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GRAZYNA WENSKA, BOHDAN SKALSKI, and ZOFIA GDANIEC. Can. J. Che~ii.  70, 856 (1992). 
I-Methyluracil and I-methylthymine are converted into N-(I-methylpyrimidin-2-one-4-y1)- and N-(1,5-dimethylpy- 

rimidin-2-one-4-y1)-pyridinium chlorides, respectively. The pyrimidinyl-pyridiniu~ii salts were then reacted with var- 
ious nucleophiles under very mild conditions to give high yields of the desired 4-substituted pyrimidinones. In a similar 
manner 2',3',5'-tri-0-acetyluridine is efficiently converted into new 4-substituted pyrimidinone nucleosides. 

GRAZYNA WENSKA, BOHDAN SKALSKI et ZOFIA GDANIEC. Can. J .  Chem. 70, 856 (1992). 
On a transform6 respectivement le methyl-I-uracile et la mtthyl-I-thymine en chlorure de N-(mCthyl-I-pyrimidi- 

none-2-yl-4-)-pyrimidinium et en chlorure de N-(dinitthyl-l,5-pyrimidinone-2-yl-4)-pyrimidinium. Les sels de pyrim- 
idinyl-pyrimidinium, par rtaction subsCquente avec divers nuclCophiles, dans des conditions trks douces, donnent avec 
des rendements ClevCs, les pyrimidinones substituCes en position 4 attendues. D'une f a ~ o n  analogue, on a transform6 
efficacement la tri-0-acCtyl-2'.3',5'-uridine en des nouveaux nuclCosides contenant la pyrimidin6ne substituCe en po- 
sition 4.  

[Traduit par la rCdaction] 

Introduction 

The conversion of 1 -alkyluracils and uridine to various 4- 
substituted 2-pyrimidinone derivatives requires activation of 
the C-4 position and is often achieved with 4-chloro or thio 
derivatives (1). The C-4 position can also be activated by 
trimethylsilylation (2) or by treatment with various phos- 
phorylating or condensing agents in the presence of l-meth- 
ylimidazole (3), 1,2,4-triazole (4), or 3-nitro-l,2,4-triazole 
(5) to give appropriate, reactive 4-(3-methyl-imidazolium), 
4-(1,2,4-triazol- 1 -yl), and 4-(3-nitro- 1,2,4-triazol- 1 -yl) de- 
rivatives. The latter method was developed in recent studies 
of oligonucleotide synthesis by Reese and Ubasawa (6) and 
is now the most frequently used method in the conversion of 
uridines to cytidines (4, 7, 8). Recently, the synthesis of 4- 
substituted pyrimidine nucleosides involving a displace- 
ment of the 4-0-triisopropylphenylsulfonyl group in uridine 
and thymidine with malonate-type nucleophiles was re- 
ported (9). 

Adamiak et al. showed previously (10, 1 1) that nucleo- 
sides having per-0-acetylated sugar residues, such as uri- 
dine, thymidine, guanosine, and inosine, undergo quantitative 
transformation into the corresponding water-soluble, flu- 
orescent pyrimidin-4-yl and purin-6-yl pyridinium salts, when 
treated with 4-chlorophenylphosphorodichloridate in the 
presence of pyridine. The purinyl-pyridinium salts have al- 
ready proven very useful as intermediates in purine nucleo- 
side chemistry (12, 13). A preliminary study in the case of 
pyrimidinyl-pyridinium salts has demonstrated that they can 
serve as intermediates in various side processes during oli- 
gonucleotide synthesis using the phosphotriester method, 
including formation of the 4-triazolyl derivatives mentioned 
above (1 1). 

In this work the reactivity of pyrimidyn-4-yl pyridinium 
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salts towards various 0 - ,  N-, or S-nucleophiles was tested 
by using 1 -methyl derivatives 2a,b and tri-0-acetyl riboside 
2c. Based on the results of these experiments the synthetic 
procedures yielding new 4-substituted pyrimidin-2(1H)-ones 
from 1-methyluracils (la,b) and uridine (lc) have been de- 
veloped. 

Results and discussion 

1-Methyluracil ( l a ) ,  1-methylthymine (lb),  and 2',3' ,5'- 
tri-0-acetyluridine ( lc)  were converted to the respective N- 
(pyrimidin-2-one-4-y1)-pyridinium chlorides 2a, 2b, and 2c, 
respectively, by treatment with 4-chloropheny1phosphor0- 
dichloridate in the presence of pyridine (Scheme l ) ,  i.e., 
under conditions used previously for similar transforma- 
tions in purine and pyrimidine nucleosides (10, 11). Pure salts 
were obtained either as concentrated aqueous solutions (2a 
and 2c) or as lyophilizates (26). The samples were stable 
when stored at 0°C for several weeks. 

The salts 2a,b were subjected to reaction with irnidazole, 
histidine, 1-methylimidazole, 4,5-diphenylimidazole, in- 
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WENSKA ET AL. 857 

TABLE 1. Reactivity of pyridinium salts 2a-c towards nucleophiles. 

Pyrldin~um Time % Conversion 
salt Nucleophile Solvent" (h) of 2 % ~roduct"  

1 2a Imidazole a 22 100 3a (81) 
2 2b Imidazole a 24 96 3b (93) 
3 2c Imidazole a 18 98 3c (82) 
4 20 Histidine a 22 66 40 (45) 
5 2b Histidine a 24 3 8 4b (38) 
6 20 1 -Methylimidazole a 18 100 5a (5 l ) ,  6a(34) 
7 2b 1 -Methylimidazole a 20 93 5b (75), 6b(15) 
8 20 3-Chlorophenol b 1 5  95 7n (94) 
9 2b 3-Chlorophenol b 1.5 95 7 b  (92) 

