e, 10000).

5'-0-Trityl-5-methyl-2', 3'-secouridine. A %olution of 5-methyluridine (2.42 %) and tritylchloride
T3.1 gJ ¥n pyridine m ept at V20 C for 18 h and then heated at 100°C for 4 h, After
cooling, the solution was poured onto fce/water {400 m1) with vigorous stirring. The resulting
solid was separated from the aqueous phase and washed with water, The gummy solid was dissolved in
ethanol (500 nﬂ)’ and a solution of sodium periodate (2.35 g) in water (100 m1) added. The solution
was kept at “20°C in the dark for 18 h and then sodium borohydride (1.51 g) was added. After'16 h-
at 20 C the solution was adjusted to pH 6 by the addition of hydrochloric acid. Evaporation of
the solution to dryness gave a solid which was extracted twice with water and the residue was
dissolved in acetone, The acetone solution was filtered and the filtrate evaporated to dryness to
ive a white solid which was purified by columi chromategraphy. Elution with chloroform-methanol
9:1) and removal of the solvent by evaporation from the appropriate fractions gave the product
(2.64 g, 51X yield (Found: C, 67.2; H, 5.8; N, 5.4, C 9N 8'20 .uzo- requires C, 67.2; W, 56.1;
N, 5.0%); u.v. X 263 mm (€, 8000), n.m.r. & 1.65 (3] € ZcR)7 3.1 (24, 4, H-5'), 3.4-3.8 (W,
m, H-2', H-3', Hﬂ‘), 4,7 (14, t, 3'-0H), 5.1 (1H, t, 2'-OH), 579 (1H, t, H-1'), 7.3 (15H, s,
Ph3c), 7.5 (14, s, H-6), 11.05 p.p.m. (1H, s, -NH).

2',3'-Di-0-mesyl-5-methyl-5'-0-trityl-2' 3'-secouridine, To a solutfon of 5'-O-trityl-S-methyl-2‘,-
I -secouridirie (5.2 gJ In pyridine !IU'm” at U% there was added a solution of mesyl chioride
(2.52 g) in pyridine (40 ml) dropwise, with stirring over 30 min. and the mixture stirred at 0°C
for 2 h, The pyridine was removed by evaporation and co-evaporation with toluene and the residual
gum triturated with water. The sgueous solution was removed and the gum dried by repeated co-
evaporation with acetone. The resulting solid was purified by columm chromatography using
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toluene-acetone (7:3) as the eluant, Evaporation of the appropriate fractions gave the duct -
(5.34 g, 85% yield) (Found: C. 56.2; H, 5.3; N, 4.6, C31H34N"01‘52 requires C, 56.57 H.“g.i;

N, 8.3%)5 0.V, Ay, 266 nm (c, 7000); n.m.r. 5°1.65 (3n31s30-FuLY,23.15 (54, m. H-5' and CH,%0,-),
3.9 (IH, m, H-4”]o 4,35 (26, m, H-3'), 4.5 (2H, d, H-2'), 6.1 (H, t, H-1'), 7.4 (15K, s, PReCY, -
7.8 (1H. 5. H-6), 7.6 (1H, 5, NH), 11.4 p.p.m. (1M, s, NR). :

2',3'-Dichloro-2',3'-dideoxy-5-methyl-5'-0-trityl-2',3'-sécouridine. To a stirred solution of -

o -d1-0-mesyT- yT-55-0-ErTtyT- .3'-secour!iiin§ [T.87 gJ In dimethylformamide (30 m1) at
100°C there was added 1§thiuti chloride (0.62 g). The solution was stirred at 100°¢ for 90 min.
and then the solvent was removed by evaporation to give an 011 which was triturated with water. -
The resulting white solid was filtered off, washed with water and dried. Purification by column
chromatography using toluene acetone (1:1) as the eluant gave the product as a white solfd (1.33 g,
82X yield) (Found: C,-64.3; H, 5.4; N, 5.0. c2 H28C1-2N20 requires C, 64,.6; H, 5.2: N, 5.2%);
Wy, A 265-0m (s, 7700); num.r. & 1.65 (34,%8,2200)2 8.1 (2H, o, H-5'), 3.8 (3, m, H-3' and
l(ii:').- 3".:8)(251. d, H-2'), 6.0 (1H, t, H-1'), 7.3 (15H} s, PhsC-), 7.6 (1H, s, H-6),11.5 p.p.m. . -

