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Halogenation of 1-carboxymethyluracil (I) afforded l-carboxymethyl-5-fluorouracil (II) and 
l-carboxymethyl-5-iodouracil (IV). 2/-Deoxyuridine (V) was converted into 5'-0-pivaloyl-
-2'-deoxyuridine (VI) which was treated with dihydropyran and then methanolysed to afford 
3'-0-tetrahydropyranyl-2'-deoxyuridine ( V I I ) . By reaction of compound VII with sodium chloro-
acetate in the presence of sodium hydride and the subsequent acidic hydrolysis there was pre-
pared S'-O-carboxymethyl^'-deoxyuridine (VIII). Fluorination of compound VIII with ele-
mental fluorine in acetic acid furnished 5'-0-carboxymethyl-5-fluoro-2'-deoxyuridine (X) while 
the corresponding 5-bromo derivative XI was obtained by bromination and the appropriate 
5-iodo derivative XII by iodination in acidic medium. 

In connection with investigations on conjugates containing various immunosup-
pressants covalently bound to protein antigenes, some conjugates of the 6-mercapto-
purine1 '2, 6-azauridine3, and 6-azauracil4 derivatives with bovine y-globulin and 
human serumalbumin have been recently prepared. The condensations were per-
formed by the isocyanate method1 '2 , 4 or the "mixed anhydride" process3 '5. The 
latter route proved as particularly suitable for the use in the field of nucleoside anti-
metabolites3; for these purposes, a method for the preparation of the 6-azauridine 
and l-(P-D-arabinofuranosyl)cytosine derivatives3,6 and their bonding to the above 
mentioned proteins has been developed. The cytostatic, cancerostatic, and viro-
static activity has been reported with some members of the series of 5-halo substituted 
pyrimidine bases such as 5-iodouracil,and the corresponding 2'-deoxyribonucleosides. 
The immunosuppressant activity has been examined in the case of 5-fluorouracil7-12 , 
5-fluoro-2'-deoxyuridine7 '13, 5-bromo-2'-deoxyuridine7 '13 '14, and 5-iodo-2'-deoxy-
uridine7 '13. It was therefore of interest to prepare the carboxyl derivatives of the 

* Part VI in the series Immunosuppressant Antigene Conjugates; Part V: see ref.4. 
** To whom the correspondence should be directed. 
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above mentioned uracil and 2'-deoxyuridine dc-'vatives and attempt their use in the 
covalent bonding to proteins by the method of mixed anhydrides. 

In the uracil series, all the required compounds were prepared from 1-carboxy-
methyluracil (/) as the starting material. Compound / is accessible by reaction 
of uracil with sodium chloroacetate in alkaline medium1 5 '1 6 . The reported bromina-
tion1 7 readily affords 5-bromo-l-carboxymethyluracil (III). The fluorination of 
compound I was performed by reaction with elemental fluorine in acetic acid as 
solvent18 to afford without any appreciable side reactions the required 1-carboxy-
methyl-5-fluorouracil ( / / ) which was isolated by chromatography on silica gel. 
The 5-iodo derivative IV was prepared by reaction of compound / with elemental 
iodine in aqueous dioxane and in the presence of nitric acid. The structure of the 
newly prepared compounds was established by elemental analysis as well as by paper 
chromatography and electrophoresis (the results were in accordance with the expected 
substituent effects) and also by UV spectra. When compared with compound I 
(Amax 268 nm at pH 7), the absorption maxima of the 5-bromo derivative// / (285 nm), 
the 5-fluoro derivative II (276 nm), and the 5-iodo derivative IV (293 nm) exhibit 
a bathochromic shift and the spectra display differences in acidic or neutral media 
and the alkaline medium as typical with 1-substituted derivatives of uracil. 

In the 2'-deoxyuridine series, there are several approaches to the preparation 
of carboxyl derivatives suitable for the covalent bonding to proteins. The 5'-0-carbo-
xymethyl derivatives, the preparation of which is reported in the present paper, 
appear especially promising from this standpoint since their character is similar 
to that of the starting physiologically active nucleosides (certainly more similar 
than in the case of the corresponding 5'-uronic acids3) and since the etherified C (5,) 
position might result in stabilisation of the otherwise rather labile nucleoside bond 
of the 2'-deoxyuridine series. Despite the relative accessibility of 5-halo-2'-deoxy-
uridine derivatives, some other substances had to be used as the starting material 
since the C ( 5 )-Hal bond would not probably resist the etherification conditions 
(c/.3 , 6) in the presence of a strong base. Consequently, the present syntheses were 
performed via halogenation of 5'-0-carboxymethyl-2'-deoxyuridine {VIII) with the 
formation of the corresponding 5-halo derivatives. 