10 2c 3-Chlorophenol b 1.5 100 7 c  (85) 
1 1  2n 7-Hydroxycoumarin c 24 80 8n (69) 
12 2b 7-Hydroxycoumarin c 24 7 8 8b (61) 
13 2a Mercaptoethanol a 0 5 100 9a (72) 
14 2b Mercaptoethanol a 0.5 100 9b (60) 
15 2c Mercaptoethanol a 0.5 100 9c (87) 
16 2a Sodium azlde d 0 25 100 100 (90) 
17 2b Sodlum azlde d 0.25 100 l o b  (93) 
18 2c Sodium azlde a 0 25 100 1Oc (82) 

"Solvents were a water, b water/chloroform ( I  I ,  v v) ,  c water/d~oxane (1  4, v v), d dlmethylformam~de 
'Y~elds of ~solated products 

dole, glycine, 3-chlorophenol, 7-hydroxycoumarin, mer- 
captoethanol, and a ide  ions. The reactions were carried out 
at room temperature in water or in a mixture of water and 
organic solvent (l,4-dioxane or chloroform) at pH ca. 6, i.e., 
the natural pH of the solutions. In the case of 7-hydroxy- 
coumarin the pH of the reaction medium had to be adjusted 
to 7.5 in order to make the reaction go to completion (Table 
1; entries 11, 12). The extent of the reactions was moni- 
tored by measuring the loss of pyridinium salts using a sen- 
sitive, spectrophotometric Zincke reaction test (1 1, 14). 
Among the nucleophiles listed above, 4,5-diphenylimidaz- 
ole, indole, and glycine appeared to be unreactive towards 
2a,b, whereas all the others reacted with 2a,b to give the 
appropriate C-4 substituted pyrimidine derivatives 3a,b- 
10a,b. The products 3a,b-lOa,b were isolated by a com- 
bination of extraction and (or) chromatography on silica gel 
and identified by means of 'H and I3c NMR and mass spec- 
tral techniques. The synthetic procedures developed for the 
preparation of 3a,b-lOa,b were then applied to similar 
transformations of uridine. Thus, the pyridinium salt 2c de- 
rived from uridine was treated with some of the above-listed 
nucleophiles, imidazole, 3-chlorophenol, mercaptoethanol, 
and sodium azide, to give 4-substituted nucleoside deriva- 
tives 2c, 7c ,  9c, and 10c, respectively. The results are sum- 
marized in Table 1, and the structures of the products are 
shown in Scheme 2. Some of the products are fluorescent. 
In these cases the emission parameters (A,,, and fluores- 
cence quantum yield) are included in the experimental sec- 
tion. 

In the case of the reaction of 2a with imidazole a quanti- 
tative conversion into 3a was also achieved with dimethyl- 
formamide or 1,4-dioxane as solvents instead of water or a 
water - organic solvent mixture, indicating that a broad range 
of solvents can be used in these transformations. 

Attempts were also made to introduce the imidazol-1-yl 
substituent into the C-4 position of uridine as well as the 
synthesis of 3a, 4a, and 8a according to the method de- 

scribed by Matsuda et al. (3) as a possible alternative to our 
method. However, all these attempts were unsuccessful. The 
HPLC analyses of the reaction mixtures after 3 h revealed 
almost exclusive presence of the methylimidazolium salts 
instead of the expected substitution products. Prolongation 
of the reaction time (18 h) had no effect on the progress of 
the reactions, except for significant deacetylation in the case 
of the per-0-acetylated nucleoside salt. 

Reactions of 2a,b with histidine (Table 1; entries 4, 5) were 
less efficient than those with other nucleophiles. They are of 
interest, however, since they may offer the possibility of 
selective, chemical modification of histidine residues in 
proteins. 

In the case of the reaction of 2a,b with l-methylimidaz- 
ole (Table 1; entries 6, 7) products derived from the imidaz- 
ole ring opening, 6a,b, were isolated in addition to the 
expected 1-methylimidazolium salts 5a,b. This observation 
and the fact that 1 -methylimidazolium salts derived from 
pyrimidine nucleosides were previously identified as poten- 
tial side products in oligonucleotide synthesis when the 2,4, 
6-triisopropylbenzenesulfonyl chloride/l-methylimidazole 
system was used as condensing reagent (1 1) prompted us to 
examine the chemical stability of salts 5a,b in acidic and basic 
conditions. They appeared to be stable in acidic media (0.05 
N HCI, room temperature, 24 h) whereas, at pH > 7 a par- 
tial transformation into ring-opened products 6a,b occurred 
as a result of hydrolytic opening of the imidazolium ring of 
5a,b (cf. Scheme 3). In the case of 5a the ring opening re- 
action occurred to a small extent (4%, HPLC) at pH 7.1 
(TRIS buffer, room temperature, 24 h). When more basic 
conditions (TRIS, pH = 9.0, 24 h) were applied, the HPLC 
analysis revealed the presence of 5a (19%), 6a (75%), and 
l a  (6%). The ratio of &/ la  (14: 1) remained unchanged after 
almost all of 5a disappeared (3 days), indicating that 5a also 
undergoes a nucleophilic attack of hydroxide ion at C-4 under 
these conditions to give l a .  5-Methyl derivative 5b ap- 
peared to be less susceptible towards hydrolytic opening of 
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858 CAN.  J .  CHEM. 1 

NH7 
I - "\"3 CH3 I 

COOH 
N OHc'Ng HN 

c: R = AcOT? , R'= H 
AcO OAc 

l a ,  b 6a, b 

SCHEME 3 

the imidazolium ring, reflecting its diminished electron de- 
ficiency compared with 5a.  Under analogous conditions of 
pH and temperature only 49% of 5b disappeared, after 
24 h, to give 66 (27%) and 16 (22%). Both 6a and 66 were 
stable within the pH range 1 < pH < 9. Thus, one can con- 
clude that formation of imidazolium salts during oligonu- 
cleotide synthesis and their further transformation into 
relatively stable analogs of 6a,b  may result in a point mu- 
tation in the synthetic oligomer. 