s Sy - .. o v . : T

2',3'-Dichloro-2',3'-dideoxy-5-methyl-2'.3'-secouridine (8). A suspension of 2',3'-dichloro«2‘,3'-
XY: y1-5'-0-trity N .2 g) in acetic acid-water (4:1) (25 ml) was .
heated at 100°C for 30 min. The solvent was removed by evaporation to give a syrup which was
co-evaporated with toluene to give a white solid., This was fractionated by column chromatography.
The column was eluted first with toluene-acetone (3:2) and then with toluene-acetone (3:7) to give
the product as a colourless glass (0.49 g, 74% yield) (Found: C, 40.4; H, 4.8; N, 9.1,
T, R 4C|2u 0, requires C, 40.4; H, 4.7; N, 9.4%); u.v. A 263 mm. (e, 7000); n.m.r. § 1.8 (3M, s,
32328 Po, m, H-5'), 3.75 (3K, m, W31, H-2), 3.9MBM, d, H-2'], 4.08"(IH, m, 5°-0H), 6.0
(1Hy t, H-1'), 7.6 (1H, s, H-6), 11.3 p.p.m. (1H, s, NH).

5-(E‘(2-Bromv1n£1z-2'I3'-secour1d1ne (9). To a solition of compound 7 (3.7 g) in ethagol-water

: m ere was . sadium borohydride (0.94 g) and the solution kept at “20°C g the
dark for 3 h, It was brought to pH 6 by the addition of ion exchange resin (Dowex 50.x 8 H™ form).
The resin was filtered off, washed well with methanol (3 x 100 m1) and the filtrate and washings
evaporated to dryness and the residue co-evaperated several times with methanol to remove borate.
The residual gum was purified by column chromatography using chloroform-methanol (4:1) as the
eluant. The product (2.46 g, 70X yield) was obtained as a hygroscopic solid (Found: C, 37.6;

H, 4.3; N, 7.7. C Hy Bruzos requires C, 37.6; H, 4.3; N, 7.9%); u.v. A 294 nm. (€, 10,500);
nom.r. 6.3.223.7 (W, 18, K228, W30, H-4b, H5Y), 4,487 (2, m, 3°-0H,™8%.0H), 5.0 [1H,'t, 2i-OH),
5.75 (1H, t, H-1%), 6.8 (1H, d, vinylic H, J = 13 Hz), 7.2 (1M, d, vinylic K), 7.8 (1H, s, H-6),
11.35 p.p.m. (1H, s, -NH}. ,

5-Fluoro-2',3'-secouridine (10). 5-Fluore-5'-0-trityl-2',3'-secouridine (1.64 g) (obtained from
5-?1uorour131ne Eir essentially the same procedure as described for .the synthesis of 5'-0-trityl-
2',3'-secouridinel) was gissolved in acetic actd-water (4:1) and the solution heated at100°C for
3 h and then kept.at ~20°C for 18 h. The mixture was filtered, the fittrate evaporated to drynéss
and the residue evaporated to dryness and the residue dissolved in acetone (100 m1), 60X perchloric
acid (0.5 m1) added and the mixture kept at 20 C for 1.-h. It was'then neutralised by the
addition of potassium carbonate powder, inorganic matertal removed by filtration and the filtrate
evaporated to dryness to give a residue which was purified by column chromatography. Elution of
the column with chloroform-methanol (6:1) gave the product (0.30 g) (Found: C, 39.2; H, 4.8;

N, 10.0. Cng N 06F.0.5H 0 requires C, 39.6; H, 5.1; W, 10.2%); n.m.r. § 3.2-3.8 (74, m, H-2',
K23, noar 9u18+4 65780 (fH, t, H-1'), 7.95 p.p.m. (IH, d, H-6). _

2',3'-Dichloro-2',3'-dideoxy-5-trif looromethyl-2',3'-secouridine (11), This compound was obtained
From 5-tri¥luoromethyluridire by a routé and procedures which were similar to those déscribed for
the preparation of compound 8 from S-methyluridine. The purification in the final stage was . .
carried out by colum chromatography using bezene-acetone (9:1) as the eluant followed by a second
purification using chloroform-acetone {1:1) as the eluant to give the product (Found: C, 34.4;

