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NUCLEOSIDES & NUCLEOTIDES, 11(2-4) 521-527 (1992) 

ACID-CATALYZED PHOTOSUBSTITUTION OF 5-FLUORO-l,3-DIMETHYL- 
URACIL WITH SUBSTITUTED BENZENES+ 

Koh-ichi Seki* and K a z u e  Ohkura 

Facul ty  of Pharmaceut ica l  Sciences,  Higashi-Nippon-Gakuen University, 
Ishikari-Tobetsu, Hokkaido 06 1-02, Japan  

A b s t r a c t .  T h e  s u b s t a n t i a l  p h o t o s u b s t i t u t i o n  of  5 - f luoro-1 ,3-d imethylura-  
c i l  w i t h  s u b s t i t u t e d  b e n z e n e s  is f i r s t  a c h i e v e d  b y  t h e  a d d i t i o n  of t r i -  
f l u o r o a c e t i c  a c i d  t o  t h e  r e a c t i o n  m i x t u r e .  T h e  p r e s e n c e  of  p r o t o n s  i s  
e s s e n t i a l  f o r  t h e  f o r m a t i o n  o f  5 - a r y l -  1 , 3 - d i m e t h y l u r a c i l s .  

P r o t o n a t e d  r a d i c a l  a n i o n s  d e r i v e d  f r o m  u r a c i l  d e r i v a t i v e s  b y  elec- 

t r o n  a t t a c h m e n t  a r e  of  i n t e r e s t  f r o m  s y n t h e t i c  a n d  c h e m i c a l  p o i n t s  of 

v i e w ' )  as w e l l  as f o r  t h e i r  r e l e v a n c e  to r a d i a t i o n  d a m a g e  to  t h e  l i v i n g  
cell.') P r e v i o u s  w o r k  h a s  s h o w n  t h a t  t h e  p r o t o n a t e d  u r a c i l s  b e h a v e  d i f -  
f e r e n t l y  d e p e n d i n g  o n  t h e  h a l o g e n  o n  t h e  u r a c i l  r i n g  a n d  t h e  r e a c t i o n  

s y s t e m s .  H o w e v e r ,  t h e  d e p e n d e n c e  o f  p r o t o n  p a r t i c i p a t i o n  i n  v a r i o u s  

r e a c t i o n s  h a s  n o t  b e e n  f u l l y  e l u c i d a t e d .  W e  h a v e  r e c e n t l y  r e p o r t e d  t h e  

d i f f e r e n t  t y p e s  of  p h o t o r e a c t i o n s  in  t h e  p r e s e n c e  o f  a c i d  o f  5 - b r o m 0 - ~ )  
a n d  5-chloro-1,3-dimethyluraci14) w i t h  s u b s t i t u t e d  b e n z e n e s .  In t h e  
f o r m e r  case ,  t h e  presence  of ac id  led to t h e  format ion  of t h e  unexpec ted  
6 - a r y l  i s o m e r ;  t h e  5 - i s o m e r  b e i n g  t h e  n o r m a l  p r o d u c t  in  t h e  a b s e n c e  of 

a c i d .  H o w e v e r ,  in  t h e  l a t t e r  case, w i t h  t r i f l u o r o a c e t i c  a c i d  ( T F A )  p r e -  

s e n t ,  t h e  r e a c t i o n  w a s  s i g n i f i c a n t l y  a c c e l e r a t e d  r e s u l t i n g  i n  a p p r e c i -  
a b l y  i m p r o v e d  y i e l d s  of  t h e  5 - i s o m e r .  In a n  e x t e n s i o n  of t h i s  w o r k ,  w e  
now repor t  on t h e  photoreact ion of 5-fluoro-1,3-dimethyluracil (5-FDMU) 

wi th  var ious subs t i tu ted  benzenes.  In t h e  absence  of TFA, t h e  maximum 

t D e d i c a t e d  to t h e  late Professor  Tohru Ueda. 
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5 22 SEKI AND OHKURA 

hv / TFA ~ CH3 N 

CH3 
2ad 3ad 

a, R=H; b, R=F; c, R=CH3; d, R=P(CH~)~ 

kH3 

1 

Scheme 1 

Table I. Photolysis of 5-FDMU (1) in Substituted Benzenes (2) 

2 TFA Reaction 5-ArDMU (3) Consumed 

( mmol) time(h) Yields(%) [isomer ratio(%)] 1 1%) 

2a none 
1.2 

2b none 
0.05 

2c none 

0.05 

2d none 
0.05 

10 
10 
10 
10 
10 
10 
5 
5 

co. 1 5 
29 40 
co. 1 10 
32 [o:m:p = 30:32:381 44 
0.7 [o:m:p = 70: 0:301 10 
27 [o:m:p = 48:17:35] 46 
1 .o 12 

13 61 

d e g r e e  of subs t i t u t ion  was  <0.1-1.0 %; in t h e  p re sence  of TFA t h e  

yields were increased to  13-32 %. Cf. Table I. 