The structures of the compounds 6a,b  were unequivo- 
cally determined with the aid of 'H and ',c NMR spectrom- 
etry. The signal assignments based on the conventional 
one-dimensional technique (chemical shifts and decou- 
pling) were confirmed by two-dimensional 'H-'H COSY 
spectra. In the case of 6a,b  all the resonances except for N- 
CHO and pyrimidine C6-H and N 1 -CH, are doubled indi- 
cating the existence of an amide cis-trans equilibrium due 
to restricted N-C=O bond rotation (15). As could be ex- 
pected, increasing temperature resulted in significant 
broadening of these signals. However, coalescence did not 
occur within the temperature range studied (298-373 K). 

The mode of methylimidazolium ring opening, determin- 
ing the site of attachment of the formyl group to the meth- 
ylamino nitrogen in 6a ,b ,  was deduced from the following 
observations. In the long-range 'H-'H COSY spectrum of 
6a in DMSO the formyl proton signal (6 8.06 ppm) is cou- 
pled with N-CH, proton signals (6 3.26 and 3.10 ppm). 
Moreover, the N-H signals (6 9.33 and 8.77 ppm) were 
correlated with C=C-H proton resonances whereas no cor- 
relation with the N-CH, signal was observed. The reso- 
nance of the N-CH, group of the opened imidazolium ring 
appears as a singlet in 'H spectra measured in aprotic sol- 
vents (CDCl,, CD,CN, DMSO-d,) in which H/D exchange 
does not occur. These observations are consistent with the 
proposed structures of 6a ,b .  

Aryl groups were proposed by Reese and Skone for pro- 
tection of uracil on 0 - 4  in oligoribonucleotide synthesis and 
several 4-0-phenyl derivatives were synthesized via 4-tri- 
azolyl derivatives (16). We found that similar derivatives can 
be obtained via pyrimidinyl-pyridinium salts. Treatment of 
2a,b,c with 3-chlorophenol in a chloroform-water two-phase 
system gave the desired 4-0-(3-chlorophenyl) derivatives 
7a ,b ,c  with 94, 92, and 85% yields, respectively. 

Mercaptoethanol and azide ion appeared to be the most 
reactive among all the nucleophiles used. Addition of mer- 
captoethanol to aqueous solutions of 2a,b ,  and 2c caused 
complete loss of pyridinium salts after ca. 30 min, whereas 
in the case of sodium azide the reaction was completed within 
15 min to give, respectively, 4-(2-hydroxythioethyl) deriv- 
atives 9a,b ,c  and 4-azido derivatives lOa,b,c with excellent 
yields (cf. Table 1 ; entries 13- 18). The 4-(2-hydroxyethyl- 
thio) derivative 9c was also obtained directly from O-pro- 
tected uridine in a one-pot manner with an overall yield 78% 
(vide infra). 

It has been observed previously that 4-azido substituted 
pyrimidine (3, 17) and 6-azido substituted purine (18) nu- 
cleosides tend to form tetrazolo structures in solution. In the 
purine series the azidoazomethine-tetrazole equilibrium was 
shown to be influenced by the nature of the solvent (18). In 
the case of lOa,b,c the infrared spectra in DMSO exhibit the 
presence of an absorption at ca. 2230 cm-I due to the azido 
group while no such absorption could be observed in chlo- 
roform solutions. The 'H and I3c NMR spectra, on the other 
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WENSKA ET AL. 859 

hand, show the existence of a single tautomeric form in each 
of these solvents. Thus.  o n e  can conclude that in DMSO 
l0a.b.c exist in the azido form whereas in chloroform the . . 
tautomeric tetrazolo form exists, exclusively. 

In conclusion, w e  have demonstrated that pyrimidin-4-yl 
pyridinium salts are highly reactive towards various nucleo- 
philes to give the appropriate, 4-substituted derivatives. The  
very mild conditions required for  both the activation and  
substitution steps and the high yields of  the products make  
these compounds attractive intermediates for modification 
of uracils. 

Experimental 
Pyridine and dioxane were purified and dried as described pre- 

viously (10). 1-Methyluracil and I-methylthymine were synthe- 
sized according to the reported procedure ( 19). Synthesis of 2c was 
described previously (1 I). All the other reagents (Merck, Aldrich, 
and Fluka) were used as received. Thin-layer chromatography was 
performed on Merck F253 and Merck RP silica gel plates. Merck 
PSC 60-F,,, silica gel plates were used for preparative separa- 
tions. Column chromatography was performed on H60, MN 100- 
200 mesh, and RP silica gels (Merck) and NM 300 cellulose 
(Macherey Nagel). 'The following solvent systems were used for 
TLC: chloroform/methanol, 30: 1 (A); chloroform/methanol, 20: 1 
(B); chloroform/methanol, 10: 1 (C); ethyl acetate (D); ethyl ace- 
tate/methanol, 15: 1 (E); water (F); ethanol (G); ethanol/30% 
aqueous acetic acid, 2:  1 (H); ethanol/water, 3: 1 (I); all v/v. 

HPLC separations in the case of the stability studies of 5a,b were 
performed on a Waters 600E instrument using an O D s  column 
eluted isocratically with a mixture of CH,CN/H20/CH3COOH, 
25: 74.9: 0.1 (v: v: v). Melting points were taken on a Boetius ap- 
paratus and are uncorrected. UV-absorption and fluorescence 
emission spectra were measured on a Zeiss UV-VIS M-40 spec- 
trophotometer and a Perkin Elmer MPF 44 spectrofluorometer. 
~luorescence quantum yields were determined relative to quinine 
bisulfate ( 4  = 0.55, 1 N H,SO,) (20). Mass spectra were obtained 
by using a Jeol JMS-D-100 mass spectrometer. A Varian Gemini 
300 VT instrument was used to obtain 'H and I3C NMR spectra. 
The chemical shifts SH and Sc are reported in ppm relative to TMS 
and dioxane as internal standards. Microanalyses were performed 
on a Perkin Elmer 2400 CHN analyser. 

