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AbStlaCf-The pho to- induced  s u b s t i t u t i o n  of 5-chioro- i ,3-dimethyluraci l  

with substituted benzenes, affording the  corresponding 5-aryi-i,3-dimethyi- 

u r a c i i s  in a p p r e c i a b l e  y ie lds ,  was  s i g n i f i c a n t l y  p r o m o t e d  by t h e  add i t ion  

of t r i f iuoraacet lc  acid to  t h e  react ion mixture. 

Several reports  have appeared which dealt wlth phatareacrion of electron acceptor-electron donor 

s y s t e m  w h e r e i n  t h e  p h o t o r e a c t i v i t i e s  a n d l o r  p r o d u c t  d i s t r i b u t i o n s  v a r i e d  r e m a r k a b l y  b y  add i t ion  

of acids t o  the  react ton mixtures. '  Previousiy we have reported tha t  photoreaction of 5-bramo- 

1 ,3 -d imethy iurac i i  (5-BrDMUI in substituted benzenes a f f o r d e d  5-aryl -1,3-dimethyiurac1l  (5 -  

ArDMU) and the  unexpected 6-isomers ( ~ - A ~ D M u ) . ~  Protonation of 5-BrDMU was found to be  essentiai 

for the  formation o f  the l a t t e r   isomer^.^ Furthermore,  we have recent ly reported on t h e  photoiy- 

ses of 6-halo-1,3-dimethyiuracii (6-XDMU; X = I, Br, Ci) in b e n ~ e n e : ~  T h e  photoiysis of 6-IDMU 

and 6-BrDMU gave 6-phenyi-1,3-dimethyiurac1I (6-PhDMU) as the  major product and no significant 

e f f e c t  of the  added acid on the  react ion was observed; contrastingiy addition of tiifiuoroacetic 

acid (TFAI to  a solution of 6-CiDMU in benzene resulted in the formation of a (2+2I photocycio- 

a d d i t i o n  p r o d u c t ,  1.3-dimethyicyclooctapyrimidine-Z,4-dion as t h e  m a j o r  p r o d u c t .  T o  e x p l o r e  

t h e  g e n e r a l  f e a t u r e  of t h e  a c i d  c a t a l y z e d  p h o t o r e a c t i o n  o f  h a l o g e n a t e d  u r a c i i s  wi th  s u b s t i t u t e d  

b e n z e n e s ,  we have e x t e n d e d  o u r  i n v e s t i g a t i o n  t o  5-chloro-1,3-dimethyiuracii (5-CiDMU).  in t h e  

p r e s e n t  paper ,  w e  describe our f indings t h a t  t h e  pho to iyses  o f  5-CiDMU ( I )  in s u b s t i t u t e d  ben-  

zenes (21 afforded 5-ArDMU (3) in efficiently improved y ~ e i d s  by addltion of TFA (Scheme I ) .  

The photoreaction of 1 in benzene (2a) in the  absence of TFA was slow and gave 1,3-dlrnethyi-5- 

pheny lurac i l  15-PhDMU, 3 a )  in  10.5 9b yie ld .  C o n t r a s t i n g i y  t h e  p h o t o i y s i s  u n d e r  t h e  s i m i l a r  

c o n d i t i o n s  but in t h e  p r e s e n c e  of T F A  (1 .2  mmoi  = 48  equiv.  m o l a r )  a f f o r d e d  3 a  in apprec iab ly  

h igher  y ie ld  (30.4 %), t o g e t h e r  w i t h  t h e  62  4b recovery o f  I .  S i m i l a r  r e s u l t s  w e r e  observed  in 

t h e  r e a c t i o n  wi th  t o i u e n e ( 2 b ) .  In t h i s  r e a c t i o n  5-1methyiphenyi)-1.3-dimethyiuracii 13b) w a s  
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hv (high-pressure Hg-lamp1 

Scheme i 

Table I. Photolysis of 5-CIDMU (11 in Substituted Benzenes (2) 

. , 

Yields (%la) 

2 TFA Reaction Consumed 

Immol) timelhl 5-ArDMUl3I [isomer ratiol%ll DM& I (%la) 

a none 10 10.5 1751c1 .- 14 

1.2 10 30.5 1801c1 -. 38 

b none 10 8.5 134lc1[i:ii:iii=47:30.5:22.51 --  25 

0.05 10 35 164)~~[i:ii:iii=47.5:17.5:351 --  55 

1.2 LO 56 l62jC)[i:ii:iii=37:37:241 - -  90 

c none 5 16 148)') .. 33 

0.05 5 31 1501c1 0.4 61.5 

1.2 5 12.51131~) 0.9 96 

d none 5 16 136)'lli:ii:3biii = 24:47:291 -- 45 

0.05 5 37 161)~)[i:ii:3b~~~ = 27:42:31] --  61 

a1 Determined by reversed-phase high performance liquid chromatography (hpic). 