The unambiguous preparation of 5'-0-carboxymethyl-2'-deoxyuridine ( V I I I ) re-
quired a previous synthesis of such a suitable starting 2'-deoxyuridine derivative 
which would be substituted at position C (3,} by an alkali-stable protecting group. 
The conventional alkali-labile protecting groups do not survive the reaction condi-
tions6 and a mixture of products is obtained. In the present case, the 3'-protected 
derivative was prepared by a two-step procedure. In the first step, 2'-deoxyuridine 
(F) was treated with pivaloyl chloride in pyridine to afford 5'-0-pivaloyl-2'-deoxy-
uridine (VI ) . The structure of compound VI and absence of the isomers was con-
firmed by analysis and N M R spectra (presence of the free 3'-hydroxylic function). 
The acid-catalysed reaction of compound VI with dihydropyran afforded the fully 
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protected derivative which was not isolated but directly methanolysed with the forma-
tion of 3'-0-tetrahydropyranyl-2'-deoxyuridine (VII). In addition to elemental 
analysis, the structure of compound VII was also confirmed by N M R spectra which 
indicate existence of diastereoisomers on the C ( ] r ) carbon atom of the tetrahydro-
pyran ring. 

As the most advantageous approach to the preparation of 5'-0-carboxymethyl 
derivatives (see ref.3 and quotations given therein), the reaction of compound VII 
with sodium chloroacetate was examined under various conditions. The variant 
using the sodium alkoxide of compound VII prepared in situ by reaction with so-
dium hydride in dimethyl sulfoxide proved as the route of choice. After the reaction 
with an equimolar amount of dry sodium chloroacetate at room temperature, the 
protecting tetrahydropyranyl group was removed by the action of 50% aqueous 
acetic acid without affecting the nucleoside bond under the release of uracil. Com-
position of the reaction mixture was checked by paper chromatography and electro-
phoresis. When equimolar amounts of the two reactants (compound VII as the di-
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sodium salt) are used, there is obtained a 62% yield of the product VIII along with 
a 15% yield of compound IX as the by-product of the additional substitution at posi-
tion N 3 . With dimethylformamide as solvent (under otherwise analogous condi-
tions), compound VIII is obtained in 30% yield only the remainder being the starting 
material VII. Similar differences between reactions in dimethylformamide and di-
methyl sulfoxide have been reported by Halford and Jones19 for the reaction of so-
dium chloroacetate with 2',3'-0-isopropylideneuridine disodium salt. The N3-mono-
substituted product resulted in that case only when a monosodium salt of the nucleo-
side derivative was used as the starting material.19 As shown by electrophoresis 
under conditions that would favour separation of the two N 1 - and N3-isomers 
(i.e., at pH higher than the pK value of the uracil nucleus), no N3-monosubstituted 
isomer of compound VIII is formed in the present case. Finally, the O 5 ,N3-disubsti-
tuted derivative IX was obtained as the main reaction product when excess sodium 
chloroacetate was used with respect to the disodium salt of compound VII. This 
situation differs from reactions of 2',3'-0-isopropylidene-6-azauridine disodium salt 
which afford exclusively the O 3 -monosubstituted derivative3 even when excess 
sodium chloroacetate is used. 

On the preparative scale, the products VIII and IX were separated by chromato-
graphy on a column of DEAE-cellulose and isolated in the form of lithium salts. 

