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Synthetic routes  to and the p r o p e r t i e s  of N - ( 2 - c h l o r o - 5 - f l u o r o - 4 - p y r i m i d y l ) -  and N-(2-  
e thy l th io -5 - f luo ro -4 -pyr imidy l ) - subs t i t u t ed  amino acids a re  shown. 

Continuing our study of potential  an t imetabol i tes  of nuc le in -p ro te inmetabo l i sm,  we have descr ibed  the 
synthes is  and p r o p e r t i e s  of N- (2 -oxo-4 -pyr imidy l ) - subs t i t u t ed  amino acids [1, 2]. The cor responding  5- 
f luoropyr imidy l - subs t i tu ted  amino acids,  which contain an amino acid res idue  instead of an amino group in 
thei r  molecu les ,  a re  a lso  of in te res t  as analogs of 5-f luorocytosine .  

To synthes ize  the N- (5 - f luo ro -4 -py r imidy l ) - subs t i t u t ed  amino acids we used a method based  on the 
react ion  of ha lopyr imid ines  with amino acid sa l t s  [3, 4]. In the reac t ion  of 2 ,4 -d ich lo ro -5 - f luoropyr imid ine  
(I) with the sodium sa l t  of the amino acid in water  only the chlor ine atom in the 4-posi t ion is rep laced  by 
an amino acid res idue  to f o r m  the N- (2 - ch l o ro -5 - f l uo ro -4 -py r imidy l ) - subs t i t u t ed  amino acid. The chlor ine  
atom in the 2-posi t ion of the pyr imid ine  r ing r e m a i n s  iner t  under these conditions. Thus, N- (2 -ch lo ro -5 -  
f luoro-4-pyr imidy l )g lyc ine  (II) is obtained smoothly  by the reac t ion  of I with the sodium sa l t  of glycine af ter  
acidif ication with hydrochlor ic  acid. The reac t ion  of I with the sodium sal ts  of phenylalanine,  methionine,  
valine,  leucine,  t ryptophan,  and fl -a lanine  p roceeds  s i m i l a r l y  to f o r m  III-VIII,  r e spec t ive ly .  

The synthes is  of N- (2 - e t hy l t h i o -5 - f l uo ro -4 -py r imidy l ) - subs t i t u t ed  amino acids is accompl ished read i ly  
on the ba s i s  of nucleophilic substi tution of chlor ine  during the react ion  of 2 - e thy l t h io -4 -ch lo ro -5 - f l uo ro -  
pyr imid ine  with sodium sa l t s  of the amino acids .  N- (2 -E thy l th io -5 - f luo ro -4 -pyr imidy l )va l ine  (IX), - leuc ine  
(X), -g lyc ine  {XD, - f i - a l an ine  (XID, -phenylalanine (XH1), -meth ionine  (XIV), and - t ryptophan (~V) were  
synthesized in this way (Table 1). All of the compounds obtained are  co lo r l e ss ,  c rys ta l l ine  subs tances  which 
a re  only sl ightly soluble in cold water ,  ethanol, and nonpolar  solvents  and quite soluble in hot water  and 
d imethy l fo rmamide .  

We also studied the hydro lys i s  of these  compounds.  We obse rved  the hydro lys i s  f r o m  paper  c h r o m a -  
tography by  compar ing  the hydro lysa te  with authentic samples .  When both N- ( 2 - c h l o r o - 5 - f l u o r o - 4 - p y r i m i -  
dyl)-  and N- (2 -e thy l th io -5 - f luoro -4 -pyr imidy l ) - subs t i tu t ed  amino acids a re  ref luxed with concentra ted  
hydrochlor ic  acid f o r  2-4 h, they spli t  out amino acid and f o r m  2 -ch lo ro -4 -hyd roxy -5 - f l uo ropy r imid in e  
and 2 -e thy l th io -4 -hydroxy-5 - f luo ropyr imid ine ,  respec t ive ly .  5 -F luo rou rac i l  is f o rmed  on prolonged heating. 
Compounds VIII, X, and XIV were  checked fo r  ant i tumorigenic  act ivi ty and did not give apprec iable  inhibi- 
tion of S-180, HI(, and NK t u m o r s  and Walke r ' s  c a r c i n o s a r c o m a .  

The UV absorpt ion s p e c t r a  of N- (2 -e thy l th io -5 - f luo ro -4 -pyr imidy l ) - subs t i t u t ed  amino acids IX-XI 
and XIV (Table 2), obtained in aqueous solution (pH 7) and 0.1 N NaOH (pH 13), d isplay  three  absorpt ion 
bands of di f ferent  intensi t ies .  The f i r s t  band at 235-237 nm (g 9700-15,500) and the second band at 249- 
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TABLE 1. N - ( 2 - C h l o r o - 5 - f l u o r o - 4 - p y r i m i d y l ) -  and N-(2-  
E t h y l t h i o - 5 - f l u o r o - 4 - p y r i m i d y l ) - S u b s t i t u t e d  Amino Acids ~' 

R' 

== 

r 

R' 

