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Abstract-Irradiation of 4-phenylquinazol~n-2-ones ( 1 )  in the presence 

of hydrogen donor such as xanthenc (Pal, sulfide 12c), and acyclic or 

cyclic ethers i2b,d-ei, gave the C-C bonded 1:l-adducts of ( 1 )  and ( 2 )  

via hydrogen atom abstraction of t.he escited imino nitrogen of (11, uhile 

irradiation of (1) in the presence of trieth!~lamine gave the reduced 3.1- 

d i h y d r o q u i n a z o l l n - 2 - o n e s .  

.Although it is generally accepted that the escited states of lmines have llttle 

tendencr to undergo hydrogen abstraction due to the rapid radiationless decay 

process whlch results from twisting around Lhr carbon-nitrogen double bond, 1 

several reactions analogous to that of carhonyl groups hove been observed.' in o u r  

exploration of the photochemical reactivity of cyclic conjugated nitrogen-carbonyl 

systems such as pyrimidinones3 and p y r u r i n ~ n e a , ~  we have reported t,he intra- 

5 
molecular or intermolecular6 hydrogen abstraction reactions of the pyrimidin-2- 

ones. A s  an extension of our interest in the phot,ocheniistr.- of nltrogrn-carbony1 

systems, we have investigated the phnt.ochemical reactions of 4-phenylqrlinazolin-Z- 

ones (11 and here describe these results. 

When a solution of l-methy1-4-phrnylquina~olin-2~onc (la) in bcnaene or methanol 

was irradiated in a Pyrex vessel with a high-pressure mercury lamp under argon, no 

photoproducts could he obtained and the starting material (la) was quantitatively 

recovered. Meanwhile, irradiat,ion of (la) in bcnzenr in the presence of xanthenr 

(2ai as a hydrogen donor under the same conditions for 15 h gave t,he C-C bonded 

1:l-adduct (31 of (la1 and 1 2 u )  in 96% yield. The structure of I31 was confirmed 

on the basis nf spectroscopic and elcrnental analysis. Thc ir spectrum of (31 

showed absorption bands at 3210 and 1665 cm-I assignable to amino and amide 

t ~ h i s  paper is dedicat.ed to Dr. T. Kametvni for his brilliant achievement in the 

field of heterocyclic chemistry 



c a r b o n y l  g r o u p s ,  r e s p e c t i v e l y .  The 'i(-nrnr s p e c t r u m  o f  ( 3 )  showed amino  a n d  m e t h i n e  

pr.uLons a t  S 4 . 9 8  I l B ,  b r  s ,  e x c h a n g e a b l e  w i t h  D . 0 1  a n d  1 . 0 1  i I H ,  s r e s p e c t i v e l y .  2 

I n  t h e  l3c-nrnr s p e c t r u m ,  new signals a p p e a r e d  a t  6 4 9 . 8  i d )  a n d  6 8 . 5  1 s )  d u e  t.o 

x a n t h e r l y l  m r t h ~ u e  a n d  q u a t e r n a r y  c a r b o n s  a t  C - 4  i n s t e a d  o f  inxinu c a r b u n .  

A c ~ o r ~ n g l y ,  t h e  a d d i t i o n  s i t e  o f  s a n t h e n e  i n  t.hr C-C burrded l : l - a d d u c t  131 was 

a s s i g n e d  t o  t h e  C-4 p u s i l i u n .  S i m i l a r l y ,  i r r a d i a t i o n  n f  4 - p h r n y l q u i n a z o l i 1 1 - 2 ~ ~ 1 1 1 s  

( l a - h )  i n  hyd rogen  du r l a t i r rg  s u l v c n t  s u c h  a s  L r t r a h y d r o f u r n r r  a n d  d i o x a n e  o r  i n  Lhr  

presence of h y d r o g e n  donor s u c h  as e l h e r  a n d  d i e t h y 1  s u l f i d e  u n d e r  s i m i l a r  

c u n d i t i o n s  y i e l d e d  t h e  C-C bor8ded 1:l-ad duct.^ 14-101 i n  20-9956 r l r l d s .  In t h e  

r e a c h i o n  o f  ( l a - b l  wi1.h r l i r t h y l  e t h e r  12b1 a n d  d i r l h y l  s u l l ' i d e  121.1, two 

s t r r . e o i s u m r r i c  1 : l - a d d u c t s  ( , I - 5 ,  9 )  a n d  ( 1 1 ' - 5 ' ,  9 ' 1  liere i s o l a t e d . '  The s L r u c L u r c  

o f  t h o s e  p h o t o p r o d u c t s  w a s  e l u c i d a l e d  on  t h e  b a s i s  o f  s p e c l r o s e u p i c  p r o p e r t i e s  a n d  

