of nitroalkenes and g -nitroketones, The intyoduction ssea the
general concepts of pretochemistiry and provides = detailed review cf
the photochemistey of nitroalkanes, nitroalkenes ard nitroaromatics
and attempis to relate Theoretical studies on the nitro group ¢ the
obsexyved phetochemistry,

Alxiphatic @ ,f -nitroaiksnes have been chown to uadergo a
viotoinduced nitro-to-nitrite rearrangement in z varisiy of scolvenis,

rusn the nitro group out of conjugztion with

th2 double vond, Nitrcalkenes with a secoadary or teriiary hydrogen at
tae Y-carbon from the nitro group undexrse a hydrogen abstraction
reaetion, vhich competes with the nitro-ic-nitrite resrrangement,
Plarar nitiroalkenes do not undergo the nitro-to-nitrite rearran- ement,
but do wnderge photoaddition of methanol, when this is used 2s the
solvent,

a ,p-»an;aﬁuratui nitrcalkenes photochenically 2id to a variety of
alkenes, The adducts resulting from!3~nitrcstyren; are the most stabvis,
The photoresction ls regiospecific with the most nucleophilic carbon

of the glkene atiached to the @ ~position ¢f the ;}~suhsfivuted

2 g - T N o — - T R £ e mencmd A - :
nitroalkesne, vut gives in evewy case a mixiture of stercoizomers, The

short-livea diradicel irtermeadiate,

Qecendary acyciie q-uitroke bones undsrgo rhotereactionz in 2
variety of aolvents to glve hydroxyimincketcones, where the carbon bearing
the oxime grovp formewly bere the nitre grouvp, This reasction can be
rationalized in terma of an irnitial C-N bond clezvage.

Secondary acyeclic @ -nitickeiones on mefluxing in alcokols and

k|

ethers give hydroxyiminokestones, solvent ogxidation produicis and

P

j=

ragmentation products. This reaction was again waiicnaolised by sn initia

C-~Il tond cleawage, 2-Nitrocyclohexanone unlergees 2 ring cleavage reaction




on refluxing in alechicls, via a hemi-acetal intermediate,
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INTRODUCTION

(1) Electronic transitions and excited states.

(2) The photochemistry cf the nitro group, a survey of the literature.




FLECTEONIC TRANSITIUNS AND EXCI

(a) Pundamental concepts,

Photechemistry is the study of the chemical changes which occur in

molecules on absorption of uliraviclet or visible radiation., Electro-
magnetic radiation can be described in terms of either the wavelengthA
the frequency v cr the energy E of a quentum of radiation, The relation-
ship betwsen thésc terms is given by the following expressions:
C/v where ¢ speed of light,
= hv vhere h  Plenck's constant,

A

) ~ 6
The electromegnetic specirum stretches from 16 "'n.m., to 10 n.m,

but it is the ultraviolet - visible region ithat is ¢f principal interest
1o the photochemicst., This lies in the wavelength range 20C - 700 n.m,

and corresponds 1o an energy range of 6 - 1. x lO—SJ mole'1

s hence
absorption of light in this resion can provide sufficient energy to
cause the formation and breaksage of chemical bornds,

(b) Orbitals and elecironic transitions.

The physicel effect orf absorption of u,v., or visible radiation is
promotion of an electron frem a grovnd state orbital to one of higher
energy. Molecular orbitals can be considered to be linear ccmbinations
cof atomic crbiizls which l2ad to the formation of bonding and anti-
bonding orbitals, Bonding crbitals have a high electron dersity betwzen
the nuclei whilst anti-bonding orbitals have a2 plane of zere electron
density betwesn the nuclei; anti-bonding orbitals are always of higher
energy than bocnding orbitals,

There are *hree vasic iypes cf crbitals commonly found in organic
compounds, Sigma (o) orbitals are formed by the combination of two
orvitals (usvally = or p ) lying aloug ihe axis jcining the atoms. The

= < g § 2 ; . .
energy difference between the ¢ and & orblitails is such that radiation

; 5 Gl 3 * figs
in the range 100 - 200 n,m, i® normally requirzé for a e o transiticn.



2

Fi (7r) orbitals axre rormed by the sidewcys overlap of atomic 2p orbitals.

fadiation of longer wavelength than in the ¢ case is required for a
7Y—>7{*Transition. Non~-bonding orbitals are founad in molecules containing
sieteroatoms., These orpitals are not invovled in the bonding system of the
molecule, The relative energies for the differeni types of iransitions
lie iIn the fcllowing order:

%

C
From a prgiical point of view the majority o:

Ui )

photochemical reacticns
studied result from an initial N—->7¢ or ->77 transition.

The multiplicity of an electronic state is given by the expression
25t1, whexre S is the algebraic sum of the spin quantum numbers of the
electrons in the system. Spin quantum numbers can be = 1/2, and as a
consequence of the Pauli exclusion principle, electrons in the same
orbital must have their spins paired., In molecuies with all the electrons
raired, S is zero and the multiplicity is one, and the molecule is in a
cinglei state (S). On promotion of an electiren into 2 higher energy
orvitai, the electrons can have their spins paired, which gives an

evecited singlet state, or their spins urpaired, which gives an excited
trirlet state,
romoticn cf an electron from the highest occupied melecular orbital

{HOMO) to the Jowest unoccupied molecular orbital {LUMO) will require
the minimum e¢nergy uptake consistent wiith a change in electronic
configuration., The resultant stzte which can sither be a singlet or a
triplet will be the firsi excited siale and is given the symbol Sy or T4
Singieti siates are of higher znsrgy than iriplets because of greater
electron revpulsion in the singlet statce.

The wide range of intensities observs@d in 2bcorpiion spectra is due
to difresrent absorptions having different prcwabilities of occurrenceé, An

.

intense bani is ‘associated with a transition of high probability and is

-

said to he allowed, whilst a weak band is asscciated with a transition of



low probability and is said to be forbidden., It is possible to relate
the £ value to a theoretical value known as the oscillator sirength.

The prcbabiiity of an occurrence oi an electronic transition depends
on various selection rules, Conformity with these rules give intense
absorption hands, whilst non-conformity either no or Qeak abscrption,
These selection rules take into account changes in the electron spin,
orbital symmetry, parity and momentum which occur as a result of the
transition.

Changes in spﬁn of an electron during excitation are forbidden,
hence transitions from singlet to triplet siztes and vice veiss scre
forbidden, This selection rule breaks down when a heavy atom or a
paramagnetic opec1ev is present in the system. If the two orbitals

\nvolyed

invowted in the transition do not simultaneously possess large amplitudes
in the same regicn of space, the transition iz forbidden, vhilst if beth
orbitals possess large amplitudes in the same region, the transirtion is
allowed, The selection rule concernlng parity requires a definition of
wavefunctions. When a wavefunction changes sigr on reflectionr through

a centre of symmetry, it is termed ungerade (u), whereas if it does not

selection rule states that

%)

change sign, it is termed gerade (g). The
transitions g+ u 2and u=g are allowed bvt that transitions g=g ana u=>u
re forbidden, The selection rule on mcmentum states that any transition
resulting in a large change in linear or angiizr momentum is forbidden,
Tne .time required fer an electronic transition to occur is very shor.
( listsec.) comparad with the time for a melecular vibratiion (1643sec.).
This time difference is embodied in the Franck - Condon principle, which
states that the internuclear separation ig fixed during the course of an
electronic trarsiticn,
A molecule in an excited state has a large excess of cnergy ard this

may be lost in several ways before chemical xeaciien can occur. Heace tre

likelihood of a photochemical reaction depends on the rate of reactioa




compared with the rates of other energy dissipation processes., There are
three tyves of precess by which energy can be dissipated, (a) radiation
~less transitions from cns excited state to another, (b) radiative
transitions Ueiween excited states and (c) electronic erergy transfer
between molecvles, g

Radiationlcss transition processes are internal conversion (i.c.)
and intersystem crossing (i.s.c.).lnternal conversion is the transfer of
energy from one 2xcited state to anotner one cf the came multiplicity.
Intersysiem crossing is the transfer cf energy between excited states of
different multiplicity (figure 1 ), The rate of internal conversion
between excited and grcund state singlats is very fast and hence the

¥
life times of upper cinglets are very short ( lo-qzsec.). The intersystem
Y vl d

crossing process sfa'g is slower, due 1o the spin change iRwewlods

In the case of radiative loss, the emitted radiaticn ic termed
fluorescence when the transition is belween states of the same multiplicity
and phospherescnce when the transition is between states of different
multiplicity. In gereral, ithe radiative lifetimes of the S, states are
much shorter than these of the T. statas, which has the effect cof aliowing
triplet state molecules to exist for a relatively longer time, greatly
enhancing their cpportunity to react chemically.

Energy transfer between moleculss usvally invovles a bimclecular
process, The various types of bimolecular ccllisisn processes are
(2) quenching of the excited state by chemical reaction, (b) deactivaiion
by collision wiih a substrate molecule, {(¢) self-quenching of the excited
states by bimclecular collis:ion (o rare occurrence ) and (d) deactivation
of the excited state by donaiion of electronic energy to amother acceptlor
molecule. Oxygen is a pariicularly effective qusncner of the triplet state
and hence has to e removed froa tre reacticun by lirnitial degassing.

Bimoleculzy reactions invovliing rcdiative transfer of energy from a

doror to an acceptor molecule can occur if tne irtermolecular separaticn
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between the two spacies approaches the ccllision diameter (short-range
transfer). 1t is not necessary for the two species te collide, but for

this transfer to occur the multipliicities of the ctates must agree with

the Wigner spin conservaiion rule, which states that the following transfer

reactions are allowed:

SO)+ i (s! )

£ . - %
D (1‘ )-l-A(sO) —= D (5 ) 4 A (T1 )

* -
D (S1)+A(SO)—-—=—D(

A= acceptor, Iz donor,
Intramolecular energy transfer by this mechanism is aiso allowed, Tt
has been shown that in (1), excitation of the benzophenone moiety leads
ZNY = s 2 s " £
to phosphorescence characteristic of naphthalene, Similarly {or (2),

excitation of the ketone moiety leads to the formation of the Z-isomer *

Transfer of electronic energy can alao cecovir when the denor and acceptor

molecules are separated by a distance much greater than the doncr-ace

(0]

otor
collisicn diameter. This occurs when the energy differeaces between tue
vibrational levels of the ground and first excited siates of the donor
correspond tc the energy differences between the ground znd lirst excitead
state of the acceptor, here singlet-singlet and triplet-singiet ene-gy
transfer proceases avce atlawed,

The quantum yield (95) is a measure of the efficiercy ofr a pnotocihnsmical
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process, The exacti prozess the quantum yield refers to must be defined
¥ 4

for the value to rave any sigrificance. A generzl valuz fer the gquaniunm

yield is:

¢ _  Number of molecules undergzoing thiz ocrcecess
Namber of guanta absorbed

Properties of excited states. v

Photochemical reactions are usually cconcerned with unsaturated systems
and the transiticns may be classified as either N-7C or T - 71*; these
states can be very different in properties. The in:'.tialnaﬁ transiticn is
forbidden and S1 (n7f) is usvally of longer lifetime than S e r*) as
deactivation is forbidden,l The probability of conversion to the T

:

state is higher for SAI (n T\’*‘) state, than for the S1 (1T 7\’*) state. This
is demcnstrated by ketenes which upon N - ~* excitation efficiently form
triplet states, whilst alkenes upon TT»TV’excitation are not as efficient

as ketones in tne formation of triplets, Formation of triplet states of

alkenes usually requires the u~e cf senzitizers,
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Photochemistyry of ihe Niiro group, a suxvey of the literature.
This literature survey can be divided inte four categories: (z) the

photochemistry of nitroaromatic compounds, {») the photochemistry of

nitroalkanes, (c) the phciochemistry of nitroalkenes and (d) theoretical

studies on the nitro group and attempts to relate these studies 1o
protochemical resultse.
(a) Nitroaroma*tic phoiochemistry.

This subject can be divided into five reaction iypes: (i) hydrogen
abstraction reactions. {ii) N-0 bond cleavage reactions, (iii) photo-

cycloadditicns, (iv) photosubstition reaciions and (v) the nitro-ito-

idtrite rearrangement {which will be discuased in the section on
ritrcalkenes),
(i) Hydrogen abstraction reactionms,

Nitroaromatics can undsrgo either intermoclecular or intramoclzscular
hydrcgen abstraction reactions, Intermclecular hydrogen abstraction
veactions hove been studied using (a) product analysis and (b) electron
spin resonance speciroscony.

(a) Product analysis:

Nitrcarcmatica undergo photochemical hydrogen abstraction reactions

in hydrogen donor solvents. The eariies® repori was the photoreduction of
\

o = 55 / 5 . i Jx s 4
nitecbenmens {3) to aniline {4) and p~hydroxyaniline (%) in ethanol.”
\// \

This is unow rationaliz2d as the primary photochemical product being

phenylhydroxylamin. (&) which undergoes further photorsaction to give the

observed produc‘t,s.5 In later work, the phenylhydroxylamine was isolated,

NO, NHOH NH NH
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.

acetone and phenylhydroxylamine, postuiated to arice by an initial hydrogen
abstraction by photo-execited nitrobenzene,; which is then photochemically

convertied to the corrssronding amine or else reacis with oxygen to form

&zoxybenzene, This abstraction reaction oceurs via the néﬂ* triplet of

nitrobenzene, but the guantum yield is low compared with the analogous

reaction of benzophenone, due to a rapid radiative deactivation of the
nitrobenzene triplet.7

This hydrogen abstraction mechanism has heen arplied to explain several
cbservations. Irradiaticn of 4-nitropyridene-N-oxide derivatives (7) in
ethanol led to the formation of the corresronding hydroxylamine (8) 1 via

8 . e . . . .
(9). This photcreaction is solvent dependani, no reaction being shserved

NO, O\&DH .

NHOH

-

in aqueous solutvion, but it occurs when ethancl or tetrahydrofuran i3 added,

The excited tripiet statie of the nitrosromatic is concidered to rte responsible

_ . : Q
for the initizl photcchemical reaction,”
The photecreduction of 1,3,5-trinitrobenzene end 1,3-dinitrobenzene %o
anoxybenzene derivatives when ethanol iz used as the sclvent, has been
10 : o P Ao +
reported.” Aromatic nitroesters are reported itc be photereduced to

" 11 s s ig - x . 2 .
aminoesters. Irradiation of substituted nitrcbenzenes in pmopan=2-51

i 1 12 . . : e =
gives the substituted amines as produsts,” A siudy of the irradiaiion of
p-substituted nizrebenzenes in propan-2-cl nas sicwn electron=withdraving
groups give the corresponding amines whereas hydrogen and eieciron deonaiing

: . 1 . X o
groups give pienylhydroxyiamines, 5 The ocposervation that niftrotenzenes cec.

undergo either ring attack (photosubstitution) or reduction at anitrogsn
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led to the suggestiun ihat low lyiug 7t 7 states are rasponsible for ring
W bt s = e 14
attack and N " states f2r redvction,
Photoreduction of nitroaromatics in alcoholg in the presence of acid
has been reported. Irradiation of nitrobenzene in propan-2-ol/hydrochloric
acid causcs protenation of the triplet nitrobenzene which increases its
’

lifetime and cnhances the photcchemical reactivity by {a) hydrogen
abstraction from the solvent ard (b) attack of chloride ion on the aromatic .

