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A NOVEL CYCLIZATION REACTION OF A C-6 SUBSTITUTED 
URIDINE ANALOG: AN ENTRY TO 5,6-DIALKYLATED URIDINE 

DERIVATIVES 
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a: 5,6-Dialkylated uridine derivatives were conveniently synthesized in 5 steps starting from 2’,3’-O- 
isopropylideneuridine (1) in a 43% overall yield. The key reaction is a novel acid catalyzed cyclization reaction of 
6-(4-butanal)-2’,3’-0-isopropylideneuridine. 

It has been demonstrated in the past few decades that both C-.5 or C-6 monosubstituted and C-5 , C-6 

dialkylated uridine derivatives have exhibited various biological activities. 2-5 The availability of a reasonable 

synthetic procedure for the synthesis of 5,6-dialkylated pyrimidine nucleosides could prove useful in the 

development of new chemotherapeutic agents for the control of viral diseases and cancer. Although methods for 

alkylation at either the C-S or C-6 position of the uracil ring of uridine analogs have been reported,6 a general 

method for the preparation of the C-5, C-6 dialkyluridine derivatives has not appeared. Previously C-5 and C-6 

dialkvlated compounds have been prepared through lengthy syntheses 7 by methods which do not allow for 

easy variation of the side chains. In our studies, in investigating the chemical mechanism of thymidylate 

$ynthase, several 5,6-dialkylated uridine derivatives were required. A convenient method for the synthesis of 

this type of compounds is reported herein. 

In efforts to prepare 5,6-dialkylated uridine derivatives, attempts were made to utilize literature methods 

for the preparation of C-5 or C-6 monoalkylated uridine derivatives. However, methylhydroxylation at the C-5 

position of the C-6 alkylated compounds under either acidic or basic conditions was not successful, nor were 

alkylations at the C-6 position of C-5 alkylated compounds. The successful approach taken in this study utilized 

the dipolar nature of the 5, 6-double bond of the uracil ring, the key reaction being acid catalyzed nucleophilic 

addition of the C-5 of uridine to an appended aldehyde for the ring closure reaction. The only reported reactions 

that are analogous to this hydroxyalkylation arc those of uridine with electron deficient aromatic aldehydes and 

formaldehyde.3 Thus alkylation of 1. with y-bromobutanal dimethyl acetal gave the C-6 alkylated product 2, 

which on cyclization with CF3COOH (TFA) in acetone gave a mixture of isomeric cyclized alcohols Q and a. 

The mixture of these alcohols was subjected to dehydration in the presence of p-toluenesulfonic acid to afford the 

olefin. The 5’-hydroxyl group was then protected as the t-butyldimethylsilyl (TBDMS) ether to give ,5_b. 
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Ozonolysis of the protected olefin gave the dialdehyde, which offers the opportunity for further modifications. 

Furthermore, due to its benzylic-like nature, the aldehyde at the C-S position can be selectively protected as 

dimethyl acetal & which makes it readily accessible for transformation of both the C-S and C-6 positions into 

different functional groups. 

0 

a 

0 

ipr 

/ e C 

d, e _ 

2 

ipr=2’,3’-O-isopropylidene-P_D-ribose 

& R=ipr 
& R=Tipr 

iipr fi Tipr=2’,3’-0-isopropylidene-5’-O-tert- 
butyldimethylsilyl-/3-D-ribose 

a). i). LDA/THF, ii). Br(CH&CH(OCH& b).HOAc/H,O (8:2)/silica gel c). Acetone:H20:TFA 

(65:10:5). RT, 36 hr d). p-toluenesulfonic acid/acetone, reflux e). TBDMSCI, DMAP, Et,N 

f). i). 03/CH2CIz, -76 ‘C, ii). CH$XH3, iii). NH4CI/CHs0H 

The first step in the sequence is the alkylation of the lithium anion of C-6 of 2’,3’-O- 

isoptopylideneuridine (1). In this reaction 2’, 3’-0-isopropylideneuridine was first treated with 5 equivalents of 

LDA in THF for two hours at -78 oC. This was followed by the addition of 3 equivalents of y-bromobutanal 

dimethylacetalg After 90 hours at -78 OC, the reaction was quenched with acetic acid and the product purified by 

silica gel chromatography to afford 80% of compound 2. lo 

Deprotection of 2 and the subsequent cyclization of 2 were accomplished by stirring the acetal 2 in 

acetone containing 10% water and 5% trifluoroacetic acid at room temperature for 36 hours with a 75% yield. 

Shorter reaction time results in three major products: the aldehyde 2 and the two cyclized alcohols, Q and a.1 1 

Studies with pure aldehyde 2, prepared by the hydrolysis of the acetal with acetic acid-water (8:2) solution mixed 

with silica gel, show that the aldehyde is converted to the cyclized alcohols &J and $J under the same conditions. 

