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Abstract—When 2,2'-anhydrouridine (1) is treated with aqueous Br,, 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 acetylated derivatives, (4 and §).
2',5-dibromo-uridine (6) which can be converted into the
ptoved by 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 exhibit 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 5-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

Bromination of 1 in the absence of water yieids the
corresponding 2,2'-anhydro-derivative (7). Structures were

pyrimidine ring occurred and the 2 - amino - oxazoline 2,
as well as its corresponding 2-oxo analogue 3 was formed.
The latter could only be isolated from the reaction after
acetylation as its triacetate § 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 § even by column chromatog-
raphy on silicic acid.

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

It is interesting to note, that the 2,2’-anhydro ring which

pyrimidine nucleosides at C-S—cleavage of the can be split easily by acids remains intact during these
O
H
N NAc
b

HOCH. N HOCH: o NH AcOCH, 4 NAc

0} 0] (o)
——ﬂb zét
BtyNH/MeOH

H OH OAc
1 2 4

HOCH; NH AcOCH. ﬂ NAc
o rep o

f————
EtyNH/MeOH

OH OAc
3 5

1873



1874 M. MERESZ et al.
Al j" Ac
AcOCH; 0 P ¢ AcOCH: (0] ~
AcO OJNN—Ac AcO O’grg=c=o
4 2
. l -CH,CO
. AcOCH
] %ﬂl \ Y K
~co[es — * | -cnco l I
AcO O’grg:.c:o.
c d
e
Ac = COCH, -~ AcOH
=
1 \
~4,
Scheme 1. 4t h
AcOCH:_ _O AcT o A /o\'—m{
N~ ~CH0Ac Z N~ —CHCO
s T A, T a0 ot
AcO 0" >0 AcO o
M
[ i m
—AcOHl l ~AcOH
' —CH,CO R k —CH,CO P
-COI J —CO, l
< o AC = COCH;
l _—H?C_’ ')

Scheme 2.

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 Gody and Walker,® who
obtained an urea derivative which is the acyclic analogue
of 2. When 2,2’ - anhydro - 3',5' - diacetyl - uridine was
treated with aqueous permanganate, oxidative cleavage of
the pyrimidine ring took place, and after acetylation of the
crude mixture 4 and § could be separated as the only
products. Nevertheless the mechanism, postulated for the
reaction with permanganate® cannot be applied to the
bromination, as according to GLC and MS bromoform is
formed as a byproduct.

The structure of 4 and § 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 1,
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 ‘CHs, 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 g, the trends
of abundances upon changing the electron energy (Table 1)
are indicative for primary, secondary and subsequent
processes and corroborate the sequence givenin Scheme I.

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 § (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, m and p). In the route initiated by the loss of acetic
acid (jon i) the only fragmentation of the oxazoline-ring,
the ejection of CO, (ion [) 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=0 in § shifted the centre of
fragmentation from the oxazoline- to the
tetrahydrofurano-ring, presumably by increasing the local
ionization potential in the former.

When bromination of 1 was carried out under
anhydrous conditions, i.e. in dry chloroform, 1- 8 - 2' -
bromo - 2' - deoxy - D - ribofuranosil - 5 - bromouracil (6)



Bromination of 2,2 -anhydrouridine

Table 1. Mass spectral data of ions of compound 4 depicted in
Scheme 1

Relative abundances AW/

Symbol /s Elemental cosposition
7O &V IS 4V

[\ad 342 24 2 34816%:%
a 27 A2 A Cy58, 49,08
3 34 23 29 Cy581 750
3 01 z 3 CrH1p¥a%
4 300 1? 2 €128, 6%2%
N 285 100 100 15139,
z 225 o 3 -

z 183 25 5 G, By ¥,0,
A 165 » 18 L

® A1) bigh-resolution mass measurements were vithin ¢ 3 mm to
the calculated valuss.

was obtained. Location of the two bromo atoms at C-2'
and C-5 in compound 6 was proved in part by the IR and
NMR spectra of its diacetyl derivative 8, and in part
chemically as after hydrogenation over Pd(OH). and
subsequent acidic hydrolysis, 2'-deoxy-D-ribose could be
detected as the only sugar component. For proving the
“ribo"’ configuration of the brominated sugar, the dibromo
compound 6 was treated with sodium methoxide, when
2,2' - anhydro - § - bromo - uridine (7) should be formed.
The latter was described by Ponpipom and Hanessian® in
1972. The anhydro derivative, obtained from 6 was
according to its IR, NMR and mass spectra the desired
compound, but its physical data (m.P. 214°, [a)p® - 120°)
differed from those in the literature® (m.p. 195°, [a]o® +
20-7°).

