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INTRODUCTION

The photochemical behaviour of aromatic=N-oxides has been explo-
red extensively. A review article appeared in 1970 pertaining to
aromatic N-oxide as well as to arxoxy compound and nitrone photo-
chemistryl.

Aromatic N-oxides may be compared, in a formal way, to the

1,3~dipolar nitrones. [ “

— = N—
!
0-

Experimentally some similarities have indeed been found:

- both types of compounds lead to 1,3-dipolar cycloaddition reac-
tions in the ground statez;

- both lead to atomic oxygen abstraction reactions;

.- both undergo photoinduced isomerisation reactions, nitrones
leading to oxaziridines, lactams or amides, whereas aromatic
N-oxides yield photoisomers of various structural types.

Aromatic N-oxides have never given the corresponding oxaziri-

dines, althrugn these latter annelated three membered ring deri-

vatives have been usually postulated as being the primary photo-

products.
Therefore we shall no longer compare the photochemical behaviour

of aromatic N-oxides and of nitrones and focus rather upon reac-
tion pathways of various photoexcited N-oxides all of which, in our

opinion, have some common features.

1  PHOTOPHYSICAL ASPECTS

Aromatic N-oxides lead to photoproducts whose structures have been

determined accurately. But when it comes to mechanistic conside-
rations, hypotheses vary and only seldom have they been checked
or disproved by physico-chemical means., To quote but one example,
let us consider the determination of the transition states which
are responsible for the photoisomerisation processes of pyridine-
N-oxides.
In some preliminary investigations in the gas phase, it was con-~-
cluded that a w—n* transition, induced by 254 nm light, was res-
ponsible for the deoxygenation whereas an n—ﬂ* transition, indu-
ced by 326 nm light, lead to isomer formationg. These results
seemed to apply also to the photochemistry of pyridine-N-oxides
in solution, where a hypsochromic shift is observed for the
absorption band of lowest energy when the solvent polarity increa-
sesd. Unfortunately such a solvent dependent hypsochromic shift,
although quite valid for ketones, no longer holds with pyridine-
N-oxides: it could be shown that thedr n—n* absorption band under-
goes hypsochromic shift with increasin solvent polarityS. This
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result also indicates that a n state is less stabilized in a po-

lar medium than the ground 7T state. -

In 1968 Evieth reached the conclusion that the n—n% transition of
pyridine-N-oxide is the one which appears at highest wavelengthﬁ.

Shortly thereafter Labhart, after a careful study of the pyridine-
N-oxide absorption bands in decalin, concluded that the two tran-

sitions, which appear at Apax 320 nm and 280 nm, are of the

*

=TT type7. SCF-M0O calculations geemed to indicate that the lowest
energy transition of pyrldlne N-oxides, as observed at 3.81 eV

is indeed of the 7T~ m type; the probability of finding an n—ﬂ
transition at about 3 eV is supposed to be very smallg. In agree-~
ment with these latter predictions it was estimated that the
oscillator force ratio f(n—ﬂ*/f(ﬂ—ﬂ%) is only 0.059.

Reports about photosensitized reactions of aromatic N-oxides are
equally conflicting.The study of the oxygen effect upon the.photow
chemistry of quinoliﬂelorisoquinoline11— mxhphthalazinelz—N-oxi—
des lead to the conclusion that an excited singlet is responsible
for the deoxygenation process. On the contrary, addition of
benzophenone, which absorbs more than 90% of the incident light,
to a solution of 2,4, 6-triphenylpyridine-N-oxide, dramatically in-
creases deoxygenation. From this latter result it was concluded
that a triplet is responsible for the deoxygenation processls.

As Far as spin multiplicity of the excited states is concerned,

it is by now well established that for isoquinoline—N—oxidesld’15,

pyridazineuN—oxidesléand phthalazine—N—oxidele, the triplet is

responsible for oxygen abstraction whereas an excited singlet
leads to isomerisations and rearrangements.

In order to explain the formation of the various photoisomers, it

seemed straightforward to postulate oxaziridines as being the first

formed intermediates. Indeed they have been put forward by almost all
chemists who are active in the field of aromatic N-oxide photo-
chemistryl.

Let us quote a few FTacts which are more or less in favour of an

oxarziridine intermodiate:

a} Irradiation of Z-cyanuv-4-methylquinoline-N-oxide in the pre-
sence of amines leads to the corresponding N-=amino-carbosty-
rils after expulsion of the cyano group. By analogy with the
reactivity of aliphatic oxaziridines, which recact with secon-
dary amines and yield hydrazine derivatives, it was assumed
that the amines react with intermediates as depicted in

17

Scheme |,
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b) UV irradiation of acridine-N-oxides leads bo the corresponding

dikenzeooxazepines, bpHhe only known stable I,2-oxazepines which
have ever been obtaiuedlg. These.latber ones revert back to
the corresponding N-oxides by thermal activation in aprotic
solvents, a process which is best explained by assuming the
intermediate formation of the oxaziridine derivatives (Sche-

me 2}, R R

O -
6* \$ i. /;//

N

O

N-O
R=CN ; R=Cl

SCHEME 2

¢)Various semi-empirical quantum-mechanical models have been used
in order to approach the reactivity of aromatic-N-oxides (LCAO-
MO; PPP-SCF; HMO)IQ’ZO’Zl’zz. All these calculations arrive at
a common conclusion, namely that the isomeric oxaziridines have
but a minute chance to initiate from the ground state and are

very likely to arise from the first excited singlet state.

None of these experimental results and theoretical calculations
are convincing evidence in favour of an oxaziridiné intermediate,
which has never been detected by any physical means. During the
photoisomerisation of isoquinoline-N-oxides toward the correspon-
ding isocarbostyriles or to the benzoxazepines, no intermediates
at all have been detected, although more than one must be postu-
lated in order to account for the structure of these photoproducts
{Scheme 3)14’15.

During the photolysis of 3,6-diphenylpyridazine~N-oxide, which
leads to a mixture of 2,$-diphenylfuran and of 3-benzoyl~5-phenyl-
pyrrazole,the unstable diazoketone has clearly been identified1 .

(Scheme 4). It has been shown, by means of nanosecond flaéh—photOH

— 1394 —




HETERQCYCLES, Vol 4, No. 8, 1976

SCHEME 3

lysis,that adiazoketone is the primary photoproduct i.e. that no

intermediate occurs on the pathway which leads from the excited

pyrldazlne ~N-oxide to the diazcketone. This is to say that the

S Sl g « Wl

SCHEME 4

oxaziridine does not form at all, the geometry of the excited-
state hypersurface beeing such that no minimum corresponding to
the stable ground-state oxaziridine appearslé; this latter struc-
ture is completely bypassed. Such a conclusion, which is well sub-
stantiated, may seem puzzling since the overall geometry undergoes
quite a change on its pathway from the N-oxide to the diazoketone,
Nevertheless it seems to fit with gquanto-chemical predictionszs.
Similar conclusions have been reached by means of flash-photoly-

. . \ 2 . .
ses with phenazine-N-oxides 4.H0wever it remains to be seen how

general they are.

2 PRIMARY PHOTOPRODUCTS

Structure and distribution of the products, isolated during the-
photochemical treatment of aromatic N-oxides, depend on irradia-
tion conditions and the type of solvents used. Although some of

these photoproducts derive from one or several unstable interme-.

diates, we shall simplify matters and call them primary photo-

products. Products which can be derived in separate experiments

from stable intermediates shall be referred to as secondary pho-

toproducts (see chapter 3). There are four types of primary pho-
toproducts:

~ aromatic amines which stem from a photolytic N-0 bond cleavage
— isomeric §-lactams

- 1,2-oxazepines in some very rare cases

— 1,3-oxazepines, Both 1;2- and 1, 3-oxazepines occur through

skeletal rearrangement of the starting N-oxides.

2-1 Aromatic Amines.
Photolytic N-0O bond cleavage has been described for the first ti-

me with pyridine-N-oxide in 1961 in the gas phase: an oxygen atom is
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abstracted and the parent pyridin: is 0btained3’2;°8uch photoly~
tic processes have bheen found with all aromatic-N-oxides. They

seem to initiate from excited triplet states, as has been demons-~
trated in a few cases {see chapter 1), whereas excited singlet
states seem to be responsible for the isomerisation and rearran-
gement processes.

