
A N A L O G S  OF P Y R I M I D I N E  N U C L E O S I D E S  

VIII.* SYNTHESIS AND PROPERTIES OF SUBSTITUTED 
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AND Nt- ( t ,4-DIHYDROXY-2-PENTY L) URAC ILS 
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The corresponding c~-(1-uraci ly l ) -T-methyl-y-butyrolactones ,  the reduction of which with 
sodium borohydride gives 5-substi tuted Nl-(1 ,4-dihydroxy-2-pentyl )uraci ls ,  were obtained 
by alkylation of 2,4-bis( t r imethylsi lyl)  der ivat ives  of uracil ,  thymine, and 5- f luorourac i l  with 
a -b romo-T-methy lbu ty ro lac tone .  Diol der ivat ives  with respec t  to both the p r ima ry  and sec-  
ondary hydroxyl groups were obtained by select ive protection.  On the basis of an analysis  of 
the PM:R spectra ,  it is shown that the uraci lyl lactones  are  mixtures of the cis and trans iso-  
mers ,  whereas  Nl- (1 ,4-dihydroxy-2-pentyl )urac i l s  are  mixtures of d ia s t e reomers .  

In a continuation of our investigations of Nt-(dihydroxyalkyl ) derivat ives of pyrimidine bases as ana- 
logs of pyrimidine nucleosides [1] we have synthesized 5-substi tuted Ni-(1 ,4-dihydroxy-2-pentyl)uraci ls  
(IV) containing one p r im a ry  and one secondary hydroxyl  group and thereby having cer ta in  advantages as 
monomers  for the synthesis  of models of oligonucleotides as compared with the compounds we have p r e -  
viously descr ibed [1]. 
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* See [1] for communicat ion VII. 
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T A B L E  I .  a - ( 1 - U r a c i l y l ) - T - m e t h y l - y - b u t y r o l a c t o n e s  (IIl) and N i-  
(1,4-Dihydroxy-2-pentyl)- (IV) and Ni-(1-Carboxy-3-hydroxybutyl)- 

u r a c i l s  (V) 

Ilia 
IIIb 
ltlc 
IIId 

llIe 

IIIf 

IVa 
IVb 
IVc 
va 
Vb 
Vc 

t ~ ~" . 1 
rap. [ ~ystem~ t Empirical 

*C 1 - ~  B if~ 

235-236 
258--260 
223280225 

(dec.) 
300 

(dec.) 
310 

(dec.) 
153--154 
167--168 
174--t7~ 
170--175 
230--235 
184--187 

),82 0,72 
3,89 0,82 
3,79 0,78 
3,75 0,74 

3,75 0,73 

9,74 ;0,72 

0,89 0,40 
3,70 0,49 
0;7C 0,53 
0,52 0,47 
0,68 0,61 
0,6710,65 

C~H,oN~O, 
C~oH~N~O~ 
CgHgFN~O~ 
CoHgC1N~O~ 

C~HgBrN~O~ 

CoHgiN~O4 

CgHI4N204 
C,oHI6N204 
C9HI3FN204 
ICgH,sN~Os 
2mH,zNaOs 
29H,4FN3Os 

Fotmd, % t Calc., ~o 
UV spectra 

pH 2 pH 12 ~9. 

a x  8 �9 10 : a x ,  8 - I0 

51,414,9[ 
53,61 5,4 I 
47,5t 4,01 
44,1 t 3,71 

37,41 3,4 I 

32,212,6 / 

50,616,7 I 
~52,417,31 
46,615,6/ 
44,1/6,3] 
462166 45:81<5 ] 

�84 
2,6153,61 5,4112,5 i 
2,3147,414,01i 2,3 
1,2144,2 t 3,7~11,4] 

ta,olao,N ~ ' 
t2,4152,617',01[2',31 
1,7~46,615,6ti2,1 

t7,0B4,t 6,2117,1 
t6,1 ~46,3 6,6~16o2 
t6,7~5,6 5,3115,9 

264 9,8 
268 9,8 
269 10,5 
276 9,2 

279 10,2 

282 6,0 

266 9,7 
273 9,2 
276 8,7 
265 9,8 
271 9,2 
273 8,9 

266 
272 
275 
277 

278 

278 

266 
273 
276 
267 
273 
274 

7,8 70 
8,0 75 
7,0 49 
6,0 59 

7,6 75 

5,4 55 

7,5 ! 60 
7,1 172 
6,5 { 46 
7,4 / 7 
7,1 112 
7,0 "t 20 

T A B L E  2. 