. 15 T < : : i
ring., “Irradiation of l-nitronaphthalene (10) under these conditions leads

1o (11) 2nd(12), via the hydroxylemine Zevrivative (13).16’17 The failure

NG, MHOH

of l-nitronaphthalene io be reduced in neutral wmedia is attributed to it

* 16,17

" . * :
having a 71 X" excited stats rather than a NTT excited state

analogous explanatinn t2 the one used iuv axplain the observed photoc.emiatry
of l-naphthaldehyde.

Irradiation of 4-nitropyridine in propan-2-0l1/7C1 leads to the
> ¥ 2

. : : 2 . . e
formation of the corrcsponding plenylhydroxylanins derivative ~’ 9. The

triplet state of the 4-nitropyridinium ior (13) is responsible; proton

transfer to tre nitrc group to give structiure (14), leads only to

0y

deactivation, scheme 1.




) tranSfer

N@)NOZ b ,\C \NOH Hid()rHoH

[14]

Schene 1.
The role of the chloride ion in these photoreactions has been
. . 4 120 L
investigated o Zlectron transfer from the chloride ion to the nitro group
has been observeld and the resuiiting intermediate nitrobenzene anion
identified., It was concluded thal protcns sre essential tp obtain photo-
reduction by reaction with the radical 2rion to give the phenylhydoxyl-

nitroxide rsdical, The chloride jor can also aitack the aromatic nucleus

»
" < . : . < oo ) 0 0P
to give chlorine substitutea reduction products™'"",

Photoreducticn of the nitro group occurs when amines cr ethers are
. o 1234504 4,25426,27 i : "

used s the solvent 2924422420 '« The isolztion of amines along with
other products was ex»lainred by Barltrcp in terms of the fcllowing

N

mechanismu (schzize 27, It was ccicluded that the photoreaction occured

. » : " ; . . 3
viz the(flﬁ-?state of nitrobenzene ani theoretical calculations lend support
23,24
¥4 S

to this theory



hy *
ArNO, —= ArNO,

ArN& é o

Ar&;ozH :

Scheme 2
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Tri~-n-butylstannane has been used as the sourcc of abstractable

, " ; . . B s :
nydrogens in the photoreduction of nitroaromatics”™ , It was concluded that
Y 8

™)

ihe rrn’ triplet state was responsible for the initial abstraction reaction,
in contrast to the work of Barltrop. Abstraciicn frém saturated hydrocarvons
has also been observedzg. Tertiary hydrogens are g:;é:;;;‘to seconéary and
primary cnes.

The generzl conclusion is that the photoreduction of nitroaromatics in
hydrogen Gonor soivents proceeds via an initial hydrogen abstractica process.
There is, however, some dispute as to the exact nature of the exciied state
concerned, Testa suggests that it is a n m*  excited triplet whilst Baritrop
suggests it is a i triplet., This will be discussed in more detail later,

-

but i% is important to notice that both workers agree that it is 2 tripled

(%]

tale as oppossd to a singlet state that is responsible for the hydrogen
abstraction reaction,
(b) Tlectron Spin Resonance studies,

The e.,g.r, spectrum of 1,3,5=trinitrobenzene in tetrahydrofuran was
52

the first nitroaromatic radical observed””, and it shown to be a charge

transfer ccemplex of three tetrahydrofuran molecules and one 1,3,5=trinitro-
benzeneBB. It was originally thought that-irradiation of nitrobenzenes

in THF gave an c.8.r¢ spectrum attributable to the phenylhydroxylnitroxide
radical (15), formed by photochemical hydrogen abstraction by the exqited

3 6
nitro group irom the solvent’d"}s’5 . Thege specira were reassigned to a

\ | — f
Q & ©

[15]

charge transfer complex similar to that postulated for 1,3%,5-trinitrchenzene

37,38 9

. ’ L .
They were reassigned again by Sutcliffe whke obtained e.s.r, spectra

when substituted nitrobenzenes were irradiated in ethers, These radicals
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were fairly stable, whereas the decomposition of the phenylhydrcxyinitroxide

radical (15) has bezn reported to be very rapi640

+ The observed e.s.Tr.
spectra were attributed to phenylalkoxynitroxide radicals (16), an adduct
of the niirobenzene and a solvent radical, the latier being formed by
hiydrogen ahstraction by excited nitrobenzene from the solvent, as showm in

scheme 3, The addition of a radical to nitrcbenzene has since been

Al
demonsitrated ",

v : ;
PING, ~=PhNO, == PhROH + RRCOR’
RRCHOR

Scheme 3

Irradiation of nitrobenzene in alcchcls gave e.sS.T. spectra assigned

to alkylnitroxides (17) when primery alcohols werz used, whilst secondary
1 hvA $ 3 3 \42 o o

alcohols gave alkylhydronitroxides (18)7°, The authors presented scheue 4
t¢c account for their observations and claimed thati no intermediate radicels
were observed due to th2ir low steady state concentraticn, This mechaniam
is »ather cunberscme and an alternative explenation for ithe formation of
radical (17) may be nitroscbenzene actiug as @« rzdical trap, the nitrosco-

nenzen: bteing formed from the breakdown of the phenylhydroxylnitroxide




ra.dica.l40. ,Q
y
Pfh\g: Pth H
[17] | [ 18]

hv ¥ . .
PHNO, === PING,  —= PhiQH + RCHOH
RCHOH |

2
PhNG, HRCH,OH* —= RCHOH+ H:
. . 'O OH
OH

OH
OH+ Ph-N-CHR
0O-

|
&

Scheme 4 [17 ]
“'71LJ&¢*100 45
A reinvestigation into ihe —ieradisdiztden ¢f nitrobenzene in THF
39

confirued previous results’’, Irradiation in the presence of phenyl i~
tulyl nitrone (a radical trap), however, gave radical (19), which was taken
us evidence for the intermediary tetwahydrofuran radical (20) formed by

an initial hydrogen abstraction reaction. Analogoua resulis were fournd

. 3
40), + PhCH=N-CICH,

[20] \ C|)

PhCH-N-CICH, )y

@ [:s]

in molecules containing electron withdrawing uuwbstituenis whilst molecules
containing elect tron donat ing groups failed (o sive any hydrogen absiraciion

oroducts, expizined by analogy with substituted benzophenone by a change
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from 2 n—e=7('state tc a i‘—{>-71* state which is a voor abstractor43a.
The. first report of the elusive rhenyihydoxylnitroxide radircal came
from the irradiation of 2,3,5,6-tetrachloronitiobenzene in 2 variety of

44

ethers” ', This gave rise to the normal adduct (210 2nd 2 weak signal from
a short lived radical attributed to the phenylhydroxylnitrcxide

radical (22). A detailed report on chloro substituted nitroberzenes,

NO, Cl o NO, H :
Cl Ct hv O o -
DLy N-OR + ! Cl
Cl «@/\Cl cl- L
= M o ~

[ 21] 22

showed that only in the case of 2,4,6-trichlcronitrobenzene and the case
P . : SR Lo 45
above was a phenylhydroxylnitroxide radical obzserved -,
»
Electron donating groups were found to innibnit this resction” s 31

agreement with previous work43. This was explained by a change wo a
7 ’* excited siate from a NT* state or by the substituents hinderirg
the abstracticn reaction. Hydrogen abstracticn reactions were alsoc shown
to occur fer nitrohetercaromatics such as 2-nitrofuran and Z2-nitrothiogphens,

: o p 45,47
Alkoxynitroxide radicals are observed .
Wong and Wan have sindied the photoreductionms of nitiotenzene in various

solvents‘a, With ethers, ithe phenylalkoxvnitroxide radical was observed,

ir. agreement with earlier results. A apectrum atiribated to struciure

(23) was observed when aqueous tetrahydrofuran was used, Irraiiztion ci
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is diffecrent from previous conclusions « The use of amines and aqueous
lkaline scluticns as solvente focr the irradiation of nitrobenzene led
to the formation of radical anions, whilat use of hydrocarbons as solvents

led to radicals of tyve (25) being observed. These results were explained

(P.
Ph—N-R
[25]
by the observec radicals being derived from the unstable phenylhydroxyl
nitroxide radical, The phenylnitroxide (23) detected in aqueous THF is
derived from the reaction of riirosobernzene and the phenylhydroxylnitroxide
radical, In amines znd aqueons aikaline scluticns, the observed radical
anion is postulated to be formed by ihe breakdown of the phenyl hydroxyl-
nitroxide radical. The radical ocrserved in hydrocarbon solvents is
considered to axise by the addiiion of a solvent radical tc nitroschenzene
which is in turn derived from th: phenylhydroxylritroxide radical,
The overall victure presented by these 2.,s.r. studies is that the
initial photcchemical step is hydrogen abstraciion from the solvent, a
proposal which is in agreemeni wiih the conclusions drawn from the product

analysis studies,

Nitrcaromatics a2lso uadergo Intramoleculax nydrogen abstraction reactions,
the two best known examples teing the photochroriism of nitroaromatics and
the o-nitrobenzaldehyde resrrungement. These twe photoreactions share a
common initial reacitiion of hydrogen abstraction,
The phoicchromic behaviour of ritroaromatics has been the subject of
" 49,50 _ ; . ——— .
several reviews “'’7, The first report of photochromic behaviour of nitro-

aromatics was by Chichibabins* +hs ohserved the phoiochromism of crystaliine

b

2-(2,4-dinitrovenzyl)pyricdine {26) aund proposed that the effect was due to

s &'

hydrogen transfer froum the methylene oridge to the pyridine nitrogen to gire

2

structure {27V,
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-

\ /- hv /=‘\’ P
CH~X /\ N i =0 < \,\_
QesDat QoD

NCE NO.
26 ] -

[ s |

Hardwich found that beth {26) ard 4~(2,4- dinitrobenzyl)pyridine weve

n

50,5

r4
photochromic at low temperatures ir sciuiion”“'”~

\

« It was suggested that
it was the ortho-nitro group rather than the pyridine macleus that is the
important teature ir the moleczle. The general nechanism suggesied i

shown in scheme 5, The initial photochemiczl rezction is considered to be

an intramolecular hydrogen abstraction cf one of the benzyl hydrogens via

R
! R R R R
W/ G ~ 2 .]\ '\2
R-C-H d "

] ;
|Q G, hv ~NOH P

Scheme 5§

a six-membered transition state to give an zaci-nitrc isomer, which being a
& 1 ]

strong acid will dissociate and the irtensity of the observed colour will
depend on *he extent of the dissociation,

o-Nitrotoluerz is the simplest siructurs that can undergo this intra-

molecular hydrogen abstraction reaction, and flach-photolysis studies

snowed that a transient intermediate was formed in agueous bas:c or acid

; ¢ h gy b e 54455, 56 ‘ "
which was ideniified as the aci-nitro lsomerj4’5 E . Extra evidence for

this hydrogen transfer mechanism was provided by showing ithat hydrogea—

deuterium exchange occured at the methyl group of c-nitrotoluvene when it
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57

was irradiated in 1,0, whereas nitrotoluene éid not show any exchange
Z s

The efficiency of tne process is rather low, as ths quantum yield, determined
by an indirect route, for aci-nitro formation from g-nitrotcluene, is only

8
O-Ol5 o

The formation of coloured species on irradiztion of many o-nitrobenzyl

derivatives has been observed59’6o’01

59,62

and this, coupled with the lack of
phoiochromis in similar structures containing only p- or m~nitro
groups and in o-nitrobenzcyl structures, has provided more cvidence fox ihis
hydrogen transfer mechanism,

Apart from when strong acid is used as the solvent, the cbservad
absorption specirum appears to resuli from the disscciaiion of the aci-nitro
isomer, Margerum showed that the colcur could be gZenerated in the daric by
addition of strong base to an alcoholic solution of these nitro compounds
and this was due to the formation of a2 small equilibrium amount of the

59

aci-nitro anion structure

56,63

o In strong acid, the spectrum of the aci-nitxo

isomer is obserxrved « In the absence cf pyridine groups a general

equilibrium is se® up as shown in scheme 6 , The presence of 2 pyridine
hv
NITRG —_—— ACIiNITRO

- ——

X s

ACI--NITRC ANION + H

+ . e

Scheme 6

ring complicates ths above scheme as the 2- grnd 4- pyridyl groups are basic
compared with ihe aci~nitro acids and as such can easily ferm the tsuiomeric

s . N N . . o) , T T~ . 2.3
N-HE quinoid structure (28) from the aci-nitro isomer {29). The N-H quinoid

structure las been shown to be the intermediate usually cbservea in neutral
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media for pyridine derivatives ', Hence the tautomerization initially

5] wurlosd

postiulated by Chichibabin”” is correct but iwvowked an incorrect pathway.

The equilibrium set up with 2- or 4~ pyridyl derivatives is shown in scheme 7,

hy

RO i= ACT=NITZ0

R\ 4

ACT-~NITRO ANICON

i

N-H QUINOID

Scheme 7

The excited state by which the aci-nitro tautomerization occurs is not

’ . s . , .50
clearly undersiccd. but a triplet siate mechanism has been suggestec5 .

These photoreactions have a low guantum yield dvue to there being competing

459

non-reversible reactions presen o
The o-nitrovenzaldehyde rearrangemenu has veen known since 1901 and
examples are chown pelow, It was fourd that 3- and 4-nitrcbenzaldehydes

73,14

are relativeliy light sialle
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A general mechaniswm tc explain these resulis was put forward by de Mayo
and Rei dls, wno posiuiated an initial photcchemical hydrogen abstraciion
by the excited nitro group via a six-membered transition sitate leading to

a ketene which then gives the observed products {scheme 8). This mechanism

in its initial stages is vexry similar to the one pestulated to explain the

o
’-jhd\\ hv ’4;: ﬁi‘()k4

?i”‘“\_é - O

\/ \
o/ o

//
S 8
b\o

Scheme 8

hotochromic behaviour of nitroaromatics., It has, however, been disputed
’ 9 g

by other workers wrko suggest that there are heterocyclic intermediates
) N

rsrpaoyketr after the initial hydrogen abstraction76. The first postulation

is the one mcst favoured by subssquent workers,
Attempts have been made to put this rearrangement to synthetic use.
irradiation of an o-nitrobenzylidene pyranoside (30) causes rearrangement

to the o-nitrosobenzoate (31), which may provide a potentially useful

oute to a partialiy protected carbohydiate gfnitrosobenzoate77. Light

o
;

° %
10 OM AN
2

)

\/
(1]

sensitive ni*robtznzyl glucosides were coverted on irradistion intec D-izlucose

; . : e ; £ B e
which provides a method of protecting hydroxyl groups7 « O-Deoxymanncse and

S~-deorvgeiacticse can ba protected in a similer way79. o-Nitrophenylethylere
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glycol has veen used 28 a photosensitive protecting agent for aldehydes
A 80 .
and ketones such as testocterone , whilst the g~nitrobenzyl grcup has
= L o 5 ; 8l . oy
been employed in the protection of amincsugais ~, in the prctectiion of
82 83

histidine derivailives  , and also in peptide synthesis °, Little work has

been done on the determination cof the wultiplicity recsponsible for the
»
: < . . s

photoreacticon, Baritrop reported that this rearrangement iwmwewles the

. s ’ ! ik , . 23
excited singlet staizs tut no details were given 7,

Recently a number of reports have appeared in the literature trat have
rationalized product formation by an intramclecular hydrogen abstraction
by photoexcited nitrcbenzenes but invovling a seven-membered transiticn

state. Dopp has shown that irradiation of a serxries of substituted

o~t-butylnitircbenzenes (32) in various solvents and in the solid state gave

1%
-
(¢a)
wm
=
Qa
(62N
~

- : < . T 25.8
indolones (33) 2s ihe major product on alkalire oxidative work up 27 -

87 Unagplot

« The mechanism suggested by Dopp is shown in scheme 9 and isseules an

8" CH, —CH:
NO, 1 .2 OH T 200
O 2 lc, l: O T it O((Cﬁ

C

[32]

N-OH
xidativ
/@/ Rl @%co
= g’

[33]

R | R

p i

Scheme 9

., s .
initial hydrcgen abs'raction by the triple%t T nitroheuzene. A siightly

different mechanism was put forward by another group tc explain similar
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results, but the initizl reaction was again postulated to be hydrogen
+ L BN : 12 . o Rt : .
abstraction ~. Kituara and Matsuwura ~ agree in principle with Dopp's
mechanism but they favour the participation of an excited singlet state,
The photorearrangzment of a series of }N-aryl-2-nitrobenzamides to

89

2-(2-hydroxyphenylazo)benzoic acids ’ can also be rationalized by an initial
hydrogen abstraciion requiring a seven membcred bransition state.