T A B L E I 

Chromatography and Electrophoresis 

Compound Si s 2 s 3 V E2« F " 3 

Uracil 0-62 0 
Uridine 0-50 0-25 — 0 0-32 0 

/ 0-42 0-39 0-15 0-74 — — 

II 0-33 0-48 105 — — 

III 0-39 0-51 0-23 0-89 — — 

IV 0-42 0-54 0-42 0-74 — — 

V 0-62 0-61 0-11 0 0-34 0 
VI — 0-87 0-67B 

— — — 

VII 0-83 — 0-65^ — — 0 
VIII 0-44 0-64 — 0-57 0-73 0-50 
IX 0-40 0-67 — 0-96 — 0-90 
X 0-40 0-69 — 0-89 1-07 — 

XI 0-43 0-69 — 0-73 — — 

XII 0-42 0-68 — 0-63 — — 

XIII 0-68 0-74 — — — — 

" Electrophoretical mobility as referred to uridylic acid; b 0-14 in S4 ; c 0-15 in S 4 . 
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The structure of the two products is in accordance with results of elemental ana-
lysis, paper chromatography and electrophoresis indicating with compound IX 
an increased acidity owing to the presence of two carboxylic functions dissociable 
in weakly alkaline media. The UY absorption spectrum of compound IX is character-
istic of a Nx,N3-disubstituted uracil derivative (without hyperchromicity in alkaline 
media) whereas the hyperchromic effect of the main product VIII in alkaline media 
is in accordance with the structure of N ^substituted uracil derivatives with a free 
N3—H function on the heterocyclic base. 

Compound VIII was fluorinated analogously to compound I, i.e., on treatment 
with a solution of elemental fluorine in acetic acid18, to afford the fluoro derivative X 
contaminated with a small amount of compound VIII. The pure X was isolated 
as above by preparative chromatography on a column of DEAE-cellulose on the 
basis of a different acidity of compounds VIII and X (the increased acidity of com-
pound X is due to substitution of the uracil nucleus at position 5 by the electronega-
tive fluoro atom. Compound X was isolated as the chromatographically and electro-
phoretically homogeneous lithium salt and freeze-dried. The ratio of fluorine to nitro-
gen corresponds to the structure of compound X and to the purity higher than 95%. 

Bromination of compound VIII with elemental bromine in dimethylformamide 
afforded 5-bromo-5'-0-carboxymethyl-2'-deoxyuridine (XI) in a fair yield. The 
applicability of various methods for iodination of uracil nucleosides and nucleotides 
to our purposes has been examined on 2'-deoxyuridine (K) as the model substance, 
with a special respect to the yield and extent of the nucleoside bond cleavage. Thus, 
a modification of the reported20 procedure afforded 5-iodo-2'-deoxyuridine ( X I I I ) 
of high purity and in fair yield. Under analogous conditions, i.e., on treatment with 
iodine in aqueous dioxane in the presence of dilute nitric acid and at an elevated 
temperature, compound VIII was successfully converted into 5'-0-carboxymethyl-
-5-iodo-2'-deoxyuridine (XII) which was isolated by chromatography on silica gel 
and freeze-dried in the form of the ammonium salt. 

The chromatographical and electrophoretical behaviour of the 5-bromo deriva-
tive XI and the 5-iodo derivative XII is in accordance with substitution effects 
(increased acidity). Analogously to compounds I—IV, the halogenation at position 
5 of 5'-0-carboxymethyluridine derivatives results in a bathochromic shift of the 
ultraviolet maximum; while the unsubstituted compound VIII like all the uracil 
nucleosides exhibits the maximum at 260 nm in neutral solution, the other maxima 
are situated at 269 nm (the 5-fluoro derivative X), at 282 nm (the 5-bromo derivative 
XI) and at 288 nm (the 5-iodo derivative XII). Compounds X—XII also display 
a typical hyperchromic effect in alkaline media corresponding to N^substituted 
uracil derivatives with a free N 3—H group. 

All the above mentioned properties confirm the correct structure of 5'-0-carboxy-
methyl-2'-deoxyuridine ( V I I I ) and its 5-halo derivatives X—XII. 
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Melting points were taken on a heated microscope stage (Boetius apparatus) and are uncor-
rected. Unless stated otherwise, solutions were taken down on a rotatory evaporator at 40°C/15 
Torr and substances were dried over phosphorus pentoxide at 0-1 Torr. Anhydrous dimethyl-
formamide, dimethyl sulfoxide, and acetic acid were prepared by distillation over phosphorus 
pentoxide under diminished pressure. 