C o m -  

p o u n d  

Via 
VIb 

Vlla 
VIlb 

VIIIa 
VIIIb 

IXa 
IXb 

* See 

mp, *C 

195--196 
175--t76 
234--235 
239--240 
200--203 
111--113 
146--147 
205--206 

S u b s t i t u t e d  N i - ( 1 , 4 - D i h y d r o x y - 2 - p e n t y l ) u r a c i l s  (VI- IX)  

Found, % 

C H N 

73,616,1t 6,3173+,2 t 268 
74,216,41 5,9173,916,4 6,0 273 
80,915,91 4,1180,816,0 4,0 268 
80,916,31 3,9180,716,2 3,9 273 
72,016,2[ 5,6172,216,1 5,6 268 
72,616,21 5,3172,716,2 5,5 273 
51,316,51 11,0151,216,3 11,0 268 
53,216,8110,2163,316,7 10,41 273 

Calc., .% UV spectrum 
in ethanol 

C H N nm [ e. 1o 

9,6 
9,7 
4,0 
3,9 
9,0 
9,4 
9,7 

10,0 

Empirical 
Rt* formula 

0,58 C2sH2sN204 
0,64 C29H3oN204 
0,93 C47H4zN~O~ 
0,95 ; C48H44,N204 
0,80 C3oH3oN205 
0,92 C31H32N~Os 
0,13 CI,HI~N20s 
0,30 C12HIsN~Os 

t h e  e x p e r i m e n t a l  s e c t i o n  f o r  the  T L C  c o n d i t i o n s .  

tR 
spec- , . ' d  

trum, 
uOH, 
~m-1 

3440 54 
3440 62 

-- 1 
1 

96 
93 

3~0 72 
3380 70 

T A B L E  3. P1VIR s p e c t r a  of c e - ( 1 - U r a e i l y l ) - T - m e t h y l - T - b u t y r o l a c t o n e s  

C~ pound ~ ~. 

Chemical shift, 6, ppm 

I 
= : : ] ~1~ 

IIl a c s. ,,431 ,,011,9_3,0 
trans 1,3815,08 I 

Illb cis- 1,4215,23 ] 2,0--2,9 
trans 1,3815,121 

lllc cis- 1,4415,211 2,0--2,9 
~ans 1,39/5,08 [ 

4,4_4,9 17, 8[5,00 
4,5_4,9 17,5011,76 

J, Hz 

il I 

7,7 

1,0 (H--CH~) 

6,7 (H--F) 

* Not d e t e r m i n e d  b e c a u s e  of p ronounced  over lapp ing  of the s igna ls  
f r o m  both i s o m e r s .  

The s t a r t i ng  subst i tu ted  ~ - ( 1 - u r a c i l y l ) - y - m e t h y l - y - b u t y r o l a c t o n e s  (III) w e r e  obtained bya lky l a t i o n  of 
s i ly l  d e r i v a t i v e s  of u r a c i l  (II) with ~ - b r o m o r T - m e t h y l b u t y r o l a c t o n e  wi th  r e m o v a l  of the vola t i le  p roduc t s  
f o r m e d  dur ing  t h e  r e a c t i o n  by dis t i l la t ion.  It was noted that  u r a c i l  IIb is a lkyla ted  at a lower  t e m p e r a t u r e  
(165) than IIa(180 ~ and IIc (200~ Cons ide r ing  the poss ib i l i ty  of e l imina t ion  of halogen under  the r e a c t i o n  
condi t ions ,  u r a c i l y l l a c t o n s  I I d - f  w e r e  obtained by d i r e c t  ha logena t ion  of lactone IIIa by the methods  that  
we d e s c r i b e d  in [2]. 

