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a - ( 1 - C y t o s i n y l ) - 7 - b u t y r o l a c t o n e  was obtained by condensat ion of b i s ( t r imethy l s i ly l )cy tos ine  
with a -b r om obu t y ro t ac t one .  The reduct ion of a - ( 1 - c y t o s i n y l ) - y - b u t y r o l a c t o n e  with sodium 
borohydr ide  gave Nl - (1 ,4-d ihydroxy-2-buty l )cy tos ine ,  the acylat ion of which with benzoyl  
chlor ide  and subsequent  pa r t i a l  hydrolys is  gave  Ni - (1 ,4-d ihydroxy-2-buty l ) -N4-benzoylcy tos ine .  

NI -Dihydroxya lky lurac i l s  have in te res t ing  biological  p rope r t i e s  and a r e  a l so  s ta r t ing  compounds fo r  
the synthes is  of analogs of mono-  and oligonucleotides (for example ,  see  [1, 2]). In this connection, Nl -d i -  
hydroxyalkyl  der iva t ives  of cytosine and the p repa ra t ion  of analogs of polycytidylic  acid f r o m  them seem of 
in teres t .  

We have invest igated var ious  methods for  the synthes is  of Ni -d ihydroxyalkylcy tos ines .  The alkylat ion 
of 2 ,4-d ie thoxypyr imidine  with a - b r o m o b u t y r o l a c t o n e  gave f f - ( 2 - o x o - 4 - e t h o x y - l , 2 - d i h y d r o - l - p y r i m i d i n y l ) -  
7 -bu tyro lac tone  (I} [3], the hydro lys i s  of which in acidic media  gave ~ - (1 -u rac i t y l ) -7 -bu ty ro l ac tone  (I1), 
which was identical  to the compound we p rev ious ly  desc r ibed  in [4]. However ,  (~- (1-cy toshw1)-7-bu tyro-  
lactone cannotbe  obtained by reac t ion  of I with ammonia ,  inasmuch as opening of the lactone r ing  to give N 1- 
( 1 - c a r b a m o y t - 3 - h y d r o x y - l - p r o p y l ) c y t o s i n e  (IIl) is observed  along with r e p l a c e m e n t  of the ethoxy group by 
an amino group. 
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The d i sappea rance  of the earbonyl  absorp t ion  of a lactone r ing at 1780 cm -1 in the IR spec t rum con- 
s t i tutes  evidence for  opening of the lactone r ing in III. A broad absorpt ion band due to the VNH z v ibra t ions  

of cytosine  and VOH v ibra t ions  is observed  at 3300-3400 cm - i ,  along with a band at  3200 cm -1 (amide VNH). 
The amide  absorpt ion  bands at 1600 and 1700 cm -I  m e r g e  with the absorpt ion  of the cytosine r ing (1640- 
1680 cm -1) into a broad  band of low resolu t ion .  An inc rease  in the absorp t ion  intensi ty is observed  in the 
UV spec t rum of amide  III  on pass ing  f r o m  neu t ra l  to acidic media,  and this is assoc ia ted  with the f o r m a -  
tion of a protonated fo rm and is a lso  c h a r a c t e r i s t i c  for  Nl-subst i tu ted  cytos ines  [5]. 

* See [1] for  communica t ion  VIII. 
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Reduction of lactone I with sodium borohydride at pH 
7-8 and subsequent amination give Nt-(1 ,4-dihydroxy-2-  
butyl)cytosine (IX) in very  low yield, inasmuch as side r e -  
actions involving the hydrolysis  of the ethoxy group to form 
Nl-(1 ,4-dihydroxy-2-butyl )uraci l  (IV) and hydrolytic c leav-  
age of the lactone r ing to give hydroxycarboxylic  acids V 
and VII are  observed along with reduction. Only IV and V 
are  formed when the react ion is car r ied  out in alkaline 
media (pH 12). The reduction products were identified by 
means of paper  chromatography.  We were able to separate  
the mixture of IV and VIII-X formed during amination by 
means of chromatography with columns filled with Amber -  
lite IRC-50 and Dowex-3 ion-exchange res ins .  Their  s t ruc -  
tures were confirmed by compar ison with authentic sam-  
ples. 
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VIII IX X 
The silyl synthetic method [6-8] proved to be the 

most  convenient method for the preparat ion of diol IX in 
preparat ive  quantities. We isolated the hydrochloride of 
Nl-(1,4-dihydroxy-2-butyl)  cytosine in 39% yield by con- 
densation of bis( tr imethylsi lyl)cytosine with a - b r o m o -  
butyrolactone and subsequent reduction with sodium boro-  
hydride. Base  IX was obtained by t rea tment  of this salt  
with tr iethylamine.  A side product  of the reaction is N 1- 
(1-carboxy-3-  hydroxypropyl) cytosine (XVI). 