It could be shown in some series that the yield of oxygen abstrac-
tion products depends upon the wavelength of the incident light,

the nature of the solvent and the pH of the reaction medium: gaseocus
photolysis of pyridine-N-oxide at 326 nm (87.3 Keal/mole) and 254 nm
t117 Keal mole) Leads to pyridine as the main product in both cases.
However there exists a remarkable difference in the relation bet~
ween the quantum yield of pyridine produced and the temperature. In
the case of 326 nm irradiation the quantum yield of pyridine increa-
ses steeply at temperatures greater than 80°C, which means that an
activation energy would be required for the production of pyridine,
The gquantum yield of pyridine produced with 254 nm irradiation is
nearly independent of the temperature. These results are in good
agreement with the N-0 bond energy which has been estimated at

110 Kecal/mole from IR studies and . dipole moment consideration526.
Similarly in benzene solution 2,3,5,6-tetraphenylpyridine-N-oxide
leads to the deoxygenated product when irradiated with UV light;

but yields are guite different and again wavelength dependent (11%
at 350 nm; 25% at 254 nm)ls. The yield of oxygen abstraction pro-
tlucts usually decreases with increasing solvent polarity. All other
conditions being equal, the photochemistry of pyridine-N-oxide
1eag? to 30% oxygen abstraction in ether and to 2% only in water

19,

Similar, aithough less pronounced effects, are observed with

28,29, 30

quinoline—10 and phenanthridine-N-oxides In our opinion
these results are quite logical since the absorption spectra of the
starting material are solvent dependent (hypsochromic shift), where-
as the UV lamps always have the same emission spectrum in a given
set of solvent dependent experiments.

Acidity of the reaction media also plays a role as has been shown
it one instance. With pyridine~-N-oxide lowering of pH leads to an
increase in oxygen abstractionlg. Ne clearcut explanation has becn
put forward to account for these observations.

The question arises then as to the fate of the oxygen atoms which
have been abstracted. It is doubtful that they occur as free atoms
in the reaction medium. Still they are highly reactive since
atomic oxygen transfer reactions —= from the parent aromatic

N-oxides toward solvent molecules — are observed. In benzene so-
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lution pyridine-N-oxide photolytically leads to pyridine and to
phenol3l. In a similar way pyridazine-N-oxides transfer in good
vield their oxygen atom to saturated hydrocarbon solvents when
excited by UV lightzz. Methylene chloride solutions of pyridazine-
N-oxides in the presence of various olefins lead to photoinduced
oxygen transfer whereby the corresponding epoxides are obtained33.
The very first epoxy derivative in the aromatic sefies has been
obtained by photoinduced atomic oxygen_ transfer from pyridine-
N-oxide toward naphthalene, whereby 1,2-epoxy naphthalene is isola-
ted34. This means that oxygen transfer may occur in two different
ways: either insertion into C-H bonds or addition to double honds.
In competing reactions the insertion process is being favouredBS.
Formation of phenol with benzene probably stems from a two-step
mechanism, leading first to oxepin which may then rearrange to

phenol from its bicyclic valence tautomer.

2-2 Lactams (Tahlel)

Photoinduced isomerisation of aromatic-N-oxides to the correspon-

ding d-lactams seems to be fairly general and has been observed
with quinoline-, isoquinoline-, phenanthridine-, quinoxaline-,
pyridine-, pyrazine~, quinazoliné—,naphthiridine—, purine- and
pyrimidine-N-oxides, In view of kinetic data obtained with some of
the starting N—oxidesl4’15 and since other photoproducts do not
seem to isomerise to the corresponding lactams (for example 1,3-
loxazepines do not rearrange to 1actams36), these latter compounds
are postulated as being primary photoproducts., This type of iso-
merisation obviously occurs through a 1,2-sigmatropic shift of the

& substituent which can be a hydrogen atom (Scheme 5)

[

=

N=2Z
o/

)O
R

R ,+R B
0- M
R

0]

1

SCHEME 5 H

If one of the ¢ substituents is a hydrogen atom it preferentially
undergoes migration, Pyrimidine-N-oxide derivatives seem to be-

have in a different manner; photo-excitation of 4,6-dimethyl- and
4-phenyl-0-methylpyrimidine-N-oxides leads only t¢ 1,6 dihydro-
1,4-dimethyl-6-oxopyrimidine and 1i,6-dihydro<l-methyl-4-phenyl-

2z Some quinoline-N-oxides lead
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37,38,39

directly to the head to head carbostyril [ 242 ledimers

0 0O

Lactam' yields are strongly dependent upon solvent polarity and
are usually higher in the more polar solvents., Therefore mecha-

d40’41 had to be revised in

nisms which were first put forwar
order to accounbt for solvent polarity effects. Starting from the

hypothetical oxaziridines Buchardt proposes-zwitterionic interme-

diates which would be favoured in polar sclvents (Scheme 6)10’42’d3
Ra
S Ra
R R
NG 2 4
~0 a) X R3

SCHEME 6 | H

. . . . . . 1 s .
More recent results, in the field of isoquinoline- 4 and phenazi-

24

ne~-N-oxides seem to be conflicting with the existence of oxazi-
ridine intermediates. Furthermore it was shown Lhat isocarbostyril
vields are pH independent except in rather strong acidic medium of
pH 3; these findings are in contradiction with zwitterionic inter-
mediatesls.

Various primary photoisomers could originate from a common N-oxi-
de excited state, whereby rate constants should be affected to a
variable degree by solvent polarity, depending upon the isomers
formed14.

In too acidic medium quinoline-N-oxides {pH 1,5) and isoguinoli-
ne=N-oxides (pll 3.0) no longer photoisomerise to the correspon-

ding é~lactams ,a result which is obviously due to protonation on

15,44 7

oxygen
Quantum yield measurements and kinetic data favour an excited sin-
glet state as being responsible for the photoisomerisation of iso-
gquinoline-N-oxide toward isocarbostyrills. Ih agreement with these
conclusions, it was found that a lowering of pH increases the

phosphorescence guantum yield and drastically reduces the isomeri-
sation process during the excitation of quinolinc—N—oxide4d-
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TABLE 1 : LACTAM FORMAT1ON
-1 From QUINOLINE-N-OXIDES
?glez Solvent 7 X N o YJ_;](I References
8 |+ |
Unsubstitubed H,0 (551 45
(91 10 46
MeOH 6o-70{ 10
EtOH G0-70 { 40
EtOH abs. 493 10
MeCOQ Me i3 45
Et,0 15 47
30 10 48
R, =Me H,0 R =Me 16 46
H,0 R e 10 46
MeOH o 22 40 41
EtOH _ 17 46
CHHH 0| Elow 42
Et, 0 o ( 42
R,=Ph E£019 6% R3=Ph 8 49
Cellg = 8 26
R,=COO0H MeOH R =Rp=R =H 7% 50
R =Me H,0 R3=Me 90 10 46
R =Lt H,0 R,=Bt Q0 10
Me CO Me 17 10
R3=Ph EtOH RsmPh 98 43
Me CO Me . 20 43
R =B EL O R,=Br 50 10
Me CO Me 57 10
R =Me H,0 R4:=N 80 10 46
MeOH - 70-75 | 4i
Cyllg _ 42 10
Et,0 25 10
R,= ~OMe MeOH R,=-0Me 60-70 | 41
R =Ph ELOH R =Ph 100 43
AcEt o g | 43
CeHy g L 15 43
R4=c1 MeOH R4wC1 75-80 41
Me CO Me| 50-70 | 10
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TABLE 1§

contimed

R =B "n,0 R =D 0 10
4 r 2 {4 £31 5
EGOI 50 i0
R =N, RON R4=UH 7 Sl
=Me =l RH
R‘ Me H,0 RS e : 46
- =P S 4
R =Me 1,0 R g=tie 20 40
EEON (i 10
(Etzo) 30 48
Rﬁwomc McOll R6=GM0 50-55 41
€ o
EGONU 0 10
45 48
. Colle o )
R=Cl. 11,0 Re=Cl 05 )
I (001 . 0 10
R =13 1,0 R =13t oIy 10
€ £ 5}
Me CO Me 20 o
o a0 10
Rl H,0 )
Me €O Mo igw Lo
= Y ==Me (}S K 6
R7 CH3 H,( R, Me: ¢ 1
Et0H 0% (0
R7mC1 Me CO Me R7=Cl 3L Lo
= - &
Rg Me it, 0 Rg=Me 20 46
Me €O Me | ——0 41 Lo
= (M = (M 0
Rg=0Me 1,0 Rg=0Me ) L0
=T =Me - =[] =M 20 I
Ry R4Me Me Ol R1R4Bc 4
be Ol R3=R4=Mc 15 41
traces| 42
) C6H6+H20 o
RZ:Ph,Rdee EtO1 R3=Ph,R4:Me 12 49
Phli 1% 36
Ry=Ph, R s=Me BLOH 96 R3=Ph,R6=Me 9 49
] 6
C)Hé : 30
=Ml - N : = = b
R4 Me, R =0Me 1,0 R4 Me, R =0OMec "5 10
EE0H Qo0 LO
CGH6 30 1o
RBﬁMC,Rdioz RO R3:MC,R4zou 30 51