Paper chromatography was performed by the descending technique on paper Whatman No 1 
in the solvent systems Sj , 2-propanol-conc. aqueous ammonia-water ( 7 : 1 : 2), and S 2 , 1-buta-
nol-acetic acid-water ( 5 : 2 : 3). Thin layer chromatography was carried out on ready-for-use 
Silufol U V 2 5 4 (Kavalier Glassworks, Czechoslovakia) silica gel sheets in the solvent systems S 3 , 
chloroform-ethanol (9 : 1), and S 4 , chloroform-ethanol (95 : 5). Preparative runs were per-
formed on 40 x 16 X 0-3 cm layers of loose fluorescent silica gel (produced by Service Labora-
tories, Prague - Suchdol, of this Institute of Organic Chemistry and Biochemistry, Czechoslovak 
Academy of Sciences, Prague). Paper electrophoresis was performed by the technique of Markham 
and Smi th 2 1 on paper Whatman No 3 MM at 20 V/cm for 1 h in the buffer solutions Ex, 0-1M 
tr iethylammonium hydrogen carbonate (pH 7-5), E2, 0-05M sodium tetraborate (pH 10-5), 
and 1M acetic acid. The RF values and electrophoretical mobilities are summarised in Table I. 
The DEAE-cellulose chromatography was performed on a column (80 x 4 cm) of Cellex D 
(standard capacity, Calbiochem, Los Angeles, USA) ( H C O J ) ; elution with a linear gradient 
of triethylammonium hydrogen carbonate (pH 7-5) (2 l of water in the mixing chamber and 2 1 
of the 0-2M buffer solution in the reservoir); elution rate, 3 ml per min; the fractions were taken 
in 10 min intervals. The course of elution was checked by the Uvicord apparatus; the corres-
ponding fractions were pooled, taken down, and the volatile buffer removed by coevaporation 
of the residue with methanol. 

The UV spectra (Table II) were taken in aqueous solutions on a Zeiss Specord spectrophoto-

TABLE I I 

Ultraviolet Absorption Spectra (in water) 

p H 7 pH 12 
Compound H, 

^max'nm ^nin>nm £;nax ^ ,ax>nm *-nin.nm 

I 269 234 10 100 267 244 19 
II" 276 237 9 750 273 251 19 
III 285 245 8 600 281 253 18 
IV 293 248 9 300 284 254 21 
VIII 260 230 10 ooo'' 260 252 18 
IX 260 234 10 000b 260 236 0 
X 269 238 8 900b 267 236 19 
XI 282 244 9 240fe 276 253 23 
XII 288 248 6 600d 278 254 22 
XIII 288 248 6 700 280 253 26 

a Prepared as described in 1 7 , m.p. 260°C (decomp.) (water); b values used tentatively for quantita-
tive determinations; c hypochromicity at Amax, %; d at 280 nm. 
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meter and (quantitative runs) on a Spectromom 204 apparatus. The NMR spectra were recorded 
in hexadeuteriodimethyl sulfoxide on a Varian 100 apparatus (chemical shifts in p.p.m., the 
coupling constants in Hz). 

1 -Carboxymethyl-5-fluorouracil (II) 

1-Carboxymethyluracil15'16 (I; m.p. 295 —296°C; crystallised from water; 0-68 g; 4 mmol) was 
dissolved by heating in acetic acid (500 ml) and the solution allowed to attain the room tempera-
ture. A saturated solution of fluorine (152 mg of F2; 4-0 mmol) in acetic acid was then added, 
the mixture kept at room temperature for 1 h, evaporated under diminished pressure, and the 
residue coevaporated with three 40 ml portions of ethanol. The final residue was applied (in me-
thanol) to seven plates of silica gel F-254-Merck and chromatographed in the solvent system S1. 
The UV-absorbing band of RF 0-40 was eluted with methanol, the eluate evaporated, the residue 
applied (in a little water) to a column (30 ml) of Dowex 50 X 8 (H + ) ion exchange resin, and the 
column washed with water. The effluent was evaporated under diminished pressure and the resi-
due crystallised from ethanol-light petroleum to afford 0-52 g (70%) of compound II, m.p. 273 to 
276°C (sublimation above 220°C). For C 6 H 5 F N 2 0 4 (188-1) calculated: 38-30% C, 2-68% H, 
10-10% F, 14-89% N; found: 38-46% C, 2-72% H, 9-95% F, 14-91% N. Mass spectrum: mol. 
peak m/e 188-0233. 