N-[I-Methylpyrirnidin-2(I H)-one-4-yl]pyrldiniurn chloride, 2a 
and N-[1,5-dimethylpyrimidin-2(1 H)-one-4-yllpyridinium 
chloride, 2b  

A dry sample of I-methyluracil or 1-methylthymine (3 mmol) 
was dissolved in anhydrous pyridine (50 mL) and treated with 4- 
chlorophenylphosphorodichloridate (0.73 mL, 4.5 mmol). The 
mixture was stirred for 18 h. The precipitate formed was filtered, 
dissolved in ice-cold water, and neutralized to pH ca. 6.2-6.5 with 
Dowex-l resln (HC03-). The resin was filtered, and the filtrate 
concentrated under vacuum to ca. 10 mL and passed through a 
Dowex- l (Cl-) column. The eluates were concentrated (<30°C) 
to give ca. 0.1 M aqueous solutions of 2a and 2b. In the case of 
the more stable 2b the solution was lyophilized to give a yellow 
solid (86% yield). Some selected spectral data for 2a,b are pre- 
sented below. 

2a :  UV (H20) A,,,,: 268 nm, 3 10 nm; 'H NMR (D20) 6: 9.53 
(m, 2, pyridine Ca-H), 8.91 (m, 1, pyridine Cy-H), 8.73 (d, J = 

6.9 Hz, 1, C6-H), 8.34 (m, 2,  pyridine CP-H), 7.34 (d, J = 
6.9 Hz 1, C5-H), 4.68 (s, 3, N-CH,); "C NMR 6: 163.24, 157.61, 
151.64, 142.60, 129.21, 98.82, 40.31. 

2b: UV (H,O) A,,: 263 nm (E 5300), 334 nm (E 5000); 'H NMR 
(D20) 6: 9.18 (m, 2, pyridine Ca-H), 8.93 (m, 1, pyridine Cy-H), 
8.61 (s, 1, C6-H), 8.36 (m, 2, pyridine CP-H), 4.75 (s, 3, N-CH3), 
2.13 (s, 3, C-CH,); I3C NMR 6 chemical shifts were identical w ~ t h  
those reported previously (2 1 ). 

Gerzeral procedure for the syntheses of 3-10 
Water was used as a solvent unless otherwise specified. 0.1 M 

aqueous solutions of 2a.b or 2c (aliquots corresponding to 1- 
5 mmol samples of the salts) were treated with the appropriate nu- 
cleophile (3 equiv.) and the reaction mixture kept at room temper- 
ature until almost complete loss of pyridinium salt was detected by 
the Zincke test (14). The reaction times and yields are summa- 
rized in Table 1 .  Isolation procedures and spectral data for the 
products are presented below. 

I-Methyl-4-(irnidazo1-I-~~l)pyrimiditz-2(1 H)-one, 3 a  
(Table I ;  entry I )  

Water was removed under reduced pressure. The solid residue 
was chromatographed twice on SiO? (systems D and A) and the 
product crystallized from isopropanol: mp > 260°C; UV (H,O) A,,: 
304 nm (E 9400), 239 nm (E 8800); fluorescence emission A,,,,,: 
363 nm ( 4  = 0.002); 'H  NMR (TFA-dlacetone-d,) 6: 9.66 (m, 1, 
imidazole C2-H), 8.55 (d, J = 7.1 Hz, 1, C6-H), 8.27, 7.72 (2m, 
2, imidazole C4-H and C5-H), 7.30 (d, J = 7.1 Hz, 1, C5-H), 3.91 
(s, 3, N-CH,); 13C NMR (TFA-dlacetone-d6) 6: 160.15, 159.3 1, 
150.67, 136.48, 123.53, 120.93, 97.68, 41.12; MS rn/z (relative 
intensity): M+ 176(88), 175(100), 149(10), 134(18), 107(9). Anal. 
calcd. for C8H8N,0: (254.53, H 4.58, N 31.80; found: C 54.47, H 
4.54, N 31.84. 

1,5-Dirrzethyl-4-(itnidazol-l-yl)pyrirrzidit~-2(I H)-one, 3b 
(Table I; entry 2) 

The aqueous solution was extracted with chloroform. The or- 
ganic layer was dried and the solvent evaporated. The crude prod- 
uct was chromatographed (SiO,, system D) and then recrystallized 
from isopropanol; mp 151-153°C (dec.); UV (H20)  A,,,: 316 nm 
(E 8700), 238 nrn (E 7000); fluorescence emission A,,,,,: 376 nm ( 4  
= 0.002); 'H NMR (CDCI,) 6: 8.27 (s, 1, imidazole C2-H), 7.73 
(s, 1, C6-H), 7.65 and 7.16 (2m, 2, imidazole C4-H and C5-H), 
3.60 (s, 3, N-CH,), 2.31 (s, I ,  C5-CH,); "C NMR (CDCI,) 6: 
159.34, 155.49, 151.05, 137.02, 130.41, 118.16, 104.35, 38.46; 
MS rn/z (relative intensity): M+ 190(69), 189(100), 163(6), 148(8), 
140(6). Anal. calcd. for C6H,,N,0: C 56.83, H 5.30, N 29.45; 
found: C 56.67, H 5.27, N 29.32. 

1-(2',3',5'-Tri-O-acetyl-~-~-ribofuranosyl)-4-(itnidazol-l-y~)- 
pyritnidin-2-(I H)-one, 3c (Table I; entry 3) 

The aqueous solution was extracted with chloroform. The or- 
ganic layer was dried and then concentrated under reduced pres- 
sure. The residue was chromatographed on SiO, (system D). 
Fractions containing pure product were collected and evaporated 
under vacuum to give 3c as a foam. UV (H20) A,,,,,: 305 nm (E 
7800), 242 nm (E 8700); fluorescence emission A,,,: 374 nm ( 4  = 
0.002); ' H  NMR (CDCI,) 6: 8.4 1 (br s ,  1 , imidazole C2-H), 8.13 
(d, J = 7.3 Hz, 1, C6-H), 7.70 and 7.19 (2s, 2, imidazole C4, 
C5-H), 6.58 (d, J = 7.3 HZ, I ,  C5-H), 6.14 (d, 1, C1'-H), 5.51- 
5.26 (m, 2 ,  sugar C-H), 4.53-4.42 (m, 3, sugar C-H), 2.15, 2.13 
and 2.12 (3s, 9 ,  COCH?); "C NMR (CDC1') 6: 170.12, 169.53, 
158.96, 154.41, 145.57, 131.82, 128.35, 116.32, 94.60, 89.72, 
80.35, 73.85, 70.00, 62.85, 20.75, 20.42; high resolution MS, m/ 
z: M+ 420.12781 (C18H20N,08 requires 420.12796 amu). 