* Carbostyril dimer (ormation
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TABLE 1 conbtinued
- 2 From T30QUINOLINE-N-OX{DES
5 4 5 4
i N Yield {Rererences
7 <N + Solvent 7 N\R
- %
8 1 8 5 2
Unsubstituted MaO 60-70 41 15
GO unsubstituted 67 14
Me CO Me & 14
R =Me MeOll R, =HMe 35-45 {1 41
ELOH 74 14
Me €O Me | <l1c 1i
RJ'# Bz LEtOH R2=Bz Rz 14
< 10 14
RI-'—‘-PhC“Me E1OH R2==P'nCHMe 44 14
Me CO Me
=M =Me = c
RE Me 1,0 RS Me R2 u 0§ 14
MeOH 65-75 1 41
260K 75 14
Me CU Me 26 14
CHZC]‘Z 21 14
AcOBEt 18 14
Celg 6,2 | 14
CCL 4 4,3 L4
R4’-ﬁBr‘ E{4 01 R4:Br- R1=H Q0 14
Me CO Me | — 33 14
- 3 From FHENANTHRIDINE-N~-OXIDES
. Yield
Solvent| ” References
a ‘ -
Unsubstituted MeOH unsubstituted 20-85 41
R =Me Pe oIl R5=Mc-: 90 41
EGOH 79;.100] 28 30
R()‘-=1’h E{ Ol RS=]"n 03;+100] 28 30
N 21
Cellg 16,7 0
R()’::L".b(,']ll"h ELOI RsﬁlﬁtCH[’h 249
C6H6 20
R g=~CHPh, Cog R g=-ClIPh, 17,2 129
Rg=0-Tolyl ELCH Rg=0-tolyl high 30
CpHG - Low 30
R wbenzhydiyl GEOH Rg=henzhydryl 30
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TABLL B ccontinuad
- 4 From  QUINOXATLINLE-MONG-N .OXIDES

N, Ré
@NIR

- N3
H

Solvent Vield ReFerences
6+ 2 &
Unsubstitutbed 1.0 unsubstituted 20 53
Rj'-:[’h RZL'-H CGH() I{S'-:P’n 40 54
- & From QUINOXALINE-DI-N-OXTDES
o~ o~
j -
NI 1,0 ' N 40 53
~ ~
<L)
N% l:l X
| .
O- H
ibid nel 0.5 H 0 5 55
ES * - N \
- 6 From PYRIEDINE-N-OXIDES
4 4
- PN
6 ":l +2 Solvent 6 'Iq \0 Y;’.('l d Relerences
O- H
R2==Me 131,20 RG=MC 47
RstfRSERG-:H H 27
[{3=I(5=Ré=il; E.l;z() RqﬂRé'#Me H R 27
R, =R =tic R,=R =H
- 7 From PYRAZINE-N-QOXIDES
5EN.jS 37 | 5 Yield
Solvent . ‘Terences
6 2 Solvent 6 o Re
s o™
o~ H
2=RS=MC; 1,0 R3'-=R6=Mej 10 56
=R, e= =H
R,:’ R6 [l‘ ‘ R’;__ __ -
52_»1{ m{,élls; (,6116. R3£R£’;EC6HS’ 3 5
ug—Ré—H 5
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TABLYE I (econtinued)

~ § From  QUINAZOLINE-N-OXIDIS
2
4 - o
\N’o' Solvent N/H Vield | poferences
0 . %
N
Unsubstituted EtOI Unsubstituted RO 57
" n 40
C6H6
-9 Frem NAPHTHIRIDINE-DI-N--QXIDES
Ot
s \NII -~
[\ iy N >

]

~ - Solvent O Yield 4 pererences

N't.o—- l o

Unsubstituted IIZU Unsubstituted 58
- 10 From PURINE~N-OXIDES
O+
\N, 1 2 No' I 2
~ =5 T4
N Solvent O/ i Y3 edd References
| | H &
H H
Adnnine-N-oxide 2-hydroxyadenine 59
Adenosine~l-N-oxide 1,0 isopunanosine 59
6-methyl-purine~1~N Zehydroxy~6-methyl - 59
~oxi.de purine
- -11 From PYRIMIDINE-N-OXIDES
4 4
| - . -t 2 Yield U
6 2 Solvent 6 5l Refercnces
+ 7

i
. R
0 1
=R Mo 5 =R =Me . 22
Rd R(‘ Mes . McOIl RI Rd— Mcr 13 2
1(21‘-1{5"':][ l<2_=~'R5‘-=H
Rd'—fi’h 5 Rﬁ'—':f\l(‘.; atelalt Rd‘f—]’h H RI;‘-MC i G 22
R2=:R5=l[ RZZRS:H‘;
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2-3 1,3-Oxazepines (Table 2}

The structure of 1, 3-oxarzcepines, ohtained for the FCirst time by
50,54, 60, 61
3

Kancko during the UV dirradiatioan of aromatic-N-oxides®

(30549

has been establishoed vnambiguously in 1906 I,3-0Oxazepine—

- photoproducts are obtained from guinoline-, isoquinoline-, pyri-

dine—, quinoxaline-, quinazoline-, phenanthridine-, phenazine-

and acridine-N-oxides.

Starting from the hypothétical oxaziridine intermediates, two dif-

ferent mechanistic pathways have been postulated in the first pla-

ce in order to account for the formation of 1,3-oxazepines (Sche-

me 7)

a) via a 2,3-epoxyquincline which is formed from the correspon-
ding oxaziridine by a [1,5] sigmatropic shift and followed by
a disrotatory wvalence tautomerism43

b) via a zwitteridénic pathway which accounts simultaneously for

the formation of carbostyrils and benzo—l,S—oxazepines49’62

O~
Nﬂ\

SCHEME 7

o-— CARBOSTYRIL

Bolvent polarity being without any appreciable effect upon the
photoisomerisation toward 1,3-oxazepine, pathway b) has been dis-
carded.
The last step, which has been postulated as being a valence tauto-
merism, seems to be well established: 1,3-oxazepines lead easily
to the isomeric 3-hydroxypyridines or -quinolines, the formation
of which is accounted for by an acid or base catalysed, or ther-
mal isomerisation of the corresponding oxaziranesél’63’64’65.
1,3-0xazepines are not very stable compounds and lead easily by
acid or base catalysis to variocus products which ocecur also du-
ring photolysis of the parent N-oxides, They can be kept in apo-
lar and aprotic solvents and are somewhat stabilised by electron
withdrawing substituents sttached g to the nitrogen atomSO 61
We believe 1,3-oxazepines to be primary photoproducts since the
other photoproducts which are isolated during the phoﬁolysis of
aromatic-N-oxides cannot be converted into them. Furthermore flash
photolytic studies of isoguinoline-N-oxidesshow that they lead di-
rectly to 1,3-benzoxazepines 14.

— 1404 —




HETEROCYCLES, Vol 4, No. B, 1976

TABLE 2 1,3-0XAZEPINES
- 1 From QUINOLLNE-N-OXIDES
5 4 5
6 3 6 24
7 2 ! i
8 + Solvent 8 g/ Yield References
o- 9 2 %
R,=CN MeOH R,=CN high 60
MeCOMe 90 49
Ro=Ph MeOH R,=Ph high 60
EtON 78 49
MeCOMe 90 49
Colly 61 36
Rzzp—sr-cén4 BtOH Ry=p~Br-CcH, B3 49
R3=Ph MeCOMe R4=Ph (?) 43
RyCN R3ﬁMe Me COMe R,=CN R g=Me 70 49
R,=CN R =Me MeOH R,=CN R ==Me a5 60
2 4 MeCOMe 2 5 90 49
R,=CN R =HMe MeCOMe R,=CN R =Me 95 49
R,=CN R =0Me MeCOMe R,=CN R =0Me 90 49
R,=CN R4=Cl CeHg R,=Cl Rg=Cl 80 50
R,=Ph R3=Me MeCOMe R,=Ph Ry=Me 90 49
R,=Ph R4=Me MeCOMe R,=Ph Rg=Me 00 49
R,=Ph R =Me EtOH Ry=Ph R =Me 56 49
MeCOMe 90 49
CeHy 56 36
Ry=Ph Rg=Br MeCOMe R,=Ph R¢=Br 65 49
R,=p~-Br-C_ H MaeCOMe R,=p-BrC_ H 80 49
2 R¢=Br 674 2 R6=Br6 4
R2=CN,R4==_M(>, MeCOMe R,=CN; RS':Me; 65 49
R6=0Me R6'—'=0Me
Rz-Rsz (-CHZ-)4 RZ*Rﬂm(-CHZ~)4 ?gstﬁgm
R4=H,Cl,Me,Ph, CeHg Ro=H,Cl,Me, Ph, presence 66
COZMe COzMe of mois-i
ture
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TABLE 2