l-Carboxymethyl-5-iodouracil (IV) 

To a solution of 1-carboxymethyluracil (I; 0-42 g; 2-5 mmol) in 0-5m nitric acid (5 ml) and dioxane 
(20 ml), there was added iodine (1-30 g; 5 mmol) and the whole refluxed for 1 h. The mixture 
was then evaporated under diminished pressure and the excess iodine removed by repeated co-
evaporations of the residue with ethanol under diminished pressure. The final residue was tri-
turated with a little water, the solid collected with suction, and washed with water. Yield, 0-56 g 
(75%) of compound IV, m.p. 248-249°C (water) (sublimation above 220°C). For C 6 H 5 I N 2 0 4 
(296-0) calculated: 24-34% C, 1-71% H, 9-46% N, 42-88% I; found: 24-67% C, 1-71% H, 9-22% N, 
43-20% I. 

5'-OPivaloyl-2'-deoxyuridine (VI) 

To a mixture of 2'-deoxyuridine (V; 6 0 g; 26-3 mmol) and pyridine (50 ml), there was added 
dropwise pivaloyl chloride (3-92 g; 4 ml), the mixture stirred at room temperature until the solid 
dissolved, and the resulting solution kept overnight. Water (5 ml) was then added, the mixture 
kept at room temperature for 1 h, evaporated under diminished pressure, and the residue co-
evaporated with four 25 ml portions of toluene. The final residue was dissolved in chloroform 
(100 ml), the solution wahed with water (three 20 ml portions), and the aqueous phase extracted 
with chloroform (20 ml). The chloroform solutions were combined, dried over anhydrous 
magnesium sulfate, evaporated under diminished pressure, and the residue coevaporated with 
toluene and ethanol. The final residue was dissolved in the minimum amount of hot ethanol 
and the solution treated with light petroleum until turbid. Crystallisation at 5 °C yielded 6-0 g 
(73%) of compound VI, m.p. 166-167°C. For C 1 4 H 2 0 N 2 0 6 (312-3) calculated: 53-83% C, 
6-45% H, 8-97% N; found: 53-47% C, 6-66% H, 8-65% N. NMR spectrum: 2-0 (pent, 1 H; J2»tV = 
= 72„>3, = 6-5, J2. 2„ = 13-0) H2„; 2-72 (dq, 1 H; J2, y = 6-5, / 2 , > 3 . = 4-0) H2,; 3-90-4-30 
(m, 4H) H 3 - + H 4 / + 2 H5<; 5-55 (brd, 1 H; JH5,nh < J5,6 = 8-0)H5; 6-14 (t, 1 H; Jr>2, = 
= / r 2„ = 6-5) H r ; 7-46 (d, 1 H) H6; 4-0 (br. 1 H) OH; 117 (s, 9 H) CH3. 
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3 / -0 -Te t r ahyd ropy rany l -2 ' - deoxyur id ine ( V I I ) 