The UV spect rum of IX is close to the spec t rum of 
cytidine. The IR spectrum contains the VNH 2 absorption 

bands of cytosine and ~C=O bands at 1620 and 1670 cm -1, 
as well as a broad absorption band at 3300-3400 cm -1 (VNH 2 

and POH ). 

It should be noted that bis( tr imethylsi lyl)-N4-benzoyl-  
cytosine reacts  with a -bromobutyro lac tone  with cons ider-  
ably g rea te r  difficulty than XII under the conditions that 
we investigated. Amide XIV was obtained by benzoylation 
of amine XIII, but its reduction was difficult. 
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Ni-(1,4-Dihydroxy-2-butyl)-N4-benzoylcytosine (X-VII) was obtained by acylation of diol IX with ben- 
zoyl chloride and subsequent par t ia l  alkaline hydrolysis .  

IX 

NHBz NHBz 

BzCI AN ~ 2 N NaOH O~"~ Py 0~ 
I t BzOCH2CH2CHCH2OBz HOCH2CH2CHCH2OH 

XVI XVII 
The phosphorylation of diol XVII and the synthesis of polycytidylic acid (poly-C) f rom the described 

monomers  of the cytosine ser ies  will be descr ibed in our subsequent publications. 

E X P E R I M E N T A L  M E T H O D  

Chromatography was car r ied  out on FN-1 paper with a bu t ano l -morpho l ine -d i e thy l ene  g l y c o l - w a t e r  
sys tem (9 : 3 : 2 : 4) and development in UV light. 

c~- (2-Oxo-4-e thoxy- l ,2 -d ihydro- l -pyr imid iny l ) -T-bu tyro lac tone  (I). This compound was obtained by 
alkylation of 2,4-diethoxypyrimidine with c~-bromobutyrolactone [3] and had mp 164-166 ~ and Rf 0.98. 

N : (1 -Ca rbamoy l -3 -hyd roxypropy l ) cy tos ine  (III). A suspension of 2.2 g (0.01 mole) of lactone I in 40 
ml of methanol saturated with ammonia at 0 ~ was heated in a sealed ampul at 60 ~ for 5 h, after which the 
methanol was vacuum-evapora ted ,  and the residue was recrys ta l l ized  f rom water to give 1.4 g (67%) of amide 
III (Table 1). 

~ - (1-Cytos iny l ) -T-butyro lac tone  (XIII) (T~ble 1). A mixture of 5.0 g (0.045 mole) of cytosine, 50 ml 
of hexamethyldisi lazane,  and 4 ml of t r imethylchloros i lane  was heated at 170-180 ~ for 3 h, af ter  which it 
was cooled to 85 ~ 14.8 g (0.09 mole) of c~-bromobutyrolactone [9] was added, and the mixture was heated 
at 80-85 ~ for 2 h. It was then cooled, 20 ml of ethanol was added, and the resul t ing precipi ta te  (in the form 
of the salt) was rec rys ta l l i zed  f rom 75% ethanol. The product  was suspended in 600 ml of chloroform,  3.24 g 
(0.032 mole) of t r ie thylamine was added, and the mixture was s t i r red  at room tempera ture  for 20 h. The 
solid was separated,  washed with chloroform,  and recrys ta l l i zed  from alcohol to give 5.1 g (60% based on 
cytosine) of lactone XIII with mp 271-273 ~ 

