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A~-_.S’-DiQaceIyl-Y-haloeenouridines (la. Ic and ld) fan kc partially dcacctykkd 81 C-5’ by tram- 
csIeriJicaIion wilh methanol-HCI. providing rhe 3’4kceIyl derivatives 20-2~ These can k converted into the 
5’Ornetyl dcriviilivcs k-k. ond laller into the S’tbloro compounds 3&34. Ml S’-subsIIIuIed T-hAgen0 
compounds give Ihc corresponding 2.Z.anhydrouridinc denvaIives 4a4c on IrcaImtnI wiIh NaOMe. S~rw~urcs 
were proved by IR and ‘H-NMR 

In our previous paper the conversion of 2.2’~an- 
hydrouridine into 2,Sdibromouridine was described.’ 
Investigating the reactivity of the two OH groups of the 
sugar moiety we could show, that, on deacetylation with 
methanolic HCI, the 5’0aceIyl group of the cor- 
responding 3’J’di-O~acctyl derivative la was cleaved 
much faster, yielding chc 3’0acetyl compound 21. 

Similar nuckoside derivatives with a free Y-OH group 
can be obtained either by multi-step syntheses, using a 
blocking group at O-5’ (i.e. trityl’ or methoxyacelyl’) 
which can be removed selectively after acetylation, or by 
using the less readily availabk 2-acyloxyisobulyryl 
halides’ as a reagent. For this reason the general ap- 
plicability of the aforementioned partial deacetylation 
was investigated. 

In the case of tri-O-acetyluridine lb, no sign&ant 
difference in the reaction rates of the acetyl groups 
towards transesterification was observed, consequently 
the presence of the 2’-halogen atom in la must be essen- 
tial for any rate differences. This assumption was proved 
by investigating the corresponding Ychloro- and 
Z’bromo-u&line derivatives Ic and ld, which. on similar 
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la: X = Br. Y - Br 
lb: X-AcO.Y=H 
lc: x -ct. Y = H 
Id, X=Br.Y-H 

treatment. provided the crystalline 3’0acetyl com- 
pounds tb and 2c. respectively. in good yield. As 2’- 
halogcno-uridines can be obtained in excellent yields 
from 2.2~anhydrouridine’ using the melhod of Codington 
ef 01.,” the transesterihcation reaction is valuable in pre- 
paring selectively blocked pirimidine nuckosides con- 
taining a free Y-OH group. 

The transesterihcation reaction can also be applied to 
3’,S’di-O-benzoyl-Y-halogeno-uridines. but the 3-G 
benzoyl derivatives obtained could not be crystallized. 
and had to be purified by column chromatography. 

AcO X 

2a: X = Br. Y = Br 
2b: X-Cl. Y-H 
2c: X-Br. Y=H 

The structure of the 2 type mono+sters was proved 
spectroscopicaUy. and is discus& in detail for the 2’- 
chloro compound 2b (Tabk I). The IR data (3180 (vNH). 
1710, 16J30. (uC=O) and 163Ocm ’ (vC=C)] as well as the 
NH signal at ll.6ppm in the ‘H-NMR spectrum (which is 
coupled with H-5) are characterisuc for the pirimidyldione 
ring. The H-3’ signal of the carbohydrate moiety appears 
downfield at 5.3ppm as a double doublet, due IO the 
presence of the 3’0acetyl group and the coupling with 
both vicinal protons (H-2’ and H-4’). 

The free Y-OH group of 21,2h and 2c was converted 
with mesyl chloride in pyridine into the S’-U-mesyl esters 
3a-3c, respectively. The mesyloxy group of these com- 
pounds is easily substituted by nuckophiks. so that the 
S’chloro derivatives M-3 were obtained as byproducts 
when the reaction mixture was kept at room temperature 
for 24 hr. The mesyloxy compounds can be converted 

AcO X 

3a: XTBr.Y-Br.Z=M60 
3b. X=CI.Y-H.Z=MsO 
3~: X-Br.Y-H.Z-MO 
3d. X = Br. Y - Br. 2 - Cl 
30: X - Cl. Y = H. 2 - Cl 
3t X - Br. Y = H. 2 - Cl 
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‘Table I. ‘H-NMR data of compounds 2b, 3b. 4~. 4b and 4c m ppm’ 

n-2’ n-3’ n-4’ H-5’ n-6 H-6 other 

6.10 4.60 

s! (7) 2xd(4 061 

6.10 

d (61 

4.95 

& (6) 