H, 3.4; N, 8.0, 61 Hy ClejN 0, requires C, 34.2; H, 3.2; N, 8.0X); u.v, 259 m (e, 9,100);
nomr. 8 3.48 (20,20, 18-5%)3 % 80 (3K, m, Ho3t, Hoa'}, 4.02 (2H, m, H-2'), W34 (IH, t, 5'-OH),
6.02 (14, t, H-1'), 8.29 (1H, s, H-6), 10.28 p.p.m. (1H, bs, -NH). :

02 2! -Anhydro-5-methyl-2';3'-secouridine (12). To a solution of compound 8 (250 mg) in dichloro-
methane (20 m1] there was a mg) and the solution kept at ~20°C for 1 h (t.1.c. ‘in
acetone-ethanol (4:1) showed the presence of one component which ran slower than the starting
material), The solvent was removed by evaporation and the residue purified by column chromatography
using acetone-ethamol (4:1) as ths eluant. The product was obtained as a white crystalline solid
(160 mg, 74% yield), m.p. 136-139°C (d) (Found: E, 5.9, K, 5.0; N, 10.5, C o1 CIN 04 requires

<, 46.1; H, 5.0; N, 10.8%); u.v. A 251 nm; n.mr. 61,8 (3, s, -Cha), 3.40318 (48, %m, H-3',
H-5'), 4.1° (14, m, H-4'), 4.5 (14,88, H-2'), 4.7 (1H, dd, H-2'), 5.1 {1H, m, 5'-OH), 6.05 (1H, dd,
H-1'), 7.8 p.p.m. (1H, s, H-6). .

The action of bases on 2',3'-dichloro-2',63'-dideoxy~2',3'~secouridine
,3'-dichToro-2",3"- y-2', ne (500 mg) in dichloromethane
(20 m1) there was added DBU (320 mg) and the solution kept at ~20°C for 3 days (t.l.c. showed that
two products were present). The solvent was removed by evaporation and the residue fradtionated
by column chromatography. Elution with chloroform-ethanol (19:1) gave the minor product (70 mg,
16% yield) andsubsequent elution with chloroform-methanol (4:1) gave the major product {300 mg,
63% yield) which upon further purification and crystallisation from_ ethanol was shown to be
0¢,2'-anhydro-3'-chloro-3'-deoxy-2',3'-secouridine, m.p. 125-126 €.l The minor product was shown
to be 6(R)-chloromethyl-2(R){uracii-1-y1)-1,4-dioxane (14) (Found: C, 43.9; H, 4.4; N, 11.3.
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CgHy1CIN,0, requires C, 43.8; H, 4.5; N, 11.3%); u.v, A 260 m (e, 9,700); n,m,r. § (COC1,)
3.55-4.1% ?7H. m, H-3, H-5, H-6 of dioxan ring and CICHm,fA5.76 (14, d, H-5 of uracil ring),”5.92
(1H, t, H-2 of dfoxan rings 7.94 (1M, d, H-6 of uracilring), 9.70 p.p.m. (1H, bs, NH).

b) A solution of 2',3'-dichioro-2',3'-dideoxy-2' 3'-secouridine (600 mg) in tetrahydrofuran (10 m1)
was added to a solution of potassium t-butoxide Zeog ) in tetrahydrofuran (30 ml). The
resutting pale-yellow suspension was stirred at ~20°C for 18 h, The mixture was then acidified
with acetic acid and evaporated to dryness. The residue was dissoived in methanol-toluene (1:1),
insoluble material filtered off and the filtrate evaporated to dryness jn the presence of silica
gel. The solid was applied to the top of a silica gel chromatography column and the columm
eluted with chloroform-ethanol (39:1). Evaporation of the solvent from the appropriate fractions
gave compo?ng 14 (280 mg, 46% yield) with identical physical properties to the product obtained
by method (a).

1-(R)-{1-Chloro-4(R)-chToromethyl-5-tritylox
‘dThydropyrimidin-2-one 0 a solution o . .