Solutions of 5-FDMU (1) in 5 ml of substituted benzenes (2a, ben- 

zene;  Zb, f luorobenzene;  2c, toluene;  2d, p-xylene) w e r e  i r r a d i a t e d  i n  

the presence and in the absence of TFA (Scheme 1). The reaction with 2a 

in the absence of TFA gave barely detectable 5-phenyl-1,3-dimethyluracil 
(3a) (<0.1%). By contrast, the reaction in the presence of TFA afforded 
3a in 29 ?LO yield. A very s imilar  r e su l t  was ob ta ined  fo r  t h e  r e a c t i o n  
with 2b; in this  case t h e  product  cons i s t ed  of a regioisomeric  mix tu re  
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ACID-CATALYZED PHOTOSUBSTITUTION 523 

CH3 0 CH3 CH2 ' CHP-CH~ 

transfer 
CH3 CH3 CH3 CH3 CH3 CH3 

2d 11-1 2d[+] 5 4 

Scheme 2 

of 5-(2-, 3-, and 4-fluoropheny1)- 1 ,3-d imethylurac i l s  (3bi-iii). Simi- 

larly the  photoreaction in 2c and 2d in the  absence of TFA produced 5- 

( 2 - ,  3-,  a n d  4-tolyl)-1,3-dimethyluracils ( 3 c i - i i i ) ,  a n d  5 - ( p - x y l y l ) -  

1 ,3 -d ime thy lu rac i l s  (3d) in d e t e c t a b l e  yields;  w h e r e a s  i n  t h e  p r e s e n c e  

of TFA substantially higher yields were obtained. Cf. Table I. 

I n t e re s t ing ly  t h e  f o r m a t i o n  of s o m e  a m o u n t s  of b i -p-methylbenzyl  

(4) ( 6 . 4 ~ 1 0 - ~  mmol) was de tec ted  in the  reactions with 2d in the  absence 

of TFA. Since the  formation of 4 might be the  result of the  coupling of 

p -me thy lbenzy l  r ad ica l  (51, der ived  f rom t h e  in i t ia l ly  g e n e r a t e d  r a d i c a l  

c a t i o n s  2d['+] wi th  t h e  r ad ica l  an ion  of 1 ( l [ . - ] )  via  e l e c t r o n  t r a n s f e r  
by  d e p r o t o n a t i o n  ( S c h e m e  2),5) i t  i s  r ea sonab le  t o  a s s u m e  t h a t  p ro tons  

a r e  p re sen t  in t h e  r e a c t i o n  mix tu re .  In f a c t  no  3d w a s  d e t e c t e d  in t h e  

reaction in the  presence of 10% aqueous K2CO3 (0.1 ml). 

Thus it was suggested that the presence of a proton might be essen- 

tial for t he  formation of 5-ArDMU (3) in t he  present reaction. In order 

to  confirm the importance of the presence of protons for the  formation 

of 5-ArDMU (3), the  photolyses of 1 were  performed in equivolume solu- 

t i ons  of 2a a n d  va r ious  med ia  under  t h e  cond i t ions  e m p l o y e d  above  (10 

h). In t h e  a p r o t i c  so lven t s ,  a c e t o n i t r i l e  and  cyc lohexane ,  no  3a w a s  d e -  

tected,  while in methanol 3a was obtained in 13 O h  yield (based on 48 YO 1 

consumed). Furthermore,  in the  presence of TFA (0.05 mmol) t he  reaction 
in cyc lohexane  r e s u l t e d  in t h e  f o r m a t i o n  of 3a in a p p r e c i a b l e  y ie ld  (79 