Nl-(1 ,4-Dihydroxy-2-butyl )cytos ine  (IX). A solution of 1.1 g (0.03 mole) of sodium borohydride in 
20 ml of water was added slowly dropwise to a suspension of 4.6 g (0.02 mole) of lactone XIII in 80 ml of 
absolute ethanol, and the mixture was s t i r red  for 6 h. It was then neutral ized with acetic acid, and the r e -  
sulting precipi ta te  was separated.  The solution was passed through a column (30• mm) filled with Am- 
berl i te  IRC-50 with success ive  elution with 1000 ml of water  and 700 ml of 1% hydrochlor ic  acid. The aque- 
ous eluate was evaporated, and the precipitated substance was recrys ta l l i zed  f rom wate r to  give 0.85 g (20%) 
of acid XV (Table 1). The hydrochlor ic  acid solution was evaporated to dryness  with a ro t a ry  evaporator ,  
20 ml of methanol was added to the residue,  and the mixture was evaporated to dryness  (this operation was 
per formed three  t imes).  The residue was rec rys ta l l i zed  f rom ethanol to give 1.8 g (39%) of Nt-(1,4-dihy-  
droxy-2-butyl)cytosine  hydrochlor ide with mp 163-165 ~ and Rf 0.64. Tr ie thylamine [0.77 g (0.076 mole)] 
was added to a suspension of 1.8 g of the product  in 250 ml of chloroform,  and the mixture was s t i r red  at 
room tempera tu re  for 20 h. The resul t ing precipi ta te  was separated,  washed with chloroform,  and r e c r y s -  
tall ized f rom ethanol to give 1.3 g of cytosine IX (Table 1). 
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~-(N4-Benzoyl - l -cy tos iny l ) -T-butyro lac tone  (XIV). A 7.3-ml sample of benzoyl chloride was added 
to a suspension of 3.9 g (0.02 mole) of lactone XIII in 80 ml of dry pyridine, and the mixture was shaken at 
room tempera ture  for 1 h. It was then poured into 600 ml of ice water,  and the aqueous mixture was ex- 
t racted with three 50-ml portions of ethyl acetate.  The extract  was dried with anhydrous sodium sulfate 
and evaporated to a volume of 10-20 ml with a ro ta ry  evaporator .  The result ing precipitate was r e c r y s t a l -  
lized f rom ethanol to give 5.1 g (86%) of lactone XIV (Table 1). 

N4-Benzoyl-Nl-[1,4-di(benzoxy)-2-butyl]cytosine (XVI). A 1.25-ml sample of benzoyl chloride was 
added to a suspension of 0.6 g (2.5 mmole) of the hydrochloride of IX in 13 ml of dry pyridine, and the r e -  
action was car r ied  out as descr ibed above. Absolute alcohol (20 ml) was added to the oily residue remain-  
ing af ter  removal  of the ethyl acetate by distillation to give 0.78 g (60%) of XVI (Table 1). 

N4-Benzoyl-Nl-(1,4-Dihydroxy-2-butyl)cytosine (XVII). A 3.8-ml sample of 2 N NaOH solution was 
added dropwise with s t i r r ing  to a cooled (to 0 ~ solution of 0.78 g (1.5 mmole) of XVI in 50 ml of ethanol, 
and the mixture was s t i r red for another 40 min. A 3.8-ml  sample of Dowex-50 • 4 ion-exchange res in  tin 
the pyridinium form) was added to the react ion mixture, and the result ing mixture was s t i r red  for  2 min. 
The res in  was separated and washed with ethanol, and the combined fi l trates were evaporated to 10-15 ml. 
The result ing precipitate was recrys ta l l i zed  f rom alcohol to give 0.39 g (85%) of diol XVII (Table 1). 

1. 

2. 

3. 
4. 
5. 

6. 

7. 
8. 

9. 

LITERATURE CITED 

S. A. Giller, R. A. Zhuk, A. ~. Berzinya, L. T. Kaulinya, and L. A. Sherin', Khim. Geterotsikl. Soedin., 
1662 (1974). 
S. A. Giller, Z. A. Shomshtein, and T. A. Popova, Khim. Geterotsikl. Soedin., 409 (1975). 
G. J. Koomen and U. K. Pandit, J. Chem. Soc., Perkin I, 1929 (1973). 
S. A. Giller, R. A. Zhuk, and Ya. G. Nashatyr', Khim. Geterotsikl. Soedin., 557 (1968). 
G. V. Venkstern and A. A. Baev, Absorption Spectra of Minor B~ses, Their Nucleosides and Nucleo- 
tides, and Some Oligonucleotides [in Russian], Moscow (1965), p. 14. 
T. Nishimura and I. Iwai, Chem. Pharm. Bull., 12, 357 (1964). 
E. Wittenburg, Z. Chem., 4, 303 (1964). 
T. T. Sakai, A. L. Pogolotti, and D. V. Santi, J. Heterocyclo Chem., 5, 849 (1968). 
H. Plieninger, Bet., 83, 267 (1950). 

606 