Further chemical proof of the structure dibromide 6,
was provided when the anhydride 7 was treated under
anhydrous conditions with HBr, yielding a dibromide,
identical with 6. On the other hand, treatment of 2’ -
bromo - 2’ - deoxy - uridine (9)—which was obtained from
anhydrouridine 1 according to Fox et al”—with aqueous
bromine gave a dibromo nucleoside also identical with 6.
Thus the location of the bromine at C-2' of the sugar
moiety in “ribo” configuration was proved unambiguously
as well as the structure of the 2,2’-anhydro derivative 7,
derived from it.
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The fragmentation of 6 is in accordance with the general
MS behaviour of pyrimidine-nucleosides," yielding the
(B + 1)-ion (m/e = 190, 192) as the base peak, which shows
a further fragmentation analogous to that of 5 - bromo -
uracil." Cleavage at the glycosidic linkage in 6 yields ion
m/e =195, 197, representing the sugar moiety with one
bromine atom. The fragmentation pattern of 7 can be
deduced from that of 1 studied in detail” by inserting
bromine in the ions containing the pyrimidine portion.

EXPERIMENTAL

M.ps are uncorrected. TLC was carried out on Kieselgel G
coated microscope slides using EtOAc/EtOH 1:1 (A), 3:2 (B)
EtOAc (C), EtOAc/CCL 1: 1 (D) and 2: 1 (E) for elution. Detection
was effected with 0-1 N KMnO, and 2 N H,SO, (1: 1) and heating
to 100°. NMR spectra were recorded at 60 MHz with a Varian
A-60D spectrometer with TMS as internal standard. IR spectra
were recorded is KBr pellets on a Perkin Elmer 457 spectrometer.
Mass spectra were recorded on a Varian MAT SM-1 instrument.
All evaporations were carried out in a rotary evaporator under
diminished pressure, after drying the organic solutions over
Na,SO,. Kieselgel 40 (0-063-0-200mm) was used for column
chromatography.

Bromination of 2,2'-anhydrouridine with bromine water

(a) Isolation of 2. A soln of 1 (5 g) in water (70 ml) was treated
with Br, (10g) and was kept at room temp. for 24 hr. After
removing the excess of Br; by a stream of air, the soln was
adjusted to pH 8 with an ion exchanger and was then evaporated
to dryness. The semisolid residue was filtered with EtOH and was
recrystallized from water, yielding 2; (1-6 g; 42%), m.p. 175-177°,
Ry 0:35 (A), [a]p™ = +6I° (c], pyridine), [a]p™ = +20° (c],
water). Lit’: m.p. 175-176".

(b) Isolation of 4 and 5. The mixture obtained after removing
the excess of Br, was evaporated, and then several times
reevaporated with EtOH. The oily residue was dissolved in
pyridine (30 ml) and Ac,O (30ml) and was kept at room temp.
overnight. After usual work up the CHCI, soln was evaporated
and the solid residue was recrystallized from EtOH, yielding 4
(28; 27%), m.p. 123-124°, R, 0-4 (E), [a]p™" = - 60-4° (¢ 1, CHCl,)
IR: 1750, 1730, 1710 and 1670 (ester, amide), 1280, 1260, 1230,
1215, 1140, 1110 and 1065cm™ (vco), NMR (CDCLy): 6 620
(H-1'), 5-10 (H-3'), 492 (H-2), 2-47, 2-17, 2-08 and 2:04 ppm
(2xO-Ac  and 2xN-Ac), Jy»=35, Jy5=0, Jy.=2Hz.
(Found: C, 49-30; H, 5-33; N, 8-38. C,.H,4N,0, requires: C, 49-12;
H, 5-30; N, 8-18%).

Chromatography of the mother liquor (solvent E) afforded
further 4 (0-3g; 4%) and S (0-5 g; 7-5%), m.p. 80-81°, R, 0-6 (E)
[a]o™= - 109° (c1, CHCL), IR: 1800, 1745, and 1710 (ester,
amide), 1235, 1210, 1155, 1110 and 1075cm™ (vco), NMR

Table 2. Mass spectral data of ions of compound § depicted in Scheme 2 Relative abundances (%)

Symbel »a Blemantal composition *
70 o 12,5 oV

w 3 ° 0,08 -
FS 2a 3e6 T3 -
1 228 52 100 ¢y g
Y 199 n 17 Cylly WO,
1 197 3.6 ) ag, %0,
2 186 (- 60 Gy n’
a 7 L ? Celly ™,
2 CIE oy %05
2 126 100 » c l, Wy

® All high-eesclutien mass masurenssts were vithia g 1.5 amm

4o the caloulated valwes.
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(CDCL,): 8§ 6:13 (H-1'), 5-10 (H-3"), 4-82 (H-2'), 2-46 (N-Ac), 209
and 203 ppm (2x0-Ac), J,- 3 = 5,2 5 =0, J5 . = 2 Hz, (Found: C,
48-20; H, 5-22; N, 4-69. C,,H,sNO, requires: C, 47-85; H, 5:02; N,
4-65%).