Apart from hydrogen abstraction reacticns requiring a six- or seven-
membered transiiion state several examples of remote intramolecular hydrogen
abstraction have appeared in tke literature., N-2,4-dinitrophenyl-aminc-acids,
upon irradiation, undergo decarboxylation io yield 4-nitro-2-nitrosoanilines
90’91, and also formation of substituted 6-nitrobenzimidazole—l—oxide592a
N,B-disubstituted o-nitrcanilines vn irradiation produce benzimidazoles and

93,94

benzimidazole-N-oxides o Both these reactions occur vi= a nine-membered

transition state., Remote intramolecular hydrogen abstraction by an aromatic
3 g ; . ; .95
nitro grcup has tcen used to intreduce unsaturation in the steriodal D-ring”-
(ii) N-O bond cleavage photoreactions,

An early report concerns the photodeccmposition of nitrcbenzene in the

96 ..

gas-phase’”, The principle products 2re nitrosobcnzene and p~nitropkenvl.
The production of these producis was exrlained by N-0 cleavage of the
nitrobenzene tc give nidtrosobernzene and an oxygen atom which reacts with
nitrobenzene, the para iscmer being obtained as the nitre group is ortho/
para directing for free radicali reactions. The primsxry reaction vostulated
in this reaction is anazleogous to the photocheniiczl decomposition of

27,98 ... _ ) . . R
» Pnovoreduction of nitrobenzene has

30

nitrogen dioxide in *“he gas-—phase
b P 5 z syl

been observed in the prescnce of triethylpnosphate and borontrichloride

where an iritial oxygen iransfer has beer posiulated to explain the observed

results.

(1ii) Nitroprotccylosddition,

Aromatic nitrocompounds can wadergo photcaddition to alkenes across *he
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two oxygen atoms of the nitro group. The first obsexrvation was the addition
of nitrobenzene io Z-metbhylbui-2-cne and cyclohexene to give (34) and (35)

: .. Fa2NTI 1 ‘ :
postulaied to occur via (36) ¢ as shown in scheme 1C. de Mayo added evidence
for this mechanism by characterizing a 1,3,2-dioxazolidine intermediate (36)

100,101

in the photoreacticn of nitrobenzenes with alkenes » Wwhilst Saito

has shown that the olefinic bond cleaved can be pari of an aromatic system

102,103

- +
CH,CHO + PHN-O-CICH,], PhRI-O=CHCH,

& é’ +[CH,LCOo

-
o—c<h -
PRN_ NP PANHCOCH,
o= [35]
[CH,],

[34]
Scheme 1C

Intramolecular zycioadaiticn resciions nave been postulated. The

. . T o . . . 104 . .
formation of ?-phenylisatciens from o-nitrcsiilbenes and the formation

105

of benzotriazole-l-oxides from o-nitircphenyl-l-ryrazoles ere rationalized

by an intramolecular 1,3-cycloaidition reaction, A 1,2-intramolecular

cycloaddition of a nitrc grouap to a cerbonyl double bend has been postulated

-

to explain the conversion of

N-oxidest?°,

-acyl.-2-nitrcdiphenylamines into phenazine--

(iv) Nitroarcmatic Fhcicsubstitution,

It was initvielly observed that uitrophenyl esiers and ethers in agueous

solution were ctaple in the dark but were rapidly hydrolysed in the presence
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of light; meta-substituted compounds were more reactive than the oriho and

107,108

para isomers This activation of the meta position by the nitro group

vas noted by several groups of workers and typical examples are shown below,

1 -
ARrOp0 v ATOH e
k/] O/__\\O + - ROH —= . ROP03
NO, NO, '
108

2\

TR, crgt, ny AIHGH :
B bk e L A 3 O
\\J/ or OH @ or @
NO, NO
2

NO,

) NO, NO,
+ CHNH, hv

, Rk CH3 or OH .
CH3 CH§ OCH3

The reaction was found to be bimolecular and invovled the short lived
first 2xcited o 7tf' einglet state, The charge densities for the verious
sites in the first excited state were calculated and were found to correspond
to the site of rezction, hence allcwing o ceritain degree of prediction, ’
In»oiher aitrozromatics the nitro group méy underze subsiitution as ir

111,¥12 112

+ha J-ritronaphthalenes and l-nitrcaznlores . Nitrcheteroaromatics

ajso under:o photosubstitution of the nitro grouap, as 2-nitrofuran and

2-nitroth?ophene 2re converted to the corresponding cyano~derivatives by
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113

irradiatiOfl in agueous potassium cyanide sclution R

(b) The photochemistry of nitrsalkanes and related compounds,
The literzture on the photochemistry of nitroalkznes has recently been

4

. & ; g
reviewed by Paszyc « This work concentrated on gas-phase photolyses, with
very little mention of sclution photochemistry. The conclusions drawn dy
this reviewer was that the primary photochemical process is C-N homolytic
bond cleavare.

The first reports on the photcchemistry of nitroalkanes dealt with the

A . ; " ol .. 115,116 . &
gas-phase photolysis of nitromethane and nitroethane e Cn the basis
of precduct z2nzslysic the primary vhotochemical pathway was suggested to be

loss of an 'oximino radical' (37), cr else primary rearrangement of the

nitroalkane to its aci~nitro isomer (38) and the subsequent loss of an

© b
CHgNO, —= CH,CHO + NOH
[37)

hy
C'2H5NO2 Er CHSCH‘—‘NOZH — CHLHO + NOH
[38]

toximino radical’ from this, Tae possible structure of (37) was, however,
not commentied upon., The photolysis of nitromethane in an argon matrix ~t
20 K led %o ihe formation of methyl nitrite as the major product and the
primary photochemical process was considered to be C~N homolytic Pond
PR " rg gl T sl P 117,118
cleavage f21lowed by radical recombination within the solvent cage .
In a reinvestigaiicn of trs gas-phase photolysis of nitromethane, using
mass spectroscopic analysis, ithe zesults were rationalized by an initizl

119

homolytic C-N bond cleavoge < A detaiied account of the photolysis of

nitromethane and nivroethane in %otk gas 2nd liquid phases has been reporied
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by Rebbert and Slagglzp. Irradiation of nitromethane in the gas-—phase gave
methyl nitrite and nitric oxide as the mejor products, which were explained
by postulating an initiel C-N homolytic bond cleavage followed by recombin-
ation to give the nitrite and its subsequent decomposition. In the case of
nitroethane, ethyl nitrite and acetaldehyde were found to be the major
products of gas-phase photolysis and were explained by the following
mechanism, scheme 11, Irradiation of nitroethane in the liguid phase gave

as the major products, =thyl nitrite, acetaldehyde and ethylene. The observed

hy
CoHgNO,; - =78 CoHg '+ ' NO

hy %

CoHs0 + NO == CaHsONO

!:

CHZCHO + NOH

Scheme 11

quantum yields for the production of ethyl nitrite and acetaldshyde were
lower in the liguid phase. This could be due to either (s) in the gas-phase
initisl homclytic C-N bond cleavage gives C2H5~ and N02 which may then
separate, but in the liquid phase separation is more difficult and
recombination to give the starting nitroalkane may occur, or (b) 2l
renombination occurs in the gas-phase the molecule has enough energy to
redissociate whilst in the liquid-phase rapid deactivation via the neigh-
touring ground statz nitroalkane moleculeg can occur, 1t is very interesting
10 note that no ritrcgen dioxide was observed in the course of this study,
However, nitrogen dicxide was detacted together with the alkyl radical

by e.s.r. studies, in the photolysis of nitrocaikares at 77°K in various
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matricesl2l. It was concluded Ifrom these resulis that the major phote-
chemical pathway for nitrcaikanes is homolytic C-N boud cleavage. A similar
conclusion was reached by Paszyc to explain formation of nitrogen dioxide,
aldehydes and alkyl nitrites in the gas and liguid phase photolyses of

nitromethane and nitroethane122’153

. However, Christig observed nitroso-—
methane and formaldehyde in the gas-phase photolysis of nitromethane, and
the observation thal the yield of formaldehyde was not affecied by the

addition of aiiric oxide was intrepreted as evidence for the formaiion of

124

formaldehyde being & molecilar eliminaiion reacticm™ ', Flash phoilolysis

studies on nitromethane have indicated methyl radicals and ritrogen dioxide
are presentl25’126.

The photeclysis of nitromethane in the gas-pnhase, using light of 313n.m.
has been studied in,deta11127. Methyl nitrite, formaldehyde, nitrosovmethane

and nitrc oxide were obtained. It was observed that the quantum yields for

all the productis except formaldehyde decreased with an increase in pressure

of ethylene or cis-bui-2-ene, From these results, two primery rrocesses
were suggested, firstly cleavage of the C-N bond and seccndly & mdlaculax

elimination process to give formaldehyde. Cis-but-2-ene underwent isomer-
ization tc the trans isomer and from {these results it was corncluvded that
the formation of methyl nitrite and nitric oxide result frum a triplet

excited stzte of nitromethane, As addition of ethylene was nct as effect

-+
'—'-
<
o

-

it was suggested that nitromethane had a similar triplet energy to ethylene
(328kJ mole™’ ). Thermal cis-trans isomerization of but-2-cne, by nitrogen

— B ; 2 ; g A ; -t 128
dioxide or nitric oxide require activaticn energies of 51 kJ mole i

and 109 kJ molé-| e respectively and hence these thermal reaciicns ave
t00 slow to accouat for the measured rate of isomerization,

The vacuum ultraviolet photolysis of 2-methyl-2-nitroprcpane gives 2 ¥
complex nixiure ol products which can be explained by a primary homolyiic
C-N bond cleavage t0 give a t=~butyl radical that undergoes further resciion
130

o The gas-phaase punotolysiz of l-nitropropane leads to the formation of

a2 large number of products which were explainzd by two primary phctochemical



processes, ramely homelytic C-=N bond cleavage and an intramolecular

S|
elimination reacticn‘j*.

Fairly recently, reports of jrradiation of nitroalkanes in solution
appeared in the literzture, The first report was concerned with an e.s.r.

study of the radicals preduced upon irradiation ¢f nitroalkanes and

p-nitroalcohols in polar solventsle. Threa types cf radicals were detected;
for a niiroalkare RNO2 in a sclvent R'H these were: .
° “‘ ¢
RN_“zﬂ RgR R-N-R
Os
(39) (40) (41)

However, the assignment of one of the cbserved spectra to structure (39}
may now be in some dcubt as the e.s.r. spectram of an alkoxyalkylnitrcxide
133,124
=5 ’

radical (42) formed vy the reaction of an alkoxy radical with z

RNO+ R'Qe —&= R—g—CR g
(42)
nitroso compouna, was found ito be very similar to the spectrum assignsd to
the hydroxyalkylnitiroxide radical (39).

The mechanism suggested to explain these results is shown in scheme 12,

_ hy . »

N — - N
RN02 + ‘.u2
4 i ho) Y1 F
RNO, v (rr0,,)

(R_Nozﬁ R'y —t= Ri'cozﬁ + Re

2

ENO+Re or R'e —e> R—g—R' or 3-N-R
. e

ORNO.E —-€> RNO.H + KNO+ H.0
2 2

Scheme 12,

The resulte and postulated mechanism indicate that in solution two pathways

(o1

are important; namely homolytic C-N bond cleavags and hydroger absiraction
by the nitro groun from the solvent. However, bearing in mind the possible

incorrect zssigrmeni of the observed e,.,s.r. Spectra, caution must Le exercised,

Reid and co-vorkers studied the products obtained from the irradiation cf

nitroalkanes in soiuticn. Trradictica of nitroethane in cyclohexane and
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diethyl ether gave ccetamidocyclohexane {43a) and l-aceiamido-l-2thoxyethane

133

£ a b, ° - > - . . . .2
(43b) as the respective products whilst irradiation of nitrocyclohexane
?

‘ hv O
CHaCHNO,  —=  cHyC-NHR
R—=H [43]

(@) R=
(b) R=CH,CHOC H;

in cyclonexane gave cyclohexanone and N-cyclohexylcaprolactam (44), and

~

izradiation of 2-nitroprcpane in cyclohexane gave cyclohexanone,
N-isopropylcarrolactam (45), acetamidocyclohexane (43a) and N-cyclohexyl=-

caprolactam (44)134.

/'JVQ?' . C§/\~

O = O ).

<

o
|
N \ d—~
>-NO L/ | + >N + [43a] + [44]
2 k=2
D%

& 5]

135. Cyclohexane as golvent

8 detailed parer oa this subject was pubiirhed
gives ivree typec of product; firstly, solvent cxidation products, cyclohex—
ancl and cyclohexancne, were rormed in low yields in 211 the photoreactions,

The second type of product from the irradiatiorn of primary nitroalkanes in -
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cyclohexane are amides and caprolaciams, thought to be formed by an initial
hydrogen abstraction oy the excited niiro group frem cyclonexane as in
J
scheme 13, 'The photorearrangement of nitrcnes to oxaziridines is well
. 136 .. . . u .
established . In the case of secondary nitroalkanes, cleavage of the

oxaziridine ring is accompanied by alkyl migrztion,

7

hv ) Fro
RCH,NO, —= RCH,NO,H + .{ )

@
_.O o
rReHgN-¢ )
A AN
i\ . CP—-
F?CH452§3—<:::::> +}{2C) ]Q(:f{zrdgi + "QC)

hv $ hv &

Q | O
2 \r\] / \/ \

RCH— RCH’ZNL )
hv 4’ hv &

O O>/\
RCH,N |

R-C—NH \\/)

Scheme 13

The thrid pathway is the formation of zalecchels from the correspending

nitroalkanes, Their formation was rationalized tv a photochemiecal homslytic
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cleavaege 9f the C-N bond, which gives an alkylnitrite on radical recombination
which is then cleaved prhotochemically to give the alcochols., In all the
irradiations in cyclchexan2,nitrocyclohexane was present, formed by an initial
C-N bond cleavage of the nitrdalkane and the reaction of the nitrogen dioxide

with cyclohexyl radicals generated by the hydrcgen abstraction reaction.