[ I N ,%* I '~ 

, to 
Empirical formu- "o , "~ '~ 

C! 
IWl c1 C1 

cl 
C1 

VIII Cl 
IX SC~Hs 
X SC~Hs 

XI SC2Hs 
XII SCzHsl 

XllI [ SC~Hs[ 
XIV SC~H~ 
XV SC2H~ 

NHCH~ (COOH) 
NHCH (COOH) CH2C6H~ 
NHCH (COOH) CH~CH~SCH~ 
NHCH (COOH) CH (CH~) 
NHCH (COOH) CH~CH (CH~) 
NHCH (COOH)CH~NC8H~ 
NHCH~CHzCOOH 
NHCH (COOH) CH (CH~) 
N HCH (CO0 H) CH~CH (CH~) 
NHCH~COOH 
NHCH~CH~COOH 
NHCH(COOH) CH2C6H3 
NHCH (COOH) CH~CH~SCH~ 
NHCH (COOH) CH~NCsH~ 

C6HsCIIFINaO~ 20,42 20,43 
CIaHI,CIIFIN302 114,43114,21 
CgHuCI,FI~30'28] 14,75115,02 
C�HuClaF~N~O~ /17,72]17,72 
CIoHI3CIIFfN~O~ ]16,27]16,06 
C13H12ClaFIN4Q [16,48/16,74 
CvH7CIIFrN30~ t19,47/19,18 
CuHI6FIN~O2S ]15,33115,12 
CI2HIsFIN302S ]14,32[14,63 
C~HmFrN302S 18,13[18,22 
C�Ha2F~N~O~S 117,34 ] 17,14 
C~H~F,N~O2S ] 13,05]13,08 
CaIHI6F~N~O~S~ 13,63 ] 13,27 
CnH~TF~N~O~S 15,70 16,00 

40 85 
40 79 
40 66 
40 84 
40 66 
60 61 
60 52 

240 45 
120 73 
180 70 
180 152 120 67 
300 62 
240 69 

* See [1] fo r  the r e s u l t s  of e l e m e n t a r y  a n a l y s i s  fo r  C and H. 

TABLE 2. UV Absorp t ion  Spec t ra  of N - ( 2 - C h l o r o - 5 - f l u o r o - 4 -  
p y r i m i d y l ) -  and N- ( 2 - E t h y l t h i o - 5 - f l u o r o - 4 - p y r i m i d y l )  - S u b s t i -  
tu ted Amino Acids (sh - shoulder~ 

C o r n  - 

pound 

IV 

VI 

V 

IX 

X 

XI 

XIV 

0,1 N HCI  

~, n m  8 

230 9060 
274 7920 
241 10200 

270--271 9650 
239--240 11400 
272--274 10600 

252 18100 
sh 290 

253 27200 
sh 290 

250 25100 
sh285 

251--254 25800 
sh290 

~, D.ITI 

243 
28O 
243 

279--281 
239--240 

280 
235 
249 
290 

sh 234 
249--250 

290 
sh 235 

249 
288 
235 

sh, 247 
292 

8 

11720 
6800 

12800 
7300 

11400 
7180 

15460 
15490 
6940 

15020 
6490 

15670 
6560 
9720 

4080 

0,I N NaOH'  

2~, I l m  

242--243 
280 

244--245 
280 

H20 

233--234 
sh 249 

295 
232--253 
sh 250 

294 
231 

sh247 
291 

231--232 
sh 245 

294 

11400 
67o0 

11700 
6730 

16200 

6860 
16200 

& o  

17300 

&o 
18800 

250 n m  (a 9000-16,000) a r e  caused  by  ~r ~ ~r ~̀  t r a n s i t i o n s  of the e l e c t r o n s  of the n e u t r a l  and p ro tona ted  (in 
the 3 -pos i t ion)  f o r m s  of the 2 - e t h y l t h i o - 5 - f l u o r o p y r i m i d i n e  r ing ,  r e s p e c t i v e l y  [5, 7] .  This  i s  c o n f i r m e d  by  
the s p e c t r a  of IX-XI  and XIV in acid (pH 1) and b a s e  (pH 12); in acid the band  at 231-235 nm d i s a p p e a r s  c o m -  
p l e t e l y  and the i n t e n s i t y  of t h e b a n d  at  245-250 n m  i n c r e a s e s  sha rp ly ,  whi le  jus t  the opposi te  i s  o b s e r v e d  in  
a lkal i .  The a p p r o x i m a t e l y  equal  i n t e n s i t i e s  of both bands  at pH 7 ind ica te s  the c o n s i d e r a b l e  b a s i c i t y  of IX- 
XI and XIV as c o m p a r e d  with the b a s i c i t y  of p y r i m i d i n e .  This  is  expla ined  by  the p r e s e n c e  of such s t r o n g  
e l e c t r o n  donor s  as  SC2H 5 in the 2 -pos i t i on  and the n i t r ogen  a tom of the amino  acid r e s i d u e  (R'). The amino  
acid r e s i d u e s  (R') have  v i r t u a l l y  no affect  on the pos i t ion  of the Ir ~ r * b a n d s  of the compounds  and only 
s l igh t ly  i n c r e a s e  t h e i r  i n t e n s i t i e s  in the o rde r  XIV < X < XI < IX. A th i rd ,  l e s s  i n t ense  band  (e 4000-7000) 
at 288-294 n m  appea r s  due to n ~Tr * t r a n s i t i o n s  of the r i n g  [6]. The d i s a p p e a r a n c e  of this  b a n d  in  acid 

so lu t ions  a l so  speaks  in f avor  of th i s  a s s u m p t i o n  [5]. 

