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PHOTOCYCLIZATION AND PHOTOOXYGENATION OF 'l,3,4,5—TETRAARYLIMIDAZOLIN—Z-ONES1
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Irradiation of 1,3,4,5-tetraarylimidazolin-2-ones in benzene,
under nitrogen, with or without iodine gave the corresponding
phenanthroimidazelinones. In the presence of oxygen, however, the
imidazolinone was photochemically converted toc the corresponding
benzanilide, N-benzoyl-N,N'-diphenylbenzamidine and p-benzoyl-
phenyl isocyanate, besides the phenanthroimidazolinone. On the
other hand, the dye-sensitized photooxygenation afforded the benz-
anilide, amfdine, N,N'-dibenzoyl-N,N'-diphenylurea, and/or 1,4-
diaza-1,3-butadiene derivative, whose yields depended on the
nature of substituents of the imidazolinone and of the solvent
employed. Mechanistic consideration of the photooxygenation was

also described.

Previously2 we reported on the photocyclization and photooxygenation of
3,4,5-triphenyloxazolin-2-one; irradiation of the oxazolinone with or without
iodjne gave the phenanthrooxazolinone, whereas upon irradiation under oxygen
the oxazolinone afforded benzanilide, banzoic acid, and benzamidobenzophenones
through N,N-dibenzoylaniline which was arisen from a dioxetane intermediate
with the elimination of carbon dioxide. Our attention was directed toward
photochemical behaviour of 1,3,4,5-tetraarylimidazolin-2-ones (l)3 whose
structures are similar to that of the oxazolinone,

Irradiation without or with Iodine. When a benzene solution of 1,3,4,5-

tetraphenylimidazolin-2-one (13) was irradiated under stirring with nitrogen
by a 300W high-pressure mercury lamp with a Pyrex filter for 10 h, 1,3-di-
pheny1 phenanthro[92,10-d]imidazolin-2-one (gg) was formed, together with a trace

amount of benzanilide (;3) and recovery of 1a. Upon irradiation in the presence
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of iodine {3 mo1% to la) under nitrogen, the phenanthroimidazolincne {;3) was
obtained in a high yield.

0 0
Ph-NANQ—R? Ph-N’JkN@R]

2

= hv in benzene
Q O I2 or none OQQ
R R ,

. 2
1 r2 2 R
a: R]=R2=H; h: R]=Me, R2=H; c1 R1zH, R2=0Me; d: R] =Me, R2=0Me
Table 1
I2 Phenanthroimidazolinone 2
Imidazolinone 5 I
mol% to 1 Yield, % Mp., C IR, cm
la 0% 6 >300 1690
13 -3 74
Th ©3 77 ’ >300 1700
1'3 3 93 280-282 1690
1d 3 80 277-278 1690

9Benzanilide {3a) was formed in a trace amount, together with an 85%
~S
recovery of ],3'

Similarly, irradiation of 1,4,5-triphenyl-3-p-tolyl- (1b}. 1,3-diphenyl-
4,6-bis(p-methoxyphenyi)- (¢}, and 4,5-bis(p-methoxyphenyl}-1-phenyl-3-p~
tolylimidazolin-2-one (Lq} in the presence of iodine afforded the corresponding
phenanthroimidazolinones, 2b-2d, in good yields (Table 1}.4

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

of 'Lg, stirred by a stream of ajr, for 2 h afforded ;\g as the major product,
togethey with 2a, N-benzoyl-N,N'-diphenylbenzamidine (4:3), mp 177-178o (Ht.5

mp 174.5-175 ), and p-benzoylphenyl isocyanate (E). The isocyanate gwas

identified as 1-p-benzoyiphenyl-3-p-tolylurea, mp 207-208 .°
0 COPh
M hv/air Ph-C=N-Ph
Ph-§ __ N-Ar e 2 + 3 + 3b + [ +
Ph Ph in benzene ~ ~ ~ Ph-N-COPh NCO
) B3
a: Ar=Ph 17 N% - 1% trace
b: Ar=p-tolyl 6% 7% 5% - trace

Chart 1

—218—




HETEROCYCLES. Vol 12. No 2. 1979

A simiiar photooxygenation of 1b gave 2b, 3a, p-benzoyltoluidine (29), and
5; but no amidines were detected (Chart 1}. The pathway for the formation of
photoproducts will be decribed below.