Dehydration of the two isomeric alcohols was accomplished by refluxing in acetone with a catalytic amount of p- 
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toluenesulfonic acid overnight to give h in 82% yield.12 After dehydration, the 5’-hydroxy group was 

protected as the TBDMS ether upon treatment with TBDMS chloride in the presence of triethylamine and a 

catalytic amount of 4-dimethylaminopyridine @MAP) to give compound 2 in 93% yield. The ozonolysis was 

carried out at -78 oC in methylene chloride. After reductive workup with dimethylsulfide and solvent evaporation, 

the dialdehyde formed, without purification, was transformed directly into its 5-dimethylacetal form 613 by 

stirring in methanol with ammonium chloride giving an 88% overall yield. Thus this method can give the 5, 6- 

dialkylated uridine derivative in five steps with a 43% overall yield starting with isopropylideneuridine(l). The 

dimethylacetal 6 can be transformed into a variety of 5,6_dialkylated uridine derivatives. 

The mechanism of the cyclization reaction of compound 2 was examined by monitoring the ultraviolet 

spectrum of the reaction mixture over a period of several hours. An initial decrease in the absorption maximum at 

260 nm (reaching minimum at about 15 min) was followed by a gradual increase with formation of the product. 

The decrease indicates a loss of conjugation and the formation of a discrete intermediate in the conversion of the 

aldehyde 2 to the cyclized alcohols & and a. The role of catalysts in the reaction was also examined and it was 

found that acetic acid, sodium acetate, or methylthiolglycolate (over the pH range of 4 to 9) were ineffective in the 

cyclization. Acetic acid was effective, however, in the equilibration of the two alcohols & and h. These results 

suggest that the equilibration must proceed via a solvolysis reaction, not through the ring-opened aldehyde 3 

since acetic acid under equilibrium conditions did not lead to the cyclization of the latter. The entropic advantage 

gained in this intramolecular cyclization reaction may account for the fact that simple aldehydes do not undergo a 

similar hydroxyalkylation reaction with uracil or uracil nucleosides. 
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10). Compound 2 6-(4-Butanal dimetbyl acetal)-2’,3’-0-isopropykleneuridine UWMeOH): Lax 2M) nm (e=9822); IR (CH2CI2): 

3450, 2930, 1689, 1450, 1385 cm-l; 1 H-NMR (CDCI3): 5.60 (d,l H, l’-H), 5.53 (s, 1 H, 5-m. 5.17 (q. 1 H, ~‘-II), 4.95 (q, 1 H, 

3’-K), 4.35 (b, 1 H, CHtOCH3)2). 4.14 (d, 1 H, 4’-fL), 3.77 (m 2 H, CH2OH), 3.24 (s, 6 H, m3), 2.52 (b, 2 H, a2,, 1.64 (b, 

4 H, -(CHd2CH(OCH3)2), 1.49 (s, 3 H, CH3), 1.28 ppm (s, 3 H, CIi,); 13C-NMR (CDC13): 162.8 (c-4), 156.2 (c-2). 151.8 

(C-6), 114.0 (MCH3)2), 103.7 (C-5), 102.9 (-c@CH3)2), 91.6 c-l’), 87.7 c-4’). 83.4 (c-2’). 80.4 (c-3’), 62.5 &&OH), 52.7 
(WH3b 32.9. 31.9, 27.1 UX3), 25.4 KX3). 22.6 ppm; CIMS (NH3) ink (relative intensity) 401 (M+I, 0.91, 385 @l-Me, 5,9), 
369 (0.7)~ 229 (58.4). 197 (loo). Anal. Cakd for Cl8H28N208: C, 53.99; H, 7.05; N, 7.00. Found: C, 54.38; H, 7.24; N, 7.38. 

11). Compound &iv h IlH,3Hl-5-Hy~o~yl-l-~2’,3’-O-iSoprOpylidene-~-D-ribofuranosyl)-5,6,7,8,-tetrahy~~~in~oI~ne_2,4_d~one 
Isomer A (with higher Rf value): UV(MeOH): h max=2m nm; ‘H-NMR (CD’&): 5.71 (d, 1 H, I’-&), 5.25 (q, 1 H. 2,-y), 5.02 (q, 
1 K 3’-kb 4.78 (t, 1 H, CHOH), 4.19 (9. 1 H, 4’-fl), 3.84 (m, 2 H, C&OH), 2.62 (b, 2 H, C&-uridine), 2.05-1.80 (m, 4 H, 
(C&&CHOH), 1.54 (s, 3 H, C&,), 1.34 ppm (s, 3 H, C& ); 13C-NMR tCDCl3): 163.98 (c-4), 151.77 (c-2), 150.66 (c-6), 
114.10 ( -(0)%(‘=3)2), 112.89 (c-5), 91.17 c-:-l’), 87.87 (&‘I, 83.64 (c-z’), 80.51 (c-3’). 62.56 cH$IH), 62.34 (,CHOH), 
28.51, 27.20 (cH3). 26.87, 25.16 (W3). 17.80 ppm; ELMS mk(relative intensity): 355 (16.8, M+I), 399 (17.3, M-CH~), 181 