T o a so lu t ion of c o m p o u n d VI (2-80 g; 9 mmol ) in d ioxane (20 ml) there was a d d e d d ihydro-
py ran (7-5 ml) a n d then with st i rr ing 0-5 g o f / M o l u e n e s u l f o n i c acid m o n o h y d r a t e (wi thout cooling). 
A f t e r 1 5 m i n , the reac t ion was quan t i t a t ive as ind ica ted by thin- layer c h r o m a t o g r a p h y in S 3 . 
The mix tu re was neut ra l i sed with 1m me thano l i c s o d i u m me thox ide a n d evapora t ed . T h e res idue 
was t r i t u ra t ed wi th c h l o r o f o r m (100 ml), the ext rac t filtered t h r o u g h Cellite, a n d the mater ia l 
on the filter washed with c h l o r o f o r m (50 ml). The filtrate a n d washings were combined , evapora t -
ed u n d e r d imin ished pressure , a n d the res idue kept at r o o m t e m p e r a t u r e in 0-5M me thano l i c 
sod ium me thox ide (30 ml) overn ight . T h e mix ture was neut ra l i sed by the add i t ion of dry D o w e x 
50 X 8 ( H + ) ion exchange resin, filtered, and the resin washed with m e t h a n o l (200 ml). T h e 
filtrate a n d washings were combined , t rea ted with t r i e thy lamine (0-5 ml), a n d evapora t ed unde r 
d iminished pressure . The res idue was mixed with silica gel accord ing to P i t ra (part ic le size, 
30 — 60 micron ; 25 g) a n d c h l o r o f o r m ; the resul t ing suspens ion was app l ied to a co lumn of the 
same silica gel (100 g) packed in c h l o r o f o r m . T h e co lumn was washed with c h l o r o f o r m and then 
with a mix tu re of e thano l a n d c h l o r o f o r m (5 : 95). T h e f rac t ions of c o m p o u n d s VII were pooled , 
e v a p o r a t e d u n d e r d iminished pressure , a n d the res idue coevapora t ed with e thano l (35 ml). T h e 
final res idue was dissolved in a m i n i m u m a m o u n t of hot e thano l , the so lu t ion t r ea t ed with light 
pe t ro l eum until tu rb id , a n d a l lowed to deposi t crystals at 5°C. Yield, 2-1 g (76%) of the c h r o m a t o -
graphical ly (S 4 ) h o m o g e n e o u s c o m p o u n d VII, m .p . 151 —152°C. F o r C 1 4 H 1 5 N 2 0 6 (307-3) 
calcula ted: 54-72% C, 4-92% H , 9-15% N ; f o u n d : 54-65% C, 5-02% H, 9-04% N . N M R spec t rum: 
5-65 (d, 1 H ) H 5 ; 6-13 (td, 1 H ) H r ; 7-66 (dd, 1 H) H 6 ; 9-48 (br d, 1 H) N H . 

5 / -0 -Ca rboxyme thy l -2 ' - deoxyu r id ine (VIII) a n d O 5 ,N 3 -Bis (ca rboxymethy l ) -2 ' -deoxyur id ine 
( I X ) 

T o a solut ion of c o m p o u n d VII (2-0 g; 6-5 m m o l in d imethyl sul foxide (40 ml) there was a d d e d 
with s t i r r ing s o d i u m hydr ide (0-31 g; 13 m m o l ) a n d the s t i r r ing was con t inued at r o o m t e m p e r a t u r e 
fo r 15 min u n d e r exclusion of a t m o s p h e r i c mo i s tu re . S o d i u m ch loroace ta te (dr ied over phos-
p h o r u s pen tox ide at 90°C/'0T Tor r ; 0-76 g; 6-5 m m o l ) was t hen added , the mix tu re s t i r red at r o o m 
t e m p e r a t u r e fo r 16 h u n d e r exclusion of a t m o s p h e r i c mois tu re , and e v a p o r a t e d at 50°C/0- l To r r 
to r e m o v e d imethyl sulfoxide. T h e res idue was c o e v a p o r a t e d unde r the s a m e condi t ions with 
d i m e t h y l f o r m a m i d e (50 ml) a n d two 25 ml po r t ions of to luene . The final res idue was hea ted 
in 50% a q u e o u s acet ic acid (50 ml) fo r 3 h at 50°C, the mix tu re e v a p o r a t e d u n d e r d iminished 
pressure , a n d the res idue coevapo ra t ed with t h r ee 50 ml por t ions of water . T h e final res idue 
was dissolved in water , the solut ion ad jus t ed to p H 8-5 with aqueous a m m o n i a , filtered t h r o u g h 
Celli te, a n d the filtrate app l ied to a co lumn of DEAE-ce l l u lo se (see above) . T h e co lumn was 
washed with wa te r to the d r o p of the U V a b s o r p t i o n of the neu t ra l e lua te a n d then e lu ted with 
the l inear grad ien t of t he buf fer so lu t ion . F rac t ions con ta in ing c o m p o u n d VIII (0-02 — 0-07M) 
a n d c o m p o u n d IX (0-08 — 0-1 4M) were poo led a n d w o r k e d up as usual . T h e res idue con ta in ing 
c o m p o u n d VIII a n d chlor ide ions as c o n t a m i n a n t s was c h r o m a t o g r a p h e d on t w o p repa ra t ive 
layers of silica gel in the solvent system S ^ The p r o d u c t was e lu ted with 1% a q u e o u s a m m o n i a 
(250 ml), e v a p o r a t e d , the res idue dissolved in water (50 ml), the so lu t ion filtered t o r emove 
silica gel, a n d the filtrate app l ied to a co lumn (150 ml) of D o w e x 50 X 8 ( L i + cycle) ion exchange 
resin. T h e l i th ium salt of c o m p o u n d VIII was e lu ted wi th wa te r using the Uvicord a p p a r a t u s . 
T h e eff luent was evapora t ed u n d e r d iminished pressure , the res idue dissolved in m e t h a n o l (5 ml), 
and the solut ion di luted successively with e thano l (20 ml), ace tone (200 ml), a n d e the r (200 ml). 
The prec ip i ta te was col lected with suct ion, washed with e ther , a n d dr ied u n d e r d iminished pres-
sure to a f fo rd 1-6 g (62%) of c o m p o u n d VIII ( spec t ropho tome t r i c a l con ten t , 75%). F o r C 1 1 H 1 3 . 
L i N 2 0 7 . 5 H 2 0 (382-3) ca lcula ted: 7-33% N; f o u n d : 7-31% N . 
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Fractions containing compound IX were evaporated, the residue applied to a column (50 ml) 
of Dowex 5 0 X 8 ( H + ) ion exchange resin, and the column eluted with water until the UV ab-
sorption of the effluent dropped. The effluent was neutralised with 10% aqueous lithium hydroxide, 
the mixture evaporated, the residue dissolved in methanol (5 ml), and the solution precipitated 
successively with ethanol (100 ml) and acetone (100 ml). The precipitate was collected with suc-
tion, washed with ether, and dried under diminished pressure to afford 0-54 g (15-4%) of the 
lithium salt of compound IX homogeneous on chromatography (solvent systems and S 2 ) 
and electrophoresis (buffer solutions Ex and E2); content, 77% of IX (as determined spectro-
p h o t o m e t r i e s ^ ) . For C 1 3 H 1 4 L i 2 N 2 0 9 . 6 H 2 0 (464-2) calculated: 6-03% N; found: 5-85% N. 