. - - -trityl-¢-,
secourTdine (2.93 9] In pyridine (15 m1) there was added 1,2,4-triazole (2.05 gJ and then
p-cfylorophenylphosphodichloridate (2.3 m1) was slowly added, the temperature being maintained at
720 C. The mixture was kept at ~20°C for 18 h with stirring and then chloroform (50 ml1) added.
The chloroform-solution was washed with water, separated and dried, - The solvent was removed by
evaporation and the residue co-evaporated with toluene to remove traces of pyridine. The residue
was purified by column chromatography. Elution with benzene-acetone (9:1) and evaporation of the
appropriate fractions gave the product (2.5 g, 79% yield) {Found: C, 62.8; H, 4.6; N, 11,9,

C30H2 C12N503 requires C, 62.5; 7: N, 12,1%); n.m.r. § (CDC13) 3.35 (24, m, H-5'), 3.62 (3H,
m30u237 24243), "3.85 (2, m, H.2'}, 6.15 (1H, t, K-1'), 6.80 (IH
8.09 (24, t, H-6 and triazole H), 8.21 p.p.m. (1H, s, triazole HS.

3'-

d, H-5), 7.26 (15H, m, trityl),

2!

3'=secocytidine (16). Compound 15 (2.5 g) was dissolved in dioxane

sp. g 0.88, m1) added, the solution kept at ~20°C for 80 min. and
then evaporated to dryness. The residue was co-evaporated with methanol, dried and purified by
column chromatography. Elution was carried out with chloroform-ethanol (19:1) and the fractions
containing the required material further purified in a similar way on a second column in order to
remove contaminating 1,2,4-triazole, The 5'-0-trityl derivative of 16 was obtained as a white
so1id (2.1 g, 90% yield) which was sufficientTy pure for the next stage. This solid was dissolved
in acetic acid-water (4:1) (50 m1) and the solution heated at 100°C for 90 min. and then kept at
~20°C for 18 h. The solution was then evaporated to dryness and the residue purified by column
chromatography. The column was eluted with chloroform-methanol (3:1) and the appropriate fractions
combined and evaporated to dryness to give the product (351 mg, 31% yleld) (Found: C, 38.6; H, 4.9;
N, 14.9, CgH 3C12N 03 requires C, 38.3; H, 4.5; N, 14.9%); n.m.r. § 3,35-3,90 (7H, m, H-2*, H-3',
H-4', H-5'); %.84 (?H, d, H-5), 6.03 (1H, t, H-1'), 7.66 p.p.m. (1H, d, H-6).

It was apparent that compound 16 was unstable because upon standing in solution in dimethyl-
sulphoxide at room temperature or upon storing the solid for azfew days a compound which ran
slower on t.1.c. than 16 was formed. This was identified as 0,2'-anhydro-3'-chlore-3'-
deoxy-2',3'-secocytidine (17) from its n.m.r. spectrum (8§ 3.35-3.90 (4H, m, H-3', H-5'), 4,30 (1H,
m, H-4'), 4.68 (1H, dd, H-2'), 5.00 (1H, dd, H-2'), 6.37 (IH, dd, H-1'), 6.72 (1H, d, K-5),

8.55 p.p.m. (1H, d, H-6)) and similarities to the corresponding 2',3'-secouridine derivative.

BIOLOGICAL EVALUATION

Antiviral Activity. The antiviral activity assays were based upon the inhibition of virus-induced
cytophathogenic*lty.8 The assays were carried out with herpes simplex virus type 1 (strain K0S),
herpes simplex virus type 2 {strain G), vaccinia virus and vesicular stomatitis virus in primary
rabbit kidney cells; with vesicular stomatitis virus, Coxsackie virus type B4 and polio virus

type 1 in HelLa cells; and with reovirus type 1, parainfluenza virus type 3, Sindbis virus,
Coxsackie virus type B4 and measles virus in Vero cells. Cytotoxicity of the compounds for the
host cells was monitored by microscopic examination of uninfected cell cultures exposed to

varying concentrations of the test compounds and run in parallel with the virus-infected cel
cultures,

Cytostatic and Antimetabolic Activity. Cytostatic activity assays were performed as previously
described.5 The L1210/0, L1210/BdUrd, Namalva, Raji/0 and Raji/TK™ cell lines were characterised
as indicated in ref. 4. Inhibitfon of the incorporation of (methx1-3H)dThd and (1',2'-3H)dUrd
into cellular DNA, and the effect of addition of durd and dThd on the cytostatic activity of the
compounds were assessed as described in ref. 5.

Radiochemicals, (Methy1—3H)dThd (specific radioactivity 47 Ci/mmole) and (1'.2'-3H)dUrd (specific
radioactivity 31 Ci/mmole) were from the Radiochemical Centre (Amersham, England).
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