e l e m e n t a l  a n a l y s e s .  C h a r i l c t e r ~ s t i c u l l y ,  t h e  1 : l - a d d u c t s  14 -10 )  showed n b s o r p l i u n s  

a r u u n d  3190-3410 ( N H  s L r e t c h i r i g 1  a n d  1660-1680 cm-I (CO s t r e t c h i n g  band1 a n d  no C:N 

a b s o r p t i o n  w a s  observed i n  t h e i r  i r  s p e c t r a .  The 1 3 ~ - r i m r  s p e c t r 8  o f  Lhr 1 : l -  

a d d u c l s  ( 3 - 1 0 )  showed a s i n g l e t  a t  6 6 2 . 6 - 6 8 . 5  due  Lo C-4  p o s i t i o n .  When a 

s o l u t i o n  o f  ( l a )  a n d  x i l n t h e n r  i n  benzene w a s  i r r a d i a t e d  i n  t h e  p r e sence  u f  L -  

s t i l b e n e  ( E  5 0  k c a l / m o l )  as  a t r i p l e L  q u r n c h r r  a t  t h e  !wavelength  o f  366 nm, t h e  
T- 
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yield of 1:l-adduct (3) decreased drastically to 7% (runs 2,31. These results 
8 

suggest that the 1:l-adducts might be formed u ia  an excited triplet st.ate of (la) 

and a mechanlam for the rrnction is shown in Scheme. The excited qulnazolin-2-one 

(11 abstracts a hydrogen atom from the hydrogen donor either with the imino 

 able 1 .  Yield of Photoproducts (3-10) 

Yield (%la 

Run R El1 T; Product. Recovered 11) 

1 \1e Hanthenyl 13) 96 trace 

zb Ye Xant.henrl 131 97 trace 

3b'c ?le Xanthenyl 131 i 93 

4 Ne Me 0 (dl 19 1 4 ' 1 ~  24 38 

5 Me Me s 15) 10 i5'ld 13 i 5  

6 Me -CH CH2- 0 ( 6 )  24 2 4 8 

7 Me -CH 0CH2- 0 I i l  25 2 
3 5 

8 B t Xant.heny1 I81 YY trace 

9 E t 'le S 191 11 19'ldY 63 

10 Et -CH CH,- 0 (101 58 2 -  2 
trace 

a~solated yield. b~rrndiation was carried out at the uavelength of 366 nm for 3 h 

'~rradiation was carried out in the presence of  2 molar equiv. of t-st,ilbene as n 

tripler, quencher. 'hother stereoisomer. 

Scheme 

- 495 - 



nitrogen or the urride carbonyl to yield radicals 1131 or (151 and l1,ll. The 

former process might occur preferentially, because it is reported that the hydrogen 

abstraction reaction in the amide carbonyl is quite inefficient. 
5-6,9 

Subsequent. 

recombination of the radicals t,hus formed uould give the C-C bonded 1:i-adducts 13- 

101. On the other hand, irradiation of the quinazolin-2-ones (la-bi in t,he 

presence of triethylamine known as an effective electron and hydrogen donor gave 

the reduced 3,4-dih-droquinazolin-2-oms 111-121, hut in low yields. The structure 

of (11-121 was confirmed by direct comparison with L w o  authentic samples prepared 

by the reduction of the quinazolin-Z-ones (la-hi with sodium borohydride. 

EXPERIMENTAL 

Melting points are uncorrected and were measured with Yanaco micro-melting point 

apparatus. Ur spectra w e r e  determined with a J A S C O  UIIIDEC-SO5 spect.rophotometer, 

ir spectra were recorded on a Hitachi 260-30 spectrophotometer, and nmr spect-ra 

were run on a J E O L  FX-100 spectramcter (100 MHz1 using CDCI3 as solvent and Mr4Si 

as internal standard. 4-Phenylquinaiolin-2-0"" llal vas prepared according to 

literature method'' and 4-phenrlquinnzolin-Zone ilbl was prepared h y  a 

modification of thxs met.hod. 

l-Ethyl-4-phenylquinazolin-Z(1Hl-one (Ih): mp 183-184 o~lchlorofurm-hesanel; 

u\(FtOHi 230 is 336001, Zi0 (102001, 356 nm (5600); iriKRrl 1650 cm-I; l~-nmr S 

1 3 1.45 13H, t, Jz6.R Hz), 4.38 (2H, q, J-6.8 R z ) ,  7.13-7.91 (9H, " 8 1 ;  C - n m r  S 12.3 

iqi, 38.9 It), 113.8 Id), 115.9 is), 121.8 (dl, 128.2 Id), 129.4 (dl, 130.0 Id), 

130.3 (dl, 135.1 id), 136.3 (sl, 143.0 Is), li4.4 Is). Found: C, 76.60; H ,  5.64; 

N ,  11.11. Calcd for C,tiHlqh20: T. 76.77; H, 5.63; N, 11.19. 