bl 1,3-dimethyiuracil. cl Yields of 3 based on I consumed. 
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produced as a mixture  of o r t ho  (3bi ) ,  me t a  (3bi i ) ,  and para  (3bii i)  isomers. The photoreac t ion  

with p-xyiene (2c) under the similar conditions (TFA, 48 equiv. molar) furnished 3c in low yield 

(12.5 %I, though la was consumed efficiently (96 %I. However the  yield of X was improved ap- 

preciably by the reaction carried out with reduced amounts of TFA (0.05 mmoi = 2 equiv. moiarl. 

This observation suggested thar  3c may be labile t o  uv light under  the  condi t ions  containing a 

l a rge  amount of TFA. In f a c t ,  t h e  photoiysis  of 3 c  in 2 c  under  t h e  s imi la r  condit ions a f forded  

t he  dihydro der iva t ive  (4),  p-methyibenry i  adducts  (5 and 61, t oge the r  with 1,2-di(p-methyl-  

phenyi)ethane (71 (Scheme 21.' 

Photoreaction of p-chlorotoluene (2d) under the conditions containing TFA (2 equiv. moiarl af- 

forded a mixture  of 5-(2-chioro-5-methyiphenyi)uracii ( 3d i ) ,  5-(3-chloro-6-methyiphenyl)-1,3-di- 

methyluracil and 3biii in appreciable yieids. These results are summarized in Table I. 

Scheme 2 

The uv spectrum of 1 ( A m a ,  277 nm) shifted ca. 5 nm to the  red in cycioherane by the  addition o f  

T F A . ~  Fur thermore ,  addi t ion  of a t r i p l e t  quencher,  piperyiene,  t o  t he  reac t ion  with p-xyiene 

l2c)  was  i ne f f ec t i ve  on t he  fo rma t ion  of 3, suggesting t ha t  t he  present  r e ac t i on  may proceed 

via the singlet excited s t a t e  of  the protonated I or the charge transfer complex of 1 and TFA. 

Thus, the added acid effected differently on the photoreaction of ~ - C ~ D M U ~ ~ '  from those reported 

for 5-BrDMU and 6-XDMU. The present reaction would provide a useful synthetic method f a r  5-sub- 

stituted uraciis as well as the photoreaction with iodo and bromo d e r i ~ a t i v e s . ~  
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EXPERIMENTAL 

Melting points are uncorrected. Proton nuclear resonance ( ' ~ - n m r )  spec t ra  were measured wlth a 

JNM-GX 270 (270 MHz) spectrometer  in CDCI3, and chemical shifts were given on the 6 (ppm) scales  

wi th  t e t r a m e r h y l s ~ l a n e  as a n  ~ n t e r n a i  s t a n d a r d .  A b b r e v i a t i o n s  a r e  used  as fol lows:  s ,  s i n g l e t ;  

d, doublet; t ,  triplet; m, multiplet; b, broad. Mass spec t ra  (msl were determined on a JEOL QH- 

100 mass spectrometer .  Uv spec t ra  were taken on a S h m a d r u  UV-240 a t  room temperature.  High- 

performance liquid chromatograpy (hplcl was performed with a Shlmadzu HPLC system (pump, LC-5A; 

detector ,  SPD-2A; controlier, SIL-6A) equipped with a pre-packed column (Wakosil 11-5C18, 4.6 mm 

i.d. x 250 mm. Wakol ,  us ing  c a f f e l n e  as a n  i n t e r n a l  s t a n d a r d .  U v - i r r a d i a t i o n  w a s  c a r r i e d  o u t  - - 

with a 500 W high-pressure mercury lamp IEiko-shal a t  room temperature 120-23°C). 

G e n e r a l  p r o c e d u r e  for p h o t o l y s i s  af 5-chloro-1.3-dimethyluracil (I)& 5 S u b s t i t u t e d  Ben- 

zenes (2a-d)  -- -- E a c h  So iu t ion  of 1 (4.36 mg, 0.025 m m o l )  in a s u b s t i t u t e d  b e n z e n e  1%-d: a, 

b e n z e n e ;  b, t o l u e n e ;  c, p-xylene;  d, 4 - c h i o r o t o l u e n e )  ( 5 m l )  c o n t a i n i n g  t r i f l u o r o a c e t i c  a c i d  