continued

-2 From TSOQUINOLINE~N-0XLDES
4 5 4
| 3 — Yield
-~ :‘: solvent / el Relerences
- 4 o
1 0 02
R,~CN Cligel, By G 20-40 50
MoeCOMe (7 67
R l-:Ph Me COMe RZ:Ph 50 67
=CN R3-—-=Nc Cellg Ry ==CN R4=Mc 30-40 Gl
MeCOMe ? 67
R =Ph R =Me Me COMe Rzzph R4=Me 54 67
R =CN R =Br Me COMe Ry =CN R5=i}r' 68
— 3 From PYRIDLNGE-N-QXIDES
4
573 4
M 6
llq"' Solwvent 7 Tield Refercnces
O- 2 '
R,=CN Cl1,C1, R,=CN 20 69
R,=CH, R4ere T, 1, ltszN,R5=Mo Lo 69
R.,=R =Ph MeOol R,=R_=Ph 3
24 McCOMe 275 8
=R _=DPh 2L OH R,=R =Ph 71-83% 64
R MeCOMe 24 70-823 64
Cellg 55-87# [ 04
- - > . _ =Q
R, ]) Me Ch][d,, (,6116 RZ, - ?Lh CG”4 78 64
=Ph R =Ph
3 4 8 0
=p=Cl-CH (¢ =p=C1-C, 1 ; 37 Y4
2 R =pll 676 ty R, =Ph 67
R. —p-—fh o | I C.H R —]}—Bn -C n 8z 64
wphy 004 66 2 —Ph 6
"Rs‘—i{ =0 1 4 40 6
Rz 3‘ 4“‘ 6 5 Cé} 6 R2:R4r:R5=C6[[5 =0 4
R,=R _=Ph,R == 1 R, =R =Ph,R 76 64
2 ] C 2 3
42nrcgng 6 satpregh;
Rz---R3L=R4==R6:1'n Celg 1{2;114--1<5~vk =phet 10 64
1{2-—1{5—1{6_1{7—% 04
unstable

* AL various

wavelengths.
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TABLE 2 continued
4 From QUINOXALINE-N~OXIDES
N3 4
- . N
N +2 Solvent I Y.' eld Reflcrencos
-, a
| 2 /
Q-
R2==Pi1 Cally Rzzph(uustab]_e} 70 54 70
MceCoMo 62
=P . =P} stable
Ry=Ph Cele Ry=Ph(unstable) 45 70
Me COMe 62
R21=R3:Ph ('6”(} [{2=R4*Ph 60-70 54 )
MeCOMe 62 71
R2==l{3=p-Br-(,6[-i4 Mo COMe R2=R4'~=])—Br—-cél[4_ 70 62
5 From QUINAZOLINE-N-0OXIDES
4+ o 0-&
-~ \ Yieled .
| Solvent References
o
F2 N=h ’
Rz'—"Pn ('()H() Rszh 83 72
=1 o= PR
R =I'h C()H() R4 Ph hiigh 57
R, =Me R4==Ph CG” 6 R2=Me, R4’—‘=Ph 46 57
Rz'—ch R4'—”-(,1. (,6116 l(2=Me,l{4:L1 83 72
6 Fron  PHENANTIHRLDLNE~N~0XLDES
Q Solvent Yicld Referencoes
+ %
R \o—
R=Ph C()HG R=Ph 3 20
R=1i C6”6 R=H{unstable) 30
R=o~tolyl C(]El() R=o-tolyl 30
EtOH R==0-tolyl 30
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TABLE 2

conbinucd

From

BENZOPIENAZINE-N-QOXIDES

Solveny Vield Referencos
o
b s
Celig unstable 73
EtOH N O 75-85 74
<@
N
ELOH idem 30 74
— 8 From ACRIDINE-N-QXIDES
1 9 8
2 Sy 7
3 - ()
4 |75 N
O-
R9=CN H !{9=CN Z2=-3 78
MeQH 75
=R_= = - “R,,= =Ci v
RZ_R'] CH"}’R'{) CN M:JOH RZ R,] CH3’R9 CN 1 75
C.H 3-5 75
66
0D
98¢
-
N+ EtOH 80 74
I
n—
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2wd

1,2-0xazepines are unstable oxa-analogs of theé known {1-11}-1,2-

1,2-0xazepines (Table 3)

diazepines which can easily be obtained through UV irradialion of

76,77,78.

The N-0 beond c¢nergy comparcs un-

79

f-iminopyridinium ylides

favorably with the encrgy of the N-N bond and accounts for the
fact that 1,2-oxazcpines could be isolated in only one instance,
although they are usually postulated as intermediates in the pho-
teinduced rearrangement of six membered aromatic N-oxides (lea-
Only 10-cyano-and 10-chloro-

ding to acylpyrrole derivatives),

acridine-N-oxides were reported to lead to the corresponding di-

benzo-1,2-oxazepines (Scheme 8)25’8

X
e — m;:sr'

SCHEME 8

[0-Methylacridine-N-oxide leads to a similar 1,2-oxazepine but this
latter one cannot be isolated and undergoes a second photeinduced
electrocyclisation to the iscmeric benzisoxazoline [(Scheme 8),

Tt is reasonable to assume that 1,2-oxazepines occur as interme-
diates each time an aromatic N-oxide photochemically leads to a
Z-acylpyrrole derivative. Recent photochemical studies perfor-
med with pyridine-N-oxides in the presence of copper IIL salts

suggest that 2-acylpyrroles originate from 1,2Z-oxazepines rather

than from 1,3-oxazepines 7.
TABLE 3 1,2-0XAZEPINES FROM ACRIDINE-N-0OXTDES
R
N
- n
+ Solvent Yield References
(') %
R = CN Céﬂé R = CHN 59 18
R = Cl LG”O R = CL 50 18

— 1409 —
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3 SECONDARY PHOTOPRODULTS

We shall discuss in Lhis chapter the formation of reaction products
which are usually obtained in two «different ways:

~ by direct irradiation of aromatic N~oxides (routc A)

- by rearrangement of a primary photoproduct (routc B)

One further point should be stressed: only 1,2- and [,3-oxazepines
lead to rearrangement products; lactams are usually stable pro-

ducts,

3-1 B-Hydroxypyridines and analogs (Table 4)

3-Hydroxy derivatives have been found in two series only: with py-
ridine- and with guinoline~N~oxides, It is reasonable to assume
that 3-hydroxypyridines originate from the corresponding 2,3-epo-
xypyridines which are also in tautomeric equilibrium with I, 3-oxa-
zepines (Scheme ¢). Several g-hydroxypyridines are obtained via

( o (N)O (/NT OH

N7

' _OH
T To —(C0OY
N N

I

0

SCHEME 9
50

route A but only one example is known with quinoline-N-oxides” .
This is due to the greater stability of benzo-1,3-oxazepines as
compared to 1,3-oxazepines: the driving force which pushes 2,3-
epoxyquineline {non-aromatic ) toward 1,3-benzoaxepine {in part

81,82 than the one which leads from

aromatic) is obviously greater
2, 3~epoxypyridine to 1, 3-oxazepine, 1,3-Benzoxazcpines and 1,3-oxa-
zepines both isomerise via route B to the corresponding p-hydroxy

derivatives.,

3-2 1-Acyl-2-hydroxy-2,3-dihydropyrreles (Table §)

l=Acyl-2-hydroxy-2,3~dihydropyrrole derivatives have been isola-
ted with pyridine- and quinoline-N-oxides. These hemiaminals may
equilibrate with the isomeric open chain aminoaldehydes. Their for-
mation is best explained by assuming hydrolytic ring opening of the
1,3~oxazepines to the amine aldehydes followed by {(reversible)

ring closure {(Scheme 10)36’84.

Dehydration of the hemiaminals cccurs easily to the corresponding

N-acylpyrroles.

— 1410 —
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TABLE 4

S-HYDROXYPYRIDINES AND ANALOGS

From PYRIDINE-N-OXIDES

4
5723 Solvent and 4 3 Yield
6 } 2o resction 5@10H y References
+ concditions 6 N' 2
R,=Me Et,0O R,=Me 2,5 27 31
2 2 ad 2
Route A |*° R6=Me 2,5
R2=R4=Me EtZO nd R2=R4==Me 3,3 27
Route 4 |2 RéwkﬁﬁMe 4]
R,p=Re=Me Et,0 R2-=R6==CI13 8 27 31
L6H6 16 27
Route A
R2=R4'~=R6==Me EtZO R2==R4=R6=—-Me 21 27
Route A
R2=R4=R6'—"Ph_ MeOH R2=R4‘—"R62Ph a8 13
Me CO Me 10 13
Route A
R =R, =R,=Me ET,0 R, =R =R ~Me 16 27
27306 Rowte A | 2 5 9
-2 From 1,3-0XAZPINES
07
5 S5clvent and 4 3
1 reaction 5 [ ~ OH Tield References
4 2 conditions G N’ %
3
R2=Ph N-HCI, R2=Ph 11 83
. o -
CgHg3 160° IRI=Ph ico 65
Route B
R,=R =R =R, =Ph | By column |R,=R,=R_=R =Ph high 64
2450 chromat o~ 2 as e
graphy
~ 3 From QUINOLINE-N~-OXIDES
4
g@ Solvent and 3 OH
l+ reaction 2 Yield References
O- conditions %
R2=CN;R4'~=OMe C6H6 or |R,=CN;
C,cly R =0Me 80 50 63
Route A