W ; \
L) NO,
h‘l \\___, /
RCHzNO'Z . RCHZ""NOZ —=

These authors concluded that for nitroalkanes in ecyclohexane two competing
photochemical pathways exist, namely hydrcgen zbstraciion by the excited
nitrc group and homolytic cleavage of the C-N bond,

A later report by these authors examined the effect of changing the filtex
on the photcchemigtry of nitxoethan9137. 4 pyrex filter (previous work had
uwsed 2 quartz filter) led to the isolation of hydroxyiminocyclohexane (43),
cyclohexylnitrite (46) and nitrocyciohexane. Monochrematic light (A = 254n.m.)
gave trans-azzocyclchexanedi-N-oxide \47) This was photochemically stable 3t
this wavelength tui is converted into N-cyclohexyicaprolactam by use light of
longer wavelengths, whils? pyrex filtered 1ight gave the oxime (45), cyclo—

hexyl nitrate (4%) and nitlrccyvclohexane, The interconversicn of mono- and bis-

. . 138
aitrosocyclohexane has been reported asg well as iis conversion to the oxime 7.

NOH ONO

NO,
hv(3290)
EtNG, v
L [45] €46;




hv (=254) = 7

; u \
E "Noz - == O\+ /‘\)

“\ N=N

. ) hy ‘L(A>250r.m\,

The Formation ot the caprolactam was rationalized in terms of an additicn of
a cyclohexyl radical to nitrosocyclohexane to form a nitroxide radical(47),
which decomposes to the nitrone which then rearranges to the caprolactam

via the oxaziridine as described before.

P

a2 o
¢ N, (\ L ¥
PNe 'y,

The fcrmation of nitrcsocyclohexane when both nitrocyclohexane and

nitroethane are iirediated 3n cyclchexane precludes a direct photochemical
3 ion., The nitros loh s to ari is initial hemoiyti
Jdecxvgenation, The nitrosocycloliexane seems tc arise vis an initiai hemolytic

.

C~N pord cleavaze followed by photuconversion or nitrogen dioxide into

nitric cxide and.radical combination. This mechanism is general and can
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explain all the previous results on the photechemistry of nitroalkanes in
P r ¥

139

solution .« This is an iaportant result as it clear evidence for homolytic

, hv
RNOZ e A N0,

hv .
i & R oy NO- + [O]

»

=
O

NO+ - —

[,

C-N bond cleavage being a primary process in the solution photockemisiry of
nitroalkanes. It also indicafes that the previously postulatsd aydrogen
abstraction pathway méy not be as imporiant as supposed.

The photochemisiry of some geminal substituted nitroalkanes ic soiution

has been studied and the fermation of the @ ~nitrealkyl razdicai is tue

140,141

ma jor observed pathway for geminal nitroritrosoalkanss and gemiual

142,143

iodonitroalkanes This is due to the carbon-geminal substituvent bord

being weaker than the C-NO2 bond,

. . - . . . . - / - . .
Nitroalkanes can exist in the isomeric aci-nitro form (43), wnick is

J . . 14 : ’ s !
usually unstable, reverting t9 the parent nitroalkane “4. The irradiation

i OH

A : IR 1. 7 5 —_— :
of statle aci-niiro isomers has been reportead 4’. The resuits indicated that |

the phciochemisiry of aci-nitro compounde is znalogous io the photochemistiry

of niironcs and is very different from that of nitro compounds,

: : .. 2346, 14T -,
The photochemistry of & -nitroepoxides has besn studied A% e A marksd

-

solvent dep:zndance was noted, the photorecactiicna EZSSSEQEPin protic or
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hydrogen-donating solvents. Ring opened oximirio derivatives are obtained
. M\ 3 - - - . 3
ag products, rossibly ME via 1,3=-dipolar ard g-nitroketore intermediates
although an initial C-~N bond cleavage cannoct be ruled out. A thermal reaction
between alcohols and these epoxides , with eliminction of the nitro group,

148

1o give g -alkoxyketones is also importiant « Quenching studies suggesied

that the triplet state of the nitroepoxide was respcnsible for the prcdact
formationl46’l47.

The photechemistry of @ —nitrcketones has been investigated by varioug
groups and this subject will be discussed when more results on the photo-
chemistry of G -nitroketones are presented,

From the reroxrts cn the photochemistry of nitroalkanss and related
compouads it weculd appear that homolytic C-N bend cleavage is a major

pathway in solution as well a2s in the gas-phase, Other photoreaciicns do

occur but their importance is as yet difficult to assess,

(=) The photochemistry of nitroalkenes,

=3

he reporied orotochemistry ofa ,p -unsaturated nitroalkenes can te

(ii) Fhotochromism, (iii) The nitro-to-niirite rearrangement, (iv)
Intramclecular zttack of the nitro group upon the dcuble bend,
(v) Photochenical deconjugation, (vi) Dimerizaticns and photoaddition

- o o N - L.
reactions and (vii) miscellaneous reactions,
(i) The photcchemical cis-irans isomerization of @ ,p‘-unsaturated nitro-
alkernes occurs in many cases, often as a prelude to further reactions, The

-

conversion of -7 -nitrostyrene (49a) into the Z-isomer (50a) on irradiation

150,151,152,153

in soiution has been repcrted by various group s well as

T

tre conversisn of B-J -methyl, f-nitrosiyrene {49b) into the Z-iscmer (50b)
154,155 ! . 5 = el 5 <

s 53; The conversion cf a series of E-l-aryl-f-aitrcalkenes into the
isomers on irradiation in solution, prior to the Z-isomer exhibiting

" ; 186,157 . .
photochromic properties, has also been reportei™ ° b‘. The conversior of

' <)




>
Sect

(E) (Z)

[49] [50]

(A) R=H
(b) R = CH,

_E_‘_e—p-brcmo-ﬁ -nitrostyrene into the Z-isomer has been suggested bvutl 1ol

158

proven °, whilst the conversion of E-1-{9-phenanthryl-)2-nitroprop-l-cne

. g : 15 . & Sy
into the Z-isomer has been demonstrated ’9. The photolysis of sulatizuted

.

AR . 160 . ; .
nitrostyrenes causes E-Z interconversion ; E~a-nitrochalcone(5ia,; and

ethyl—(_?i)—a-nitrocinnarre.te (51b) were found to undergo conversion into the

Z~ and E~ isomers respectively on irradiation in benzeae.

G —_ )_,T:
}—r/ \1\1/"2 nv H \R
[ 51]
(@) R= COPh

(b) R= CO,ft

A recen® deiriled report on the F-Z Isoumerization of ﬂ-—n“ﬁrcstyrcnes
showed that irraciatlion of a seriee E-jJ -nitrostyrenes ir hydrocarcen solvents

E- ani Z-isoners, consisting of 6C-80

gives an equilibx um mixiure of the
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percent of the Z-isomor in the case of (52a-d) and 10-20 percent in the case

of (529)*61.

Ph R PR NO,
C=C _— —
x’ it XF_C\Y

52 (a)

X= ¥
{(b) X=H; Y=CH,.
(e) X=0H,; 1= 1,
{(d) X=H; Y=0C1,

(e) X=H; Y=38r,

The phctcchemical F~Z isomerization of nitroalkenes is not restricted
to nitrostyrenes. Irradiation of the E-isomer of a carbohydrzte nitrcalkene
. » palt 1 162 .

leads to the formation of the Z-isomer  ~, A comprehensive report on the
photochemistry of acyclic nitrnalkenes, in diethyl ether and hexane,
concluded that nitroalkeres alkyl--substituited at both the @ - and p-
positions give a photostoticnary siate of the E~ and Z-isomers plus

. e i A 163 e . -
sometimes the aeconjugated iscrex e« The equilibrium concentration of

the E~ and Z-iscmers of 3-nitrobut-2-ene was altered by the use of higk



triplet energy senstizers; the higher the triplet energy of the sensitizer
the more Z-isomer was present in the equilibrivm mixture, It was also found
that the photostationary state was indifferent tc the starting isomer used,

The E-Z isomerization of 3-nitrobut-2-ene was also observed when acrolien

5 164
vas used as the solvent o

156,157

(ii) The phctochromic behaviour of nitrostyrenes has been investigated
Egp-—nitrostyrenes (52) are not photochrcmic but isomerize on photclysis

in ethanol oxr cyclchexane to the Z-isomers which are photochromic if R,
7

ani/or R

4

excited nitro grour on ithe benzene ring leading to the coloured isomer,

equals hydrogen, The postulated mechanism invovles attack of the

postuiated to have structure (54).

Several other reports nave evoked intermediates of type (54). Irradiation
i . - ; 165 .
of 3-(2-nitroprop-l-enyl)indole (55) in methanol leads to the formation
of the oxindole derivative (56), via (57) as shown in scheme 14, The initialk
atiack of ihs nitro group on the aromatic sys*tem is analogous to that prorvoscd

for the protochromic behaviour of p -nitrostyrencs,.
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OB Fug ol 8¢
o
Vit e,
Ol__(’ NOH O]
A0 S8

ity
(6]

-
S Iz
Coend

Schemz 14,

It was also observed that irradiation of 2-(2-ni ropm@dfenyl)benzofuran
. : . . . f
(56) 1led to the formation of *the 6-hydroxy-l,2-cxazine derivative (57),

\166

presumably via the oxcbenzivran derivative (58) . Analogous reactions

were observed for 2-{2-nitrorrop-l-enyl)furan. its 5-methyl derivative and

2-(2-nitroprop-i-enyl)indole.

] b7 T——T/O NOH
O‘ //L ~NQ, Q/\O/J\)K
[ 56 ] / 58]

(EO\
Q

[57"]
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(iii) The 'nitro-to-nitrite rearrangemeni was first repcried by Chapman in

1964 and since then numeious examples of this particular rearrangement have
been reporied. This rearrangement is found to be common to nitroaromatics,

nitroheteroaromatics, nitrodienes and some nitrocalkenes., The early reports

were that 2,3-dimethyl-l-nitronaphthalene and 9-nitrocanthracene upon

irradiation in ethanol or acetone gave Z,3-dimethyl-l,4-naphthaquinone and

154,167

anthraguinone respectively « 9-Nitroanthracene is reported to undergo

168,169 168

photo-oxidation to anthraguinone and 9-nitroanthrone s it being

suggested that a reroxide is an intermediaste, 4-Nitro-2,6-diphenylphenol

174

upon irradiaiion gives a quinone derivative « A more recent repori on the
vhotochemistry of 9-nitroanthracene showed that there is a wavelength
dependance in product formation, When light of 420-530 n.m, is used, a
photodimer is obtained whilet light of %70-410 n.m., gave 10,10'bianthrone
and nitric oxide171. It has since been suggested that this wavelength
dependance is due to the photoreaction resulting from an uppsr N Tévtriplet
state, whiist the dimerization comes from the low lying TiT‘*triplet state .
The photoreactiion was found not to require oxygen, hence excluding a

peroride as an intermediate. Irradiation of S-rnitroanthracene gave
anthraguincne (59) and 10,10'bianthrone {60), whilst irradiation for shcrter
periods with a continous nitrogen flush gave nitrxic oxide, anthraguinone,
10,10'bi' enibrone and anthraquinone monc-oxime (61), Irradiation with a
nitric oxide flush gave a larger yield of anthraquinone at the expense of
10,10'bianthrone whilst irradiation of anthraguinone mono-oxime in the

vresence of nitric oxide gave anthragquinone., These and earlier results

were raticnalized by means of the following mechanism, as shown in scheme 15,

) which thermally or photochemically decomposes to the 9-anthroxyl :
radical (63) and nitric oxide, which can then undergo further reactions, All
atiempts te yrepare G~anthryl nitrite from 9-hydroxyanthracene failed, a fact
which indicated &hat the nitrite is very unstatle and that its breaxdown is
%

thermai rather than phetochemical. The failure to observe any photodimer irn
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in this work was atiributed to a rapid deccmposition cf the dimer at shorter

wavelengths.

NG,

Q00

ONO

hy \/\//\
= 000

[62]
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The initial nitro-io-niirite rearrangement was considered to occur via a
nfﬁ'triplet although there was no evidence to suppcrt this, The rearrange—
ment was ccnsidered to be aided by steric features holding the plane of the
nitro group cut of the plane of conjugation., In the case of 9-nitroanthracene
this is achieved by two peri-hydrogens and ih l-nitro-2,3-dimethylnaphthalene
by a peri-hydrogen and an o-methyl group, Two itypes of mechanism may be
considerzd for this rearrangement, a dissociatiou-reccmbination mechanisn
and an intramolecular rearrangement mechanism, The dissociation-recombination
mechanism would reguire the homolytic cleavage of the C-N bond and subsequent
recombination to give the nitrite; as no prcducts derived from these radicals
were detected, ithis mechanism was rejected, The intramclecular mechanism is
described in terms of the nitro group being orthoganol to the plane of the
anthracene ring, due to steric effects. The excited.r]T?state with a half-
empty non-bonding orbital on oxygen interacts with an adjacent orbital of

the aromatic ring to form an oxaziridine ring which collapses to the

nitrite, scheme 16,

Mass-spectiral data provides evidence fer the rearrvangement being intra-
molecular, The slectron beam in the irass specrtromeier removes a non-sonding
electron from the nifro gxoup which ig cf zimilar effect as the N1 transitio

achieved pnotochemizally. The resuliing species witha half-empty non-btending
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orbital gave 2 peak at M=-30, wnich became more intense as the ionizing
veltage of the elsctron beam was reduced, and was attributed to the sequence
in scheme 17. Due to the low pressures used in the mass-spectrcmeter, a
dissociation-recombinztion reaction must be excluded, hence demonstrating the

-

rearrangement 1o be intramolecular,

+ + 4
[ Ax-NO, ]* —e [Ar-0NO]" —== [ ArO]+wo-
Scheme 17,

There is some precedsence in the literature for the oxaziridine inier-
mediates su-gested by Chapman, The rearrangement of an aromatic nitro group
to an oxaziridine has been suggested by several groups to explain the
action of pase cn nitroaromaticsl7o’173’174’175.

Several reports on the photochemistry of nitrcaromatics have apreared
which demonstrate the occurrence of a photochemical nitro-to-nitrite
rearrangement, Irradiation of 4-nitropyridine-N-oxide in the presence of

xye2n resulis in the formation of 4-hydroxypyridine-N-oxide nitratelTG.
Irradiation of 3,5-dimethyl-4-nitropyridine-ll-oxide in watier or alcohol
resulted in the formation of 3,5-dimethyl-4-hydroxypyridine-N—oxide, whilst
4=ni trogquincline-l-oxide rearranged to 2,4-iihydroxyquinolonel77. Ir. these
examples, the nitro group is considered to be held out of the plane cf
cenjugation by the ortho substituvents, which asaists the nitro-to-nitrite
rearrangenment atl the expense of hydrogen abstraction reactionss. As oxygen
has no effect on the rearrangement, it was suggested the photoreaction occcuars

¥

ria a. NT singlet siate., Irradiztion of 4-nitroanisole gave 4-hydroxy-

3-pitrozniscle and 4-nitrosoanisole, whilst the 2- and 3-nitroanisoles

178

wera unreaztive ', The pcstulated mechanism. invovling an initial

nitro-to-nitrite rearrangement , however, does not provide an explanation

for the lack of reactivity in the 2- and 3-nitr> derivatives, 1,4-Di-{t-
- ; 5 oe T R : - .

butyl )=2--nitrcbenzens rearranges to a guinoae derivative 79. T-nitroquinoline
; ; sl Kot b . : . o e il i80 .

derivatives zive the hydroxy derivatives on irradiation . Hinderzsd

nitrooenzenes underso a nitro to hydroxyl photoiransformation in polar
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solventle. An initial nitro~to-nitritc rearrangement was postulated; as
the nitro group iz twisted out of the plane of cenjugation by the bulky
substituents in the 2- and 6-positions, the nitro-to-nitrite rearrangement
is favoured at the expense of the hydrogen abstraction reaction, Quenching
experiments indicated that the nitro«to—nitr&te rearrangement occurs via an
excited triplet state.