CTFA) and no TFA was irradiated externally a t  the  same t ime in degassed Pyrex rubes (13 mm s., 
I mm thickness) using a merry-go-round apparatus IEiko-sha). The reacrion mixture was evaporated 

under reduced pressure and the  resdua l  oil was submitted to  hplc (methanol-H20, 25-100%; mani- 

tored a t  254 nm). T h e  products ( 3 a s )  were identified by comparison of their spectroscopic lms) 

and c h r o r n a t o g r a p h ~  behaviors with the authent ic  samples prepared photochemically from 5-BrDMU 

and ~ a - c . ' ~  

P r e p a r a t i o n  of 5-(2-chloro-5-methylphen~l)-1,3-dimethyI~racil ( 3 d L  a n d  5-(3-chloro-&methyl- 
- 

phenvll-1,3-dimethyluracil m i L L A  so lu t ion  of a m i x t u r e  of 1 ( 4 3 6  mg,  2.5 mmol )  and  T F A  
- 

(0.370 mi, 5 mmoll in p-chlorotoluene 12dl (300 mil was irradiated externally in a doughnut-type 

Pyrex vessel under argon atmosphere for  10 h. T h e  react ion mixture was evaporated under reduced 

p r e s s u r e  and  t h e  res idua i  o i l  w a s  passed  th rough  a s h o r t  co lumn of s i l i ca  gel  ( K l e s e l g e l  6 0  

FZ5+ Merckl (10 gl f i rs t  with henane 125 ml) and then with e the r  (150 mll. The ethereal  e lua te  

was submitted to  silica gel column chromatography with ether-henane 12 : 11 on the  hplc appara- 

tus  equipped wlth a pre-packed column (Shlm-Pac Prep-Sil, Shirnadru) to  furnish a minture o f  Mi 

and Mi, (90 mg, 13.5 %I, 3hiii (34 mg, 5.9 %I, and 1 1284 mg, 65 % I ,  subsequently. The mixture 

of Mi and Mii was fur ther  chromatographed an a reverse phase C-I8 column (Shim-Pac Prep  ODs, 

Shimadru) with 38 9b methanol in H 2 0  to  a f fo rd  3di 134 mg) and 3dii (55.0 mg), subsequently. 

3di; m p  175.5-176.5" ( f r o m  1-propanoll .  Anal .  C a i c d  f u r  C I 3 H l 3 N 2 O 2 :  C ,  58.98; H ,  4.95; N, 

10.58; Cl ,  13.39. Found C ,  58.89;  H,  4.95; N,  10.50; C1, 13.37. ' ~ - N m r  (CDCi31 : 7.15 ( i H ,  s 

l ike ,  2'-HI, 7 .33  I IH,  ddm,  7.7 H z ,  2.2 Hz,  4 ' -H),  7 .33 ( I H ,  d m ,  7.7 Hz,  5'-HI. Ms m / z  1%): 

2 6 8 ( 1 5 ) ,  2 6 7 ( 1 2 ) ,  2661451,  2651161,  2 3 1 ( 7 9 ) ,  2301901, 2 2 9  11001, 1721521, 1451341, 1 3 2 ( 9 0 ) ,  

115140). 

3dii; mp 181-181.5"(from 1-propanoll. Anal. Calcd for  CI3Hl3N2O2: C ,  58.98; H, 4.95; N, 10.58; 
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CI, 13.39. Found C, 58.96; H, 5.02; N, 10.59; CI, 13.32. I H - N ~ ~  ( C 0 C l 3 ) 6  : 7.10 ( IH,  d, J = 2.1 

Hz,  &HI, 7.16 ( I H ,  d, J = 8.2 Hz. 3'-HI, 7.23 I IH,  d d ,  J = 2.1 and  8.2 Hz,  4'-H): Nuc lea r  

Overhauser e f f e c t  (NOEI; 4'-H and 6'-H by irradiation a t  C-CH3 Ms mlz  1%): 266(35), 265(30), 

264(1001, 263(311, 249 (361, 247(841, 2291211, 180(131, 178(311, 152(151, 150 (311. 

P h o t o l y s i s  1.3-Dimethyl-5-phenyluracil 0% p-Xylene (2c) in  the P r e s e n c e  of E&--A 

solution of a mixture of 3c (160 mg, 0.66 mmoll and TFA (2.8 ml. 37.7 mmol) in 2c 1160 mi) was 

i r r a d i a t e d  e x t e r n a l l y  i n  a d o u g h n u t - t y p e  P y r e x  vesse l  under  a n  a rgon  a t m o s p h e r e  for 5 h. T h e  

react ion mixture was evaporated under reduced pressure and the  residual oil was  passed through a 

Sep-Pak C- I8  car tr idge column (Waters  Associates) with methanol. T h e  methanol e lua te  was submit- 

ted to  column chromatography on a reverse-phase pre-packed column (Lobar column, LiChroprep RP- 

