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BROMINATION OF 2,2’-ANHYDROURIDINE 

M. MER&Z, GY. HORVATR, P. SOHAR and J. KUSZMANN* 
Research InstiMe for Pharmaceutical Chemistry, Budapest, Hungary 

(Received in the UK 20 January 1975; Acceptedforpublicotion 1 I February 1975) 

Ahutrac-When 2,2’-anhydrouridine (1) is treated with aqueous Ba, cleavage of the pyrimidine ring occurs and the 2- 
amino-oxazoline (2) as well as its corresponding 2-oxo-analogue (3) is formed, the structure of which was proved by 
investigating their acetyiated derivatives, (4 and 5). Bromination of 1 in the absence of water yields the 
Z’Jdibrom~uridme (6) which can be converted into the corresponding 2.2’-anhydroderivative (7). Structures were 
ptoved bi MS, NMR and IR. 

It is well known, that most of the pyrimidine nucleosides, 
containing a halogen at C-5 possess cytostatic or antiviral 
properties.’ Recently it was shown,’ that some of the 
2,2’-anhydropyrimidine nucleosides exhiiit similar biolog- 
ical activity. For increasing this activity, combination of 
these two elements, i.e. the synthesis of 2,2’-anhydro-5- 
bromo pyrimidine nucleosides was worked out.” In every 
case the corresponding S-halogen derivatives were used 
as starting material and the 2,2’-anhydro bridge was 
formed subsequently. 

The elegant and simple synthesis of Sanchez and Orgel’ 
made the 2,2’-anhydropyrimidine readily available, there- 
fore we investigated the direct bromination of these 
compounds. As model substance 2,2’-anhydrouridine (1) 
was chosen which was obtained from the 2 - amino - 
oxazoline 2 according to the literature.’ 

When compound 1 was treated with aqueous bromine- 
which reaction is generally used for the bromination of 
pyrimidine nucleosides at C-S-cleavage of the 

pyrimidine ring occurred and the 2 - amino - oxazoline 2, 
as well as its corresponding 2-0~0 analogue 3 was formed. 
The latter could only be isolated from the reaction after 
acetylation as its triacetate 5 together with the tetraace- 
tate 4. It is very probable, that in the bromination 2 is 
formed firstly via oxidative cleavage of the pyrimidine 
ring, and 3 is only a secondary product, formed by 
hydrolysis of 2 in the acidic media. The instability of 2 
was proved directly, as it could be converted into 3 under 
the conditions applied for the bromination. The tet- 
raacetyl derivative 4 is even more sensitive towards acids 
and is partly converted to 5 even by column chromatog- 
raphy on silicic acid. 

Neither 4 or 5 could be deacetylated by sodium 
methoxide, therefore the acetyl groups were removed by 
treatment with diethylamine in methanol when 2 and 3 
were fonned, respectively. 

It is interesting to note, that the 2,2’-anhydro ring which 
can be split easily by acids remains intact during these 
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reactions, whereas the otherwise stable pyrimidine ring 
suffers a cleavage. A similar oxidative cleavage of the 
pyrimidine ring in “normal” acetylated nucleosides by 
permanganate was described by Gcdy and Walker,6 who 
obtained an urea derivative which is the acyclic analogue 
of 2. When 22’ - anhydro - 3’J’ - diacetyl - uridine was 
treated with aqueous permanganate, oxidative cleavage of 
the pyrimidine ring took place, and after acetylation of the 
crude mixture 4 and 5 could be separated as the only 
products. Nevertheless the mechanism, postulated for the 
reaction with permanganate6 cannot be applied to the 
bromination, as according to GLC and MS bromoform is 
formed as a byproduct. 

The structure of 4 and 5 obtained from 1 was 
established by high resolution mass spectrometry. 

The fragmentation pattern of 4, predominant both at 70 
and 12.5eV electron energy is depicted in Scheme I, 
while the corresponding mass spectral data are listed in 
Table 1. Besides the “normal” behaviour of acetates, i.e. 
the loss of ketene and acetic acid, some unique processes 
can be observed in the mass spectrum of 4, which we 
believe to be due to the presence of the acetyl-imino 
grouping. First of all the loss of ‘CH3, which is rarely 
observed in acetates, and the rearrangements leading to 
ions b and c, respectively. As all the processes depicted in 

*Represents that a metastable peak was observed for the 
transition. 