-The occurrence or the photoinduced nitro-to-nitrite rearrangement nas ¥

5

been postulated in nitroheterccycles. Feid and cc--workersJ~81 have studied
the photochemistry of Z2-nitrofuran and 2-nitropyrrole and the formation of
oximinoketone %ype products was rationalized via an initial nitro-tic-nitrite
rearrangement as shown in scheme 18, When the 3-vosition is blocked, the

nitric oxide recombined at the 5-position, This type of photorearrargement

nv
/ — \
R/\X\ “NO, R(/ X,\/\owo
X =0 or NH é

‘¢

QL)(/X:C) iy R /';33&\()' NG

Scheme 18,

is normally judged to be aided by a twisting of the nitro group out of the
plane of conjugation. Nitrofuran and nitropyrroie, however, are expecied
to be planar and these compcunds are considered, by these zuthors, to be
an exception to this generzal rule., Nitrofurar has also been repcried to

L B

undergo photodeccmposition in vropan-2-ol after initi«l hydrcgen abstraction
. 182
by the nitro group .

Little work on the excited state responsible for the nitrc-to-nitrite
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rearrangement in nitroaromatics has been performed, Xaneko observed

oxygen had no effect en the photoreaction of nitropyridine-N-oxides and

Otcufr“

suggested the rearrangemeni geewred via a N ﬂ?singlet state, whilst

Kitavrra and Matsuuralé on *the basis of quenching experiments concluded
ocanrod
that the nitro-to-nitrite rearrangement cccured via an excited triplet
state fcr substituted nitrovenzenes, The later work is more quantitative
and nmore reliance should te placed on its conclusions but the fact that
different systems were being investigzted should not be ignored,
Photoinduced nitro-to-nitrite rearrangemerts occuring in nitroalkenes

154,155

were first reported by Chapman l-Prenyl-2-nitroprop-l-ene (84),

after a rapid eyuilibration of the cis and trans iscmers, gave

l-hydroxyimnio-l-phenyl propan=2=-one (65). The mechanism is considered to
involve an initial nitro-to-nitrite photcrearrangement foilowed by either
a photochemical or thermal breakdown of the unsaturated nitrite to give the
observed product, This rearrangement is analogous in its early stages to

the one postulated to explain the photoreactions of 9-nitroanthracene,

b=l L N o
\ }:-::\<\
Ph CH, BH CH,
[6]

L = Tp—
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The solvent is importani. Acetone gave the best yields, It was suggested
that it may be acting acs a sensitizer. but no evidence was presented, The
a -methyl group is considered to hold the nitro group out of the plane

of conjugation, greatly facilitating the reaction., Additional evidence

-

comes from the observed photochemistry of the B -nitrostyrenes (49), which

152,154 .161,183

only undergo E-Z isomerization o Here the steric effect of

the @ -methyl group has been removed and this causes the rearrangement
not to occur,
Fant 2k . : . PIPSEREI O
The effect of swbsiituents in the benzene ring has been investigated »
Para~substitutad nitrostyrenes give the corresponding oximinoketornes,
Substituted benzaldehydes were also isolated {the mechanism of their formation
will be discussed later)., These workers found that the formatisn of the

oximinoketones was unquencnable, indicating the excited staie responsilbie

for their formaiion was either a singlet or a higher triplet s*zte (Tz).

H\c."-'C<r\102 n o

— xL()L-cR
/“*( R U A
o

Hun% obtained anz2logous results when ortho or para substituted

Hy

v

p-qﬁtrostyrenes were irradiated in methanols a reductior In the yield o

ot ; - : . 33
oximinoketone was noted when the substituent was elecixcu douating »

|

Changing to a heverccyclic nucleus had no subsiantial effect c¢cn the reaction,

The photoch=mistrs cf nitrostilbenes has heen siudiea and the fermaticrn of
~

oximincketones has been observed186'147. Salisbory and co-worlkers’ 27 evoke



48
an initial nitro~to-nitrite reaxrrangement to explain the conversion of
E-1-(9-phenanthryl }-2-nitroprop-l-cne (66) to the furan derivative (67). It
was found that the photcproducts were derived exclusively from the Z-isomer,
The excited state responzible for the furan derivative was found to be the

singlet state by use of quenching studies and use of a heavy atom solvent,

185 .

This result is ccmparable with the resulis of Szito
nitrostyreres, the niiro-to-niiriie rearrangemeni occured via anexcited
singlet state. The evidencs to date points to the rearrangement in nitro-
alkenes coming from a singleti excited state, This ie in comparison wiih
nitroaromatics where to catc nc derfinite corclusions zs to the excited stztie
responsible for the nitso~to-nitritle resrrangement have been drawn,

A further evamrle of this rearrargemnent is provided by §7£3-bromo-g -

158

nitrostyrene, which on irradiation gave alkyl d-isonitrosophenyl acetats

v
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The more sterically strained isomer (grisomer) is considered to be responsible
for the unitxo=to-nitrite rearrangement,

This photoreaction can also occur in steriodal c:mpoundslss. If a
radical recanbination centre is hlocked a vinylogcus rearrangement can
occur, subject to there being a correctly pleced double bond, Hence
irradiation of 6-nitrccholesta~3,5-diene (68) gzave 3-oximinochoiest—4—ene-6—
one (69). Formation of compcunds of iype (70) are not favoured due to steric

IreascisS.
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When no double bond is praseunt, a,;}-unsaturated‘ketones are obtained,

’ : : i ;- 155,187,188
presumably from the brzakdown of the intermediate radical species 24Tk

189. This is demonstirated by the isolation of 6-oxo- A4—cholesteryl-35 -

: s
acetate (72a) from the irradiation of 6-nitro- A’—cholesterylnil}-acetate
155 . = : e g
(71a) , and o-oxo-cholest-4-ene from the irradiation of

6-nitrocholest-5—ene (71b)189.

(@) R=AcO
(b)) R=H

1t was concluded that the occurrence of the nitro-to-nitrite rearrangeirent

53,5

ir the photochemistry 6-nitrc- -cholestadienc is due to the C-4 hydro-

gen iwisting the nitro group cut of the plane of conjugation, Similar staric;
reasons czn exrlain the observed resuvlts in otnor nitrosteriods.

A carbobydrate E-nitroalkene gave the Z-~isoiiec and the cis-and irans-
isomers the ccrresponding a ,p-unsaturated kevones on irradiation, Cther

}

i
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products may be orezsent but none could be isolated}bz.

(iv) The iatramolecular attack of the nitrec group on the double bond was
first postulated to explain the producis, other than oximinoketone, obtained

in the photolysis of a substituted nitrostilbenelss,‘scheme 19, No direct

ek
O,N~ O C/C};/r !
% ! [y

CO,H N

Scheme 19,

evidence for the occurrence of the four membered ring or the niirile oxice
was advanced, Salisbury used this type of mechanism to exvlain the formaticn
5 3 A % - ¥ p ¥ a0 - a I .
of phenanthrene-S-carboxaidehyde in the irradiziion of Z-1-{S-phenanthryi-)
-2-nitroprop-l-ene (66)., The product was shown to cccur via a triplet excitec
; o Demme ; 3 L 159
state by use of triplet quenchers and heavy atomr solvents ¢
This mechanism was also postulated to explain the formaticn of supstituted
. B ! . : 185
benzaldehydes in the irradiation of I}-nltrostyrenea « These workers
sucxeeded in trapping the intermediate nitirile oxides as isoxazolines, by
irradiating in ‘he presence of methyl acrylais. Quencning studies indicated

that the reactica ocoured via the first excited iriplet state, This iz in

complete agreement with Salisbury's results,
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(v) A further photochemical pathway open to nitroalkenes is double bond
migrifion from the @ ,p - to the ﬂ,Y -position or photochemical
decaéugation. Irradiation of Bp-acetoxy~6-nitrochclest—S—ene (73a) in
hexane or dioxane led to the isolation of Bp.-acetoxv-6ﬂ -nitrocholest-4-ene
(742) 23 the major product along with the isoxazole (75), the nitrodiene (76)
187

and the unsaturated ketone (77a) « On irradiation in acetone, (73a) gives
a mixture of the 6a~ and 6p -isomers cf (74a) as well as 3-hydroxyimino
cholest-j-enc (78) and the @, -unsaturated ketone (77&)155. A detailed
study of the photcchemistry of several 3-substituted 6~-nitrocholest-5-enes
vas undertakenlss. It was concluded that the observed photechemical pathways
are sensitive tc the solvent employed and the nature of the substituent at
C-3. In general three photochemical pathways were observed, (a) eliminaticn
of the C-3 substituent leading to a nitrodiene and eventuzlly an oximincketcne
This process is favoured in ethancl and acetone and when the C-3 group is
easily eliminated. (b) Photochemical nitro-to-nitrite rearrangement tc give
the unsaturated ketone; this is favoured when elimination of the C=3
substituent was difficuit and when cyclonexane was used as the solvent,

(¢) Double bond migration, which occurs when cyclohexane is the solvent and
gives a mixiure of the 6Qd -and ép-isomers of the deconjugated product, This
reaction is considered to be analogous to the vhobochemical deconjugation

of a ,p-ur:satu_rated ketones,

The phctiochemistry of a 3eries of sliphatic nitroalkenes has been
v

studiedt®?

« Irradiation in ether or hexane gives 2 rhnotostationary state
corresponding 1o an equilibrium beiween {he E- and Z-isomers of ihe starting
material and the deconjugated isomer, It was concluded that_p-substituted
nitroalkenes give principally the deconjugated isomer whereas a - and p -
disubstitut=d nitroalkeres give a photostatiorary state consisting of the ;
E- and Z-isomers, Nitroalkernes that are p,‘}-disubstituted or else are

a ,ﬂ ,p ~trisubstituted undergo the deconjugation reaction, In these caces,
however, as both the I~ and Z- isouers are identical, no idea of the amount

?
of cis/trans Isomeritation occuqfng can ne ootained.
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Irradiation of a mixture of 3-niiro-2-methylcyclchexene (79) and
[ - A o 1 ] { y . .1.90
l-nitro-2-nethyleyclohexene (80) leads to the conversion of (79) to (80) .
These authors seemed unaware of any previous work in this field and also
failed to present any explanation for this rearrangement. The accepted
mechanism for this type of rearrangement involves tbe absiraction of a
Y —hydrogen via & six-membered transition state,which should give (81)
in this case. An explanation for the formaticn of (80) by thermal or

photochemical conversion of (81) to (80) seems unlikely,

NO, NO,

@CHs hy I CH3

—

[79 | [80]

(vi) Nitroalkenes can also undergo bimolecular photoreactlons, namely

dimerization and cycloadditions. The solid atete dimerization of
191,132
v

7

3-mitrostyrene has been known for many years

A o . .150,152,153 :
hes the siructure of the dimer been fully determined”” "’ 52, 5’. Th

"
t

photodiner wze shown tc be l-irans-3-dinitro~cis-2 -tra..s—4-diphenyicyclo-

butane (82). t1. attempts to cause the dimerization 1o occur in soiuiion

failed, cis-trans isomerization occurs iusteai.




Cther nitroalkenes have been dimerized in the solid state,l-furyl-2-

193

nitroethylene gave the analogous dimer on ircvadiation , and 2-nitrobenzo-

= By s . o N s m G4
l1,4-dithiadiene gave either the head-to-hzsad or the head-to-tail dlmerl/ »

Dimerization in sclution has been observed for l-nitroacenaphthylene which

195

gives ithe head-~to-head and ihe head-to-tail dimers « Nitrodienes also

undergo dimerization in solutinn, 4-nitro-l-phenylpenta-1,3-diene (83)

’ .’r‘
gives the phctodimer {8&)“6

» A single sterzoisomer resulting from
@ 2 - ; N oo 4 : .
( S 4+ T7 s) addition is ohtained even in dilute solution and there is no

evidence for (4+2)™ or {A-+4) 70 cyclcadditions, The dimerization always

PN, NG,
[83] |

nv L
NO.
;\‘C:(’ ‘

P,
Lo AN

Phel—~c=(

\
NO,

[84]
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occurs at the 1,2 double bond and not the 3,4 doutle bond %nd there is a
marked solveni dependance, better yields being obtained in methanol than
in acetone whilst no dimexr was obtained when cyclolexane was used as the
solvent, These results have not as yet been fully rationalized. A related
reaction is the dimerization of 9-nitroanthracene in colution, where the
head-to-tail Jimer is oﬁtained17l. A marked wavelength dependance was
voserved, as light in the region of 4200—5300A gave the dimer whilst 1ight
of shorter wavelengths gave anthraguinone as the mzjor product.

Cycloadditions of alkenes to nitroalkenes have recieved attention,
Chzpman has publisked a preliminary report and a Thesis containing more
ails has leen published154’l97. p'-nitrostyrene is repcrted ito undersgo

photocaddition to alkenes to give cyclobuianes, Cl—Phenyl-ﬂ;-nitrostyrene

Ph- R v Phe R

i + —_— L
NO R ON®R

vhen irradiated in the preseunce of alkenes gave no reaction, which was
attributed to th2 second phenyl ring causing steric interference. All the
photoaddition producis are the result of 1,2 additicns and when an
symmetrical 2lkene is used, the resulting adduct has the most nucleophilic

carbon uttached to the alpha position of the ﬂ -nitrostyrenejattributed %o

-

B

ihe ﬁ'—nizxoatz*ene acting as an eiecirovhilic species. Each photeprocuct

has the phenyl cnd nitro groups trans to eaczh other., This regiospecfic

&

-~

was attritated to the [3—nitrostyrene adding n a trans manner. A mechanisn
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to explain the obscerved facts has been advanced by Kanl98. This involves
initial attack by tke exciied nitro group on the double tond of the alkene
to give a siy-membered ring which then collapses to a four-membered ring.
This mechanism igs now subject to reaporaisal in the light of recent
theoretical work,

Nitrocalkenes also undergo a so-called photo-Michael addition164.
Conjugated nitroalkenes on irradiation in the presence of an unsaiurated
aldehyde (85) gave principally the non-conjugated nitroaldehyde (86) and
the conjugated derivative (87). The presence of the double bond was shown
not to be critical as nitroethane also underwent this reaction, The
reaction seems to involve the photochemical isomerization of the conjugated
to the deconjugated nitroalkenes and their subsequent photo-additicn,
although a phctocycloaddition reaction as the first step fclilowad by a

breakdown of the cyclobutane ring can explain the resultis,

Ry R, R Rs
REH-C=C-NO, + RzCH=C-CHO

R
R—dH—é—% H—(EH—CHO
\0,

[87]
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A recent repori concerns the photoaddition of alcohols to nitroalkenes,
Irradiation of l-nitrocyclohexene in methanol gave the adduct, trans-

Bon i i €9 . . .
l-methoxy,2-nitrecyclchexane . Wo previous examples of this type of
photo-addition have been reported but the facile themal addition of ethanol

. B et L 160 :
to several substituted nitrostyrenes has been reported o Whether light
had any infiuences on these reacticns was not investigated.
(vii) The effect of oxygen on the photcreactions of nitroalkenes has been
investigated, Irradiation of rara-substituted p -alkyl—p -nitrostyrenes in
the presence of oxygen gave substituted tenzaldehydes and the corresponding
e W 1 . . . . = MG
caxrboxylic acids o The mechanism of the reaction is postulated to involve

the attack of oxygea on radical (88), tc give an g -ketohydroperoxide (89)

which then decoumposes to give the observed products., This mechanism may

H\C: <N > hv Ht
ol
X) | @ R
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explain earlier results. Irradiation of 3,4—dimethoxy—{3-methyl—pn—nitrostyre%

: . g . 199
in acetone gave verataldehyde and veratic acid 9J.