Reaction of 2a with histidine (Table I; erltty 4) 
The reaction mixture was concentrated and chromatographed on 

a reversed phase silica gel column (system F). The fractions con- 
taining 4a were collected, the solvent evaporated to dryness, and 
the solid residue recrystallized from a mixture of isopropanol-water: 
mp 233-240°C (dec.); UV (H,0) A,,,,: 305 nm (E 8700), 238 nm 
(sh); fluorescence emission A,,,,: 363 nm ( 4  = 0.0007); 'H NMR 
(D,O) 6: 7.80 (br s ,  1, histidine C2-H), 7.23 (d, J = 7.3 Hz, 1, 
C6-H), 6.93 (br s ,  1, histidine C5-H), 5.78 (d, J = 7.3 Hz, 1, 
C5-H), 3.57 (m, 1, CH-CO), 3.19 (s, 3, N-CH,), 3.07 (m, 2, CH,); 
I3C NMR (D,O) 6: 174.99, 164.98, 159.94, 154.03, 137.07, 
135.88, 1 18.60, 97.05, 55.69, 38.40, 29.52. Anal. calcd. for 
CIIH,,N,03: C 50.18, H 4.97, N 26.60; found: C 49.87, H 4.85, 
N 26.33. 
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Reactiorz of 2b with histidine (Table I ;  entry 5) 
A work-up utilizing the same procedure as for 2a (see above) 

gave a crystalline sample of 46: mp 194-197°C; UV (H,O) A,,;,,: 
3 18 nm (E 8800), 240 nm (sh); fluorescence emission A,,,,,: 376 nm 
(4 = 0.0007); 'H  NMR (D,O) 6: 8.22 (s, 1 ,  histidine C2-H), 8.15 
(s, 1, C6-H), 7.55 (s, 1 ,  histidine C5-H), 4.00 (m, 1 ,  CH-CO), 3.55 
(s, 3, N-CH,), 3.12 (m, 2, CH?), 2.21 (s, 3, C-CH,); "C NMR 
(D20) 6: 174.18, 159.99, 158.04, 154.68, 138.86, 137.40, 117.95, 
108.46, 55.37, 39.44, 29.42, 15.38. Anal. calcd. for Cl,H,,N,03: 
C 51.98, H 5.45, N 25.25; found: C 51.67, H 5.41, N 25.1 1. 

Reaction of pyriditziurn salt 2a with I -rnethylimidazole 
(Table I ;  etztty 6) 

The reaction mixture was extracted with CHC1,. The organic 
layer was dried, concentrated under vacuum, and chromato- 
graphed on an Si02 column (B) to yield a pure sample of 6a: mp 
200°C; UV (HzO) A,,,:,,: 301 nm (E 20 700), 225 nm (sh); 'H NMR 
(CDCI,/CD,OD, 5 :  1) 6: 8.09 (s, 1, CHO), 7.55 (d, J = 7 Hz, 1, 
C6-H), 7.15 and 6.88 (2m, total 1 ,  C=CH), 6.08 and 5.94 (2d, J 
= 7.1 and 7.3 Hz, total 1, C5-H), 5.50 and 5.26 (2d, J = 7.1 and 
6.6 Hz, total 1, C=CHO), 3.44 (s, 3, N-CH,), 3.19 and 3.03 (2s, 
total 3H, cis and trans CO-N-CHJ; I3c NMR (CDC13/CD30D) 6: 
164.16 and 162.48 (aldelhyde C=O), 162.1 1 and 160.96 (C4), 
157.82 (C=O), 147.09 (C6), 121.36 and 116.38 (C=C), 110.74 
and 109.38 (C=C), 95.5 1 (C5), 37.87 (N-CH,), 37.49 and 3 1.89 
(N-CH,); MS tn/z (relative intensity): M+ 208(37), 180(18), 
164(25), 151(15), 150(100), 144(20), 138(29), 136(12), 126(6). 
Anal. calcd. for C,H,,N,O?: C 51.91, H 5.80, N 26.90; found: 
51.84, H 5.79, N 26.85. 

The aqueous layer remaining after extraction with CHC1, was 
I 

concentrated and chromatographed on cellulose (systems G, I). The 
fractions containing imidazolium salt 5a were concentrated to re- 
move ethanol and then passed through a Dowex (Cl-) column. The 
aqueous eluate was treated with charcoal and evaporated to dry- 
ness. The sample of 5a was stored at 5'C and was stable for over 
2 weeks: UV (H,O) A,,,: 313 nm (E 4800), 242 nm (sh); fluores- 
cence emission A,,,,: 371 nm (+ = 0.14); ' H  NMR (D,O) 6: 9.56 
(s, 1, imidazole C2-H), 8.32 (d, J = 7.3 Hz, 1, C6-H), 8.04 and 
7.53 (2d, 2, imidazole C4-H and C5-H), 6.90 (d, J = 7.3 Hz, I,  
C5-H), 3.88 (s, 3, N-CHI), 3.48 (s, 3,  N-CH3); I3C NMR (DzO) 
6: 158.20 (C4), 156.25 (imidazole C3), 137.02 (C2), 126.02 (C6), 
120.60 (imidazole C4 and C5), 96.7 1 (C5), 40.10 (N-CH,), 37.60 
(N-CH,). Anal. calcd. for C9HI IN,0CLrH20: C 44.17, H 5.35, N 

I 

i 
22.89; found: C 41.10, H 5.27, N 22.7 1. 