General Procedure for the Photochemical  actions of the ~uinazolin-2-ones (la- 

b). A  solution o f  the quinasolin-2-one 11) 1200 mgl in a hydrogen donatlng 

solvent [THF 12dl or dioxane (2eil ii0 ml) or in ether-benzene i20/50 mli or in 

benzene (70 ml] in the presence of a hydrogen donor i c a .  1 ml for dlethll sulflde 



HETEROCYCLES, Vol 30, No. 1, 1990 

121.1 arid 2 molar e q u i v .  for anthene 12ail was il-radiated in a Pyrex vessel 1rit.h a 

high-pressure mercury lamp 1300 1 0  ~ t n d e r  argon for. 15-20 h at room temperature. 

..\ft.er removal of t h e  solvent, the residue has chromat,ographed on a silica s e l  

column uith benzene-cthil acelute il:1 or 2:11 Lo yield the C-C bonded 1:l adducts 

13-101. The s p e c l r n l  properties of the  phoLuproducLs ur.e s l v r n  in Table 2. 11 

Photochemical Reactions of the ~uinazolin-2-ones (la-b) in the Presence of 

Triethylamine. A solulion of i l l  (200 mgi in benzel le  (iO mliin Lhe p rc scnce  o f  

trieth~lum~ni. ica. 1 mi) i i 8s  irradiated under t.he same cond~tions as described 

abo\.r. lislral riorlc-up n \  c the reduced products ( 1 1  - 1  2 1 . 

l - M e t h ~ l - 4 - p h e n ~ l - 3 , 4 - d i h y d r o q u i n a z o l i n - 2 ( l H ) - o n e  (11): mp 182.5-184 O C  

ichlnroform-hesane); irIl(Rr1 3ZlU, 1670 cn,.'; '~-nmr. 8 3.32 (3H, si, 5.51 1111, d ,  

Jz2.0 Hzl, 5.89 ilH, br  sl, 6.8O-7.00 1311, mi, i.15-7.35 i6H, mi; 1 3 ~ - n m r  6 29.5 

iqi, 5 .  idi, 113.0 ldl, 122.1 is), 123.8 Is), 126.8 I d  127.0 Id), 128.1 id), 

128.3 id), 128.8 (dl, 138.1 Is), 1 1 2 .  inl, 154.7 Is). Pound: C ,  i5.35; H ,  5.87; 

N ,  1 . 5 1  Calcd for C 15H14N20: C, 75.60; H, 5.92; N ,  11.75. 

l-Eth~l-4-phen~l-3,4-dih~droquinazolin-2(lH)-o (12): mp 150.5-151.5 OC 

- 1  ichloruform-hexune); irlKRri 3220, 18i5 cm ; '11-nmr 8 1.27 (3H, L, JzG.8 Hri, 

3.97 12H, q ,  Jz6.R H71, 5.52 111 1 ,  d ,  J=Z.O llzl, 5.72 ilH, b i 6.85-i.O 13H, mi, 

5 7 . 3 0  ICH, mi; 13il-nmr 6 12.7 lq), 37.0 (ti, 57.7 (dl, 113.1 (dl, 121.8 id), 

123.g is), 12i.0 id), 12i.2 (dl, 128.0 id), 128.2 id), 128.8 ldi, 13i.l lsi, 142.7 

is), 15.1.2 1s). Found: C ,  75.98; ti, 6.31; N ,  10.97. Calcd f o r  Cl6IllCh20: 0, i6.16; 

H, 6.39; 4, 11.10. 

Reduction of the Q u i n a z o l i n - ~ - ~ ~ ~ ~  (la-,,) "ith sodium Borohydride To a stirred 

solution of (1) I1 mmoll in MrOH I30 mll w n i  added sodium bnroh~~dride (2 mmoll and 

then t,he reaction mixture was stirred for 0.5 h aL room tcmper~a1.urc. 1lsual work-up 

gave the dihpdroquinazalin-2-on~s ill-121. 

Table 2. Spectral Properties of Photoproducts (3-10) 

3 166-168 3210, 2.81 13H, si, 4.98 29.liqJ, 49.8id1, 68.5isJ. 