A totally diffexrent photoreaction is undergone by @ —=nitro-2'-=iodo~-cis-—

.
s oo ” ‘4 200 . : :
stilbene which in cyclohexane gave 9-nitirophenanthrene « This cyclization

may be regarded as an example of icdoaromatic photochemistry as.opposed to

nitroalkene photochemisiry,

(@) Thecretical s*udies on the nitrc g£roup,
(i) Nitroalkanes; the following discussion concerns chiefly nitromethane

but it is possible %o extend the ideac to nitroalkanes in general., Electron

5 2 ; . . 20
diffraction measurementis show nitromethane to have the following structure® *;

v, = leg6%

CN

= Je01
™o = 1e218

{0NC = 127°

there is resiricted roiation about the C-N bcnd, but a low energy barrier

. i . 202 5 : :
allows the molecule to attain C,, symmetry” ~. After the formation of the

2V

sigma bond framewoik, there are three Dy orbitals {one on nitrogen and one

on each oxygen) perpendicular tc the plane of the nitro group, which form
an allyl 7T type syvstem leaving a B crrital in the plane on each oxygen

10 become a lcne pair. A better way cf considering JT orbital csystem formation

’

. 20 ;
is ty appyling zroup theoxrv® . Assuming & locel s etry of C,,, the
" 2V

nitrogen 2p_ orbital belongs 1o crepresentavion b2 whilst the two oxygsn

Y
2py orbitals beleng 1o a. and b2. The two b2 orbitals combine to give the
bonding (T ) and anti-bonding { Ti¥ ) orbials whilst the a, orbital wil

2
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be non-tonding {77, ) and localized on the oxygens. Each oxygen has a
pair of electrons in the plane of the nitro group (2px). These orbitals
belong io represent=ticna 29 and b2 and 2re ihe non-bonding orbitals,
This argument not only allows a picture of the 77 and n.b.o. systems
to be buili up, but also allows a prediciion as to which electronic
-y < e ot -* . % s
transitions are allowed ard forbidden. The Wj===1'" and c%rc>1\ transitions
¥ i s < i = 5
are allowed but the CSb§=»T‘ transition is forbidden, Allocaticn of these
ransitions is pozsible by compariscn with the U.V. spectrum of
niiromethane, The observed weak long wavelergih trarsition is due to the
forbidden N—=11transition whilst the strong shorter wavelength iransiticn
) . v 7 X - + | : o
is due to either the allowed N-—=T or the N> T transition.
Snatzke performed some =zlementary theoretical studies and assigrments,
3 o W R o s % % . 1
and concluded the long wavelength transition is due to a N —= 7 transition .
. A - : o 205
based oin the *transition undergoing a blue shifi in polar solvents =
These approaches fail to give the absolute energies of the orbitals.,
. LT ; ! : 206 e
McEwen studied tke electroric structure of nitromethane « These calculztions
show that the 77 orbitals result entireiy from the py orbitals on nitrogen
and oxygen whilst the non-bonding orbtitals result from a combinztion of
many atomiz orbitals, The two non-bonding orbitals are nearly degenerate
and are lower than the Ty orbital, The predicted value of the ionization
St o o : I 207
potential is 15+51leV whilst it hss teen found to be 11le+34eV o« The
calculated elcciroric transiticn energies are in gcod agreement with observead
values.
; ; 5 : . 210 . 5
Anothsxr attemps at calculation was made by Harxis « This treatmeni
indicates ther:z is a contribution from the Cy orvitals in forming the
system,The absclute erergies are different but the ordering is tne same as
McBEwen, The vredicted ionization potential is 12+14eV which iz closer 1o 8
the experimentel value, Trere is good ~greement between the calculated

end observed transitica energies, These resulils predict two low intensity

transitions as the iwo ncn~-bonding orvitals cre very close in energy. The




Molecular Orbitals c¢f *he Nitro groun.

* .
" b] (snti=-bonding)

T, (non-bonding)

5
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o) (non~bonding)

S b2 (non-bondirg)
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observation of only one longer wavelength transition is explained by the
iwo transitions having approximately the same energy. An alternative
explanation is that the shorter wavelength, high intensity peak may be due
to a t\—bT{transition ratbver than the TR-+T€:tranaiﬁion203.
Molecular orbital drawings and calculated orbitzal energies of all ihe

211. The predicted ionizztion

orbitals of nitromethans have been produced
potential is 7+58eV which is so different from the experimental valuve as .
tc put the caleulated energies into some doubt.

An alternative way of obtaining the orbitzl energies is by studying tre

phctoelectron spectrum of nitromethane, It was observed that photoicnization

v
occui?d a2t 11-25eV2¢2. Two fuller papers have appeared213’2l4 and their
resultis are compared below:
Kobeayashi and Nagakura219 RabalaisZIA
O=bital enexgy Assignment Orbital erergy Assignment
TeZ2] 1 «37 o,
1121eV C%H 11-32eV a
11+8leV T, 11+73eV B,
14+50eV = 14+73=V &
b, by
15¢65eV Not assigned 1575eV » TTbl
17252V Not assigned 1745V  Low lying & bond

The agreement beiween the cbserved values and the assignments is very good
Both groups agree that the highest occupied orbital is a non-bending
orbital localized cn oxygen. Theory suggested the highest ocdbied orbital
was T and this is <learly shovn to be incorrect as is the view that the
wwo non-bonding orbitals are degenerate, zxperimental work clearly shcws
they are split by 4-+5eV,
! 2 o 3
Rabalais concludeé that the weak band in the U.V. spectrum of

. . * . e =
nitromethane at 270 n.r. is due to a &, — U transition whilst the

0
- 2 . . . L ] !
tranzitica at 198 n.me is due to a ngpﬁn irznsition, It was also shown
2

oL . . . . s
that the P - X tiransition in nitromethanc cauces the dipole moment to be

decreased in the excited stateQOs.

FProm *he avove discussion it is obvious that theoretical calculations
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nave failed to provide zccurate and consistent values for the orbital
energies of nitromethane, No attempi has been made to relate theoretical
work to the observed rhotochemistry of nitroalkares, The fundamental
photoreaction undergorne by nitromethane is C-N bond cleavage, to expizin
this, one would expect the excited state to skow a decrease in the C-N
bond order.

(ii) Nitroaromatics; Nitrobenzene has been shown to be completely planar

—

in the crystaline state215, and the 77 eleciron distribution and kond
orders in the ground state have been determined216. Calculations of the
absolute energies and the L.C.A.0. coefficienis of nitrobenzene have been
performed216. The results indicate that there are bonding, non-bonding
and anti-bonding orbitals derived frcm the nitro group and there are wwo
filled benzene derived orbitals higher in energy than the non-bonding
orbitals on the nitro'group. These calculations predict the icnization
potential to be 10+6leV which is in fair agreement with the experimental
value of lO°15eV217.

Several reporig of calculations concerning the exciled states of
nitrobenzenes have a2ppezred. The transition frcm the ground to the excited

. . . . . 20
state causes an increase in the dipole moment of nitroberizene -,

A

Calculations on the electron distribution in the ground and excited staie
of p-nitrornencl showed 2n irncrease in the dipole momert in agreement wl.ih

=0

previous work ", The 7T electron density in the first two 7@ » U excited
states of nitrobenzene as well as the ground state has besn calculated o
The charge censities of various substituted nitrcbenzenes in the first and
. % . ; . 219
second N7V states has been calculated ”
Barltrop attempted to relate the cbserved photochemisiry of nitrobanzene
to its electronic structure, Calculations of the 7 electron charge densities
3 5 3 ¥ : - : " s
and bend orders for the ground and bottom TTWexcited singleti and tripiet
states were performed. These calculations are in gcod agreementi witn previous
219

23 . ol ot
. ones o Barlircp” ” explained the photoreduction of niircbenzene by

arguing that the excited singlet state leads to arn increase irn the electron
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density on the oxygen atoms which means it should not ve casily reduced.
The excited triplet state leads to a decrease in the electron deﬁsity on
the oxygen atoms and hence is a more easily reduced state. Barltrop
concluded the TJi-» ﬂ?triplet state was responsibie from the half-life
and the absence of fine structure in thke phosphorescence, Testa has claimed
on the basis of quenching studies that a n=n* triviet state is responsible
for the photoreductionzs. As yet, po firm conclusicns have been reached.,

Havinga has been very sucessful in relaiing the site of attack of the
nucleophile in aromatic phctosubstituticn reactions with the charge

219

densities of the excited states o Prediction of reaction pathways is

now possible.

(iii) Nitroalkenes; Microwave studies have shown that nitroethylene has a

220,221

planar structure with a dipole moment of 3,7D . The barrier to internal

2 ? > 5 . -1 5 . 5 " o
rotation of the C-N bond is 6+51 Kcal mole” , Theoretical calculations of
the dipole moments of §7[3-nitrostyrenes are in good agreement with experiment
222 P o : L

o Nagakura calculated the ervergyv dirference between the highest occcupied

and lowest unoccupied states of several nitroslkenes by studying the
: 5 " e : . - - i8
interactiou of the orbitals of the nitro groun and the olefinic systen »

The results shcw fair agreement between theory and experiment. Cowley haz

performed detziled calculations on i;ggg—l-(A-ﬁ,ﬁfdimethylaminophenyl)-

22

D
‘N

2-nitroethylene (90)°““,The iowest energy transition (400 n.m,) was
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assigned to an intramolecnlaxr charge transfer excitaiion, the transfer of
the electron being frem the aromatic/olefinic gystem to the nitro group.

J 5l 5 ; + g s ;
The absorpticn at 330 n,m, was assigned to the n— iU transition of the nitro

group whiist the abscption at 260 n.m, was described as being )X =n? in

24

2
nature, The effect of substitution on [}—nltrostyrenes was then studied™ ',
It was conzluded that the lowest energy transition involves intramoiecular
charge transfer. An increase in the electron donating ability of a »para-

snbstituznt ieads to a shift to lower energy of the intramolecular charg

AU

transfer tronsiticn, whilst the n-—» r* {ransition was found to remair the
same for all the compounds studied, indicatirg it is an isolated {trangition,
p-—methyl substituiion was found to lower the triplet lifetime,
No attempts to relate theoretical studies to the photochemistry of

nitroalkenes has been made, but the work of Cowley provides a base %o

build upon.




DISCUSSICN

The Photochemistrv cf Nitroalkenes

(1) Ultra Violet Spectra of Nitroalkenes.
{2) Photorearrangements of nitrocalkenes,

(3) Photoaddition reactions of nitroalkenes,
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(1) U.V. spectirz of ritroaikenes,
The U.,V. spectra of l}—nitrostyrenes has been reported, The trans-

(E) isomers exhibit strong absorption { & = 11600--20000) at 304-324 n.m.

257 5
161,218,225,226,227,228 due to the niiro group in these isomers being more

226

fully conjugated bty achieving a planar configuration®<”, The cis~ (2) isomers

Ph R Ph_ R
\
R NO, ON )‘\ R

E Z

show absorption at shorter wavelengths (280—295 n.m.) with gréatly reduced
161,225,226

maxima ( €= 4000-3000) o

attributed to their inability tc assume
a planar configurationlél.

Trans- (g} aliphatic nitroalkenes exhibit absorption at 220-25C r.m.,
but the maxima ( & = 5000-18000) are greatly reduced compared to the styrene

218,227,228

derivatives e« The cis- (g) isomers of aliphatic nitrcalkemnes

absorb at about the same wavelength as the trans-isomers but the maxima

: 227
are reducel in value =

The steric effecsts of substituents in aliphetic nitrozlkenes have been

investigated227

o Introcduction of substituents at the g - or the ﬂ-— carbon
destroys corlanity leading to a diminution of the conjugation, The moclar
extinction coefficient of aliphatic nitrcalkenes is related te the dihedral

angle between the planes of the double bond and the ritro group by the

expression:

|

mol, ext, coef, of ccumpound studied

:"lm'

w 5/
- ("l
-Lo:/@ €
g, = mol, ext, coef, of pianar reierence

96 = dihedral anzle
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It was concluded that substitutior of an alkyl group in the @ - or

p-— position causes a distortion in planarity of 30-35°

swhilst
disubstitution causes a distiortion pf 40-45° ,

The U.V. specira of nitrostyrenes has been interpreted by various
groups and the lowest energy transition is considered. to be an intramoiecular
charge transfer absorption, the donor being the alkene/phenyl group arnd
the.acceptor being tihe nitro group., The N — 7* transiiion of the nitro
group is at 300 n.m., and is much weaker218’22}‘224.

The U.V. spectrum of nitroethylene has heen studied. The lowest energy
transition is n —= 7* in character whilst the intramolecular charge
transfer transition is at 240 n.m. 229. The lcwest energy trassiiions in
l-nitropropene and l-nitropenta-l,3-diene, however have described as
intramolecular charge transfer transitions218. In a detailed study of
conjugated nitroalkenés, Descotes concluded by observing a bathochromic
shift in nea-polar sclvents, that the lowest energy transition is -7t
in character whilst the second lowest energy transition by showing a
hypsochromic saifi is v =7 in character227.

From the work reported in the literature it would seem that there
has been littile agreement on the interpretztion of the U.V. spectra of
aliphatic nitroalkenes whilst for nitrostyrene derivatives the agreement
is extremely gcod.

