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I r r a d i a t i o n  of 1.3.43-tetraaryl imidazolin-2-ones i n  benzene, 

under ni t rogen, w i t h  o r  w i thout  iod ine gave the corresponding 

phenanthroimidazolinones. I n  the presence of oxygen, hnuever, t he  

imidazolinone was photochemically converted t o  the corresponding 

benzani l ide, N-benzoyl-N ,N'-diphenyl benzamidine and p-benzoyl- 

phenyl isocyanate, besides the phenanthroimidazolinone. On the  

o ther  hand, the  dye-sensit ized photooxygenation afforded the benz- 

an i l i de ,  amidine, N,N'-dibenzoyl-N,Nm-diphenylurea, and/or 1.4- 

diaza-1.3-butadiene de r i va t i ve ,  whose y i e l d s  depended on the 

nature of subst i tuents  o f  the imidazolinone and of the so lvent  

employed. Mechanistic considerat ion of the photooxygenation was 

a lso described. 

2 Previously we reported on the  photocyc l izat ion and photooxygenation o f  

3.4.5-triphenyloxazolin-2-one; i r r a d i a t i o n  o f  the oxazolinone w i t h  o r  w i thou t  

iod ine gave the phenanthrooxazolinone, whereas upon i r r a d i a t i o n  under oxygen 

the oxazolinone afforded benzani l ide, benzoic acid,  and benzamidobenzophenones 

through N,N-dibenzoylaniline which was a r i sen  from a dioxetane intermediate 

w i t h  the e l im ina t ion  o f  carbon dioxide. Our a t t e n t i o n  was d i rec ted  toward 

3 photochemical behaviour o f  1,3,4,5-tetraarylimidazolin-2-ones (1) whose 

s t ructures are s i m i l a r  t o  t h a t  o f  the oxazolinone. 

I r r a d i a t i o n  wi thout  o r  w i t h  Iodine. When a benzene so lu t i on  of 1,3,4,5- 

tetraphenylimidazolin-2-one (5) was i r r a d i a t e d  under s t i r r i n g  w i t h  n i t rogen 

by a 300W high-pressure mercury lamp w i t h  a Pyrex f i l t e r  f o r  10 h, 1.3-di- 

phenylphenanthroC9,lO-dlimidazolin-2-one (2) was formed, together w i t h  a t race 

amount o f  benzani l ide (2) and recovery o f  la. Upon i r r a d i a t i o n  i n  the  presence 



of iodine (3 mol% to la) under nitrogen, the phenanthroimidazolinone (2) was - 
obtained in a high yield. 
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hv in benzene 
I or none 2 

R 
1 ~2 2 - - 

2 1 2 
a: R1=R2=H; b: R1=~e, R2=H; c: R'=H, R -0Me; d: R =Me, R =OMe 

I2 Phenanthroimidazolinone 2 
Irnidazol inane 

mol% to 1, Yield, % Mp., OC IR, cm-' 

!2 oa 6 ,300 1690 

'a 3 74 

lb 3 77 ' >300 1700 

?2 3 93 280-282 1690 

'd 3 90 277-278 1690 

%enzanilide (3a) was formed in a trace amount, together with an 85% 
w 

recovery of 12. 

Similarly, irradiation of 1,4,5-triphenyl-3-p-tolyl- (E), 1,3-diphenyl- 
4,5-bis(p-methoxypheny1)- (lc), and 4.5-bis(p-methoxypheny1)-l-phenyl-3-p- 
tolylimidazolin-2-one (Id) in the presence of iodine afforded the corresponding 
phenanthroimidazol inones,  2_h-$,  in good yields (Table 1 ) . 4 

Irradiation in the Presence of Oxygen. Irradiation of a benzene solution 

Of 5, stirred by a stream of air, for 2 h afforded ?_a as the major product, 

together with 5 ,  N-benzoyl-N,N'-diphenylbenzamidine (%), mp 177-178 (lit. 5 

mp 174.5-175 ), and p-benzoylphenyl isocyanate (2). The isocyanate 2 was 
" 6 identified as l -p-benzoylphenyl-3-p-toly lurea, mp 207-208 . 