Effect of rection conditions. To a solution of compound VI {0-5 mmol) in dimethylformamide 
or dimethyl sulfoxide (3 ml each) there was added sodium hydride (25 mg; 1 mmol) and then, 
after stirring for 15 min under exclusion of atmospheric moisture, sodium chloroacetate (0-15 g; 
1-25 mmol). The mixture was stirred at room temperature for 24 h, diluted with ethanol (5 ml), 
neutralised with acetic acid, and an aliquot analysed by electrophoresis in the buffer solution Zs3. 
With dimethylformamide as solvent, the mixture contained 70% of compound VII and 30% 
of compound VIII while in dimethyl sulfoxide the content was 36% of compound VIII and 64% 
of compound IX (as determined spectrophotometrically at 260 nm after elution of spots with 
0 01m hydrochloric acid). 

S-Fluoro-S'-O-carboxymethyl^'-deoxyuridine (X) 

A solution of the lithium salt of compound VIII (0-49 g; 1 mmol) in acetic acid (250 ml) was 
treated with a saturated solution of fluorine (46 mg; 1 -2 mmol) in acetic acid, the resulting mixture 
kept at room temperature for 2 h, and evaporated at 35°C/15 Torr. The residue was coevaporated 
under the same conditions with three 20 ml portions of ethanol and the final residue was dissolved 
in water (50 ml). The aqueous solution was adjusted with water to pH 8-5 and applied to a column 
of DHAE-cellulose (see above). The product was isolated f rom the 0-12 —0-15M fraction and 
converted to the lithium salt analogously to compound VIII. Freeze-drying afforded 122 mg (39-5%) 
of the lithium salt of compound X, homogeneous on chromatography (solvent systems Sĵ  and S 2 ) 
and electrophoresis (buffer solution Ej) ; content, 95% (referred to compound X), as determined 
spectrophotometrically. For C t 1 H 1 2 F L i N 2 0 7 (310-2) calculated: 6-13% F, 9-03% N; found: 
5-69% F, 8-99% N. 