— 1411 —




TABLE 4

continued

4 From 1,3-BENZOXAZEPINES
S Solvent and 4
) \ : 3-OH Yield | References
’ reaction ~ > >

N conditions . 2 Z

R2=CN CFSCOOH, 20° R2=CN 8 63 84
cH,CcoCcl  20° RszN 60 63
Rgute B

R2$CN, R4=Me CF3 COOH, 20° R2=CN,R4=Me 8¢ Hl 63 R4
Br, CHZ(le 56 61 63 84
cr1300c1,20° 78 67
Route B
BCl3 C6H6 R4=CN,R2=
Route B CONH,, 68 67

RZ&CN,R4=C1 CH3COC1, 20° R2=CN, R4:Cl 25 63 84

— 1412 —
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TABLE 5 1-ACYL-2-NYDROXY-2, 3-DINYDROPYRROLES
- 1 From QUINOLINE-N-OXIDLS
5 4 5 4 3
63 Solvent and 6@50'1
7 +2 reaction 7 Yield References
8 (l)_ conditions R,é\\o %
Unsubstituted Et,0 Unsubstituted 50 47 48
Me CO Me . 41 47

Cylg 17 85
Route A

R,=Me H,0 R=Me 86
Celg 66 84 86
Route A

R2=Ph C6H6 R==Ph 10 36
Route A

R4=Me CGHG R3=Me 4 10
Et,0 . 25 10

R4’~=Ph cyclo-
Céle R3==Ph 15 43

R,=C1 Me €O Me R3=C1 0-20 10
Route A

Rp=Me Et,0 R5=Me 33 10 48

R (=0Me Collg R =0Me i1 10 48

R=Br Me CO Me RS':BI*' 33 10

Re= Me CO Me R5= 45 10
Route A R5='=F 45 10

R7=C1 Me CO Me R6=Cl 50 10
Route A

RS&Me Me CO Me R,fxle 23 10
Route A

R2== 4=Me C()Hé’ HZO R=R3=Me 49 42
C6H5 - i4 36

szPh,R4=Me EtOH 96% R=Ph R3=Me 14 49
Route A

R2=Me, R6==0Me EtZO R'—=Me,R5m0Me 34 42

— 1415 —
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TABLE §

continued

- 2 From 2, 3~TETRAMETNYLENEQUUNOLINE-N-OXLPLS
] X
OH
~ Solvent and
- . Yield
N5- reaction e References
0'_ conditions o/ %
X==H Coly X=1 70 66
X=Me 06] I 6 X=Me 50 66
X=Ph C()”() X=Ph 60 66
Xe=CL Collg XL 45 66
‘X=C02Me c()H@ X‘—‘-COZMe 60 66
Route A
—~ 3 | From 1,3-BENZOXAZEPINES
S—
)—0H
Seolvent and N
= . ] Yield :
N reaction C References
conditions R~ =0 %
R,=CN dil.H,S0, [ R=CN ? 84
R4=Ph ELOH,H,0 R=Ph 65 36 49
Route B
R2=Ph; R5=Me EtO}[,}IzO R==Ph;R3=Me 50-60 36 49
Route b
By column OH
o chromato- 70 70
graphy
0/
—~ 4 | From PYRIDINE-N-QXIDES
4 4.3
5 PN 3 5[’ S OH
6 N’ 2 Solvent and N 2
+ . i Yield \
1 reaction CHO References
0 %
conditions
R.,=Me HZO RSﬂMe 10 19

— 1414 —
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Ry Ry A

= R '

N N-H N “OH
Ry

SCHEME 10

3-3 N-Acylpyrrole derivatives (Table §)

N-Acylpyrrole derivatives, which were isolated for the First
time in 1965 during the photolysis of quinal(li,ile—N—oxi.de4(), are
also reported to form during UV irradiation of quinoline-, pyri-
dine~, guinazoline-, quinoxaline-, phenanthridine—, phenazine-
and acridine-N-oxidés., Although it was shown that 1,3-oxazepines
rearrvrange into N-acylpyrreoles, a great many moechanisms can he
proposed to account for their formation.

Let us quote Chem briefly:

a) Thermally induced as well as acid catalysed dehydration of
N-acyl-2,3-dihydro-2-hydroxypyrroles 42,10, 06,87 The overall
transformation of quinoline-N-oxides inlo N-acylindoles, as
proposed by Buchardt8€ is depicted in Scheme [1.Quinoline-—N-

oxides, being frequently hydrated species, even irradiation in

2L e (-

i
o= 2

+ HZO mOH -Hy0 N
N N

I

2
SCHEME 11

absolute ethanol leads to formation of dihydrohydroxyindo-—

85

les ~.

b} The non-aromatic pyrazolenines isomerise easily to the corres-
ponding pyrazoles by means of [I,Slsigmatropies by analogy
with pyrazolenine588 and §5,5-disubstituted cyclopentadienes;
in these latter series it was shown that a formyl group under-
goes [I,S]sigmatropic shift 100 times faster than hydrogen °.
Applied to the quinoline-N-oxide %gries such a mechanism would

be as shown in Scheme 12,
— 1415 —



SCHEME 12 0 0¢}:~.R

¢) Valence tautomerism of |,3-oxazepines Followed by a complex ring
contracLion to aziridine and two consecutive [1,3]sigmatropic

snlftb (Scneme 13). Such a mechanism would seem unlikely

mﬁ

Ph

el T — —t——
Ph g} “Ph

HO CHO

SCHEME 13

with quinoline-N-oxides and polycyclic aromatic N-oxides.
d) Taylor and Spence proposed a radical type mechanism in the phe-
nanthridine-N-oxide series, assuming the oxaziridine as the

primary photoproduct {Scheme 14)2

0 e

S
J

SCHEME 14 — 1416 —
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TABLE & NoACYLPYRROULESPYRAZOLES and —-IMIDAZOLLS
~ 1 [ From QUINOLINE-N~OXIDES
4 3
3 No
Solvent and N
.|..2 reaction } Yield References
| s e C o '
o- conditions R, Q() %
Unsubstituted Me(OH Unsubstituted 2.5 41
: Me CO Me R=H 3 87
Et20 - 2-5 835
abs, BELOI - 1 g5
CeHg - 16 85
Route A
R2=Me CH30H R=Me 10 40 41
CGH() - low 86
Route A
R2=R4¢Me C6l16 ) HZO R=R3=Me Low 42
Route A
MedIl
EtOH OQ 10 66
Route A
04
— 2| From N-ACYL-~INDOLINOLS
3 3
2 OH Solvent and \ 2
. Yield
reaction ‘ References
s %
conditions
L0 A=0
R R
Re=Me Py0c, 165° | ReMe . 100 42
0.4 N HCL; n 5 42 86
80°Route B
Unsubstituted anhydrous HClL unsubsti-—
reflux in tuted 7 87
CHC1
Route B
X X
OH
Heating or N
in acid N 85-95 66
medium 20°
Route B p,}
X=HYCl;Me;Ph; X=HYCl;Me;Ph;
Co,Me CO,Me

== 1417 —




TABLE ¢ continued
~ 3 ]From PYRIDINE-N-OXIDES
4 4,3
P 3 Selvent and
38 et 5, Yo Yield -
6 ” 2 reaction N References
rﬂ+ conditions é %
O"'" R/ *0
Unsubstituted MeOH Unsubstituted Low 101
EtOH R = H Low 101
Route A
RZ*CONHZ H20 Ra=H3 R2=C0NH2 22 a1
Route A
- 4 {From 1,3-0XAZEPINES
4.3
Solvent and 5‘[ gsZ
. Yield .
\ reaction N References
conditions R/CQO %
R2==Ph HCL 20°] R=Ph and 48 83
a _—
C(JHG’ 450 R2—Ph 14 9G
Route B
IR =R =R = ZN HC1l 20°| R=R,=R_= 8
Ry™R =R =R, 2=Ry=R, 5 95
= Ph Route B = Ph
- 5 | From QUINAZOLINE-N-QXIDES
Ph Ph
e\
~ C.1
60 )
Iy
@;’F\Me Route A \ 30 72
]
o~ COMe
- 6 |From 2-0%XA{1,4)-BENZODIAZEPINES
NHMe Ph
N=
i ¢
ONHMe

— 1418 —
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TABLE 6 continued
= 7| From PHENANTHRIDINE~N-OXIDES
-
<) S/
: Cellg 1 29 30
Route A 0
)
P N+ ‘(':
0~ Ph
— & } From PHENAZINE-N-OXIDES
N
O e Solvent and N \
~ l + reaction A Yield References
O- conditions O %
- MeOH ; N, 3 73
- CeHes N, 38 73
- MeCGH; 02 12 73
- C6H63 02 42 73
- CH,, CN 51 24
Route A
LS
N N
N ELOH = 25
= P
T IO 0 7
%
O~ N\ 20
N° N
[ P
O

