
HETEROCYCLES, V d  22, No. 3, 1984 

5-FLUOROURACIL DERIVATIVES. V1.l ALKYLATION OF 5-FLUOROURACIL 

USING THE (0CTYLTHIO)CARBONYL GROUP AS A PROTECTING FUNCTION 

* 
Shoichiro Ozaki, Yutaka Watanabe, Hiroshi Fujisawa, and Tomonori Hoshiko 

Department a£ Resources Chemistry, Faculty of Engineering, 

Ehime University, Matsuyama 790, Japan 

Abstract- N - and N3-alkyl-5-fluorouracils are prepared in good yields 1 

by the alkylation of 5-fluorouracil protected by the (octy1thio)carbanyl 

group. 

2 Alkylation of 5-fluorouracil (5-FU) or its disilyl deri~ative,~ 5-fluoro-2,4-bis- 

(trimethylsily1oxy)pyrimidine gives generally a mixture of 1- and 3-monoalkyl- and 

1.3-dialkyl derivatives. Employment of a protecting group is a more promising way 

tu get 1- or 3-alkyl-5-FU selectively. There have been known several protected 5- 

FUs such as s~lfonyl,~ a ~ y l , ~  2,2.2-trichloraethyloxyc~~bonyl,~ and benzy17 deriva- 

tives. Some of these protecting groups are too labile to tolerate various reaction 

conditions. Deprotection of them requires reductive, alkaline, or acidic condition. 

These conditions are not always satisfactory, especially when the functional groups 

sensitive to such conditions exist in the same molecule. We have invest~gated a 

more sufficient protecting group which is introduced and removed effectively under 

mild conditions. We report here alkylation of 5-FU using the (octylthia)carbonyl 

group as a protecting one. Relating to this group, little attention has been paid 

to the use of S-substituted thiocarbonate derivatives8 for protecting nitrogen and 

oxygen functions. 

The (octy1thio)carbonyl group was easily introduced at the N1- and N3-position in 

5-FU respectively with high efficiency (Scheme I). Thus, treatment of 5-FU with S- 

octyl chlorothiofo~mate in the presence of an equimolar amount of pyridine gave 

the corresponding N - rotected 5-FU ( 2 )  in 84% yield. Protection of the N3-position 1 p 
was achieved by way of the 1.3-bis(octy1thio)carbonyl derivative (3) which w a s  

prepared by the reaction of 5-FU with a nearly stoichiometric amaunt of S-octyl 

chlorothioformate in pyridine. Isopropylamine effected the selective conversion of 

1,3-disubstituted 5-FU (3) to the N3-protected derivative (4). whereas alcoholic 

ammonia in place of the amine gave unselective results. The S-octyl group is better 

than the S-butyl, judging from the yield of the reaction leading to (3) from 5-FU. 
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The protected derivatives (2) and (4) were alkylated with various alkyl halides in 

the presence of ethyldiisopropylamine or trietylamine (Table 1 and z ) . ~  The former 

mine is an effective base for alkylation of (2) and ( 4 ) .  

Selective and smooth deprotection was realized by two procedures based on utilizing 

typical properties of thioester. First choice is to employ a thiophile as lead (11) 

acetate8c'f for selective activation of the thioester function. The second method 

consists of aminolysis using isopropylaoine or diethylamine. This procedure is based 

on the nucleophilic ability of mine to the.thioester group. Thus, the protecting 

group was efficiently removed without injuring the alkyl substituent to give high 

yield of manoalkyl-5-fluorouracils (Table 1 and 2). 9 

The (actylthio)carbonyl group is introduced and removed smoothly in good yields 

under mild conditions. The same function can be used to protect N1- and N3-nitrogen 

atoms respectively. S-octyl chlorothioformate used for p~eparation of the protected 

5-FU derivatives (21, (4) is commercially availahle.1° Furthermore, alkylation 

demonstrated here proceeds so cleanly that the isolation procedure is very simple. 

Consequently, the present alk~lation procedure might be widely applicable to mono- 

alkylation of pyrimidine derivatives such as uracil1' and thymine as well as 5-FU. 