Reaction of pyriditziurn salt2b with I -methylimidazole 
(Table I ;  entry 7)  

Extraction of the reaction mixture with chloroform and column 
chromatography of the organic layer over SiO, (C) gave 66: mp 
192°C; UV A,,, (H20): 308 nm (E 18 700), 224 nm (sh); 'H NMR 
(CDC13/CD30D 5 : 1 )  6: 8.10 (s, 1, CHO), 7.4 1 (d, J = 1 Hz, 1 , 
C6-H), 6.84 and 6.98 (2d, J = 7.5 and J = 7.2 Hz, total I ,  
C=CH), 5.20 and 5.70 (dd, J = 5.7 Hz and J = 1 Hz; and d ,  J 
= 7.2 Hz, total 1, C=CH), 3.41 (s, 3, N-CH,), 3.22 and 3.09 (2s, 
total 3, CO-N-CH,), 1.99 and 2.05 (2d, total 3, C-CH,); "C NMR 
(CDCI3/CD3OD 5:  1) 6: 161.99, 159.9, 157.66, 144.33, 115.62, 
109.60, 103.05, 38.02, 37.54, 12.40; MS m/z (relative inten- 
sity): M+ 222(27), 194(19), 178(16), 164(100), 163(25), L52(21), 
150(1 l ) ,  140(10). Anal. calcd. for CIOHIINJ02: C 54.04, H 6.34, 
N 25.10; found: C 53.97, H 6.26, N 25.02. 

The aqueous layer obtained after extraction with CHCl] was 
concentrated under vacuum and chromatographed over cellulose 
(systems G, I). Fractions containing 56 were concentrated and 
passed through a Dowex (ClK) column. The eluate was evapo- 
rated to dryness under vacuum to give 56 as a white solid: UV (H,O) 
A,,,,: 324 nm (E 4700); fluorescence emission A,,,: 387 nm (4 = 
0.104); 'H NMR (D,O) 6: 9.27 (s, 1, imidazole C2-H), 8.24 (s, 1, 
C6-H), 7.86 and 7.5 1 (2m, 2, irnidazole C4-H and C5-H), 3.87 (s, 
3, N-CH,), 3.48 (s, 3, N-CH,), 2.11 (s, 3, C-CH,); I3C NMR (DzO) 
6: 156.58, 144.93, 137.81, 125.10, 122.33, 108.90, 39.87, 37.43, 

14.30. Anal. calcd. for CloH13N,0CL\-H?O: C 46.42, H 5.84, N 
21.65; found: C 46.27, H 5.83, N 21.49. 

I-Methyl-4-(3-ch1oropheno~q~)pyrinzidirz-2(1 H)-one, 7a 
(Table 1; etztty 8 )  

3-Chlorophenol (0.933 g, 7.26 mmol) and triethylamine 
(0.35 mL, 2.5 rnmol) were added to a two-phase system com- 
posed of an aqueous solution of pyridinium salt 2a (20 mL, 
2.42 mmol) and chloroform (20 mL). The mixture was stirred 
vigorously for 2 h in the absence of light. 'The chloroform layer was 
separated and fractionated on a silica gel column (system E) to give 
7a: mp 146-148°C; UV (H20) A,,,:,,: 280 nm (E 7800); 'H NMR 
(CDC1,) 6: 7.61 (d, J = 7.1 Hz, 1, C6-H), 7.15 (m, 4, aromatic 
H), 6.04 (d, J = 7.1 Hz, 1, C5-H), 3.48 (s, 3, N-CH3); I3c NMR 
(CDCl,) 6: 171.04, 156.31, 152.29, 149.37, 134.80, 130.30, 
126.13, 122.44, 120.28, 94.81, 38.08; high resolution MS m/z: 
236.03518 (CIIH9N2O2C1 requires 236.03519 amu). Anal. calcd. 
for Cl1H9N2O2C1: C 55.82, H 3.83, N 11.84; found: C 55.80, H 
3.85, N 11.63. 

I , 4 - D i t n e t l z y l - 4 - ( 3 - c h l o r o p h e t z o x y ) ~  H)-one, 7b 
(T~~b le  I ; entry 9) 

This compound was obtained according to the procedure de- 
scribed for 7cl. Fractions from a silica-gel column (system E) were 
collected and evaporated to dryness. The residue was dissolved in 
methanol and decolorized with charcoal. Crystallization from ethyl 
acetate gave 76 as white needles: mp 21 1°C; UV (H20) A,,,,: 
289 nm (E 7300); 'H NMR (DMSO-d6/CDC1,) 6 :  7.99 (d, J = 

1 .O Hz, I,  C6-H), 7.30 (m, 4,  aromatic H), 3.34 (s, 3, N-CH,), 
2.03 (d, J = 1.0 Hz, 3,  C-CH,); ',c NMR (DMSO-d6/CDCl,) 6: 
169.31, 155.22, 152.57, 148.61, 133.28, 130.62, 125.53, 122.39, 
120.87, 101.96, 36.89, 1 1.43; high resolution MS, tn/z: 250.05066 
(C12Hl lN202C1 requires 250.05083 amu). Anal. calcd. for 
Cl2HllNzO2C1: C 57.49, H 4.42, H 1 1.18; found: C 57.46, H 4.42, 
N 11.21. 