O 
A hv/air Ph-C-N-Ph g 

Ph-FkN-Ar 2 + 3 a + 3 b +  I + - ," Ph Ph in benzene " Ph-N-COPh NCO 

1 ?2 5 - ,-. 
a: Ar=Ph 1% 11% - 1 % trace 
* 

6% 7% 5% b: Ar-p-tolyl trace - 
Chart 1 
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A s i m i l a r  photooxygenation o f  lJ gave 2_b,  5 ,  p-benzoy l to lu id ine ($ ) ,  and 

5; bu t  no amidines were detected (Chart  1 ) .  The pathway f o r  the format ion of - 
photoproducts w i l l  be decr ibed be1 ow. 

Dye-sensit ized Photooxygenation. I n  connection w i t h  the above photoaxy- 

genation, ;was photooxygenated a t  room temperature f o r  5 h using hematophor- 

phy r i n  as s e n s i t i z e r  and a 500 W tungsten lamp. It has been repor ted t h a t  i n  

both  t h e  dye-sensi t ized photooxygenation and the reac t i on  w i t h  s i n g l e t  oxygen, 

generated by non-photochemical means, 12 gave sym-dibenzoyldiphenylurea (5)  
as a so le  However, we found t h a t  benzan i l ide  (2) and the amidine 

4_a were formed as w e l l  as the urea %. The r e s u l t s  i n  var ious so lvents  a re  

Table 2. 
Ph-C-N-Ph Ph Ph 

P ~ C O N H P ~  + Ph-&-COPh t >NCON: 
PhCO COPh 

Solvent 3a - 4" '2 

Benzene 29% 37% 2 5% 

Dioxane 19 28 26 

Chloroform 4 74 

Dichloromethane 16 73 

~ i c h l o r o m e t h a n e ~  5 3 50 

A c e t o n i t r i l e  9 81 

=A Rose Bengal-18-Crown-6 complex was used. 

g iven i n  Table 2; the  y i e l d s  o f  the  products depended on t h e  nature  of so lvent .  

8 Boden repor ted t h a t  the  pho tosens i t i za t i on  w i t h  a Rose Bengal-18-Crown-6 

complex i n  dichloromethane can e f f e c t i v e l y  generate s i n g l e t  oxygen. The 

photooxygenation i n  dichloromethane us ing the complex gave a l so  3, 4_a, and 

6_a as shown i n  Table 2. 

Next, the photosens i t i zed oxygenation o f  imidazol inones, 12-12, were 

c a r r i e d  o u t  i n  benzene us ing hematophorphyrin as s e n s i t i z e r .  The photo- 

products are shown i n  Chart  2. The imidazol inone l_b a f f o rded  two isomeric 

benzamidines, 4_b and and the urea 6_b, mp 188-190' [IR 1710, 1690, 1680 
1 t cm- ; m/e 434 (M 11, as major products, together  w i t h  a mix ture  o f  2 and 3_b 

i n  low y i e l d .  



I n  the  case o f  12, however, a new type of compound LC was obtained, besides 

the corresponding benzan i l ide  3_c,  mp 172-173 , amidine 4_c, mp 152-153 [ I R  

1650, 1620 cm-'I; mle 436 (M+)], and urea 6_c, mp 161-162' [ IR 1700, 1680 cm-'; 
t 