The U.V. spectra of the nitroalkenes used in this siudy were recordsc
using methanol as the solvent., The resulis, which are in gccd agreement
with reported valves, are shown in table (1). This table also =hows for
the aliphatic nitroalkenes studied, the € valuz for each nitrcalkene at
302+5 n.m., which corresponds to a major emission line of the medium
pressure lamp used for this study when a pyrex filter is used. This ;
shows the -ability of each nitroalkene <o abscxb the availabie light. The

figures show thav all the aliphatic nitroalkenes have the same ability to

absorb ths availalle light, which is as exvected,
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Table (1)
R. R
s
H “NQ,
R R’ Arox (€) Solveat £(at 302-5nm)
‘ (nm)
CH_3- CH; 250 (6000) CH,0H 4400
250 (6200) EtOH
250 (5600) EtOHZ®
CHBCH2~ CH,- 250 (5200) CH.OH 2300
251 (5400 EtOHF’
CHy CHCH; 249 (5500) CH,OH 1900
{CH3]2C}+ CH; 252 (6000) CH,OH 2600
253 (5700) EtoHQT”
258(6000) EtOH?28
CH; M- 28(s400 CHOH 1450

el e 027
285(9700) E£tOH

22
235(9700) EXOH ‘
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H
C= C/
H  NO,
A max £ solvent

310 16500 CHsoH




jak
(2) Photorearrangemente of nitroalkenes in solution,
In a preliminary investigation intec the chotochremisiry of aliphatic

a-—,p-—unsaturated pitroalkenes, a 0126 molar sclution of I-3-nitrobut-2-ene

91724

N

in methanol was irradiated under an atmosphere of nitrogen using a

pyrex filtered 50C W lamp. The photoreacticn was monitored by T.R. and

ZeleCe and was continued uvntil no more starting material was evidenti in

the reaction solution., The I.R. spectra of sarples, removed after increasing .
periods of irradiation, showed the appearance cif veaks at 3570 (possibly

il

OH) and 1700 cm - {possibly CO stretch). The appearance of a peak of

'

greater retention time than the starting materisl in the g.le.c. irace w

al

g
also noted. When all the starting materizl had reacted the solventi was
. . : oy = 5 1 : -1
renoved to give a brown oil v max. 3570, 3300, 1690, 1360 and 1020 cm .
This cil was subjected to preparative scale t.l.c. and a white solid was
isvlated, which was recrystallised to give white crystais which melted
. L) F z = = PR
at 75-76 C and had an I.R, spectrum identical to that described alzve. "he
material also had 6 (CDCLl,) 10402 (1H,singlet), 248 (3H, singlet) and
7

2¢02 (3H, singlet), On the basis of this spectral data and tlie welting

|

()
5]
®

roint value, the photoproduct was considered to Z-nydroxyiminobutan-2

- e T : . re.2%0 i : i BObgdDe
(92), which has a reported melting point of 76°C and repovied I1.R.

N

)

Nz N7z . . - " :
and n.m.r.“j"')4 svectra in close agreement with the values recorded above,

The ascsignment of the oximinoketone structure to the photoproduct was

(&

confirmed by 2 mixed melting point with authentic material, Ccmparison of itne

o

i

I.R. and n.,m.w. spectra and the retention time in the «Co liace of

o]

authentic oximinoketone and the photoproduct shiowed them tc be identical in

" 5 o P ST / 5 of
every case. The yield of isolated 3-hydrecxyimincbutan-2-cne was 217, .




The formaticn of the oximinoketone in this photoreaction is important,

The formation of oximinoketoneg is known to occur when l-aryl-2-nitrcprop-

154,155

l-enes are irradiated in solution e This is the first case of this

type of rearrangemert being observed in non-aryl cases. The oximinoketone

could be formed by two different patnways, the first being an aliphatic
154,155
]

v
as shown in scheme (20), This scheme shows E-Z interconversion, occurkng

analogue of the nitro-te-nitrite rearrangement suggested by Chapman

on photolysis and both isomers rearranzing %o unsaturated nitrites to give
a common radical intermediate, which recombines with the nitric coxide to
give eventually ihe oximinoketone, Discussion as to whether both the E-
and Z-isecmers underge this rearrangement equally well will be delayed until
later,

The second possible mechanism is shown in scheme (21). This involves
an intramolecular 2yclization leading to a sysiem analogcus to that
postulated previousliy to account feor the formation of aldehydes in the

186,159,185

irradiation of some nitrcalkenes This cyclic species .can

break down io give the oximinokelone,
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Schems 20,

20

CHzC-C-CH
OH

~
s ]

c—

Scheme 21,




4
In order to differentiate between the nitro-to-nitrite rearrangement

(mechanism a) and the intramolecular cyclization (mechanism b), and to see if

this rearrangement is general for aliphatic nitroalkenes, a series of these

compounds vas prepared by the deacylation of the corresponding ;}-nitroacetates.

Ti- En)

The purified nitroalkenes were all shown to have the E- configuration by

: : ; . . . 22
comparison of their spectral data with published data 7.

-

The tavie below shows the prepared nitroaikenes and their rearrangement

products via machanism a and mechanism b,

Mechanisn (a

p -

R\C (//Q (d) Rr= CH(CH;)z; Bl= CH,.

ﬁ/ \NO L) R= Hj; R=H,
2

23 )
(2) R=&'=CE; k"= H. ‘\2‘/
(b) R= CF3 R=8i; R"= H,
(c) R=3t; W= CH;3 B&H, O}"‘e(’hamsm (%)
d) R=  CE(CH.).; R=cCy,; R'= 1, .
LB B e O R-— R

P
)
~./
o 5]
1]
e
i
24
-3
I®)
z
']
L]

[l
2 NOH

95
(£) r= '353; ®'=R"=%,
a) R= R'= CH_,

\ - T
() r=cH,; R= st,

. =ik L R Y
(¢) rR=3%; P'=CH.,

R'=CH

{a) r= on(cw,) i
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. . 236 . . .
A study of 3-nitropent-2-ene (93b) ‘will differentiate between the two
alternative mechanisins, as in this case they will lead to different

253 (g2 :
(9%¢) and 4-methyl-2-

oximinoketones, A study of 2-nitropent-2-zne
. 325 bt - it ; .
nitropeni-2-ene (93d) will not only help to eluicidate the mechanism of
oximinoketone formation, but also show if the intramolecular hydrogen
absiractior reactiion leading to double bond migration operates. In S3c and d
there .' are secondary and tertiary hydrogen atoms respectively on the Y -
carbon, wnilst in 93b there are only primary hydrogen atoms, which does uot

o
favour the intramolecular hydrogen abstraction reaction2oo'26l.

2~Methy1—3-nitrobut-2-en9227

93%e, if it undergoes the nitro-to-nitrite
r _ . "

refarangement, cannot form an oximinoketone as the final product, it
forming a tertiary nitroso compound which cannot undergo tautomerizaticn
to the oxime form, This tertiary nitroso compound may then undergc further
photoreections. If mechanism (b) operates, this compound cannot give rise
to any oximinoketone as product, unless there is loss of a methyl group.
This compound alsc, only has pri hydrogzens on its -carbon atom, so

’ 4
pheotochemical deconjugation would not be expzcted to be important.

: 227
1-Nitroprop -l-ene” !

93f, has very little steric interaction around its
double bond to ceuse any twisting of the nitro group out of the plane of
conjugation., The presence of primary hydrogens on the Y -carbon suggests
that photcchemical deconjugaticn should rnot be favouratla,

The irradiation cf these niiroalkenes was then studied in detail, All
the nitrcalkenes stuiied were shewn to be stable in the reaction solvents
for long preriods of iime in the absence of light., A 00126 molar solution
of £-3-nitrobut-2-cre was irradiated in methanol under an atmosphere of
nitrogen using a2 pyrex {iltered light. The yield of 3-hydroxyiminobutan-2--one
wag datermined to be 27 °/ by g.l.c. . The reaction mixture was analysed
VY g.l.c. and ithe methancl addition preduct, 2-methoxy-3-nitrobutane and
the deconjuszatea isomer, 3-nitrobut-l-ene were no* detected. This was
demonstrated by % comparison of retention times, on two different cclumns,
236 237

.

of autkentic samples of 2-methoxy—i-nitrobutanezB)’ and 3-nitrobut-l-ene‘
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The failure to detect these two compounds means that twe possible
competing pathways, phoiochemical addition of methanol and photochemical
deconjugation, are notv important in thes pnotochemistry of this nitroalkene,

A g.l.c. analysis of samples taken from the irradiaticn solution after
increasing periods of irradiation showed that a peak of shorter retention
time appeared very rapidly and became greater in area than the peak due
to the E -isomer, The ratio of these two peaks varied little whilst the
nitroalkene reacted, once the new peak had formed, An explanation of this
observation is that the new peak is due to the Z-isomer, resuliing from

: ; . 163

photochemical E-Z isomerization, - as noted by previous workers™ “. The
observation that the Z-isomer has a shorter retention time than the E-
isomer on a non-polar ge.l.c. column is ir agreement wiih nublished g.l.c.

163

retention times™ 7, More evidence fcr the formation of the Z-isomer was
obtained by irradiatiﬂg a 0+5 molar sclution of E-3-nitrobut-2-ene ir
methanol using pyrex filtered light and following the reaction by g.l.c.
and nem,r, o When a substantial amount of this photoproduct had formed but
~
before substantial rearrangement to the oximinoletone occuifd, the reaction
mixture was examined by NeM.T..
The n.m.r. spectra of both the E- and Z-isomers of 3-nitrobut-Z-ene
227
.

have been reported There are significant differences in the chemical

shifts of the clefinic proton in the twc isomers, and examination of ths

2M§HC  CH 1938
e
/ b
O,N H

7-185%

2:026 H,.C H 618
3

o= :

O,N ‘CH, 2185
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n.m.,r, spectrum of the irradiation solution showed absorption due to
the E-isomer at 7¢2 § and absorption at 6+00 ,the region 1+5-2¢5 §
was very complex due tc overlaping of the methyl group absorptions, The
absorbance at 6¢0 6 is due to the Z~isomer and as only one new peak was
observed in the g.l.c. trace this peak was atiributed to the Z-isomer,

The ratio of the E to the Z-isomers was found to be 0+65, which altered
little in the course of the irradiation. This ratio can te ccmpared to the
values cbiained, for the phcotostationary state of 3~nitrobut-2-ene in

163

nexane in ithe presence and absence of sensitizers o The differences in

Sensitizer E Triplet (Xcalmole™ ) Photcstationary state (8)/(2)
Acetophenone 736 078
Benzophenone €3+5 082
Benzil 537 183
Renzoguincne 50 1-95
None - 132

the value of 1+32 obtained before and ithe vzlue of 0+65 obtained in this
work is attributable to the differmnce in tne solvent., The E-isomer is
prefered in hexane whilst in more pclar scolvents such as methanol the
Z-isomer is dominant.

" -

-0 follow this E-Z7 isomerization by changes in

An attempt was made
the U.V. spectrun during the ccurse of the irradiztion. The U.V. maxima
of the Z ard E-isomers of %*-nivrobut-2-ene have thelir respective values at
254 n.m, and 250 n.m.zzﬂ. However this difference in maxima was not
sufficient to allow any conclusive results tic be obtained.

Preparative scale t.l.c. isclated tne pure oximincketone and also
showed tha* other, mincr, products were present, notably one with I.R.
absorption at 155C cm—'(saturated nitro group) but which was present in
such low yield it could uot be further characterized, The pure

2_hydroxviminotutan-2-cne isolated ficm the irradiaiion was found to hre

entirely in cne gzomeirical form, Tke snectral data obtained were the same
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231,232,233,234

as the data attributed to the p—isomer « Previous work

233,234 and I.R.231’232 has shown that this isomer exists in

using n.m.r,
the p‘-form rather than the a -form, where intramclecular hydrogen
bonding could thecrctiically stabilize it, No ( -isomer was detected in this

WOTYK DY I.Rc¢yNeMeTe OF EoleCe o

\
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To distinquish between the two possible mechanisms, a 0126 molar " oo
solution oI E=3-uitropenti-2-ene was irradiated in meihanol undex identicalz.
as before, The irradiation was followed by I.R. and g.l.c. o The appearance

1 . -
in the I.R. spectra of samples removed

of peaks at 3560 cm' and 1690 cm”
after increasing pericds of irradiation, suggesiz2d the formation of an
oximinoketone. A g.i.c. comparison of thez pnotcproduct with the two possible
oximinoketones that might be formed, was performed. The retention times of

= (94b) and i—hydroxyiminopentan-2-one239 (95b)

4-hydroxyiminopentan-3-one
were ccmpared with that of the photoprcduct in the reaction solution on two
different g.l.c. columns, whicn demonstrated that the phoioproduct was

4-hydroxypgntan—3-one (94b). The yield of this oximincketone was calculated

«/

to be 31 ,, by g.i.c. analysis,
Removal of the solvent gave a brown o0il which had I.R. absorption at

V max, (CCI4) 3560 em™ (strong); 3300 cm (sircng ); 1690 em” {streng)
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1360 cm™ (strong) and 990 em™ (strong). This oil was subjected to preparative
scale t,l.c. , which led tc the isclaticn of a white solid, which was
recrystallized to give white crystals melting at 60-62 *C, and had an I.R.
spectrum identical to the one cetziled above and 1H neMm,r, absorptions ai

) (CD013) 1«1 (33, triplei), 205 (3H, singlzt), 295 (2H, quartet) and
10-1 (17, cinglet). The melting point ané spectral data are in comple-e
agreement with those obtained for an authentic sample of 4-nydroxyiminc-
pentan-3-one, Thia confirmed tiie assignment of the structure of the
photoproduct, a3 deduced before. Thne presence of minor - producis was again
noted, tui they werc preseni in such low yields that they cculd not be
identified.

An exaninztion, by Zecle.ce., of samples removed during the course of the
irradiation showed the presence of a peak in the g.l.c. trace of shorter
retention time than that of E~3-nitrorent-C-enz, Tuis peak rapidly became
larger than the one due to the E-iscrier and cnce an equilibrium had been

established *the ratic of the two pesks did not vary. These results are due
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to the formation of the photostationary statle of the E and Z-isomers of
3=-nitropent-2-ene, by analogy with 3-nitrotut--2=-ene,

The isolation of 4=hydroxyiminopentan-32-one as the photoproduct
establishes that the mechanism for the rearrangement is the aliphatic analogue

=
of the one postulated by Chapman154’15)’

involving an initial nitro-to-
nitrite rearrangement (mechanism (a)).

An 0+126 molar solution of E-2-nitropent-2-ene in methanol was
irradiated under the same conditions as before, and followed bty I.R. and g.l.c
This nitroalkene under identical conditions as before reacted very rapidly
to give, by I.R., a mixture of an oximinoketone and a compound with a
saturated nitro group, A g.l.c. study of samples removed durirng the course
of the irradiation showed the presence of a peak in the g.l.c. trace cf
shorter retention time than ihe E-isomer, which by analogy with previous
work was assigned to the Z~isomer, After slightly longer periocs of irradiation
another peak of intermediate retention time was observed which Zncreased in
size as the peaks due to the E and Z isomers decreased, In this case thz peak
due to the E-isomer remained the major peak relaiive to the Z-isouer.

When the reaction was complete, removal of sclvent gave a brown oil
which had I.R. absorpticns attributable to an oximinoketone and absorpticns
indicative of a saturated nitro group. The compound contairning the saiurated
nitro group could be either (a) the deconjugated product, 4--nitropeni-2-cne

(96) or (b) the methanol addition product, 3-methoxy-2-nitropentane (97},
NO,
CH,CH=CH-CH-CH,
[ 96]

OCH,
CH,CH,CH-CHCH,
NO,

 [97)




81
but as absorption dve to the C-0 stretch of the =2ther linkage was
absent, the formaticn of the deconjugated product (97) was indicated.,

The crude precduct mixiure was then subjected te preparative scale
tel.c. which isolated a solid which on recrystaiization gave white crystals
melting at 54-56 °C, and had I.R. absorption at 3570 cm™ (strong); 3300 cm™
(broad);1690 cm™ (stroné) and 1360 em” (strong) and n.m.r. absorpticn at

é (cocl 1+0 (33, iriplet), 2+4 (2H, complex), 25 (3H, singlet) and

3
100 (1H, singliet). The meliing point and spectral data are in compliete

agreement with those found for an authentic sample of 3-hydroxyiminopentan-—
235 \ L : ih v SR n : @ " s
2-one (95¢). Trhe formation of this oximinoketone is in complete agreement

with mechaniem (a). The yield of oximinoxetone was calculated to be 4 [

by g.l.c. analysis.