Reduc t ion  of lac tones  III  with sod ium b o r o h y d r i d e  was  a c c o m p l i s h e d  by a modif ied method [1]. 5-  
Subst i tuted N l - ( 1 - c a r b o x y - 3 - h y d r o x y - l - b u t y l ) u r a c i l s  (V) (Table 1) a r e  f o r m e d  as  s ide p roduc t s .  

A c c o r d i n g  to [3, 4], t r i t y l a t ion  of r i bonuc l eos ide s  g ives ,  depending on the condi t ions ,  mono- ,  d i - ,  and 
t r i t r i t y l  d e r i v a t i v e s .  By changing  the  r a t i o  of the r e a c t i n g  s u b s t a n c e s ,  the t e m p e r a t u r e ,  and the t ime fo r  
the r e a c t i o n  of d ihydroxy  d e r i v a t i v e s  I V w i t h t r i p h e n y l c h l o r o m e t h a n e  and by mon i to r ing  the c o u r s e  of the 
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r e a c t i o n  by t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) ,  we found cond i t ions  u n d e r  wh ich  p r i m a r i l y  m o n o t r i t y l  d e r i v a -  
t i v e s  VI a r e  f o r m e d ;  the  s m a l l  a m o u n t s  of d i t r i t y l  d e r i v a t i v e s  VII a r e  e a s i l y  s e p a r a t e d  owing t o t h e i r  low 
s o l u b i l i t y  in p o l a r  s o l v e n t s .  

N t - ( 1 - O - T r i t y l o x y - 4 - O - a c e t o x y - 2 - p e n t y l ) u r a c i l s  (VIII) w e r e  ob ta ined  by a c e t y l a t i o n  of VI [5], and N i -  
( 1 - h y d r o x y - 4 - O - a c e t o x y - 2 - p e n t y l ) u r a c i l s  (IX) ( T a b l e  2) w e r e  ob ta ined  a f t e r  r e m o v a l  of the  a c i d - l a b i l e  t r i t y l  
p r o t e c t i v e  g roup .  

Thus ,  de r iva t i~ (es  s u b s t i t u t e d  a t  the  p r i m a r y  o r  s e c o n d a r y  h y d r o x y l  g r o u p s  w e r e  ob ta ined  f r o m  5 - s u b -  
s t i t u t ed  N l - ( 1 , 4 - d i h y d r o x y - 2 - p e n t y l )  u r a c i l s .  

The  UCO band a t  1770 c m  -1 is  a b s e n t  in the  IR s p e c t r a  of  d i o l s  I V a - c ,  and  a b s o r p t i o n  bands  a r e  ob -  
s e r v e d  a t  3330-3450 c m  -1 (uOH) [6]. T h e  uOH bands  a r e  a b s e n t  in the  s p e c t r a  of VII  and VIII,  in which  both  

h y d r o x y  g r o u p s  a r e  p r o t e c t e d .  The  IR s p e c t r a  of a c e t a t e s  VIII  and IX c on t a in  the c h a r a c t e r i s t i c  bands  of 

R R 

~ 'H ~H 3 
cis eJ, a-c tram 

0 0 O 
II i-IN ~ H N @  CN3 II 

a R= ~ b R =ofl.,,..N ~ t l  ; c R=O2~N~I 
I ~ I 

an a c e t y l  g r o u p  a t  1735 c m  -1. 

The P1V[R s p e c t r a  (Tab le  3) showed tha t  the  u r a c i l y l l a c t o n e s  (III) tha t  we s y n t h e s i z e d  a r e  m i x t u r e s  
of c i s  and t r a n s  i s o m e r s .  The c h e m i c a l  s h i f t s  w e r e  a s s i g n e d  on the  b a s i s  of a c o m p a r i s o n  of the  PMR s p e c -  
t r a  of III  wi th  the  s p e c t r a  of c i s -  and t r a n s - 2 - m e t h o x y - 4 - m e t h y l - T - b u t y r o l a e t o n e  [7]. 