m/e 480 (M )]. The compound 2 ,  mp 139-140 , was assigned t o  be 1.4-diphenyl- 

A 1 O2 Ph-C=N-Ph 
Ph-N N-Ar - PhCONHPh t PhCONHAr t I 

Ar-N-COPh t 

M 3a 
Ph Ph 3e - 

2% 
4b 

I h 23% 

Ph-C=N-Ar + Ph. ,Ar ,NCON, ~h-A- COP^ P ~ C O   COP^ 

46' &! 
23% 40% 

A I 
O2 Ar-C-N-Ph Ph, Ph 

Ph-N N-Ph - ArCONHPh + I + ArCCYNcoN:COAr t 

b=4 Ph-N-COAr 
3c 

Ar Ar - 5s 5s 
21% t race  

l r  
33% 

A ~ ~ C O N H P ~  
1 

Ph-N AN-,, 0, ?s Ar2-C=N-Arl A r2 -C=N-~h  + 

H - 8% + o r  I 
A r 2 C 0 N ~ r 1  

ph-kX0Ar2 Ar1 -N-C0Ar2 

Ar2 Ar2 3d % % ' 
8% t race  

I d  
w 

1 Ar =p - to l y l  Ph. Arl Ar2-C-N-Arl A r2 -C-N-~h  
NCON: + I o r  I 

~r'=p-methoxyphenyl A r k 6  C O A ~ ~  A r 2 0 - c = ~ - ~ h  Ar20-C-N-Ar1 

6d x. 32 
45% 3% 

Chart  2 
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Z-p-methoxyphenyl-3-p-methoxyphenyloxy-l.l-diaza-l,3-butadiene on the bas is  

of the fo l lowing evidence. 

7_c: IR 1660, 1600 cm-I; NMR (COC13) 6 3.68, 3.76 (each 3H, s ) ,  6.2-6.5 

(2H, m), 6.7-7.4 (14H, m), 7.9-8.1 (2H, m); m/e 436 (M+), 313 ( M + - o c ~ H ~ o M ~ ) ,  

210, 195, 167, 136, 133, 123 ( [ M ~ O C ~ H ~ O ] + ) ,  107, 103, 91, 77. 

Hydro lys is  of 7_c w i t h  hydroch lor ic  ac id  i n  ethanol  gave an i l i ne ,  p-methoxy- 

phenol and p-methoxyphenyl~]lyoxylic a c i d  es te r .  

7c HCI - ,., PhNH2 + ArOH + ArCOC02Et 
i n  EtOH 

123 48 78 mol% 

S im i l a r l y ,  l_d y i e l d e d  the corresponding benran i l ides ,  and 3d,1° and -, 
urea 6d, mp125-126' [IR 1710, 1695, 1675 cm-l; m/e 494 (M')], as major 

w 

products, accompanied by small amounts of the amidine and diazabutadiene, 

whose s t rucu t rek  are e i t h e r  o r  4_d' and e i t h e r  7_d o r  z', respec t i ve l y .  

1 Amidine 4_d o r  y': mp 161-162 ; IR 1650, 1620 cm- ; NMR (CDCI~) 6 2.20, 

3,68, 3.75 (each 3H, s ) ,  6.5-7.4 (15H. m), 7.9-8.1 (2H, m); m/e 450 (M+). 

Diazabutadiene o r  3 ' :  mp 131-133'; IR 1665, 1600 cm-I; NMR (COCI~) 6 

2.20, 3.68, 3.76 (each 3H, s ) ,  6.1-6.4 (2H, m), 6.6-7.3 (13H, m ) ,  7.9-8.1 

(ZH, m); m/e 450 (M+I. 

I n  the  cases of i_c and 5 having p-methoxyphenyl groups a t  4- and 5- 

pos i t i ons ,  the corresponding diazabutadienes and Ld ( o r  c ' )  were  newly 

formed. I n  order  t o  compare w i t h  the  photoproducts from 1: o r  12, t h e  

photosens i t i zed oxygenation o f  1,3,5-triphenyl-4-p-methoxyphenylimidazolin- 

2-one (12) was examined under s i m i l a r  cond i t ions .  