6.35 

d (6) 

5.26 

p (6) 

6,42 

d (6) 

5,s 

d (6) 

6.40 

i! (6) 

5.35 

9 (6) 

5.30 4,20 3,7 

2xdf3.4) L(3.4) brood 

4,40 4,50 

2xa(4,6) L xx (3H) 

225~~~~~~~~~~~~~~~~275 

E (4H) 

245~----e-276 193-230 

5 (2H) E (2H) 

240_~~~~~~-~~~~~~~~275 

p (4H) 

7,Q5 

d (6) 

7.73 

d (6) 

7.85 

d (7) 

7.95 

d(7) 

0,55 

E 

5,75 AcO 2.15; NH 11.6 

2xd(Q.2) Cii 3,4 broad 

5.75 AcO 2,20; NH 11.5 

2xci(0,2) MO 3.25 

5,6s ho 3.15 

g(7) OII 6.16 c (51 

5.98 0~ 6022 g(4) 

g (7) 

MO 3.1s 

OH 6.25 g(4) 

x l ultlplato 8f-0 g1van in Hz 

xx the l 1ngl.t of the methylone group overlopr with the If-4 r1l;n.l 

quantitatively into the 5’-chloro derivatives on heating in 
DYF-Hz0 in the presence of NaCI. 

The +typc compounds give similar spectra to the 
starting materials (Tabk I); only the H-S’ signals arc 

shifted dounfield ( - 4.5 ppm) in the ‘H-NMR spectra as 

a result of substitution at C-5’. 
In further experiments, the bchaviour of the 2’ - 

halogen0 - 5’ - 0 - mesyl (3a-3c) and 2’,5’dihalogcno 

derivatives (3d-31) towards mcthanolic sodium mcthox- 

idc’ was investigated. Codington ti 01.’ obtained the 
thermodynamically more stable 2,2’-anhydrouridinc 

derivative on treating 2’.3’.5’ - tri - 0 - mcsyluridinc with 
sodium hydroxide in aqueous ethanol at 45-W; but as 

the reaction with sodium methoxidc can be carried out at 

room temperature, the more reactive S’groups might 
react, leading to 2,5’-anhydro derivatives. However, this 
reaction did not take place even for the 2’ - chloro - 5’ - 0 

- mcsyl derivative 3b. where the 5’90~~ has a much 

stronger leaving character: Cl’ was displaced, giving the 
corresponding 2,2’-anhydro derivative 40 as the only 

product. The same compound (4a) was obtained from the 
2’ - bromo - 5’ - 0 - mcsyl derivative Sr. whereas 5’ - 
chloro - 2.2’ - anhydrouridinc (4b) was formed both from 
the YJ’dichloro (3c) and the 2’ - bromo - 5’ - chloro- 
derivative (3fJ. Halogen substitution on the pyrimidinc 

ring had no influence on this reaction. since 2.2’ - an- 
hydro - 5’ - 0 - mcsyl - 5 - bromouridine (4c) was formed 

from the corresponding 5-bromo derivative 3s. 

48. Y=H.Z=MsO 
4b Y=H.Z=Cl 
4~. Y -. Br. Z = MsO 

The structure of 4 type compounds was unam- 

biguously established from their spectra; as a con- 
sequence of the formation of the 2.2’-anhydro bridge. the 

original pyrimidyldioncring was changed into a cross- 

conjugated 4-one structure. Thcrcfore. the absorption of a 
conjugated acylimino group (vC=O: 1640 and K=N: 

1600 cm ‘) and that of the C=C bond at I530 cm ’ appeared 

instead of the imidc vNH and oC=O bands in the original 
IR spectra. Related changes occurred in the ‘H-NMR 

spectra: no NH signal could be detected and the original 

H-5 double doublet of the 3-type compounds appeared in 
the case of structure 4 as a doublet (5.75 ppm). due to the 

absence of the long-range coupling with the NH proton. On 
the other hand, substitution of the ?-halogen by the oxygen 

of the anhydro bridge (with inversion) caused a downfield 

shift of the H-2’ signal.” due to the ncighbouring bridpe- 
oxygen and coplanar pyrimidinc ring. Because of dcacy- 

lation of O-3’. the corresponding H-3’ signal was shifted 

upfield and overlapped with the multiplct of the H-4’ and 
H-5’ protons (Table I). 

exPmIMmTAL. 