1665 IlH, s ,  eschangeable 1 1 3 . 1 1 ,  115.81d1, 117.0Idi, 

with DZOi, 5.01 IlH, 119.51s). 120.5(dl, 121.2(d), 

sl, 6.36-i.51 (1511, " I ) ,  121.Rld), 122.7ldl, 123.Gisi, 

7.69-i.79 IZH, m J  12i.SidJ, 2 6 d l  121.9(d), 

128.31d), 128.51d), 130.0id), 

130.21di, 138.ild1, 142.0lsl, 

153.01s), 154.lls) 



Table 2. Icnntlnuedl 

4 158-159 3110, 0.92 13H, t ,  J=6.8ci, 

1.23 I d ,  Jz6.3 Hzl, 

2.864.62 12H, mi, 

3.27 (3H, sl, 4.26 IlH, 

q ,  Jz6.3 Hz), 5.R211N, 

br  a), 6.78-i.50 19H, 

mi 

0.96 IlH, t ,  5:6.8 Nz!, 

1.19 (3H, d ,  Jz6.4 Hz), 

2.90-3.58 (2H, ml, 3.26 

(3H, sl, 4.114 I IH, q ,  

J-6.4 Hz), 5.87 (IH, hr 

ni, 6.81-i.03 13H, ml, 

7.15-i.55 1611, m1 

11.99 13H, t ,  Jz6.8 Hal, 

4 !3H, d. ,1=6.8 1 1 ~ 1 ,  

1.58-2.02 (5H, mi, 3.25 

(311, sl, 3.92 IlH, q ,  

.1:6.X Ilz), 6.00 (IH, hr 

sl, 6.80 IlH, dd, 311.6, 

i.8 Hz), 6.96-7.52 IRH, 

m 1 

1.15 13H, t, Jz7.3 H z l ,  

1.28 13H, d ,  Jz6.8 llz), 

2.24-2.18 12M, mi, 3.30 

(3H, 61, 3.il IIH, 9,  

Jz6.8 Hzl, 5 . 9  IIH, br 

s ) ,  6.80-7.52 19H, m i  

1.i8-1.95 1411, mi, 3.31 

! 3 H ,  s ) ,  3.76-4.02 12H, 

m), 4.75-4.90 IIH, " 1 1 ,  

5.il iIH, br 5 1 ,  6.81- 

7.55 IYH, m1 

3.30 (3H, 31, 3.53-3.80 

(6H, ml, 4.48 IlH, dd, 

J:4.4. 8.3 llzl, 5.84 
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Table 2. lcont~nuedl 

(IH, br 61, 6.80-7.51 126.01d1, 126.21d1, 127.3(dI, 

19H, ml 128.3(d), 128.8!dl, 137.91~1, 

114.01~1, 153.51s) 

0.91 13H, t ,  5 ~ 6 . 8  Hz,, 1 2 7 1 q  3i.O!tl, 50.0!dl, 

3.20-3.56 (ZH, ml, f . 9 1  68.Sisi, 1 .  116.0id), 

(IH, hr $ 1 ,  5.01 IIH, 1 7 0 d  119.5lsl, 120.6(dl, 

(IH, s ) ,  6.34.7.50 ll5H, 120.91dil 121.9(dl, 122.0ld1, 

, I ,  I 123..lIsl, 126.i!dl, l2i.YId1, 

128.3ld1, 128.51d1, 130.2ld), 

130.3(d), 13i.6iii, 142.S(sl, 

l52.4(si, 15d.21~1 

1.00 (311, t ,  Jzi.3 11~1, 12.61q1, 14.6lqJ, 18.01q1, 

1.18 (3H, t, 5-6.8 Hi), 26.01t1, 17.l(tl, 48.31d1, 

1.36 (3H, d ,  Jz6.R Hz), 64.61~1, 113.6(dl, 121.61d1, 

1 .60-2.Oli IZH, mi, 125.5(dl, 126.01d1, 127.lIdl, 

3.68-4.10 (3H, mi, 12%.2(di, 137.21~1, 14.9.3Isl 

5.92 IlH, b r  sl, 6.81- 154.dls) 

7.51 19H, mi 

1.13 13t1, t ,  JzT.3 Hzl, 12.51q1, l4.ilq1, li.l!qi. 

1.18 (311, Ll, 1.29 (311, 26.3lt1, 436.91L1, *I9.4ldi, 

d, Jz6.8 Hz), 2.31 12H, 65.91s1, 113.31d1, 121.2(dl, 

d of q, Jz2.4, 7.3 Nzl. 126.IIs1, 126.iId1, 127.21d1, 

3.71 IlH, q ,  Jr7.3 Hz), 128.2(di1 128.31d1, 137.01sl, 

3.68-4.07 (as, mi, 5.94 144.lIsl, 153,9!sI 

(It{, hr sl, 6.81-7.53, 

6.84-7.53 19H, "11 

1.22 !3H, t,, J z i . 3  Hz), 12.Iq1, 25.R(t.l, 27.4Itl. 

1.62-2.02 4 ,  mi, 3.68- 36.8(tI, 63.51~1, 69.61t.1, 

4.11 1411, mi, 4.75-4.90 83.%(d), 113.31d1, 121.5ldl, 
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