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A new method for  the synthes is  of Nl - (d ihydroxyalkyl )urac i l s  by reduct ion of subst i tuted a -  
(1 -u rac i ly l ) -  and y - [ (1 -u rac i l y l )me thy l ] -y -bu ty ro l ac tones  with sodium borohydr ide  was 
found. 

N1-Dihydroxyalkyl  de r iva t ives  of u rac i l  and thymine can be considered to be analogs of pyr imid ine  
nucleosides  in which the sugar  res idue  is r ep laced  by a polymethylene  chain. The synthes is  of model com-  
pounds that  differ  with r e s p e c t  to the length and configurat ion of the alkyl  chain and thereby  with r e s p e c t  
to the spa t ia l  or ienta t ion of the hydroxyl  groups (both between one another  and with r e s p e c t  to the pyr imid ine  
base) s e e m s  of g r ea t  in te res t .  A study of the p h y s i c o c h e m i c a l e h a r a c t e r i s t i c s  of model  compounds and the i r  
r eac t ions  with some  nucleic me tabo l i sm enzymes ,  in pa r t i cu l a r  with nucleosidekina ses ,  may  give impor ts  nt 
informat ion  rega rd ing  the mechan i sm of the bonding of the enzyme with the subs t r a t e  and its analogs.  

Baker  and c o - w o r k e r s  [2-4] have synthes ized  a number  of Nt -hydroxya lky l  de r iva t ives  of u rac i l  and 
have studied the i r  bonding with t h y m i d i n e k i n a s e ,  but they were  unable to obtain Nl-d ihydroxyalkyl  d e r i v a -  
t ives  having a g r e a t e r  affinity for  the  enzyme than the monohydroxy compounds.  This is apparen t ly  ex-  
plained by the fact  that  in the N l - ( 3 , 5 - d i h y d r o x y - l - p e n t y l ) u r a c i l  invest igated by Baker  and c o - w o r k e r s  the 
spa t ia l  or ienta t ion of the hydroxyl  groups d i f fers  cons iderab ly  f r o m  the or ienta t ion of the 3 ' -  and 5 ' - h y -  
droxyl  groups  in desoxynuc leos ides .  

NI-Dihydroxyalkyl  de r iva t ives  of 5 - f luo rou rac i l  a r e  of in te res t  as potent ial  inhibi tors  of thymidyla te -  
syn the tases  [3]. It should a l so  be noted that Nl -d ihydroxya lky lurac i l s  and the i r  phosphate e s t e r s  a r e  s t a r t -  
ing compounds for  the synthes is  of model  analogs  of ol igo-  and polynucleot ides [5]. We have found a con-  
venient  method for  the synthes is  of 5-subs t i tu ted  Nl - (1 ,4-d ihydroxya lky l )urac i l s  ( I Ia-c ,  Table  1) by r educ -  
tion of u rac i ly l l ac tones  I a -c ,  which we have p rev ious ly  desc r ibed  [6], with sodium borohydr ide  in aqueous 
solution. 
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The double bond in the pyr imid ine  r ing is not involved in the reduct ion,  as a t tes ted  to by the absence  
of a change in the opt ical  densi ty  of the solution at 260-270 nm during the reac t ion .  In addition to reduct ion,  

* See [1] for  communica t ion  VI. 
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side hydrolysis  of the lactone r ing to give 5~substituted N t - ( 1 - c a r -  
boxy-3 -hydroxy- l -p ropy l )u rac i l s  (ITIa-c) occurs .  Reduction by 
means of LiA1H 4 in this case  is not expedient, inasmuch as neither 
the s tar t ing mater ia ls  nor the final products are  soluble in ether. 
In addition, the probabil i ty of saturat ion of the C = C double bond 
in the uraci l  increases  during reduction with LiA IH 4 [3]. 

In cont ras t  to s tar t ing Ia-c ,  the IR spectra  of (dihydroxy- 
butyl)uracils I Ia-c  do not contain a band at 1770 c m ,  1 (lactone PC - O) 
but do have an intense ~OH absorpt ion band at 3300-3420 cm -I and 
a band at 1050 cm -1, which can be assigned 'to t h e  pi~imur] hy- 
droxyl  6OH frequency, inasmuch as it is absent in start ing Ia-c.  
The position of the PNH band (3160-3200 cm -l) changes only slightly 
in all  of the compounds under considerat ion.  

In the PMR spec t rum of Nl-(1,4-dihydroxy-2-butyl) thymine 
in dimethyl sulfoxide (DMSO) the CH protons in the 6 position of 
the urac i l  r ing a re  represented by a singlet that is broadened be- 
cause of s p i n - s p i n  coupling with the CH 3 proton; this constitutes 
evidence in favor of the presence  of a substituent attached to N 1 
of the urac i l  r ing  [7]. 

in o rder  to obtain 5-substi tuted Ni- (2 ,5-d ihydroxy- l -penty l ) -  
uraci ls ,  we examined the alkylation of uraci l  and thymine with 
T-chloromethylbutyrolaetone.  The activity of the halogen in T- 
chloromethylbutyrolactone is considerably less than that in a -  
bromo-subst i tu ted butyrolactones.  As a consequence of this, T- 
chloromethylbutyrolactone does not alkylate silyl derivat ives of 
uraci l  and thymine. However, the react ion was found to be r e -  
alizable with the more  reac t ive  sodium derivatives (Va, b) under 
more  severe  conditions than in the case  of a -bromobutyro lac tone  
[6]. We used this method to synthesize uraci l  and thymine de r iva :  
tives VIa,b (Table 1). Derivatives (VIc,d, Table 1) of 5 -ch lo ro -  
and 5 -b romourac i l  were obtained by direct  halogenation of lactone 
Via as descr ibed in [6]. (See scheme on top Of following page.) 