I-(2',3'-5'-Tri-O-ace~l-~-~-t-ibofurat1o~~~I)-4-(3-chlorophen- 
oxy)pyt-itnidin-2(1 H)-one, 7c (Table 1 ; entry 10) 

The pyridinium salt 2c was reacted with 3-chlorophenol under 
conditions analogous to those used for synthesis of 7a. The chlo- 
roform layer was separated and chromatographed on SiOz (CHCl3 
and system A). Appropriate fractions were collected and the sol- 
vent evaporated to give 7c as an oil. UV (H,O) A,,,: 278 nm (E 
7700); 'H NMR (CDCI,) 6: 7.91 (d, J = 7.4 Hz, 1, C6-H), 7.20 
(m, 4, aromatic H), 6.18 (d, J = 7.4 Hz, 1, C5-H), 6.1 1 (d, 1 ,  C1'- 
H), 5.39, 5.32, and 4.38 (3m, 5, sugar C-H), 2.15, 2.14, and 2.10 
(3s, 9,  COCH,); "C NMR (CDCl,) 6: 170.88. 169.94, 169.37, 
154.85, 151.51, 143.58, 134.52, 130.09, 126.18, 122.07, 120.00, 
96.00, 89.00, 79.74, 73.49, 69.68, 62.75, 20.76, 20.46. High 
resolution MS m/z: M+ 480.09340 (C21H,IN209Cl requires 
480.093 13 amu). 

I-Methyl-4-(co~irnarin-7-oxy)pyrirnidirr-2(1 H)-one, 8a 
(Tc~ble I ;  entry 11) 

The reaction of 2a with 7-hydroxycoumarin was carried out in 
a mixture of dioxane/water 4 :  1 (v/v) at pH 7.5 adjusted with 
NaHCO,. Crystals of pure 8a ,  precipitated from the reaction mix- 
ture, were filtered: mp 161°C; UV (CH,OH) A,,: 305 nm (E 13 100, 
sh), 285 nm (E 16 500); fluorescence emission A,,,,: 378 nm (4 = 
0.002); 'H NMR (TFA-diacetone-d6) 6: 8.67 (d, J 7.6 Hz, 1, 
C6-H), 8.15 (d, J = 9.4 Hz, 1 ,  coumarin C3-H), 7.9 (m, 1, aro- 
matic H), 7.42 (m, 2, aromatic H), 6.75 (d, J = 9.4 Hz, 1, cou- 
marin C4-H), 6.45 (d, J = 7.6 Hz, I,  C5-H), 3.86 (s, 3, N-CH3); 
I3C NMR (TFA-dlacetone-d6) 6: 173.36, 166.06, 161.13, 156.14, 
154.19, 151.27, 146.93, 132.90, 121.36, 119.63, 118.05, 111.56, 
94.97, 40.41; MS m/z (relative intensity): M +  270(100), 200(8), 
188(19), 187(97), 159(43), 149(8), 109(6). Anal. calcd. for 
CI,HION204: C 62.22, H 3.72, N 10.37; found: C 62.07, H 3.69, 
N 10.18. 
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l,5-Dirt1etlzj~l-4-(co~orluritz-7-o.~titt1idit1-2(1 H)otle. 8b 
(Table 1;  c2tztr-y 12) 

The solvent and pH were the same as for synthesis of 8a. The 
reaction mixture was concentrated under vacuum, and the crystal- 
line product was filtered off and separated froni unreacted 7-hy- 
droxycoumarin by chromatography on Si02 plates (system E): mp 
238°C; UV (CH,OH) A,,,;,,: 307 nm (E 12 700), 288 nni (E 12 600); 
fluorescence emission A,,,,,, 376 nni (+ = 0.001); 'H NMR (TFA-d/ 
acetone-d,) 6: 8.34 (s, 1 ,  C6-H), 8.13 (d, J = 9.5 Hz, I ,  cou- 
niarin C3-H), 7.86 (m, 1 aromatic H), 7.38 (ni, 2, aromatic H), 
6.7 1 (d, J = 9.5 Hz, 1 ,  coumarin C4-H), 3.89 (s, 3, N-CH,), 2.40 
(s, 3, C-CHI); 13C NMR (TFA-(//acetone-(1,) 6: 171.93. 166.45, 
157.38, 155.94, 155.03, 153.66, 147.19, 132.05, 120.56, 117.30, 
114.29, 112.07, 40.53, 11.94; MS tn/z (relative intensity): ( M k  
+ 1) 285(18), M+ 284(100), 270(6), 214(7), 187(19), 159(15), 
149(10), 146(7), 134(9). Anal. calcd. for C15HIZN204: C 63.37. 
H 4.25, N 9.85. Found: C 63.14, H 4.21. N 9.73. 

I-Methyi-4-(2-hydro,vyethylthio)l1yrit~ziditz-2(1 H)OIZP, 9a 
(Table I ;  etztrji 13) 

The reaction mixture was extracted with CHCI,. The extract was 
chromatographed on silica gel plates (system E). Product 90 was 
obtained as an oil that solidified upon addition of ethyl acetate: mp 
70-72°C; UV (HzO) A,,,:,,: 301 nm (E 20 700), 225 nni (sh); ' H  NMR 
(CDC13/CH30D) 6: 7.46 (d. J = 6.9 Hz, 1, C6-H), 6.30 (d, J = 
6.9 Hz, 1, C5-H), 3.70 ( t ,  J = 6.5 Hz, 2, CH,), 3.49 (s, 3, N-CH,), 
3.30 (1, J = 6.5 HZ, 2, CHZ); "C NMR (CDC13/CH30D) 6: 177.87, 
156.04, 145.47, 104.46, 61.11, 32.35, 32.02. MS m/z (relative 
intensity): Mi  (186(1), 166(4), 156(18), 142(45), 141(35), 127(12), 
126(100). Anal. calcd. for C7H1f1202S: C 45.14, H 5.41, N 15.04; 
found: C 45.03, H 5.37, N 14.94. 

l,5-Dimethyl-4-(2-h~vd1-o.vyc~tl1yltlzio)pyritzidit1-(l H)otte. 9b 
(Table I ;  et~rt? 14) 

The reaction mixture was extracted with CHC1, and the organic 
layer was dried and concentrated under reduced pressure. The res- 
idue was separated on an SiO, column (system E): mp 110°C; UV 
(H,O) A,,,,,: 308 nm (E 18 700), 224 nm (sh); ' H  NMR (CDCI,/ 
CD30D) 6: 7.29 (d, J = 0.8 HZ, 1 ,  C6-H), 3.76 (t, 2, CH?), 3.48 
(s, 3, N-CH3), 3.33 (t, 2, CH2), 2.04 (d, J = 0.8 Hz, 3, C-CH,); 
"C NMR (CDCI,/CD,OD) 6: 178.19, 155.92, 143.30, 1 13.07, 
61.11, 38.08, 32.02, 13.81; MS t ~ z / z  (relative intensity): M' 
200(5), 183(5), 170(13), 156(100), 155(64), 140(11). Anal. calcd. 
for CsHI,N,0,S: C 47.98, H 6.04, N 13.99; found: C 47.76, H 
5.98, N 13.87. 