Dye-sensitized Photooxygenation. In connection with the above photooxy-

genation, l was photooxygenated at room temperature for 5 h using hematophor-
phyrin as sensitizer and & 500 W tungsten lamp. It has been reported that in
both the dye-sensitized photooxygenation and the reaction with singlet oxygen,
generated by non-photochemical means, 1a gave sym-dibenzoyldiphenylurea (§9)
as a sole product.7 However, we found that benzanilide (gg) and the amidine

13 were formed as well as the urea 93' The resuits in various solvents are

Table 2. 1
. SR A o
~ Ph-N-COPh PhCOI \COPh
Solvent 3a 4a 6a
Benzene 29% 37% 25%
Dioxane 19 28 26
Chloroform 4 - 74
Dichloromethane 16 - 73
Dichloromethane® 5 3 50
Acetonitrile 9 - 81

%A Rose Bengal—18-Crown-6 complex was used,

given in Table 2; the yields of the products depended on the nature of sclvent.
Boden8 reported that the photosensitization with a Rose Bengal—}8-Crown-6
complex in dichloromethane can effectively generate singlet oxygen. The
photooxygenation in dichloromethane using the complex gave also 29’ Qg. and

62 a5 shown in Table 2,

Next, the photosensitized oxygenation of imidazoiinones, [g-ls, were
carried out in benzene using hematophorphyrin as sensitizer. The photo-
products are shown in Chart 2. The imidazolinone 19 afforded two isomeric
benzamidines, 4b and gp',g and the urea gb, mp 188-190D {IR 1710, 1650, 1680
cm'1; mfe 434 (M+)], as major products, together with a mixture of 3a and 3b

in low yield.
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In the case of 15, however, a new type of compound 7c was obtatned, besides

the corresponding benzanilide iE’ mp 172-173 , amidine is, mp 152-153 [IR

1650, 1620 cm-l‘; m/e 436 (M")1, and urea 6c, mp 161-162 [IR 1700, 1680 cm '3

1

o
mie 480 (M+)]. The compound 7c, mp 138-140 , was assigned to be 1,4-diphenyl-
~

)
1
AL 0 Ph-C=N-Ph
Ph-N" T N-Ar i
. ———» PhCONHPh ~ +  PhCONHAr  + . & eaep  *
Ph £h 3—‘3_._,,,—-_-371?' 4p
b 2% 23%
Ar=p-tolyl Ph-c=M-Ar Phecon"
Ph-N-COPh PRCO”  COPh
4p' &b
234 40%
¢ 1
o e 0 Ar-C=N-ph Ph, Ph
_ ——> ArCONHPh oy coar  * ArcoMOMcopr *
Ar  Ar 3 4c 6¢c
21% trace 33%
1c
~ Ar-C=N-Ph
Ar=p-methoxyphenyl |
? ypeny Ar0-C=N-Ph
7o
14%
0 ArZCONHPh
A0 b £
Ph-K~ H-Ar 2 ArZ-C=N-Ar] ArZ-C=N-Ph
— > & ¥ Ph-N-COAr2 arl hcoar2 ©
>_< Ar2CONHArT h-N-COAF 1 -N-COAF
At arl 3d 4d ad'
14 8% trace
Arl=p-tolyl Ph‘Ncon'AH , ArZ-geNearl Ar2-C=N-Ph
Arlep-methoxyphenyl  ArlcOT  COAF2 Ar20-C=N-Ph Ar20-C=N-Ar
64 14 d
45% 3%
Chart 2
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2-p-methoxyphenyl-3-p-methexyphenyloxy-1,4-diaza-1,3-butadiene on the basis
of the following evidence.

7c: IR 1660, 1600 cn”)

; NMR (CDC13) & 3.68, 3.76 {each 3H, s), 6.2-6.5
{21, m), 6.7-7.4 (141, m), 7.9-8.1 (24, m); m/ie 336 (M+), N3 (M+-OC6H4DME),
210, 195, 167, 136, 133, 123 ([M90C6H40]+), 107, 103, 91, 77.

Hydrolysis of ZS with hydrochloric acid in ethanol gave aniline, p-methoxy-
phenol and p-methoxyphenylglyoxyTic acid ester.

7¢c e MCl PhNK, + ArOH + ArCOCO,Et

in EtCH
123 48 78 mol%
Ar=p-methoxypheny]l
SimiTarly, 13 yielded the corresponding benzanilides, §5 and §9,10 and
urea 6d, mp125-126° (IR 1710, 1695, 1675 cn™'; n/e 494 ()], as major
products, accompanied by small amounts of the amidine and diazabutadiene,
whose strucutres are either ig or &9' and either 7d or 7d', respectively.

< -
Amidine 99 or &9': mp 161-162 ; IR 1650, 1620 cm !

3 NMR (CDC13) é 2.20,
3,68, 3.75 (each M, s), 6.5-7.4 (T15H, m), 7.9-8.1 (24, m); m/e 450 (M+}‘

Diazabutadiene 29 or Zﬁ': mp 131-133°; IR 1665, 1600 cm_1; NMR {CDCla) §
2.20, 3.68, 3.76 (each 3H, s), 6.1-6.4 (2H, m), 6.6-7.3 {134, m}, 7.9-8.1
(2K, m); m/e 450 (M').

In the cases of 15 and 19 having p-methoxyphenyl groups at 4- and 5-
positions, the corresponding diazabutadienes Z; and 29 {or zg') were newly
formed. 1In order to compare with the photoproducts from 15 or 15, the
photosensitized oxygenation of 1,3,5-triphenyl-4-p-methoxyphenylimidazolin-
2-one (13) was examined under similar conditions.