Nl-(2 ,5-Dihydroxy- l -pentyl )  derivat ives (VIIa,b, Table 1) 
of urac i l  and thymine were obtained by reduction of laetones VIa,b 
with sodium borohydride.  

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

The melting points were determined with a Bo~tius stage. 
The PMR spect ra  of DMSO solutions were recored  with a P e r -  
k i n - E l m e r  R-12A spec t romete r  (60 MHz) with te r t -buty l  alcohol 
as the interal  standard (6 1.23 ppm). The n~ spectra  of Nujol sus-  
pensions of the compounds were recorded with a UR-20 spec t rom-  
eter.  The UV spectra  were obtained with a Specord spectropho-  

tomer .  

Nl - (1 ,4-Dihydroxy-2-butyD-5-methylurac i l  (IIb). A sus-  
pension of 6.47 g (0.031 mole) of ~ - (5 -methy lu rac i ly l ) -7 -bu ty ro-  
lactone in 100 ml of water was added with s t i r r ing  in the course  
of 15 rain to a solution of 1.75 g (0.045 mole) of sodium borohy-  
dride in 50 ml of water,  af ter  which the mixture was s t i r red  at 
room tempera ture  for  1 h and acidified to pH 5-6 with dilute acet ic  
acid (1 : 1). Distilled water  was then added up to a volume of 300 
ml, and the mixture was passed through a column containing 
strongly acidic Amberl i te  IR-120 cat ion-exchange res in  (H + form). 
The column was eluted with water  until the eluate was 'neutral ,  
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and the eluate (100O ml) was passed through a column containing weak Dowex-3 anion-exchange res in  (OH- 
form). The product  was eluted success ive ly  with water and 0.5 N NH4OH. 

The aqueous eluate was vacuum evaporated to d ryness ,  the res idue  was dissolved in 50 ml of meth-  
anol, the solvent was again evaporated,  and the res idue  was dissolved in 50 ml of ethanol, tt was prec ip i -  
tated by the addition of ethyl acetate to give 4.43 g of uraci l  IIb as color less  c rys ta l s .  The product  was r e -  
c rys ta l l ized  f rom e thano l - e thy l  acetate  to give 3.9 g (60%) of IIb. PMR spec t rum:  6 11.1 (NH), 7.47 (6-H), 
and 1.89 (CH3). The adduct with phenyl isocyanate  had mp 191-193 ~ Found: C 61.2; H 5.4; N 12.0%. C23H24Nr 6. 
Calculated: C 61.0; H 5.4; N 12.4%. 

The precipi ta te  that formed during evaporat ion of the ammoniacal  eluate was ~ecrystal l ized f rom 
aqueous alcohol  to give 1.13 g of the ammonium salt  of acid IIIb with mp 257-262 ~ IR spec t rum:  :1690 (u C = O ) 
1610 cm -1 (VCOO-). The salt  was dissolved in water ,  and the solution was passed through a column con- 
taining Amber l i t e  IR-120 cat ion-exchange res in .  The eluate was evaporated to give 1.0 g (15%) of 1-(1- 
c a r b o x y - 3 - h y d r o x y - l - p r o p y l ) - 5 - m e t h y l u r a c i l  (IIlb) with mp 267-269 ~ (from acetone). IR spect rum:  ~1690 
(C-O) ,  1230, and 1725 (CO0-),  3190 (NH), and 3400 cm -1 (OH). Found: C47.0;  H5.6;  Nl l .8%.  CgHI2N205. 
Calculated: C 47.4; H 5.3; N 12.3%. 

Compounds IIa, IIc, VIIa, and VIIb were  s imi la r ly  obtained (see Table 1). 

T-[ (1-Uraci ly l )methyl] -T-butyrolactone (Via). Absolute d imethyl formamide (25 ml) was added to 2 .1g  
(0.019 mole) of the uraci l ,  the mixture was s t i r red ,  and 0.45 g (0.019 mole) of sodium hydride was added 
rapidly,  during which the t empera tu re  of the react ion mixture rose  to 36 ~ and then gradual ly fell  to room 
tempera ture .  The mixture was s t i r red  at room tempera tu re  for  2 h, af ter  which it was cooled with ice and 
t reated with a solution of 5.2 g (0.04 mole) of T-chloromethylbutyrolactone in 10 ml of DMFA. The mixture 
was s t i r red  at room tempera ture  for  30 min and at 150 ~ for  1.5 h, af ter  which the excess DMFA was r e -  
moved by vacuum distillation. The res idue was removed by fi l trat ion and dissolved in hot ethanol. The in- 
soluble port ion of the mate r ia l  was the urac i l  [1.4 g (67%)]. Cooling of the ethanol solution precipitated 0.8 g 
(21%) of lactone Via. 
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