At pH 7 the UV s p e c t r a  of IV-VI  (Table 2) con ta in  two abso rp t ion  ba nds  which a r i s e  due to r ~r* 
t r a n s i t i o n s  of the e l e c t r o n s  of the 2 - c h l o r o - 5 - f h o r o p y r i m i d i n e  r i n g  in two f o r m s :  n e u t r a l  at  243-244 n m  
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(e 11,720-14,240) and protonated at 280 nm (e 6800-7300). Replacement  of the SC2H 5 group by a chlor ine 
a tom shifts  the ~ ~ ~r ~ bands s t rongly  to the long-wave region of the spec t rum (A~ neut 8 nm, A~ pro t  30 nm) 
and thereby  m a s k s  the n - -  ~ * band, whose posi t ion is only sl ightly affected by  the substi tuent  in the 2 -p o s i -  
tion. 

Changing the pH of the med ium f r o m  7 to 12 has absolute ly  no effect  on the UV s p e c t r a  of IV-VI, and 
only lowering the pH to 1 causes  a d e c r e a s e  in the intensi ty of the band of the neut ra l  molecule  and an in- 
c r e a s e  in the intensi ty  of the protonated fo rm.  This a t tes ts  to the e x t r e m e l y  low bas ic i ty  of IV-VI as c o m -  
pa red  with that of IX-XI  and XIV. 

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

2 -E thy l t h i o -4 - ch l o ro -5 - f l uo rou rae i l .  This compound was synthes ized according to the method in [6]. 

2 ,4 -Dieh lo ro -5 - f luo ropyr imid ine  (1). Dry pyr idine (16o2 ml) was added with cooling to 132 ml  of phos -  
phorus  oxychloride.  A white p rec ip i t a t e  was fo rmed .  St i r r ing was continued, 11.85 g of 5 - f luorourac i l  was 
added in smal l  por t ions  to the reac t ion  mix ture ,  and the resu l t ing  mix tu re  was refh~xed on a wa te r  bath fo r  
1.5 h. The excess  phosphorus  oxychlor ide was dist i l led at reduced p r e s s u r e .  The res idue  was dissolved in 
benzene (or ether)  and poured over  ice. The organic l aye r  was separa ted ,  washed tw ice with cold water ,  
and dr ied over  ca l c ium chloride.  The benzene was r emoved  by  dist i l lat ion at reduced p r e s s u r e .  The r e s i -  
due c rys t a l l i zed  rap id ly  to give 10.6 g (62%) of a product  with mp 38 deg (rap 38.5 deg [8]). 

N- (2 -Ch lo ro -5 - f l uo ro -4 -py r imidy l )g lyc ine  (ID. Sodium hydroxide [0.8 g (0.02 mole)] and 1.5 g (0.02 
mole) of glycine were  d issolved in 80 ml  of water ,  1.67 g (0.01 mole) of I was added, and the mix tu re  was 
ref luxed on a wa te r  bath fo r  40 rain. The cooled solution w a s  acidified with 5 ml  of acet ic  acid; and the 
resu l t ing  p rec ip i t a t e  was f i l te red ,  washed with water ,  and dr ied to give 3.0 g (79%) of II. 

Amino acids I I -VIII  were  s i m i l a r l y  obtained. 

N- (2 -E thy l th io -5 - f luo ro -4 -pyr imidy l )va l ine  (IX}. Sodium hydroxide [0.64 g (0o016 mole)] and 1.87 g 
(0.016 mole) of val ine were  d isso lved  in 60 ml  of water ,  3.2 g (0.016 mole) of 2 - e thy l t h io -4 - ch lo ro -5 - f l u o ro -  
pyr imid ine  was added to the solution, and the mix tu re  was ref luxed fo r  3 h. The cooled reac t ion  solution 
was acidified with 7 ml  of acet ic  acid, and the p rec ip i t a te  was f i l t e red  and washed with water  to give 2.39 g 
(52%) of IX. 

Amino acids X-XV were  s i m i l a r l y  obtained. 

The UV absorpt ion  s p e c t r a  of IV-VI, IX-XI, and XIV were  obtained with an SF-4 spec t ropho tomete r  in 
wa te r  (pH 7), in 0.1 N NaOH (pH 13), and in 0.1 N HC1 (pH 1) at concentra t ions  of 10 -4 m o l e / l i t e r  and an ab-  
sorbing l aye r  th ickness  of 1 cm.  The pH of the solutions was moni to red  with an LPP-01  me te r .  
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