As shown in Chart 3, the expected diazabutadiene 7e was also obtained,
together with the corresponding benzanilides, §3 and §S, amidine Es, mp 160-
161" [IR 1650, 1620 em™'5 m/e 406 (K')], and urea 6g, mp 199-200  [IR 1710,
1700, 1689 cm_1; m/e 450 (M+)]. Hyrolysis of Zs, mp 94—950 [IR 1665, 1610
cm'l; m/e 406 (M+)], with hydrochloric acid in ethanol afforded aniline,

p-methoxyphenol and phenylglyoxylic acid ester.
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0
2 Ar-C=N-Ph
Ph-N" "N-Ph i
\—f —_— - PRCONHPh  + ArCONHPh + Ph-N-COPh
Ph Ar 3a 3¢ 4o
1e ~ ~ -~
~ 5% 8% 22%
Ar=p-methoxyphenyl
Ph\ JPh Ph—(lZ=N—Ph
NCOL + -
phco”  COAr ArQ-C=K-Ph
6 e
35% 6%
Chart 3

Reaction Pathways. We wish to propose the pathways for the formation of

the amidine 4, urea 6, and diazabutadiene 7 as depicted in Chart 4, In the
same manner as with photooxygenations of fully N-alkylated uric ac:ids‘i.l and
enam‘fnes,12 the imidazolinone ’L undergoes an initial attack of singlet oxy-
gen to form a zwitterionic peroxide Aora four-membered cyclic peroxide B.

The zwitterionic peroxide A decomposes to give the final products 5, Q),
and/or e The rearrangement of A to the cyclic peroxide E, followed by ring
cleavage gives the urea 6. On the other hand, & nucleaphilic attack of the
perhydroxy anion on the carbonyl carbon atom forms a cyclic tautomer C. This
is followed by ring cleavage to yield a dioxazolidinone D, and subsequent
elimination of carbon dioxide from E}yie]ds an oxazirane 5 The oxaziranenl-;
seems to be a common key intermediate to produce iand z

The oxazirane 5 rearranges to the amidine 4 through a 1-aza-2-oxabicyclo-

{1.1.07butane 5 This process is very similar to that for the formation of

Q N

Ph Ph 3
NCNoPh e aNPh e PN Ny pc N ph

PhCO PRCO™ ¢ e’ Oy NS
0 G
Ph 90/ \'Ph
_— PhN(COPh)2

dibenzoylaniline from the photooxygenation of benzil monpanil .]3’14 When Ar

is p-methoxyphenyl group, another rearrangement can be considered; a 1,2-shift

of p-methoxyphenyl group through a spiro-cxirane Egives the diazabutadiene 7.
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0 0 0
A @ N
Pa-N" “N-Ph Ph-NSF\N—Ph Ph-n" N-Ph o
= ar 7y A Ar—Ar Arco” COAr
Ar Ar a P 0—0 6
1 0 ~
L A B
0y o Ph
0 1
@iféL\\ J A N
Ph-N §° N-Ph Ph-N~7 0 Se0 0o,
\ 0 —_— epn i ——— PNy —E
Ar Ar Ar 6 Ar
A Ar D
i~ ~F
L
0 0
Ar N e Ar-C=N-Ph
n NP —— At e Ph-N-COAr
Ph-NX e
Ar At
Ph-N Ar 4
~ £
Ph
[S)
oy NP ph-n_ {N-ph Ar-C=N-Ph
Y —0 — Sl —_— g
ar A0 Ar0-C=N-Ph
@ Z
GoMe @ OMe
E §
Chart 4

Both the amidine 4rg and urea QS vere unchanged under conditions similar

to those of dye-sensitized photooxygenation.

of the urea ng in benzene by a high-pressure mercury Tamp

On the other hand, irradiation

(under nitrogen,

15 min) gave benzanilide (ie) and the isocyanate ,?, in 5 and 1% yields respeec-

tively, together with 60% recovery of 6a. Upon irradiation for 1 h under

similar conditions, the amidine ﬁ/a was transformed into N-

p-benzoyliphenyl -

N'-phenytbenzamidine (}\3}), mp 137-138° [IrR 3350, 1630, 1620 cm_1; m/e 376 (M+)],

in &% yield, accompanied by 65% recovery of 4a.

P, Ph hv/N,
— . PhNHCOPh  +
PhcO”  COPh
62 L
Ph-C=N-Ph hv/N, Ph-?=
Ph-N-COPh ] - PhCO@- NH
4 8
[a%4
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On the basis of the above facts, it seems reasonable to assume that, upon

irradiation of 15 under conditions shown in Chart 1, the urea 6a and amidine
%3 were also formed by the same routes as those depicted in Chart 4, and

subsequent photolysis of 6a gave 3a and 5.15
~F ~ ~
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