— 1419 -




3-4 3-Acylpyrroles. (Table 7)

3-Acylpyrroles ave formed during ihe photolysis of quinoline-, py-
ridine~, pyrimidine-, phenazinc~, and acridine-N-oxides and are
usually thought as being formed Trom 1,3-oxazepines. In
ouropinion J3-acylpyrroles can be formed according to mechanistic
Scheme 15 which accounts for example Tor the Formation of 2-me-
thyl-3~-formylpyrrole during the photelysis of 3-methylpyridine~

N—oxidelg. Unfortunately such a straightforward mechanism cannot

5 e _ \ \ QHO
QH 18] gjc“o [13] @(

CHO
SCHEME 15

o2
[+

explain the formation of all 3~acylpyrrolosz7; thercfore other
mechanistic pathways await to be proposed, for example the one
depicled in Zcheme [6 which would proceed via an N-acylpyrrole
and a well documented double [I,3]sigmatropic shiit induced ther-

mally or by U;V.light90’92’93’94. 9

I\ hi or (\)é
R N+ R ;

O* RzCao

C“*R

:—:«;}T_f I—z/j

SCHEME 16

3-5 2-Acylpyrroles (Table 8}

Although 2-acylpyrroles have never been obtained according te
type B reaction pathway we believe Lhat they ocewr from 1,2Z-oxa-
zepines., The following N-oxides lead to Z-acylpyrrole derivati-
ves: pyridine-, pyrazine-, pyridazine~, pyrimidine- and acridine-
N-oxides. Several mechanisms have been proposed in order to ac-
count for the formation of 2-acylpyrroles:

a) It has been postulated a simultaneous homolytic cleavage of
two bonds in the oxaziridine intermediate which leads to an
open chain nitrene, Intramclecular cyclisation of the latter
one gives a pyrrolenine and eventually, by mcans of a [1,5]

-— 1420 —
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TABLE 7

3~ACYL PYRROLYES

From QUINOLINE-N-OXIDES via Route A

3

R
m Solvent and C'
’ e
N reaction Yicld References
O'_, conditions z
H
Unsubstituted ELOH R=H 2.4 &5
0
N ROH 60 66
” C6H6 70 66
'i\'+ CH,CL, 80 70
0" i Pl
H
Q
™ - H
P C6 6 10 66
N
0= h
_ H
- 2 | From 1,3-BENZOXAZEPINES via Route B
Solvent and C"'R
‘jo reaction @Nj/ field References
N conditions ) %
H
R,=C_.H abs., EtQH . R,=C_ H_.;R=H 60 43
27675 reflux 276
= 1 =C H
R4 C61{5 Etmzozo% R el 30 43
abs. EtOH R =C6H5 100 43
reflux
= 3 =Me 1 5. Y ¥ =
R2 Cf)HS’R4 Me abs -ELOH RZ C6HS 67 43
ref lux R = Me

— 1421 -




TABLE 7 continued

— 3 | From PYRIDINE-N-OXIDES wvia Route A

~
@ Solvent and C-R
N+ . \ Yicld .
6 reaction N Refcrences
- conditions |!'l %
R3=Me uzo =Me [ 19
R,=R =Me Et.,0 R=EzmMe 7 27
|¢=R5=Mc 4 27
o= a . ol = FES Mo | 2
RL’. 3 R() Me bt 2(1 RZ 1{3 RS Mo Q0 7

— 4 | From 1,3-0XAZEFINES via Route B

’ = Solvent and 8"R
0 reaction l/ \; Ticld References

ﬁ of
N conditiong ) »
H
R2==C6I'15 C6}16, heat |[R=H RZ'—TC()H5 5 Q0
+
= = i 0
R=H RS C()Il5 f _ 9
szRdﬂRS:R7m neat, 240° RwRZ:RdtRS a6 a5
Céll5 AN HCL, LELO '—"—C()HS 21 a5
2N NaOll,Et0l R4 95
— 5| From PYRIMIDENE-N-CXIDES via Route A
MeQ CO,Me .
\E\}N Solvent:
- . \ 34 g6
l}!ﬁ'- Colls N
0~ H

— 6] From ANNULATED 1,3, 6-0XADLAZEPINES via Route B

sSolvent Yield Refarcenee

CIFcoan N6 74
3 @
hrl ——

— 1422 -
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TABLE 7

continuced

From ACRIDINE=-N~OXIDES via Route A

1 9 8 1 R4
2 = 7 2
3 N’ 6 Solvent @w 8|vicld Refercnces
4 |75 a ) 7 | *
o~ H ©
Unsubstituted CI{ZCI,, unsubstituted 70-80 97
!{2=R7==Me MeOH Rz‘:R?ﬂMe 2 98
CéH5 13 98
- 8| From ANNULATED 3-0XA~-1,5~-DIAZEPINES
N___. MeOH
@ Heating \ low 73
Route B vield
o
LI, oo
CF3COOI{ 74
@N‘* Route B y al
| N — @ 5
N
P N\e=
~ Q1 From ACRIDINE-N-OXIDES
CN
r RSolvent and
@ \ rcaction \ Yield References
:_ conditions %
I =
o~ 0%
R==H MeOH R=H Tow 75
C6H6 - 10 75
Route A
=Me MeOH R=Me 2 34 75
Celg - 5 34 75
Route A
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TABLE 7 continued

— 10 From ANNULATED 1,2-0XAZEP.INES

X
Column
O ~ O chromato-
N graphy
U
X=Cl;CN Route B

N
A\

N

0% ~F
X=Cl; CN

73

— 1424 —-
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sigmatropic hydrogen shift, the 2-acylpyrrole (Scheme 17)22’43

N CHo
SCHEME 17 H

b} lomolytic nitrogen-oxygen bond cleavage outcurs at the 1,2-0xa-

C—“XH _”"Q\CHO

zepine stage leading then to the same type of nitrene which we
have encountered above, We favour this latter mechanism since
similar results Have been found with anthranils which open up
thermally leading to [3—H]—azepines via an ortho benzoylnitre-

ne {(Scheme 18)99’100.

0,
Ry NEt,

SCHEME 18

c) As a second alternative, Z-acylpyrroles could also be Formed

starting with N-acyl pyrroles since these compounds rearrange
photochemically as well as thermally to a mixture of 2- and

C .
3~acylpyrroles 90,94 (Scheme 19}, We do¢ nol favour mechanism ¢)

CHO CHO
450°
Ph’(/? — H‘QCHO+PhQ *th

[ I |
CHO

H H o H
~
ry o o HVCHB-I- [§ s
) vy
(:Fk;§C) H H

SCHEME 19
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TABLE 8§  2~ACYL~PYRROLES

— 1| From QUINOLLINE-N-OXEDES
4
@3 Solvent @10 Yield Refercnces
| 2 NCHO | 4
T + I
O- H
R4-——-C6l15 (‘6”12 Rsﬂcéﬂs 45 43
— 2| From PYRIDINE-N~CGXIDES
@ Solvent and
N’_'_ reaction HO Yield References
i . %
— conditions ﬁ
0
unsubstituted HZO R=H 2 19
i ROH R=H 101
v E‘.tZO R=H 10 47
R2=Me H,0 R=Me <1 9
- Re=H; RSmMe £1 19
}_22=Me EtZO R-=H;RS=Me 3} 27 47
R,=0Me H,0 Re=H; R =0Me 3 19
RZZC()HS H20 R'—-(,6I~15 1 19
Me CO Me R=H,'R5:(36HS 25 1
R3=Me HZO R=H; R4'-ﬁMe 3 19
R3-—'-CN }120 RmH;R4=CN <1 10
R3=C1 1120 R::H;R4:Cl <1 19
-R4==Me HZO R=H; R3==Me 1,5 19
Et,0 - Y- 3 27
R =0Me H,0 Re=li; R j=0Me 12 19
R4:=0CI-12C6H‘; HZO R=H;R3=OCI-12C6[I5 4.5 19
R4==(,61I5 1120 R=]—1;,R'3--—~-C6HS 6 19
Rch 11,0 R——:-[I;RB'J(TN 4 L9
1{42Cl “20 R:H;RS-:(,I 1.5 19
R2==R4'-=Me F:,tz() Re=H 3 R3==R3=Me 21 27
R2=R62Mo C6H6 R=H R5=Me 5 27
E'bZO - - Q 27
R,=R =CN (:1-12012 R=H;R5=CN 40 60
R,= —"R6'~':Me Et.20 Rz:R4‘—-R5=Me 10 27
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TABLE 8

continucd

R,™R, =R c=Me Et,0 ReR 2= o= Me 15 27
R5=R =R, =C [l MeOH R=R =R _=C H_ 37 13
2 6 "6 6
4 S Ve co Me W35 e 56 13
R,=R, =CN:R Me CH,CL1,+ Re=OMe ;R =Me;Ri= 20 69
2776 | 272 _ 3 ey’ 8
MeOH reflux l
— 3 From PYRAZTNE-N-OXIDES
N
53 N L
6\, J2 Solvent ’).{: Yield | Refercnces
N3 \ R %
o H
Rz—“RS'—'-Me C()Hé R -—-R4=Me 5 56
RZ RS-—(,()HS C()Hf) R$R4=—C6H5 15 56
- 4 From PYRIDAZINE-N-CXIDES
4 7
g@a Solvent (l—T(C——R Y;e.’l.d References
g+ ”J\l
- |
H
R3=C15R6'—‘-MC MeOn R‘:ME:;RS:Cl <1 102
R3‘—=OMG:;R6=Me MeOH R:MC;RS‘MZOM(-’: <1 102
R3=R6=C6”5 Me CO Me R'-=R5'—“FC6H5 50 16 103
- §5 From PYRIMIDINE-N-OXIDES
]
4 04
N
5N 5]y
GI ’)2 Solvent /C '}I)z Yield References
+ R %
o- H
R,=Mc Cyllg Re=H;R,=Me 5 21
R2=0Me CH3CN R=H; R2=OMe 9 96
R 4=R gMe McOH Re=Me; Ry=Me 28 22
R4=C6HS;R6'~=MG MeOH R2M35R4=C6H5 17 22
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TABLE 8 continued