D io l s  IV have  two a s y m m e t r i c  c a r b o n  a t o m s  and a r e  e v i d e n t l y  m i x t u r e s  of d i a s t e r e o m e r s .  

E X P E R I M E N T A  L 

The p u r i t y  of the  s u b s t a n c e s  was  m o n i t o r e d  by  m e a n s  of c h r o m a t o g r a p h y  on " L e n i n g r a d  m e d i u m "  
p a p e r  in the  fo l lowing  s y s t e m s :  A) 1 - b u t a n o l - m o r p h o l i n e - d i e t h y l e n e  g l y c o l - w a t e r  (9 : 3 : 2 : 4) ( a s c e n d -  
ing) and B) e thy l  a c e t a t e - w a t e r - f o r m i c  a c i d  (60 : 35 : 5) (descend ing)  o r  by TLC on S i lufo l  UV-254 p l a t e s  
in e thy l  a c e t a t e .  The  UV s p e c t r a  w e r e  r e c o r d e d  with  a S p e c o r d  s p e c t r o p h o t o m e t e r .  The IR s p e c t r a  of m i n -  
e r a l  o i l  o r  h e x a c h l o r o b u t a d i e n e  s u s p e n s i o n s  w e r e  r e c o r d e d  with  a UR-20  s p e c t r o m e t e r .  The PMR s p e c t r a  
of DMSO s o l u t i o n s  w e r e  ob ta ined  with  a P e r k i n - E l m e r  R-12A s p e c t r o m e t e r  (60 MHz) with  t e t r a m e t h y l ~  

s i l a n e  a s  the  i n t e r n a l  s t a n d a r d .  

Subs t i t u t ed  ( ~ - ( 1 - U r a c i l y l ) - T - m e t h y l - T - b u t y r o l a c t o n e s  ( I I I a - c ,  T a b l e  1). A 3 - m l  s a m p l e  of t r i m e t h y l -  
c h l o r o s i l a n e  was  added  to a s u s p e n s i o n  of 0.1 m o l e  of u r a c i l  I a - c  in 30 mI  of h e x a m e t h y l d i s i l a z a n e  [2 m l  
of d i m e t h y l f o r m a m i d e  (DMFA) was  added  in the c a s e  of Ib to  i m p r o v e  i t s  so lub i l i t y ] ,  and the  m i x t u r e  was  
hea ted  on an o i l  ba th  (150-180 ~ fo r  2 -4  h; the t r a n s p a r e n t  so lu t i on  was coo led  to  80 ~ and 35.8 g (0.2 mole)  
of c ~ - b r o m o - 7 - m e t h y l b u t y r o l a c t o n e  [8] was  added  g r a d u a l l y  wi th  s t i r r i n g  in the  c o u r s e  of 30 min.  The  f l a s k  
was f i t t ed  wi th  a D e a n - S t a r k  t r a p ,  and the m i x t u r e  was  s t i r r e d  v i g o r o u s l y  and hea ted  to  165-200 ~ d u r i n g  
which  the  e x c e s s  h e x a m e t h y l d i s i l a z a n e  and the  t r i m e t h y l b r o m o s i l a n e  f o r m e d  d u r i n g  the r e a c t i o n  w e r e  r e -  
moved by  d i s t i l l a t i o n .  The  m i x t u r e  was  coo led  to r o o m  t e m p e r a t u r e ,  20 m l  of e thano l  was added  g r a d u a l l y ,  
and the  m i x t u r e  was  s t i r r e d  f o r  1 h. P r e c i p i t a t e d  l a c t o n e s  I I I a - c  w e r e  s e p a r a t e d  and r e c r y s t a l l i z e d  f r o m  

w a t e r .  