%, based  on 52% 1 consumed) .  T h e s e  f ind ings  sugges t  t h a t  t h e  p re sen t  

reaction may involve the  0 -radical (6), which is reported to be produced 

from the radical anion of uracil derivatives by C-6 protonation in com- 

p e t i t i o n  w i t h  t h e  f o r m a t i o n  o f  t h e  T - r a d i c a l  (7 )  b y  0 - p r o t o n a t i o n  

(Scheme  3). 2b)  However  i t  s e e m s  unl ike ly  t h a t  3 r e s u l t e d  f r o m  a cou- 
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5 24 S E K I  AND OHKURA 

6 

7 

Scheme 3 

pl ing  b e t w e e n  5-fluoro-5,6-dihydro-l,3-dimethyluracil-5-y1 r a d i c a l  (6, 
R=F) and the  radical cation 2[.'];6) since no deuterium (D) was found to 
b e  i n c o r p o r a t e d  in  3a at t h e  C-6 upon i r r a d i a t i o n  of t h e  so lu t ion  of 1 

in 2a in the  presence of d-TFA. Presumably a proton participates impor- 

tantly in the  excited states of 1 or in the  exciplex formation between 1 

and 2. The results t ha t  the  reaction in the  presence of TFA (0.05 mmol) 

in cyclohexane proceeded more  efficiently than the  reaction in methanol 

(2.5 ml) m a y  sugges t  t h a t  T F A  is no t  on ly  i m p o r t a n t  in t h e  e x c i t e d  

states bu t  in t h e  ground states. In fact t h e  u l t r a v i o l e t  (uv )  s p e c t r u m  

of 1 ( A,, 268 nm) shifted ca. 5 nm to the  red in cyclohexane by the  

add i t ion  of TFA,  ind ica t ing  t h a t  1 m a y  fo rm t h e  p r o t o n a t e d  1 o r  t h e  

charge transfer complex with added TFA in the  ground s ta te .  I t  is note- 

worthy tha t  the  present reaction provides the first  substantial a romat ic  

photosubstitution of 5-FDMU at the C-F bond,7) wherein acid serves es- 
sentially. 

F u r t h e r  work  to  e l u c i d a t e  t h e  gene ra l  f e a t u r e s  of t h e  ac id -ca t a -  
lyzed  p h o t o r e a c t i o n  of ha lou rac i l s  is now in progress .  
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EXPERIMENTAL 
Melting points a r e  uncorrected. Proton nuclear magnetic resonance 

('€3-nmr) spectra were measured with a EX400 (400 MHz, JEOL) spectro- 
meter, and chemical shifts were given on the 6 (ppm) scales with tetra- 

me thy l s i l ane  as a n  in t e rna l  s tandard.  Abbreviat ions are used as follows: 
s, s inglet ;  d, doublet ;  t ,  t r i p l e t ;  m, mul t ip l e t .  Mass s p e c t r a  (ms)  w e r e  

determined on a JEOL QH-100 mass spectrometer. Uv spectra was taken on a 
Shimadzu UV-240 at  room temperature. High-performance liquid chromato- 
grapy (hplc) was performed LC-5A ; 
detector,  SPD-2A; controller, SIL-6A) equipped with a pre-packed column 

(Wakosil 11-5C18, 4.6 mm id. x 250 mm, Wako), using caffeine as an in- 

ternal standard. Uv-irradiation was carried out with a 500 W high-pres- 

sure mercury lamp (Eiko-sha) a t  room temperature. 

with a Shimadzu HPLC system (pump, 

General Procedure for the Photolysis of 5-Fluoro-1,3-dirnethyluracil (1  

in Substituted Benzenes (2a-d) -A solut ion of 1 (3.95 mg, 0.025 

mmol) in 2a-d (5ml) or in 2a and a solvent (2.5 ml + 2.5 ml) was irradi- 
a ted externally in a degassed Pyrex tube using a merry-go-round appara- 
t u s  (Eiko-sha) in t h e  p re sence  o r  in t h e  absence  of t r i f l u o r o a c e t i c  acid 
(TFA). The reaction mixture was evaporated under reduced pressure and 

t h e  residual  oil  was s u b m i t t e d  t o  hplc  (methanol-HZO, 25-100%) with 
monitoring a t  254 nm. The products (3a-d) were identified by comparison 

of the i r  spec t roscop ic  (MS) a n d  ch romatograph ic  behavior  with t h e  au- 
thentic samples prepared by the photolysis of 5-bromo-1,3-dimethyluracil 

in 2a, c and  d,3)  and 5-iodo-1,3-dimethyluracil in 2b, respect ively.  