Scheme 1 are rearrangements, except M’ to a, the trends 
of abundances upon changing the electron energy (Table 1) 
are indicative for primary, secondary and subsequent 
processes and corroborate the sequence given in Scheme 1. 

It is worth mentioning, that the mass spectrum of 4 
formed from 1 was identical with that of the authentic 
compound prepared by the direct acetylation of 2. 

The fragmentation pattern of 5 (Scheme 2) and the data 
of the ions depicted (Table 2) are shown below. 

The mass spectral characteristics of 5 are drastically 
different from those of 4. It behaves like acetylated 
furanosides,’ giving practically no molecular-ion peak and 
showing abundant ions for the loss of the side-chain and 
the consecutive ejection of stable neutral molecules (ions 
j, WI and p). In the route initiated by the loss of acetic 
acid (ion i) the only fragmentation of the oxazoline-ring, 
the ejection of Co2 (ion I) is observed, furnishing direct 
evidence for the structure of this moiety. The effect of 
electron energy on abundances can be evaluated as 
described for compound 4. 

It is interesting to note, that the replacement of the 
C=N-AC grouping of 4 to C=O in 5 shifted the centre of 
fragmentation from the oxazoline- to the 
tetrahydrofurano-ring. presumably by increasing the local 
ionigation potential in the former. 

When bromination of 1 was carried out under 
anhydrous conditions, i.e. in dry chloroform, 1 - /3 - 2’ - 
bromo - 2’ - deoxy - D - ribofuranosil - 5 - bromouracil(6) 
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(CDCI,): 6 6.13 (H-l’), 5.10 (H-3’). 4.82 (H-2’). 2.46 (N-AC). 2.09 
and 2.03 ppm (2x0-AC), J,.z = 5, J,,Y = 0, JY.,. = 2 Hz, (Found: C, 
48.20; H, 5.22; N, 4.69. CIIHI,NO. requires: C, 47.85; H, 5.02; N, 
4.65%). 

Deocetylafion of compound 4 and 5. A soln of 4 (0.3g) in 
MeOH (5 ml) was heated in the presence of diethylamine (0.7 g) on 
a steam bath for 4hr. The crystalline residue, obtained after 
evaporation was recrystallized from water to yield 2 (0.1 g; 55%). 
Similar treatment of 5 gave after column chromatography (solvent 
A) 3 as colorless oil, yield 80%, [a]P” = - 35.P (c I, pyridine), R, 
0.75 (A). 

I - g - D - (2’ - Bromo - 2’ - deoxy - ribofuranosyl - 5 - bromo - 
uracil (6) 

(a) A slurry of I (5.5g) in CHCI, @ml) was treated with Brl 
(4g). The mixture was stirred at boiling temp. for 6hr. The 
chloroform was decanted after cooling and the brown oily residue 
was triturated several times with chloroform. ‘Ihe sticky solid 
residue was dissolved in EtOH and was purified on a silica column 
using EtOAc as solvent. The fractions, containing 6 were 
evaporated and the residue was recrystallized from EtOAc (4.1 g; 
4%), m.p. 193-194”, R, 0.7 (C), [a]Pao= -24.6” (cl, pyridine), 
[alDm= - 18.3 (cl, water), IR: 1685, 1620 (pyrimidinedione), 
3530,347O @oH). 3300-2700 cm-’ (vNH), NMR (DMSO_ds): 8 11.9 
(NH), 8.65 (s, H-6), 6.15 (d, H-l’), 4.70ppm (1, H-2’), J,.r = Jr.Y = 
4Hz (Found: C, 28.83; H, 2.83; Br, 41.11; N, 7.19. C&O,Br,N, 
requires: C. 2816; H. 2.10; Br, 41.73; N, 7.30%). 

(b) A slurry of 7 (0.6 g) in trifluoro acetic acid (20 ml) saturated 
with HBr at O”, was stirred at room temp. for 5 days. &reacted 7 
was removed by filtration, the filtrate was evaporated and the 
yellow syrup was purified by column chromatography (solvent C). 
Recrystallization of the evaporated residue from EtOAc afforded 
6 (0.5 g; 65%), identical with that, obtained according to route a. 