As shown i n  Chart  3, the  expected diazabutadiene g was a l s o  obtained, 

together w i t h  the corresponding benzan i l ides ,  and 3c, amidine 4e, mp 160- 
w N 

1 161' [ IR 1650, 1620 cm- ; m/e 406 ( M ~ ) ] ,  and urea 6_e, mp 199-200~ [ I R  1710, 

1700, 1680 cm-I; m/e 450 (M')]. Hyro lys is  o f  $, mp 94-95' [ IR 1665, 1610 

1 + cm- ; m/e 406 (M ) I ,  w i t h  hydroch lor ic  ac id  i n  ethanol  a f f o rded  a n i l i n e ,  

p-methoxyphenol and pheny lg l yoxy l i c  a c i d  e s t e r .  



1 
O2 Ar-C-N-Ph 

Ph-N N-Ph - PhCONHPh + ArCONHPh t Ph-A-COPh M 
t 

Ph Ar 

1 e 
3" ?5 % 

w 5% 8% 22% 

Ar-p-methoxyphenyl 
Ph Ph Ph-C-N-Ph 

:NCOC: + I 
PhCO COAr 

ArO-C=N-Ph 

6," E 
35% 6% 

Chart  3 

Reaction Pathways. We wish t o  propose the pathways f o r  the  formation of 

the  amidine $, urea 5 ,  and diazabutadiene as dep ic ted i n  Chart 4. I n  the  

same manner as w i t h  photooxygenations o f  f u l l y  N-a lky la ted u r i c  acids1' and 

enamines,12 the imidazol inone J undergoes an i n i t i a l  a t t ack  of s i n g l e t  oxy- 

gen t o  form a z w i t t e r i o n i c  peroxide o r  a four-membered c y c l i c  peroxide!. 

The z w i t t e r i o n i c  peroxide A decomposes t o  g i ve  the  f i n a l  products 5, 5,  
a n d / o r L .  The rearrangement o f  A t o  t h e  c y c l i c  peroxide k, fol lowed by r i n g  

cleavage gives t h e  urea k. On the o the r  hand, a nuc leoph i l i c  a t t ack  of the  

perhydroxy an ion on the carbonyl carbon atom forms a c y c l i c  tautomer C. This 

i s  fo l lowed by r i n g  cleavage t o  y i e l d  a d ioxazo l id inone 0, and subsequent 

e l i m i n a t i o n  of carbon d iox ide from % y i e l d s  an oxazirane 2. The o x a z i r a n e 5  

seems t o  be a common key in termedia te  t o  produce L a n d  L. 
The oxazirane E rearranges t o  the  amidine 5 through a 1-aza-2-oxabicyclo- 

[l.l.O]butane_F. This process i s  very s i m i l a r  t o  t h a t  f o r  the  fo rmat ion  of 

Ph 
'c=~-Ph -- 

P~ICO' P ~ C O  
Ph 

d ibenzoy lan i l i ne  from the photooxygenation o f  benz i l  monoanil .13'14 When Ar 

i s  p-methoxyphenyl group, another rearrangement can be considered; a l , 2 - sh i f t  

o f  p-methoxyphenyl group through a sp i ro-ox i rane 5 gives the diazabutadiene l. 
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K 
Ph-N N-Ph - Ph, Ph 

~ r j + ~ r  Arc0 ,NCON< CO Ar 

0-0 6 
w 

G 
N 

Chart  4 

Both the  amidine 42 and urea 6. were unchanged under cond i t ions  s i m i l a r  

t o  those of dye-sens i t i zed photooxygenation. On the o the r  hand, i r r a d i a t i o n  

of the  urea fta i n  benzene by a high-pressure mercury lamp (under n i t rogen,  

15 min) gave benzan i l ide  (s) and the isocyanate i n  5 and 1% y i e l d s  respec- 

t i v e l y ,  together  w i t h  60% recovery of fta. Upon i r r a d i a t i o n  f o r  1 h under 

s i m i l a r  cond i t ions ,  the  amidine 4a was transformed i n t o  N-p-benzoylphenyl- 
v 