8 ,  Merck l  w i t h  m e t h a n o l  in H 2 0  (&I00  %I on t h e  hp lc  a p p a r a t u s  t o  fu rn i sh  1,3-dimethyl-5.6-  

dihydro-5-(2,s-xylylluracil (41 ( 5 2  mg,  32.2 %I, 1,3-dlmethyl-5,6-dihydr0-5-(p-methylbenryll-S- 

(2.5-xylyl)uraci l  (51 (90  mg,  39.2 %I, and  l,3-dimethyl-5,6-d~hydroO5-(p-methylbenlyl)-5-(2,5- 

xyly i lu rac i l  (6 )  ( 1 7  mg, 7.5 %I, t o g e t h e r  w i t h  1,2-dilp-methylphenyllethane (71 136 m g l ,  sub-  

sequently. 

4; mp 111.5-112.5" (fine needles from hexanel. Anal. Calcd fo r  CI4Hl8N2O2: C, 68.27; H, 7.37; 

N, 11.37. Faund C, 68.15; H, 7.40; N, 11.34. 'H-Nmr (CDCI3) 6 : 2.28 OH,  s , Ar-CH31, 2.30 (3H, 

s, Ar-CH31, 3.04 13H, s ,  N-CH3, 3.26 (3H, s, N-CH31, 3.43 ( IH,  dd, J = 12.45 Hz and 6.59 Hz, 6- 

HI, 3.50 ( I H ,  dd,  1 = 12.5 and  10.1 H z ,  6-Hi,  4 .08 ( I H ,  dd,  J = 10.1 and  6.6 H z ,  6-H),  6.84 

( I H ,  bs, 6'-Hi, 7.01 ( I H ,  dd,  J = 7 .7  and  =a. 1.5 Hz,  4'-H), 7.09 ( I H ,  d ,  J = 7.7 Hz).  Ms m l z  

1%): 246(54l, 2451401, 14611001. 

5; mp 143.5-14591prisms from hexanel. Anal. Calcd for  C22H26N202: C. 75.40; H, 7.48; N, 7.99. 

Found C,  75.54; H, 7.48; N, 8.02. ' H - ~ m r  lC0Cl3)  6 : 2.27 (3H, s, Ar-CH31, 2.30 (6H, s, Ar-CH3 x 

21, 2.81 (3H, s, N-CH31, 3.15 (3H, s, N-CH31, 3.32 (11-1, d, J = 13.2 Hz, ArCH21, 3.32 i lH ,  dl J = 

13.2 Hz,  6-HI, 3.48 ( I H ,  d, J = 13.2 Hz,  A r C H 2 ) ,  3.66 ( I H ,  d ,  J = 13.2 Hz,  6-HI, 7 .01 12H, d 

like, 1 = 8.0 Hz, ArHl, 7.07 (2H, d like, J = 8.0 Hz), 6 . 9 0 ' ~  ( IH,  J = ?, 0, ArHl, 6 . 9 1 ' ~  (IH,  J 

= 8.0 Hz, ArHl, 6 . 9 1 ' ~  (IH, J = 8.0 Hz). Ms miz  (%I:  350(211, 258(181, 245(1001, 160641. 

6 ;  a i l .  High  reso lu t ion  m s  m l z :  C a l c d  f o r  C 2 2 H 2 6 N 2 0 2 :  350.1995. F a u n d  350.1984. Ms m l r  (%I: 

350(1001, 279l101, 250l781, 223l241, 209(311. ' ~ - N m r  (CDCI3l  6 :  2.17, 2 .27,  2.31 (9H,  s, Ar-CH3 

x 31, 3.06 (3H,  s, N-CH3 1, 3 .26 (3H,  s ,  N-CH3),  3 .43  I IH,  dd ,  J = 12.5 and  6.4 H z ,  6-HI, 3 .51 

( I H ,  dd ,  J = 12.5 and  10.1 Hz ,  &HI, 3 .88 (ZH, s, Ar-CH2-Ar) ,  4.07 ( I H ,  dd ,  J = 10.1 and 6.4 

H z ) ,  6 .81 ( I H ,  s, Ar-HI, 6 .93  ( I H ,  s, Ar-HI,  7 .00  (2H,  d ,  J = 8 .0  H z ,  A r H l ,  7.08 (ZH, d ,  J = 8.0 

Hz, Ar-HI. 

7; mp 81.5-82.5 (needles from methanol). Anal. Calcd for CI6Hl8'112H20: C, 89.83; H, 8.67. Found 

C ,  90.05; H, 8.81. I H - N ~ ~  (CDCl31 (JEOL FX 90, 90 MHz) 6 :  2.31 (6H, s, Ar-CH3 n 21, 2.85 14H, s, 

Ar-CH2-CH2-Ad, 7.07 (8H, s, Ar-HI. 
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