(c) 2’ - Bromo - 2’ - deoxy - uridine’ (0.3 g) was treated with Br2 
water, until the yellow colour of the mixture remained unchanged. 
The excess of Br2 was removed by air and the soln was 
evaporated. The residue gave on purification by column 
chromatography (solvent D) and recrystallization from EtOAc 
pure 6 (0.2 g. 53%), identical with that, mentioned above. 

Hydrogenafion of compound 6. A soln of 6 (0.1 g) in water 
(5mJ) was hydrogenated at room temp in the presence of 2N 
NaOH (0.2ml) using Pd(OH)&Z as catalyst. The residue, 
obtained after filtration and evaporation was hydrolysed with 
0. I N HCI (5 ml) on a stream bath for 8 hr. The mixture was 
chromatographed on Schleicher-Schtlll 2043/6mg paper, using 
n-BuOH saturated with water for elution. On detection by 
aniline-phthalate the spot of 2 - deoxy - ribose appeared at R, 0.30. 

0 

22’ - Anhydro - [I - (fi - D - arabofiranosyl)] - 5 - bromo - uracil 
(7) 

A soln of 6 (4.8 g) in dry MeOH (60 ml) was treated with 0.4 N 
methanolic NaOMe (30 ml). The slurry was stirred at room temp. 
overnight. The residue obtained after evaporation was purified by 
column chromatography (solvent B). Recrystallization from EtOH 
gave 7 as colorless platelets (3.6 g; 86%), m.p. 214”. R, 0.58 (D). 
[aloao= - IW (cl, DhfF), lit.’ q .p. l95”, [a]Pm= +20.7 IR: no 
pyrimidinedione band, 1640 (amide-I). 1530 (v,,), 148Ocm-’ 
(Y,,,,), NMR (DMSW): 6 8.50 (s. Hd), 6.37 (d, H-l’), 5.29 
(d, 3’-OH; JHeH = 4.5 Hz), 5.28 (d, H-2’), 5.00 (1, 5’-OH; J,,, = 
5 Hz), 4.43 (2xd, H-3’), 4.17 (2x& H-4’), 3.30ppm (d, 2xH-S’), 
Jr, = 6, h, = 0, Js,., = I, J4.J. = 4 Hz. (Found: C, 35.45; H, 3.19; 
Br, 26.31; N, 899. C+HPOJBrNI requires: C, 35.43; H, 297; Br, 
26.20; N, 9.18%). 

1 - /3 - D - (3’,5’ - di - 0 - acetyl - 2’ - bromo - 2’ - deoxy) - 
ribofirranosyl - 5 - bromo - uracil (8) 

A soln of 6 (0.8 g) in pyridine (9 ml) and Ac20 (9 ml) was kept at 
room temp. for 24hr. After usual work up the CHCI, soln was 
evaporated and the residue was puritied by column chromatog- 
raphy (solvent D). Compound 8 was obtained as a solid foam 
(0.6 g; 64%). m.p. 170-195” (dec), R, 060 (D), [alDm = - 39.7” (c I, 
CHCI,), IR: 3300-2700 (Y&, 1740 (Y&, 1690 (amide-n, 1620 
(v,&, 1230 and I050 cm-’ (uc_,,). NMR (CDCI,): 6 8.8 (NH), 7.93 
(s, H-6), 6.25 (d, H-l’), 5.10 (1, H-3’). 4.65 (1, H-2’). 2.20 and 
2.23 ppm @O-AC), Jr;+ = Jr,T = J,..,. = 4 Hz. (Found: C, 3568; 
H, 3.19; Br, 33.44; N, 4.02. CITH&Br2N2 requires: C, 33.36; H 
264; Br. 34.15; N. 599%). 

Oxidation of 2,2’ - anhydro - 3’,5’ - di - il - acetyl - uridine with 
KMnO. 

A soln 2,2’ - anhydro - 3’J - di - 0 - acetyl - uridine” (0.6 g) in 
water (80 ml) and BuOH (80 ml) was treated with KMnO. (I g). 
The brown slurry was stirred overnight. The filtered soln was 
evaporated, the residue was treated with EtOH, filtered and 
rccvaporated. The oily residue (0.8 g) was acetylated in pyridine 
(8 ml) with Ac20 (4 ml). After usual work up the crude mixture 
was separated by column chromatography (solvent E) yielding 4 
(0.15 g) and S (0.2g), both identical with those described above. 
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