Preparation of 5-(2-, 3-, and 4-Fluorophenyl)-1,3-dirnethyluracils (3bi, 
3bii, and 3biii) - A solut ion of a m i x t u r e  of 5-iodo-1,3-dimethylura- 

c i l  (5-IDMU) (133  mg, 0.5 mmol)  in f luorobenzene (2b) (100 ml) was ir-  

radiated externally under argon in a doughnut-type Pyrex vessel for 2 h. 

The reaction mixture was evaporated under reduced pressure and the resi- 
dual oil was  passed through a shor t  column of s i l i ca  gel  (KieselgelGO 

F254, Merck) (10 g) first with hexane (25 ml) and then with ether  (150 

ml).  The ether  eluate (116 mg) was submitted to silica gel column chro- 

matography with ether-hexane (1  : 1) on the hplc apparatus equipped with 
a pre-packed column (Shim-Pac Prep-Sil, Shimadzu) to  furnish 3bi (47.3 
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526 SEKI AND OHKURA 

mg, 40.4 YO), 5-IDMU (14.2 mg, 10.7 %), 3bii (31.8 mg, 27.2 %), and 

3biii (18.0 mg, 15.4 %), subsequently. 
3bi; mp 142-143°C (from hexane). Anal. Calcd for C12H11N202F: C, 61.53; 

H, 4.73; N, 11.96. Found C, 61.52; H, 4.61; N, 11.89. 'H-Nmr (CDCI3) 6 :  
3.43 and 3.47 (3Hx2, s, N-CH3), 7.12 ( l H ,  ddd, J = 10.2, 8.2, 1.2 Hz, 

3'-H), 7.17 ( l H ,  ddd, J = 7.7, 7.5, 1.2 Hz, 5'-H), 7.32 ( l H ,  dddd, J = 

8.2, 7.5, 5.5, 1.8 Hz, 4'-H), 7.36 ( l H ,  d,  J = 1.5 Hz, 6-H), 7.47 ( l H ,  
ddd, J = 7.7, 7.6, 1.8 Hz, 6'-H). Ms m / z  (O/O): 234 (M', l oo ) ,  177 (33 ) ,  

158 (701, 136 (361, 107 (71).  Uv A m a x  (e thanol) :  230 (9900)  and 278 

(11000) nm (€1. 
3 b i i ;  m p  2 1 0 - 2 1 2 ° C  ( f r o m  e t h a n o l ) .  A n a l .  C a l c d  f o r  C a l c d  f o r  

C12H11N202F: C, 61.53; H, 4.73; N, 11.96. Found C, 61.58; H, 4.62; N, 
11.82. 'H-Nmr (acetone-d6) 6 : 3.31 and 3.50 (3Hx2, s, N-CH3), 7.05 ( lH,  
tdd,  J = 8.5, 2.8, 0.9 Hz,  4'-H), 7.39 ( l H ,  ddd, J = 8.5, 8.1, 6.2 Hz, 

5'-H), 7.46 ( l H ,  ddd, J = 8.1, 1.3, 0.9 Hz,  6'-H). 7.47 ( l H ,  ddd, J = 

9.9, 2.8, 1.3 Hz,  2'-H), 7.95 ( l H ,  s, 6-H). Ms m / z  (O/O): 234 ( M + ,  1001, 

176 (751, 136 (67). 

3biii; mp 141-142°C (from i-propanol). Anal. Calcd for C12Hl1N2O2F: C, 
61.53; H, 4.73; N, 11.96. Found C ,  61.65; H, 4.71; N ,  11.83. 'H-Nmr 
( a ~ e t 0 n e - d ~ )  6 :  3.31 and 3.48 (3Hx2, s, N-CH3), 7.13 (2H, dddd, J = 9.0, 

8.8, 2.5, 0.09 Hz, 3'-H and  5'-H), 7.64 (ZH, dddd, J = 8.8, 5.1, 2.5, 

0.09 Hz, 2'-H and 6'-H), 7.85 ( l H ,  s, 6-H). M s  m / z  (O/O): 234 (M+, 1001, 

176 (311, 136 (40). Uv A max (ethanol): 237( 11000) and 282(9770) nm( E). 

Uv A m a x  (ethanol): 242(10800) and 287(10900) nmk).  
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