M.pr arc unconec~cd. TLC was cbed out on Kiesclgel 
G-coated microscope slides usmg ErOAc (A). ErOAclCCL 2 I 
(B). EtOAclCCl, I: I (0 and EtOAc/AcOH/pyridinc/HIO 
30: 10:3:6 (D) for clutlon. Dekc~ion was effec~cd with 0.1 .U 
KMnO, and M H&I, (I : 1). and subscquenr hcatmg IO loo”. 
K~sclgel 40 (0.06u) 200 mm) was used for column chromab 
graphs. All evaporations were carried OUI in a rotary evaporator 
under dimmishcd pressure. ‘H-NMR specln wre recorded al 
60 MHz with a Varian A-6OD spectrometer. with TMS as mtemal 
standard IR snccrra were recorded in KRr pclk~s on a Pcrkin- 
Elmer 457 spectrometer. Optical rotations were determined in 
DMF solution at C = I. Analytical data are given in Tabk 2 

2’ - Chloru . 2’ deorynridinr A stirred slum of 2.2’-an- 
hydrouridinc’ (4.5 8) III dry chloroform (100 ml) wm saturated al 
room temp. with HCI. Saturation and stinmg was conlinucd for 
S hr. when the HCI salt was filtered ofl and dried (5.2~) A 
suspension of this ~011 m dry dioxanc (670 ml) was healed al 75’ 
until complete soln was obtained (5br). after which if was 
cvaporakd. The residue was recrytrallizcd from EIOAC yielding 
4.8g (91.5%) 2’ . chloro . 2’ . deoxiuridinc. m.p. 2OX!Of” dec.. 
lit ’ m.p. 207-212 dcc. 

2’ Ammo 2’ . droxyutidine. The HRr salt of !.Y-an- 
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Table 2. Analytical data of compouti Id. 2a. 2.~. 3a-t and 4b. 4c 
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camp. formula rClt C H or Cl N t 

& C12”14S’2H2O*S 

Jb C12H15C’N20SS 

3d CllH~lBr2C1N205 - 

i!c Cl l”l2Cl2N205 

r C11H129rC1N205 

sb C9H9”N204 

4~ C10HllSrN207S 

391.19 Found : 39,07 3.90 
requlrod: 39.92 3.07 

426.05 Found: 
required : 

31 ,Ol 
30.67 

2,m 
2,03 

349,15 Foundr 
required t 

37.70 
37,64 

3.91 
3,73 

506.15 Found: 2U,50 2.70 
required : 20.47 2.79 

19.29 
20.43 

37,32 
37.35 

22,71 
22,76 

31,30 
31.50 

362.79 Found: 37,68 4,lO 9,35 
roqulrsd: 37,66 3.95 9,26 

42’1.24 Found: 
required : 

33,77 
33.74 

3.57 
3,54 

446,47 Found8 29.45 2,GB 
roqulred I 29.60 2.48 

8,Ol G,W 
7094 G,27 

323.14 Found t 
required I 

3.76 
3,74 

21,90 G,25 
21,95 S,67 

367.59 Found: 
required s 

9,34 7,GG 
9,65 7,G2 

244,63 Found t 
mquired t 

14,56 
14.50 

303.16 Found I 
required I 

40,06 
40,90 

3G.06 
35,95 

44,53 
44.20 

31,SS 
31.34 

3,36 
3.29 

3.90 
3.71 

3,OO 
2,69 

16,S2 
18,70 

35,42 
35.00 

21.00 
21.74 

20.01 
20,OG 

7.04 
7,16 

G,52 
6,>5 

?,94 
7,9u 

5,53 G,O2 
5,53 6.33 

7043 U,42 
?,32 S,38 

6.66 7.43 
6,5G 7,;1 

11,3S 
11.4, 

7.20 6.33 
jr,31 0.37 

hydrouridinc was &rained. as described for the HCI sah. using 

HHr. ‘Ihc dried salt (6.1 g) was dissolved in rnfluoroacctic acid 
Wtl ml) and kept at room temp. for 5 days. The resdue obtained 
on work-up was evaporated with EIOH and was then recry- 

ttalhrcd from EIOH. yielding 5.28 (85%) 2’ bromo - 2’ 
dcoxyundine. m.p. 18L186”. lit.’ m.p. Ipbl9CP 

I tfi I> Y.5’ I.& - 0 ocrfyl ? bromo ? 
droxy~nbojuranosyl) . urucil (Id). A soln of 2’ bromo . T 
dcoxyuridmc (3.1 g) m pyridme (Mml) and Ac~O (30 ml) was 
kcpr at room temp ‘for 48hr and was then cvapon~cd. ‘The 
rcridue was concentrated with EtOH (3x IOml) and was then 
rccr)sdbzcd from ErOH (I5 ml), yielding Id (2.7 g, 6w;). m p. 