Deacetylation 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 (0-1g; 55%).
Similar treatment of § gave after column chromatography (solvent
A) 3 as colorless oil, yield 80%, [a]p™ = —35-7° (c 1, pyridine), R,
0-75 (A).

1-B8-D-(2- Bromo - 2 - deoxy - ribofuranosy! - 5 - bromo -
uracil (6)

(@) A slurry of 1 (5:5g) in CHC, (50 ml) was treated with Br,
(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. The 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 (4-1g;
42%), m.p. 193-194°, R, 0-7 (C), [a]lo™ = — 24-6° (c], pyridine),
[alp®= - 183 (c1, water), IR: 1685, 1620 (pyrimidine-dione),
3530, 3470 (vou), 3300-2700 cm™* (vng), NMR (DMSO-dy): 6 119
(NH), 865 (s, H-6), 6-15 (d, H-1'), 470 ppm (1, H-2), Ju 2 = )5 =
4 Hz (Found: C, 28-83; H, 2-83; Br, 41-11; N, 7-19. C,H;O,Br;N,
requires: C, 28:16; 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 0°, was stirred at room temp. for 5 days. Unreacted 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 Br
water, until the yellow colour of the mixture remained unchanged.
The excess of Br, 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.

Hydrogenation of compound 6. A soln of 6 (0-1g) in water
(5 ml) was hydrogenated at room temp in the presence of 2N
NaOH (0-2ml) using Pd(OH),/C as catalyst. The residue,
obtained after filtration and evaporation was hydrolysed with
0-1N HCI (Sml) on a stream bath for 8 hr. The mixture was
chromatographed on Schleicher-Schiill 2043/6 mg 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.
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2,2' - Anhydro - (1-(8 - D - arabofuranosyl)) - 5 - bromo - uracil
™

A soln of 6 (4-8g) in dry MeOH (60 ml) was treated with 0-4 N
methanolic NaOMe (30 mi). 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),
[alo™ = - 120° (c 1, DMPF), lit.* m.p. 195°, [a]p™ = +20-7 IR: no
pyrimidine-dione band, 1640 (amide-I), 1530 (vc.c), 1480cm™’
(vwn), NMR (DMSO-de): 6 8-50 (s, H-6), 6-37 (d, H-1'), 5-29
(d, 3-OH; Jy_on = 4-5 Hz), 5-28 (d, H-2'), 5:00 (t, 5'-OH; Jyou =
5Hz), 443 (2xd, H-3'), 4-17 (2xt, H4'), 3-30ppm (d, 2xH-5),
Jr2=6,]ry=0,1y¢=1Jss=4Hz (Found: C, 35-45; H, 3:19;
Br, 26:31; N, 8:99. C,H,0,BrN, requires: C, 35-43; H, 2:97; Br,
26-20; N, 9-18%).

1-B-D-(35-di-O0 - acetyl -2 - bromo - 2' - deoxy) -
ribofuranosyl - 5 - bromo - uracil (8)

A soln of 6 (0-8 g) in pyridine (9 ml) and Ac,O (9 ml) was kept at
room temp. for 24 hr. After usual work up the CHCI, soln was
evaporated and the residue was purified by column chromatog-
raphy (solvent D). Compound 8 was obtained as a solid foam
(0-6 g; 64%), m.p. 170-195° (dec), R, 0-60 (D), [a]p™ = —39-7°(c1,
CHCl,), IR: 3300-2700 (vnn), 1740 (veo), 1690 (amide-I), 1620
{vec), 1230 and 1050 cm™ (vc-o), NMR (CDCl,): § 8:8 (NH), 7-93
(s, H-6), 6-25 (d, H-1), §5-10 (t, H-3'), 4-65 (t, H-2'), 2:20 and
2:23ppm (2x0-Ac), Ji- 2 =)z 5 =)y » =4 Hz. (Found: C, 3568;
H, 3-19; Br, 33-44; N, 4-02. C,sH,,0,Br,N; requires: C, 33-36; H
2:64; Br, 34-15; N, 5:99%).

Oxidation of 2,2' - anhydro - 3,5 - di - O - acetyl - uridine with
KMnO,

A soln 2,2’ - anhydro - 3',5' - di - O - acetyl - uridine™® (0-6 g) in
water (80 ml) and BuOH (80 ml) was treated with KMnO, (1 g).
The brown slurry was stirred overnight. The filtered soln was
evaporated, the residue was treated with EtOH, fiitered and
reevaporated. The oily residue (0-8 g} was acetylated in pyridine
(8 ml) with Ac,O (4 ml). After usual work up the crude mixture
was separated by column chromatography (solvent E) yielding 4
(0-15 g) and 5 (0-2 g), both identical with those described above.
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