(83.3, M-sugar), 165 (100, M-sugar-H20); Isomer B (lower Rf): UV (MeOH): 7imax=261 nm; IH-NMR (CDC13): 5.70 (s, 1 H, 

I’-113, 5.23 (L 1 H, T-ii), 5.01 (t l K 3*-a, 4.75 (b, l H, CHOH), 4.20 (d, 1 H, 4’-K), 3.86 (b, 2 H, C&OH), 2.8-1.8 (m, 6 PI, 
C&j, 1.52 (s, 3 1% CfL?), 1.32 ppm (s, 3 H, C& ); 13C-NMR (CDCI3): 163.91 (c-4), 152.20 c-2), 150.48 (C-6), 113.97 
c(CH3)2). 112.57 (c-5), 90.90 (c-1’). 88.30 c-4’). 83.82 (L-2’). 80.57 c-3’), 62.51 (-a2OH), 61.18 (-DOH), 28.47, 27.27 
W3). 26.95, 25.30 (c&), 17.23 ppm; EIMS m/c 355 (M+l, 1.5), 339 (M-Me, 5.1). 181 (M-sugar, 56), 165 (M-sugar-H20, 1~); 
Anal. Cald for Cl6H22N207.CH30H C, 52.84; H, 6.78; N,7.25; Found: C, 53.00; H, 6.48; N, 7.10. 

12). Compound & ~lH,3H1-l-(2’,3’-0-isoPropylidene-~-D-ribofuranosyl)-7,8~dihy~~uin~oline-2,4-dione: IJV (~~0): hmax 309 

nm (E 55001, 249 nm (E 13,000); lH-NMR (CDC13): 10.12 (bs, 1 H Nffl 6.40 (d, 1 H, C5-Jj), 5.71 (d, 1 H, Cl’-m, 5.69 (m, l 
Hv C6-ki), 5.20 (dd, 1 H, CT-D. 4.95 (m, l H, C3’-Hk 4.16 (dd, 1 H, C4’-&, 3.80 (dd, 1 H, CS’-J&b,, 3.75 (dd, l H, C5’-&), 2.78 
(m, l H, C7-&A 2.67 (m, l H, C7-H& 2.38 (m, 2 H, CS-&!, 1.49 (s, 3 H, C&f, 1.28 pp,-n (s, 3 H, c&); %-NMR (CDC13): 
160.99 c-4). 150.62 E-21, 148.30 (C-8& 122.00 G-6), 118.94 (G-S), 113.99 (QCH3)2), 108.89 (CA,), 90.90 (cl’), 88.09 (C- 

4’). 83.69 (c-2’), 80.61 G-3’). 62.56 G-5’). 27.12 (Cl+), 25.10 cH3), 23.59 (c-8), 22.09 ppm (c-7); CIMS (PJEJ~), &e (Rel. 

Intens.): 337 W++l, 61, 220 (7), 165 (100). Anal. Calcd for C16H20N206: C, 57.13; H, 5.99; N, 8.33. Found: C, 57.24; H, 
6.30; N, 8.10. 
13). Compound 6 ~-(2’,3’-O-iosp~opylid~~~-5’-O-tert-butyldime~ylsilyl)-5-(formyl-dimetbylacetal~-6-(3-pro~~a~)-~~~d~~~: UV 

(CHJOH): hmax 268 nm; IH-NMR (CDC13): 9.76 (~1 H. CHO), 9.73 (bs. 1 H, NH), 5.60 (s, 1 H, Cl’-H), 5.55 (s, l H, 
CaoCH3)2, 5.16 cd. l l-L C2’-M, 4.78 (dd, l H. C3’-H), 4.10 (dd, 1 H, C4’-K), 3.81 (m, 2 H, CS-B), 3.40 (s, 3 H, (X&J), 3.38 
(s, 3 1~1, OCHA 3.31 (m, 2 H, C6-CH2), 2.90 (m, 1 H, %&HO). 2.77 (m, 1 H, CJ&-CHO), 1.51 (L 3 H, c&). 1.31 (s, 3 H, 
Cl&), 0.87 (s, 9 H, C(CH3)3), 0.04 ppm (s, 6 H, Si(C&)z); 13C-NMR (CDCI3): 198.93 CHO), 162.70 (-C-4), 156.69 (c-2), 
149.88 G-61, 113.95 (MCH3)2), 111.22 01, 100.68 E(OCH3)2), 91.94 (Cl’), 89.93 c-4’), 84.14 (c-z’), 81.99 c-3’), 64.06 
(C-5’). 56.21 (QZH3L 56.02 @I%), 42.07 (C6-m2), 27.15 (C&LH3)2). 25.87 (CcH3)3), 25.32 (C(cH3)2), 18.38 C(cH3)3), 
-5.28 PPm(Si(f%)z). Anal. CaIcd for CDH4oN2Si: C, 54.52; H, 7.64; N, 5.30. Found: C, 54.20; H, 7.95; N. 5.29. 
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