IX- 126’. [II],,% +, 6.V. lit ’ amorphous, [a],,” f ILY’tc 0.4 ErOH). 
Poniol dtacnylorion of 3’J’ . di .O - ocefyl compounds la. Ic 

ond Id. A suspension of Ihe dlacetyl compound in 0.1 M 
merhanolic HCI (50 volutnc) was boikd after dissolution for 
20min On cooling. the solution was ncutrahzcd with an ion- 

exchanger Wartan AD) and hltcrcd. The crystalline slurry. ob- 
tained afrer evaporation. was filt&ed off and washed with 

MeOH. Recrystallti~&n from McOH gave t (36%). m.p. 205- 

208+. R, 0.5 (A). ]a]o -28.1’; 2b (66%). m.p. 176lW. R, 0.6 

(A). Iah, m +l!.l’. III.’ m.p. lE>lW. [u]om +l3.P (c 0.76 
hi&H); and 2.c (589). m.p. 156158”. R, 04 (A). [o]om +!I.?. 
respcclivcly. 

Mtsylolron o/ compoundr 2a-2~. A soln of 2a-k in pyrsdinc 
(IO volume) was treated with mesyl chlroldc (I.1 equiv). After 
5 hr al room temp.. rhe mtxture was worked up the USIA way IO 
give. after rccrystalhsation from EIOH. k (765). m.p. 17&l??. 

H, 0.7 CR). Ialarn -22.1’; 3b (715X+ m.p 167-IW. R, 07 (A). 
[olt;T t9.4’ and k (6%). m.p. 175-176’. H, 0.4 (H). [a]og ~9.9’. 
rcspcclivcly 

Synrhrrir of rhr 5’.chloro compounds 3&M. Compound kk 
was heated in a mixture of DMF (I5 vdumc) and waler (I.5 
\olumc) containing NaCl (IOequiv) on a steam bath for 3 hr. The 
brown sluny was then cvaporotcd and water was added IO the 
resduc. which was lhen fillered. The crude cbloro compounds 
wcrc either recrystallized from EIOH or purdicd by column 
ChrOmal Thy (solvent A), yielding 3d (909E). m.p. W-IW. I$ 

0.9 CR). Ial,,’ -29.9’: k (76%). m.p. 15LLl6U’. R, 0.S (0. [aID 

+3.5’. and 34 (6W). m p. 146146’. It, 0.8 (R). [alo” -11.9’. 

respcclively. 
2.2’ Anhydro . I . (fi D . 5’ .0 . mrryl-orabinolur4nory~) 

umril (4a). A slurry of Jb M 3c in dry McOH (IO volume) was 
treated with I equiv of mcthanolic 0.4 M SaOMc. The mixture 

was stirred ar room temp. for 24 hr and was then evapon~ed. The 
residue was rccrystallucd from water (20 fold) IO yield 4s (55sb). 
m.p. 2OlL210”. R, 0.6 (D). ]alog -50.7. III.’ m.p 215-216’. [o)o” 

-4l.r (c. 0.37 DMb 
2.2’ Anhydm . I (6 . D 5’ - chloro . 5’ . dco,xy. 

orobinofurunosyl) . uracil (M) Treatment of k or JI wlrh 

methanolic SaOMe. as described for 4a. afforded Jb(67’k). m.p. 
195-W. R, 0 7 (D). [air,” -70.6’. 

2.2’. Anhydru . I (fi - D 5’ - 0. rn~~yl-orabinofurono~~/) . 5 
. bmmourocif (4~). Treatment of 3a or 3d with ~~~hanol~c Na- 

OMc. as dcscnbcd for 6. afforded 4c (63%). m.p 19&192’. H, 
0.9 (D). [IY]“~ 92.4”. 
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