S-Bromo-S'-O-carboxymethyl-Z'-deoxyuridine (XI) 

To a solution of the lithium salt of compound VIII (0-39 g; 1 mmol) in dimethylformamide (2 ml) 
there was added with stirring and ice-cooling bromine (0-32 g; 2 mmol), the mixture stirred 
at 0 C for 3 h, and treated with 10 ml of 0-4M triethylammonium hydrogen carbonate (pH 7-5). 
The whole mixture was then kept at room temperature for 1 h, evaporated under diminished 
pressure, and the residue chromatographed on a layer of silica gel (see above) in the solvent 
system S , . The UV-absorbing band of compound XI (RF 0-40) was eluted with 1% aqueous 
ammonia (200 ml), the eluate evaporated, and the residue dissolved in methanol (50 ml) to de-
posit silica gel which was filtered off. The filtrate was concentrated under diminished pressure 
to the volume of about 3 ml. The concentrate was made alkaline with methanolic ammonia and 
diluted with ether (100 ml) to deposit the ammonium salt of compound XI. The salt was kept 
in a refrigerator overnight, collected with suction, washed with ether, and dried under diminished 
pressure. Yield, 0-25 g (55%) of the ammonium salt of compound XI; content, 82% (spectro-
photometrically, referred to XI). For C^ t H j 6 B r N 3 0 7 . 5 H 2 0 (472-3) calculated: 16-96% Br, 
8-90% N, N/Br 3-00; found: 16-79% Br, 9-20% N, N/Br 3-12. 
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5-Iodo-5'-0-carboxymethyl-2 /-deoxyuridine (XII) 

A solution of the lithium salt of compound VIII (0-39 g; 1 mmol) in water (5 ml) was applied 
to a column (50 ml) of Dowex 50 X 8 (H + ) ion exchange resin and the column was eluted with 
water to the drop of the UV absorption. The eluate containing the free acid VIII was evaporated 
under diminished pressure and the residue coevaporated with dioxane (20 ml). A mixture of the 
final residue, 0-5M nitric acid (1 ml), dioxane (4 ml), and iodine (0-26 g; 1 mmol) was then re-
fluxed for 1 h, cooled down, adjusted to pH 8 by the addition of triethylamine, and evaporated 
under diminished pressure. The residue was dissolved in water (40 ml), the aqueous solution 
extracted with chloroform (20 ml portions) to remove iodine, and then evaporated under di-
minished pressure. The residue was chromatographed on a layer of silica gel in the solvent system 
Sj . Band of the product (RF 0-40) was eluted with 1% aqueous ammonia (200 ml), the eluate 
evaporated, and the residue dissolved in methanol (50 ml) to deposit silica gel which was filtered 
off. The filtrate was concentrated under diminished pressure to the volume of about 3 ml and the 
concentrate made alkaline by the addition of methanolic ammonia to deposit the product in the 
form of a gel which was dissolved with hot methanol. Precipitation with ether (100 ml) afforded 
the ammonium salt which was collected with suction, washed with ether, and dried under di-
minished pressure. Yield, 0-38 g (73%) of the ammonium salt of compound XII homogeneous 
on chromatography (solvent system and S2) and electrophoresis (buffer solution Ex)\ content, 
83% (on spectrophotometry, referred to XII). For C n H j 6 I N 3 0 7 . 5 H 2 0 (519-3) calculated: 
8-09% N, 24-46% I, N/I 3-00; found: 8-25% N, 24-38% I, N/I 3-10. 

5-Iodo-2 /-deoxyuridine (XIII) 

A solution of 2'-deoxyuridine (V; 0-11 g; 0-5 mmol) in 0-5M nitric acid (1 ml) and dioxane (4 ml) 
was treated with iodine (0-26 g; 1 mmol), the whole refluxed for 1 h, evaporated, and the residue 
coevaporated with ethanol. The final residue was recrystallised f rom water to afford 0-12 g 
(68%) of compound XIII, m.p. 185°C (decomp.); reported 2 2 , m.p. 160°C. For C 9 H n I N 2 0 5 

(354-1) calculated: 30-52% C, 3-13% H, 35-84% I, 7-91% N; found: 30-92% C, 3-34% H, 36 01% I, 
8-17% N. 
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