EXPERIMENTAL . ~. 

l-(Octylthio)carbonyl-5-fluorouracil (2): An acetonitrile (20 ml) solution of 
pyridine (10 mmol) was added to a suspension of 5-FU (10 mmol) in acetonitrile (10 
ml) containing S-octyl chlqrothioformate (10 mmol) at O°C. The resulting mixture 

is stirred at the same temperature for 1 h and then-at r.t. for 1 day. After 

addition of AcOEt the organic layer was washed successively with H20. dil. HC1, and 

H20 and then dried. Recrystallization from benzene-hexane gave (2) in 84% yield, 
mp 111-llZ°C. 

1,3-~is(oct~lthio)carbon~l-5-fluorou1acil ( 3 )  : 5-FU (10 mmol) in pyridine (25 ml) 
was treated with S-actyl chlorothioformate (30 mmol) at ODC far 1 h and then at r.t. 
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Table 1. Synthesis of 3-alkyl-5-FLI 

Reaction coditions 
RX A B Yield, % mp, O C  

basea) solv. t a p .  timeb) reag." solv. tire ( 5 )  ( 6 )  ( 5 )  ( 6 )  

P q B r  CMF r.t. on LA EtOH lday 85 83 

EDA CMF 0% 4h DIA 
CH2C12 3days 93 95 78.0-79.5 156.0-157.0 

DEA CH2CI2 2 h i n  86 

&" TI3 TW r.t. l h  IPA Et20 l h i n  92 quant. 64.0-65.0 127.0-128.0 

u 

MeOCHZCl EDA CMF O°C 30min IPA Et20 l h i n  92 quant. 62.5-63.5 124.0-125.0 
n-8usr EDA CMF 1.t. May IPA Et20 l h i n  83 98 52.0-54.0 88.0-89.0 

P h S q 2 l  EDA CMF r.t. lday IPA Et20 l h i n  56 99 80.5-82.0 131.0-132.5 

a )  TFA=triethylmine, m=ethyldiisopropylmine. b)  o n a e m i g h t .  c) LA=lead(II)acetate.3H20, 

DIA=diisopropylmine, DEA=diethylmine, IPA=isoprowlamine. d)  Prepared in according t o  the 

l i t e ra tu re  (ref. l a ) .  

Table 2. Synthesis of 1-alkyl-5-FU 

R e a c t i o n  c o n d i t i o n s  
RX C Yield, % mP, OC 

base solv. rwp. rim 7 ( 8 )  ( 7 )  ( 8 )  

& TEAa) THF r.r. on 78 95 o i l  163.0-164.0 

MeOM2C1 EDA O T  lh 99 91 o i l  129.0-130.5 

a) I n  order t o  neutralize the reaction medim, excess triethy1;onine was used. 



for 1 day. After addition of Aco~t and filtration, the filtrate was evaporated 
under reduced pressure (<4O0C). The residue was washed with dil. HC1 and H20, and 
dried. Disubstituted 5-FU (3) was isolated by Si02 column chromatography (CH2C121 

hexane = 1). 79% yield, mp 60-61DC (from hexane). 
3-(0ctylthio)carbonyl-5-fluorouracil (4): Compound (3) (10 mmol) in Et20 (100 m1) 

was treated with isopropylamine (10 mmol) at O°C for 30 min. Removal of the solvent . ~~ 

under reduced pressure gave the re~idue which was chromatographed on Si02 (AcOEtl 

hexane = 213) to give (4) in 95% yield, mp 120-121°C (from benzene-hexane). 
Alkylation of (2) and (4): The protected 5-FU derivatives (2) and (4) (1 mmol) in 

DMF (3 ml) were treated with an alkyl halide (1.1-1.2 mmol) in the presence of a 
tert-mine (1.1-1.2 mmol) as shown in the tables. 

Deprotection; a )  with Pb(0Ac) .3H20: An alkylation product (1 mmol) was treated 
with P ~ ( O A C ) ~ . ~ H ~ O  (1 mmol) in ethanol (10 ml) as shown in the tables. 

b) With an amine: Treatment of (2) or (4) (1 mmol) in Et20 or CH2C12 (10 ml) with 
diethylamine or isopropylamine (1-1.2 mmol) gave (5) or (6) as ahown in the tables. 
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