N'-phenylbenzamidine (g), mp 137-138' [ I R  3350, 1630, 1620 cm-l; mie 376 (M')], 

i n  6% y i e l d ,  accompanied by  65% recovery of e. 
CC?h 



On t h e  bas i s  of t h e  above f a c t s ,  i t  seems reasonable t o  assume t h a t ,  upon 

i r r a d i a t i o n  o f  12 under cond i t i ons  shown i n  Char t  1, the  urea 62 and amidine 

% were a l s o  formed by the  same rou tes  as those dep ic ted  i n  Char t  4, and 

subsequent p h o t o l y s i s  o f  6_a gave 32 and 5. 15 

REFERENCES AND NOTES 

1 Photochemistry o f  He te rocyc l i c  Compounds. I X .  P a r t  Vm: 0. Tsuge, K. Oe, 

and M. Tashiro,  Chem. L e t t . ,  1977, 1207. 

2 0.  Tsuge, K. Oe, and Y .  Ueyama, Chem. L e t t . ,  1976, 425. 

3 Imidazol inones i_a-1: were prepared b y  t h e  r e a c t i o n  of the  corresponding 

benzoins and a r y l  i socyanate .  5: mp 212-213O ( l i t . 1 6  mp208-209'); lb: 
mp 210-211 ; 1:: mp 241-242 ; 12: mp 234-235 ; 12: mp 243-244 . 

4 A l l  new compounds gave elementary analyses i n  good accord  w i t h  t h e  assigned 

s t r u c t u r e s .  

5 P. Oxley and W .  F. Short ,  J .  Chem. Soc., 1948, 1514. 

6 A f t e r  i r r a d i a t i o n ,  t h e  r e a c t i o n  m i x tu re  was concent ra ted  i n  vacuo, and 

the  r es i due  was e x t r a c t e d  w i t h  n-hexane. p -To lu i d i ne  was added t o  t h e  

e x t r a c t  t o  g i ve  1-p-benzoylphenyl-3-p-tolylurea. The i n s o l u b l e  products 

were chromatographed on s i l i c a  ge l  us ing  benzene as an e l uen t .  

7 H. H. Wasserman, J .  R. Schef fe r ,  and J .  L .  Cooper, J. h e r .  Chem. Soc., 

1972, 94, 4991. 

8 R. M. Boden, Synthesis,  1975, 783. 

9 I s o l a t i o n  of pure 4_b and c' was unsuccessful, and i t  was found t h a t  the  

m i x t u r e  was composed o f  equal amounts o f  two amidines on t h e  bas i s  of  t h e  

methyl  s i gna l s  (6 2.20, 2.25) i n  i t s  NMR spectrum. The r e a c t i o n  of  N- 

phenylbenziminochlor ide w i t h  p - t o l u i d i ne ,  f o l l owed  by benzoy la t i on  gave 

a m i x tu re  o f  equal amounts o f  4$ and Lb 

10 Q u a n t i t a t i v e  e s t i m a t i o n  by the  NMR spectrum showed a m i x t u r e  of  equal 

amounts o f  3_c and 3.  
11 T.  Matsuura and I .  Saito,  Tetrahedron, 1969, 25, 549. 

12 C.  S. Foote, A. A .  Dzakpasn. and J .  W.-P. L in ,  Tetrahedron Le t t . ,  1975, 

1247; H. H. Wasserman and S. Terao, m., 1975, 1735. 

13 R. 0.  Kan and R. L. Furey, u., 1966, 2573. 

14 A. Padwa, J .  Amer. Chem. Soc., 1965, 87, 4365. 



HETEROCYCLES. Vol 12. No 2 .  1979 

15 Since t he  amidines i a n d  ureas 2 were p a r t i a l l y  converted i n t o  t he  cor res-  

ponding benzan i l ides  ? o n  chromatography on s i l i c a  ge l ,  the  benzan i l ides  

i s o l a t e d  from the  photooxygenated products seems t o  be ascer ibed i n  p a r t  

t o  hyd ro l ys i s  of 2 and 2 .  
16 H.-D. Becker, J .  Org. Chem., 1970, 35, 2099. 

Received, 20th September, 1978 