5 - S u b s t i t u t e d  N 1- ( 1 , 4 - D i h y d r o x y - 2 - p e n t y l )  - ( IVa-c)  and N l -  ( 1 - C a r b o x y - 3 - h y d r o x y - l - b u t y l ) u r a c i l s  
(Va-c ,  T a b l e  1). A s o l u t i o n  of 4.0 g (0.1 mole)  of NaBH 4 in 175 m l  of w a t e r  was added  with  s t i r r i n g  in the 
c o u r s e  of 10 rain to  a s u s p e n s i o n  of 0.04 m o l e  of l a c t o n e s  I I I a - c  in 175 m l  of e thano l ,  a f t e r  which  the  m i x -  
t u r e  was s t i r r e d  a t  r o o m  t e m p e r a t u r e  fo r  4 h. The  i n o r g a n i c  s a l t s  w e r e  r e m o v e d  by f i l t r a t i o n ,  the  f i l t r a t e  
was a c i d i f i e d  to pH 5 with  a c e t i c  ac id ,  and the m i x t u r e  was  v a c u u m  e v a p o r a t e d  to 100 ml .  Th i s  c o n d e n s a t e  
was p a s s e d  t h r o u g h  a co lumn  con ta in ing  200 g of A m b e r l i t e  IR-120  c a t i o n - e x c h a n g e  r e s i n .  The  m a t e r i a l s  
w e r e  e lu t ed  wi th  w a t e r . T h e  e l u a t e  (700 ml)  was p a s s e d  th rough  a c o l u m n  con ta in ing  200 g of D o w e x - 3 - a n i o n -  

* F o r  Is ,  165-170 ~ as  c o m p a r e d  with  170-180 ~ fo r  Ib, and ~ 2 0 0  ~ for  Ic. 

1466 



exchange res in .  The mater ia l  was eluted with water  (0.05 N NI-I4OH was used for  IVc). The eluate (~ 1 liter) 
was vacuum evaporated to dryness ,  and the res idue was dried by repeated evaporation with absolute ethanol 
and rec rys ta l l i zed  f rom ethanol. Diols IVa-c were  obtained. Subsequent elution of the anion-exchange r e -  
sin with 0.5 N NH4OH gave acids Va-c  in the fo rm of the ammonium salts.  

: 5-Substituted Nl - [1 -O-Tr i ty loxy-4 -hydroxy-2 -pen ty l ] -  (Via,b) and Nl- [1-O,4-O-Di( t r i ty loxy)-2-pen-  
ty l ]uraci ls  (u Table 2 ) .  A solution of 0.03 mole of diol IVa,b and 8.3 g (0.03 mole) of t r iphenylchloro-  
methane in 50 ml of absolute pyridine was heated at 80-100 ~ for  1 h, af ter  which it was poured with s t i r r ing  
into 1.5 l i ter  of a mixture of water  and ice. The resul t ing precipi ta te  was separated,  washed with water,  
and dissolved in 70 ml of acetone. The insoluble res idue (VIIa,b) was removed by fi l tration and crysta l l ized 
f rom dioxane. The f i l t ra te  was evaporated to dryness ,  and the syrupy res idue  was dried by repeated evapo- 
rat ion with absolute ethanol. It was then dissolved in 30 ml of benzene-hexane (1 : 1). Workup gave VIa,b. 

5-Substituted Nl - (1 -O-Tr i ty loxy-4 -O-Ace toxy-2 -pen ty l )u rac i l  (VIIIa,b, Table 2). Acetic anhydride 
(22 ml) was added to a solution of 0.017 mole of Via, b in 70 ml of absolute pyridine,  and the mixture was 
allowed to stand at  room tempera tu re  for  24 h. It was then poured with s t i r r ing  into 1 l i ter of water and 
ice, and the resul t ing precipi ta te  was removed by fil tration, washed with water,  and rec rys ta l l i zed  f rom 
ethanol. 

5-Substituted Nl - (1 -Hydroxy-4-O-ace toxy-2-pen ty l )u rac i l s  (IXa,b, Table 2). A "mixture of 0.016 mole 
of VIIIa, b and 35 ml of 80% acetic acid was heated at 100 ~ for  40 rain. It was then cooled, and the prec ip i -  
tated t r iphenylmethanol  was removed by fi l tration. The fi l t rate was vacuum evaporated to dryness ,  and 
the res idue  was dried by repeated evaporat ion with absolute ethanol. The product  was recrys ta l l i zed  f rom 
absolute e thano l -hexane  (1 : 1). 
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