— 6} From ACRIDINE-N-OXLDES

1 9 8 1 9.8
-, 3 Yield eferences
34 N+56801vent a \ 1’56 2 Referenc
O- H O
-R2=‘=R7=Me MeOH R2=R8=Me ! a8
CeHlg - 40 98
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in view of the fact that UV irradiation of 4-substituted pyridine-
N-oxides teads Lo 2-formyl-pyrroles and not at all to 3~»F61-my1»-
19,

pyrroles

3-6  Non carbonylated Pyrrole derivatives {Table Q)

Pyrrole derivatives, whose formation is observoed during the photo-
lysis of gquinoline-, pyridine-, pyrazine- and cinnoline-N-oxides,
may occur from t,3~oxazepines via N-acylpyrroles or from 1,2-oxa~
zepines via pyrrolenines and N-acylpyrroles, Thesoe latter com-
pounds are konown Lo hydrolyse casily with acid or base to the
corresponding |).\,»‘1'1'()it\51“4. Simultancous formation of Z-ecyano-
J-melhylindole and J-methylindole during the phaotalysis of 2-
cyano—4-methylguinoline~-N~oxide dis best explained by the mecha-

nistic pathways as depicted in Scheme 20 60 .

\A\

CH% ho
N™MCN CHLOH

CN OH

o

N

&

- O
o
W

o

N--CN
N

O

L CHO
CHj

N—CN

N |
i SCHEME 20 i

2-(yaito- and 3J-¢yanopyridine—N-oxide both lead photochemically in

Hx

water solution to 2-cyanepvrrole, a result which is best accounted
for by assuming 1,2-oxazepine and [, 3-oxazepine respectively as

. L9 .
intermediates )(b(:neme 21},
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SCHEME 21 |

3-7 Openchain photeoproducts

Openchain photoproducts are very likely to accur via 1,3~ and 1,2~
oxazepines.

1
3-7-1 TFrom ﬂuinolinc—N—oxidcs

We have already seen the thermal equilibriun belween cyelic hemi-
aminals and the corresponding keto-amides. In some rare cases
N-acylindoles are also oxidized in the prescuce of air, for exam-
ple to ortho-amidophenones (Scheme 22) when substibuted quinoline-

N-oxides are irradiated10’42

X o)
S (o] Y
Ny, = 3
Hy0 NH
x’l\\o BN
1 X{ S0

SCHEME 22

-3-7-2 From lsoquinolinc—N-oxides

Benmffjul,s—oxazepiucs, which are being formed during photolysis
of isogquinolinc-N-oxides, are hydrolysed to the corresponding con-

67,68,105

jugated amido phenols ($cheme 23) which cannot reeyclise
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TABLE 9 NON CARBONYLATED PYRROLUS

= 1 From QUINOLINE-N-OXIDES via Roubte A

5 4 4
PO L
- -
7 +2 Solvent 6 N 2 Y;Md References
8 7 i
- H
Unsubstituted | ELOH Unsubstituted 1-6 85
- Eg;zo - 20-40 85
- Cellg - 5 85
R =Me MeOl R y=Me 5 41 42
- - Etz() - <1 10
- C6H6 - . 10 10
R2|R4==Me MeOH R3=Me 6 41
Cllg " 29 42

~ 2] From 1,3-BENZOXAZEPINES via Route B

4
Solvent and 5 '3
reaction 2 Yield | References
conditions 7 "l'l1 %
R,=C_H MeOH R,=C_ H 12 84
27675 reflux 27675
R,,=CN;R _=C I MeOH, H,0 R,=C.H 50 60
2 P56 r(:f],uxz 3 7675
n L dzl. }12504 1 80 63
MeOH; hv - 100 60
-~ 3| From PYRTDINE-N-OXIDES via Route A
4 4 3
> [ 8 é \}2 ield
GNP 2 Solvent 5 N Y;é.e, References
N7 |
b H
0O
R2=CN HZO R2=CN 3 19
R3--CN HZO Rz=CN 1 16
=0 H,O R.,=C1 10 i
R3 Cl 2,( 3 9
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TABLE ¢

continued

From 1,3-0XAZEPINES via Route B

- 4
. Ph Ph Ph
== ZN HCL
’ o) i Yield
AN ECOH ph N Ph (8% 95
Ph H
= 5] From PYRAZINE~N-QXIDES wia Route A
5EN 3 ‘} N
6 +2 Solvent 5 ‘2 Yield References
} I %
0- H
R,=R=Me CeHg Ry=R=Me 15 56
R2=R5==(.6H5 Celg Ry=R =Ctl o 29 56
-~ 6| From CINNOLINE-N-OXIDES wvia Route A
4
=3 ‘3 Yield
Nﬁ‘l"‘ Solvent N’N ) References
o | #
H
R4=<Me MeOH RS;Me 25 105
- Cellg R3=Me 25 105
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Xo
= O3
NH
o0& onNH_x
M 'S

SCHEME 23

3-7-3 From Phenanthridine-N-oxides.

Photoproducts which are isolated during phenanthridine-N-oxide

photochemistry are analogous to the ones described with isoqui-

noline-N-—oxideszg’30(Scheme 247

O Q | OH
IR NHCOR
(o™ | ®

SCHEME 24

3-7-4 From guinoxaline-N-oxides,

UV excitation of 3-phenylquinoxaline-N-oxide leads to N-formyl-
N'!-benzoyl-o-phenylene diamine, a compound which is also obtained

via hydrolysis of the corresponding benzoxadiazepine60(Scheme 257,

NHCOPh

NeP"
@NJO ©: NHCHO

SCHEME 25

Here once more an open-—chain and conjugated diamide is being ob-
tained, probably via a 1,3,6-oxadiazepine which cannot be isclated

50(5cheme 26) .

CH N, CH Ny CHgy NHCHO
- CHs NHCHO
SCHEME 26
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UNiirradiation of pyrimidine~N-oxides leads toe open—chain conjuga-
ted nitriles, the cyano and amide functions being aseally in oa eis

. . 21,960,107 . R .
configuration . 1,2,6-0Oxadiazepines ave belicved Lo be
the mechanistic intermediates which then open up by base cataly-

sis {Schenc 27},

TN Z N — P
3 — |0} — e
N, N-O g

Two classesof epen~chain compounds have been described during pyri-

dine~N-oxide photochemistry:

- pyridine-N-oxide itself, when excited in the presence of N,N'-
dimethyltryptamine leads to a 1—cyalxo—d;anlinohutadienc whose
formatien is hest explained by assuming formation of the inter-

mediate aldehyde {Scheme 28)10 .
- =
N N-O CN CHO
O—

-+

dimethyltryptamine N
N AN CH._
SCH),

L CHy

SCHEME 28 CHy ~CN

- WY irradiation of pentachloropyridine-N-oxide leads o an open-
chain isocyanate whose formation is best accounted for by assu-

ming the intermediate occurence of a six-membered lactam as

shown in Scheme 2¢'09,

Cl Ci Ci
Cl Cl
Cl ? Cl \/ ol Cl i X Cl
Ci ':|+ Cl Cl N0 Cl” NCO
0-
SCHEME 29

3-7-8 From Phenazine-Neoxides

Irradiation of phenazine-N-oxide leads by an unknown mechanism to
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the virious seomelric isomoers of 2.4 '-cyanobnbadicnylhenzavarote

{Scheme 30} 73 CN
N o)
~ he -
5 O
& N

SCHEME 30-0“' + sterecisomers

3-8 Photoisomers of various structural types,

3-8=1 From isoquinolinc-N-oxides,

1,3~Benzoaxepines, obtained by UV irradiation of isoquinocline-p-
oxides, may undergo photoinduced electrocyclisation to the corres-

51'(')(), a photoreaction

110

Xn

b

ponding azacyclobutene isomers (Scheme 31)52

type which is well known in the cycloheptatrience scries These

X
2
/NQ‘O_ 0_1\ O
SCHEME 31

- .
azacyclobubenes are easily hydrolysed, even by simplce chromatogra-

> Z P

1

phy over silicic acid, and lead after elimination of ammonia to
benzofuranssz.