1-(2',3',5'-Tt~i-O-ace~l-~-~-ribofrtrat1nsyl)-4-(2-h~~drox~veth~d- 
thio)-pyritnidin-2(1 H)otle, 9c (Table I ;  entry 15) 

The product was isolated as described above. System E was used 
for chromatography. UV (H,O) A,,,,,: 301 nm (E 19 600); 'H NMR 
CDCI,) 6: 7.64 (d, J = 7.0 Hz, 1, C6-H), 6.44 (d, J = 7.0 Hz, 1, 
C5-H), 6.19 (d, I,  Cl '-H), 5.42, 5.35, and 4.38 (3m, 5,  sugar 
C-H), 3.73 ( t ,  J =  6.5 HZ, 2, CH,), 3.30(t, J =  6.5 HZ, 2,CH2),  
2.16, 2.14, and 2.10 (3s, 9, COCH,); "C NMR 6: 177.56, 169.96, 
169.59, 169.50, 156.82, 146.12, 103.81, 88.89, 80.06, 73.36, 
69.88, 62.77, 61.13, 32.47, 20.67, 20.36, 20.23; high resolution 
MS, m/z: M+ 430.10427 (C17H22NZ0,S requires 430.10444 amu). 

One-pot s~vlthesis qf 9c 
The solution of 2',3',5'-tri-0-acetyluridine (1 mmol) in dry 

pyridine (10 mL) was treated with 4-chlorophenyIphosphorodi- 
chloridate (1.5 mmol) and left overnight at room temperature fol- 
lowed by addition of mercaptoethanol (7 rnmol). The Zincke test 
indicated 9% conversion of the pyridinium salt after ca. I h. The 
reaction mixture was evaporated to dryness, and the residue was 
dissolved in aqueous sodium bicarbonate and then extracted with 
chloroform. Chromatography on Si02 (system E) gave 7c in 78% 
overall yield. 

methylformaniide (20 mL) and sodium azide (0.195 g, 3 mmol) was 
added. The resulting mixture was stirred for 15 min and then the 
solvent was evaporated under vacuum at 35OC. The residue was 
treated with water (30 n1L) and the aqueous solution extracted with 
chloroforn~. The organic layer was dried over Na,SO,, concen- 
trated. and treated with hexane to give crystals of 100: mp 206- 
208°C; UV (H,O) A,,,:,,: 270 nm (E 8500. sh), 258 nm (E 10 000); 
'H NMR (DMSO-4,) 6: 7.73 (d, J = 7.3 Hz, 1, C6-H), 6.94 (d, 
1, C5-H), 3.73 (s, 3,  N-CH,); "C NMR (DMSO-d,) 6: 151.42, 
143.62, 141.52,92.26, 36.62; high resolution MS, m/z: 15 1.04932 
(C5HsNs0 requires 151.04936 arnu). Anal. calcd. for C,HSN50: 
C 39.73, H 3.33, N 46.34; found: C 39.60, H 3.28, N 46.49. 

1,5-Ditnethyl-4-azi&pyr.irniclin-2(/ H)-otle, IOb 
(T~ble  1 : erltty 17) 

This conlpound was obtained according to the procedure de- 
scribed for 100. The crude product was chromatographed on an SiOz 
column (system B): mp 178-180°C; UV (H20) A,,,;,,: 273 nm (E 
7500, sh), 257 nm (E 9500); 'H NMR (DMSO-d6) 6: 7.76 (d, J = 
1.2 Hz, 1, C6-H), 3.56 (s, 3, N-CH3), 2.28 (d, J = 1.2 Hz, 3, 
C-CH,): "C NMR (DMSO-d6) 6: 152.19, 143.30, 138.05, 101.64, 
36.46, 12.19; high resolution MS, m/z: 165.06494 (C6H7N50 re- 
quires 165.06498 amu). Anal. calcd. for C6H7N50: C 43.63, H 
4.27. N 42.40: found: C 43.41. H 4.25. N 42.27. 

I-(2',3',5'-Tri-0-nce~l- ~-u-rib~fi!fitrat1osyl)-4-nzidop~yritnidin- 
2(1 H)-otze, IOc (Table I; entry 18) 

The aqueous solution of 2c was treated with sodium azide. Pure 
10c, which precipitated from the reaction mixture, was filtered off. 
An additional amount of the product was isolated from the filtrate 
by extraction (CHCI,) and chromatography on SiO, (system D). UV 
(H,O/CH,OH, 9 :  1) A,,,;,,: 265 nm (E 7000, sh), 251 nrn (E 7600); 
' H  NMR (CDCI,) 6: 7.7 1 (d, J = 7.8 Hz, 1 ,  C6-H), 6.98 (d, J = 
7.8 Hz, 1, C5-H), 6.29 (d, 1 C1'-H), 5.45, 5.39, and 4.39 (3m, 5, 
sugar C-H), 2.17, 2.14, and 2.09 (3s, 9, COCH,); I3C NMR 
(CDCI,) 6: 169.99, 169.59, 169.50, 150.53, 142.58, 133.85, 
94.70, 88.78, 80.69,73.24, 69.95,62.75,20.68,20.37, and 20.23; 
high resolution MS, m/z: M+ 395.10757 (CISH17N508 requires 
395.10749 amu). 
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