3-8-2 From acridine-N-oxides.

A similar photo-electrocyclisation has been described in the acri-
dine-N-oxide series (Scheme 32) whereby a cyclobutene is obtained

75,80,98 via armolal,ed oxepine which is a stable (ompound..
CN
R
s i, he -~
oA -
I N 0
O-
SCHEME 32

3-8-3 From Phenazine-N-oxides.

Dy analogy , phenazine-N-oxide lecads to the isomeric oxepine and

cyclobutene derivative (Scheme 33); this latter compound reverts
back to the oxepine by thermal activation, a rcacltion pathway which

cannot be a concerted one, according to the Woodward-Hoffmann ru-~

es2ds73.

O = O 2= ALy
NG SNNd Ta N“~0

O-.
SCHEME 33 s




The photochemistry of arcmatic bis-N-oxides has not reccived much
attention yet. Still quinoxaline~bis-N-oxides lead to an interes-
ting photoinduced ring contraction and give the corresponding ben-
zimidazolones, For example 2Z-boenzoyl-3-phenylquinoxaline-bis-N~
oxide leads to the symmetrical 1,3-dibenzoylbenzimidazolonc, pro-

bably via a lactam. ({(Scheme 4)“1’112

o- O- CGH ,/.0

| [
h‘+ C%¥45 hl+ H N
YL = Q-0
N% COC.H N
o-  °° A {:\0 CeHs’~0
SCHEME 34 65

13- Photochnemistry of aromatic-N-oxides in relation with the

reaction medium,

3-9-1 Pyridine-N-oxides,

UV irradiation of pyridine-N-oxides in alcohols lcads to N~formyl-
pyrrole acetals {(Scheme 35) « Although no intermediates have heen

isolated, it is believed that solvolysis occurs al some interme-
101

'?-f-
Oo-.
SCHEME 35

diate step

|
CH (OCH,R),

Cupric salts play an important role in the photochemistry of pyri-
dine~N-oxides, Direct irradiation of pyridine-N-oxides by UV light
in organic solvents or in water solution leads o various photo-
products, albeit in very JTow ylelds {(vide supral). In the presence
of copper sulfate or perchlorate and in water solution, most CZV
type pyridine-N-oxides lead to the corresponding pholoproducts in
preparative yields. For exanple pyridince-N-oxide leads to 2-for-~
mylpyrrole;.in 2% yield in the abscnce,and in 40% yicld in the

113,614

presence of copper salts It is believed bhat a reversible

REDOX mechanism is involved at the postulated nitrenc intermediate
stage which derives from the hypothetical J,2—oxaznpin019’115.
3-9-2 99259%%29:5:95i99§; 2—Cyan0quinoline—N~oxides, irradiatoed
in various aleohols and in the presence of hydrochloric acid,
lead to a mixture of O-chloro-, G-hydroxy- and 6-alkoxy 2-cyanoqui-
nolines the distribution of which is a function of the nalure of
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the alcohol and of the acid conceniration (Scheme 36) . In concen-

trated sulfuric acid for example the 6-alkoxy derivative is the
116

major product
m he a) X = CI
L ROH NSy B) X =OH

HCI
0_ . C) X =OR

SCHEME 36

W/

Alkoxy derivatives have also been described during UV irradiation
of 2,3-tetramethylene guinoline-N-oxides, in.methancl and ethancl
whereby alcohol molecules add to C-4 in good to excellent ylelds66

probably after the rearrangement step to the spirolactams (Sche-

me 37),
X X ROX
-~ hp o
N:. XX | ROH N0
| I
6 H
SCHEME 37

?oncomltant oxygen ahstraction have been observed with 3, 6-disub-
stituted pyridazine-N-oxides in methanol solution, albeit in very

low yield; a radical type mechanism has been proposed in order to

account, for this carbon-carbon bond formation (Scheme 38)102

CH20H
/If’\""R he
SN

-0
SCHEME 38

3-9~4 Acridine~N-oxides. Two types of alkoxylations occur when

acridine-N-oxides are irradiated in alcoholic solvents:

R

~ alkoxylation at C-9 without rearrangement, a zwitterion being
postulated as an intermediate (Scheme 39)117;
- alkoxylation at C~9 with concomitant rearrangement to a dihydro

190,98, 118

dibenzo-1,4-oxazepine (Scheme 39

— 1437 —



T2 D
N
0.-.-.

SCHEME 39

4 PHOTOCHEMISTRY OF SIX-MEMBERED CYCLIC AROMATIC AZINE-_N-OXIDES

Pyridazine-, phthalazine-, cinnoline- and bengzotriazine-N~oxides

wndergo peculiar photochemical reactions, usually with loss of a

nitrogen molecule, leading thereby to " nunclassical photoproducts.”

4-1 Pyridazine-N-oxides
Although photoexcited pyridazine-N-oxides lead to atomic oxygen

transfer on a preparative scale, they also undergo interesting ring
contractions to cyclopropenylketones and furans via diazoketones

which loose a nitrogen molecule. (Scheme 40)119’120’121. The dia-
zoketones, which are rather unstable and coloured speclLes, could

neveriheless be characterised, especialy by IR spectroscopy .

R py
Ph 0/ — £
R p ijﬁ”’ Ny
O‘ \\\\
*’hﬁ—<

;ig!iﬁiﬂfiﬂggl_ Ph () FM

4-2 phthalazine-N-oxides.,
Phthalazine-N~oxides lead similarly to nonclassical photoproducts.

For example 1,4-diphenyl-phthalazine N-oxide leads via a diazoke-
tone to 1,3-diphenyl isobenzofuran12’16 (Scheme 41).
Ph Ph
+.0-
SN~ X0
1 ——— —_———
2N <N
2
Pn Ph
SCHEME

4-3 Cinnoline-N-oxides
Photoexcited 4-methyl-2-oxocinnoline Jleads to 3-methyl-benzo-

furan which is supposed to cccur via a 3-formyl- (3H)-indazole
— 1438 —
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whereas 4-methyl-i-oxocinnoline leads to 3-methylanthranil

{Scheme 42)105‘

CHs CH, CHO CH,

= he hv

. + D i P Semateare .

N'N‘o- N ) o)
CH3 CHq
- hv

e ()

e N
0..

SCHEME 42

4-4 Benzotriazine-N-oxides

Photoexcited 3-oxobenzotriazines loose a nitrogen molecule and

lead to anthranils and to benzisoxazoles (Scheme 43)122
R R R
+ ——
“hb’() ho
.- 0 <+ N

N N o
SCHEME_43

5 PHOTOINDUCED REACTIONS OF AROMATIC-N-OXIDE SIDE CHAINS

In some peculiar instances the photochemistry of aromatic N-oxides
Jeads only to chemical medification on side chains +to N-0O bond
cleavage.

5-1 With Nitro-Substituents
4~Nitropyridine-N-oxides undergo photoreduction of the nitro group

leading in alcoholic solution either to the corresponding hydro-

xylamines or to the hydroxycompoundssl’123’124. In agqueous alcoho-

lic scolutions quantum yield and flash-photolysis measurements
suggest that the photoreduction initiates from an excited triplet
state of the N-oxide which picks up a hydrogen atom from the al-
coh01125’126’127(80heme 44} .

NO2 NH20H OH
~ hp -~ ~
A e O ®
N+ N+ N+

! I
o~ 0~ o~
SCHEME 44
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5-2 With Nitroso-Substituents,

4=Nitrosopyridine-~N-oxide is reducaed photochemically in alcoholic

solution, in the presence and in 1he absence of oxygen, to yield

. ' . . . 2
the hydroxylamine dcrlvatlvel 4.

5-3 With Hydroxylamine substituents

is photooxidized to the corres-

ponding 4—nitropyridine-N—oxidel24.

4-Hydroxylaminopyridine-N-oxide

5—-4 With Azido substituents.

UV irradiation of azidopyridine- and 4-azidoquinolince-~N-oxides
Leads to molecular nitrogen abstraction and concomitant formation
of the corresponding unstable nitrene derivatives which may dimeri-
se, lead to azoxy compounds or to amino-derivatives, depending upon

the reaction conditions which are used {Scheme 45)128’1‘29

=

/O_

- l + N=N+
N+ /N
1 Al’ AI‘
0_
in absence in presence
N3 of oxygen

N==N

= hi
) — = — 4
\ !
W £N-Z N+
0___ _0 \0-.

0...

in absence
SCHEME 45
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