O,N H o
2 ' hv I
\c:c; —= CH,C-C-CH,CH,
HE  CHEH, NOH
o4c 95¢

Starting material was also isolated from the t.,l.c., and as none was
present in the crude product mixture it was concluded that the deconjugated
isomer had uhdergone rearrangement to the conjugated isomer on the silica
gel vsed irn the t,l.c. . £s this photoproduct was sensitive to normal
chromatograrhic materials the irradiation was repeated and the oil obtained
on removal cf the soivent was distilled urder reduced pressure to give a
yellow iigquis with I R, absorption at 2950 cm ' {cirong), 2940 e~ (strong)
1545 em™ (strong), 1380 cm ™ (strong), 1355 em {strong), 960cm " (strong)
ard 860 cm (strong) and Hl n.m.r. absorption at 6 (GDCIB) 17 (35,

aoublet), 1+85 (2H, doublet), 5+2 (2H, complex) and 6+1 (1H, complex).
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These spectral data are in complete agreement wiih the veported spectra

of 4—nitropent—2-en02‘7. This photoprodunt was obtained in 15 'Z yield,

NO,

O.N H
2 CH.CH .
>::::Cf/ 1 lri> o ::<:/F{
H.C  CH.CH H CH
3 2 3 3

The deccenjugated iscmer can exist in either ithe E or the Z form, The
n.m,r, spectrum detailed above is in complete agreement with the one reported
v e 227 : oy . =
for the F-isomer "', No sign of the Z-isomer could be detected by I.R.,
DelieXey OF geleCeo The peak observed in the g.l.c. irace in the study orf
E - 7Z eguilibrium of the conjugated nitroalkene was identified as the
< : L. el om i . r . ] ' 1
deconjugated isomer. This is in agreement with the published retention times,
Exzmination of the residues after the distiilation revealed that the
oximinoketone had undergone decomposition. It was concluded that the isolation
of both photeprcducts from the same irradiation mixture is rather difficuii,
but each can be sepgrately isclated at the expense of the other.

The result of the g.l.c. study of the E - Z isomerization in this

irradiation is 4ifferent from the other cases as the E-isomer remains the
deminant member of the equilibrium mixture., This is explained by assuming
the deconjugated isomer is formed from the Z-isomer, via a six-membered

188,189

transiticn state as suggested by previcus workers™ , a3 shown in

scheme (22). This mechaunism will be discussed in greater detail later.

z




C-D\,{VOH
Hac—8-<:H:<:H—CH3

Scheme 22,

The isclation of A-nitropent=2-ene from tlie irradiatiom of
3-nitropent--2-zne, whilst no deconjugated product was detected upon
irradiation of 3-nitrobut-2-ene, suggestis that going from a priuary hydrogen
to a secondary hydrogen on the Y -carben results in the deconjugaiion reaction
becoming a major pathway. Hence going from a secondary to a isrtiary
hydrogen on the Y -carbon should increase ihe ease of deconjugation,

A 0¢126 molar solution of 4-methyl - 2-nitropent-2-ene {93d) in methancl
was irradiated under an atmcsphere of nitrogen under identizal conditions
as before, I.R. spectra of samples removed in the ccurse of the irradiaticn
indicated iqat a complex mixture of products was present, one of them being
an oximinockeicie., When all the nitrcalkene had reacted the solveat was

. T - . . - . -l
removed to zive 2 brown oil with I.R. absorptions at 3570 cm™ (strong),
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3300 cm™ (broad), 2970 cm” (strong), 1760 cw '{(medium), 1740 cm”' (strong),
1690 em™ (strong), 1550 cm ' (medium), 145C cm”' (strong) and 1380 em” (strong).
On the basis of this I.R., spectrum several conclusicns can be drawn. The
peaks at 3570, 3300 znd 1690 cnf‘are indicative of an oximinoketone, The
peak at 1550 cm ™' may be due to a deconjugated nitroalkene, whilst pezks at
1740 and 1760 c¢m™' are due to carbonyl absorptions,

The crude product mixture was subjected to prevarative scale t.l,.c.,
which isclated a solid ihat cn recrystalization gave crystale melting ai
76-77 C, and I.R. abscrption at 3570 em™ ,3300 cm™ ,1690 em™ and 1360 em” .,
These dazta are in complete agreement with values obtained for 3-hydroxyiminc -

40

2
4~pethylpentan-2-crie” " . The yield of this product was calculated to be
5 ?ﬁ,by gel.c. analysis, This oximinoketone is the one expected by an

initial nitro-to-nitrite rearrangement,

H
ey CH,

HL \/ _—__C< [93d ]
H NO,

Other producis were isolated from the 4.l.c. but they were present in
such small amcuants they could not be identifien except that one had I.R.
. : 3 o5 5 s ¢ - -1
absorpticn at 1740 em™ and another had I.R. absoeption at 1760 em

The isciation of starting material from the t.l.c. indicated that isomeriz~
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ation ot the deconjugated isomer to the conjugated isomer had occurwd,

In an attempt to isclate the p,Y -nitroalkens, the irradiation was
repezted and the crude reaciion mixture distilled., In this case the
distilliate was a mixture, showing I.R. absorption at 1760 cm~‘and 1550 cm
which were attributed to an unknown carbcnyl compound and the deconjugated
nitroalkene respectively. Further aitempts to separate these two compounds by
careful distillation failed,

A glec, study of samples removed during the course of the irradiation
showed no sign of the Z—iscumer ., This could be due to several reasons,

(a) the gel.c.column in this case failed to separate the two isomers,

(b) the physical characteristics of the Z=isomer are such that it does not
behave in the way ore would predict by analogy with other nitroalkenes or
(¢) the double bond migration reaction is so facile, no appreciable
concentration of the Z-isomer builds up. The ge.l.c. reteniion time for

this Z-isomer has been reported and is similar to the other zfisomer3227.
Failure of the g.l.c. column to separaie the isomers in this case is
possible, but az good separatiors were achieved in all the other caszes it
must be considered a remcte possibility. This leaves a facile deconjugation
reaction to explain the failure ito detect any Z-isomer,

The pliotochemisiry of an @ ,p-unsaturateé nitroalkene which cannot
form a siable oximinsketcne was next investigated, An 0¢063 molar solution
of 3-methyl~-2-niirobut-2-enue in reihanol was irradiated under identical
conditions to tefore, The reaciion was follcwed by Z.l.c. and

3

2-methyl-%-nitronut-l-ene was detected by a compar

. . . = b 3
on two different columns, with an authentic sample 51

scn of retention times,

NS b=

. Removal cf solvent
gave an oil which had major I.R. absorpiicus at 1710 cu™ and 1550 em ™Y
This was stbjected to preparative =zcale t.l.c. but nc pure compcunds
could be obtained,

The observation that this nitroalrene, which has a primary hydroge=n on

-y - ~he A & -4 3 - 3 < % £ 1 + Vrany
=L t 4 ‘: SJT S [SAS L ) (<1 w L ) €8 R 5 & v o [P~
the Y -carhon uvdergoes thez deconjugation reection is at first sight rather

odd, as it wculcd a2prear Ffrom previous work a secondary or tertiary
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hydrogen is normally required, However in this particular nitroalkene
there must be steric interacticn between the Cis methyl group and the
nitro group which are not relisved by isomerization, The movement of a
double bond out of conjugation with a nitro group in order to relieve
steric interactions is known241 and may be the cause of this deconjugation
reaction, The failure to igsolate any other products from this pﬁotoreaction

apart from the deconjugated iscmer does not allow any speculation as to

whether a nitrosoketone is a possible intermediate.

o,
HLC NO .

3(/)::(:; 2 hv H:C_: _CH CH,
H CH, H H,

An 0139 molar solution of E-l-nitroprop-l-ene in methanol was
irradiated under an aimospkere of nitrogen under identical conditions to
before and was followed bty I.R. and g.le.c.. Wher no more stariing material
could be detected the solvent was removed to give a trown oil that had I.R.
absorptiocn at 1550 ecm™ ,This oll was subjected to column chromatography
using silica gel o Three products were isolated frow this chromatography,
the first was a white so0lid, isclated in low yield, which after
recrystalizetion, melted at 52-55 “C, The T.R. spectrum showed absorption
at 1550 em™' and 1370 cm™' o The Hl NeireTre spectrum showed absorption av

d (033013) 4+4-4+8 (3H, multipiet), 2¢4-2+8 (1h, complex), le0=1+3
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(5H, complex). Elemental analysis indicated the empirical formula was
CEHGNCZ and the mass spectrum of this compound showeé main fragmentation
patterns at m/e 83, 55 ard 41. On the basis of this information, two

possible structures may te considered, (98) and (99). Structure (98)

H3C-—(ifH— CH;NO,

H,C~CH-CH,NO,
(9]

H,C—~CH;-CH-NO,

fog]

can be eliminated as 3,4-dinitrohexane has been reported to have different

242 structure (99), however, fails to

epecira from thcse reported above
exvlair. all the observed spectra and hence the structure of this photoproduct
is in scme doutt,

The s2cond protoproduct tc be isolated from the colurm chromatography
was a yellow liquid which had I.R. absorption at 1550 em™ ,1370 cm™
end 1080 cm ™ and EY rn.m.r, absorption at § (cnc13) 4+2-4+7 (3H, complex),
3¢5 (3H, singlet) and i+3 (3E, doublet), These spectral data indicated
thzt the product was z-methoxy -~ 3-nitropropane resulting from the
photochemical addition of methancl., This assignment was confirmed by a

235,236,248

crmparison witli spectra of authentic material « The yield of this

H\__h/NO2 nv ?CF%
., /C‘"'"V\ - H3C"‘C H‘(I:H?_
AC H cHon NO,
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photoproduct was found tc be 29 9 .

The third photoproduct to be isolated was a yellow liquid which had
I.R. absorption at 3560 cm ' ,3300 cm™ ,1550 cm™ and 1370 cm  and N
absorption at § (CDC1 3) 4+4-4+8 (3H, complex), 1e2~-1+4 (5H, complex),
Attempts to purify this material by distillation led to its decomposition.
The spectral data above is fairly consisternt with that of a p‘-nitroalcohol,
as these compounds have COH stretch in the 3300 cu' region as well as N02 A
aésymmetric stretcn at 1550 cm” 243’?44. The I.R. spectrum of 2-nitrobutan-

1-0l (100) is extremely similar to that of the photoproduct, but consider-

ation of the iwo n.m.r, spectra showed thephotoprcduct was not this

OH
CHyCHz-CH—CH,
NO,

‘[100]

nitroalcohol, Cwing to the decomwvesition of the photoproduct on attempted
purification, the structure conld not be fully elucidated but it would
appear from the data above tc have a p-nitroalcohol type structurs.

The additicn of methancl te this rnitroalkene was found to be a very
facile reaction, ss o solution of the nitrcalkene in methancl underwent
this photoreaction In normel laboratcry ilight. Refluxing the nitroalkene
in methancl alisc gave the methanol additior product. The photoreacticn
described zbove way shown to be photcchemical rather than thermal as an
0¢189 molax sotution of tte nitroalkere in methanol when left in a
darkened cabinet at the same temperaiurs the irradiation was conducted
at, gave no trace of the metrannl 2dditior product. This demonstrated that
under the conditicns used for the irradiaticn 1o thermal addition of methanni
took place, On xefluxing in methanol, thermel addition occurred, as shown

o
by refluxing the nitrcalkene in an all blacl apperatus when a 50 A
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vield of the methanol additicn product was obitained,

The important point to note from this irracdiation is that neo products
resulting from an initial nitro-to-nitirite rearranzement were obtained,
The full implications of this will be ccnsidered later,

A nitroalkene with similar steric properties tec l-nitroprop-l-ene is

ﬁ-nitrostyrene and hence the photochemigtry of this nitroalkene in
methariol was studied. An 0°27 molar solution of ;}mnitrostyrene in methanol
was irradiated using guartz filtered light and was followed by I.R. and
ZeleCe « The gelec., trace after a short period of irradiation showed the
occurrence of a peak of shorter retention time than the starting E~isomer,
which by analogy with previous work was considered ic be the Z-isomer,
the irradiation was continued until no more nitroalkene was observed in
the g.l,c. trace. The I.R. spectrum of the crude product showed z peak at
1550 cm™ (saturated nitro group). Preparative scale t.l.c. separated in
low yield, l-methoxy-2,4-dinitro-1,3-diphenylbutare (101), identified
by comparison with an authentic sample247, This product was shown to be
cerived from l-nethoxy-2-nitro-l-phenylethane {102)., The reaction of one
mcle cf sodium methoxide with one mole of p -nitrostyrene followed by
careful neutralization gave initially a crude product with I.R. abscrption
at 1535 ca ™' , which was attributed to l-methoxy=-2-nitro~l-phenylethane

235,?45.245.

{102) by analogy with previous work Cn starding, however, this

material underwent further reaction, as demonsirated by the appearance

! . Recrystallization of

247

thiz material gave (101), by comparison with an authentic sample o

in the I.R. spectrum of absorption at 1550 cm™

It was concluded that the methancl addition adduct (102) is unsta™le
and undcrpoes further thermal reaction to give {101) in the absence of
any cataiyct. Hence it is concluded that the primary photoproduct is
(102) resulting from the photoaddition of- methanol which then undergoes

a thermal reaction to give (101).
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o,
Ph-CH= CH—CIZ H-CH;NO
CH, Ph

2

[101]

Irradiation of p -nitrostyrene in methanol using pyrex filtered
light in place of quartz led to the formation of (101), but in this case
no E-7 iscmerization could be detected by: .ge.lec. »

The icolaiion of the methanol addition product is in complete
agreemnent with the results obtained for l-nitropropene. The observation
of E~7 iscmerization when quartsz but not pyrex filtered light is used
suggests fairly rnigh energy is required ito cause this isomerization.

The rrevious irradiations had all used methanol as the solvent, The
effect of changing the solvent was investigeted. The first solvent used
was cyclohexane, which is very similar to hexane, used by Descotes in

163

the investigation of @ , p -nitroalkenes « These workers observed
. : s ) ’ oo 163
E~Z isomerization and double bond migration™ ‘.

Irradiation of a 0+126 mclar solution of E-3-nitrobut-2-ene in
cyclohexane under an atmosphere of rnitrogen using pyrex filtered light
lei 10 the slcw disappearancs of the startirg material and the appearzance
zf peaxs in the I.E, spectrum attributable to 3=hydroxyiminobutan-2-cne,

The presencn of tlie oximinoketone was conlfirmed in the first instance by

2 comparison of the retention times of the phctoprecduct in the reaction
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solution and an authentic sample of the oximinoketcne, on two different
gel.ce rcolumns, The yield of oximinoketone was calculated to be 18 7; .
The photoreaction was nolt as clean as the methanol case, a brown tar
being depcsited on the sides of the reaction vessel and lamp, This brown
tar was shown by I.R. to contain oximinoketcne, but could not be crystalized,
The sclvent was removed from the reaction mixture and the resulting brown
0il was subjecied to preparative scale t.le.c. which isolated
3-hydroxyiminobutan-2-one, identified Ly comparison with authentic
material, The reascn for the fermation of tars in this photoreaction is
due to the low solubility of the oximincketione in cyclohexane, hence the
absolute yield of the oximinoketone is somewhzt higher than 18 jﬁ ’
which represents the value for a saturated solution.

G.lec, analysis of the reastion mixture during the course of the

[

irradiation demonstrated that E-Z isomerization was occurEng. Once the
equilibrium was established it changed little. The equilibrium mixture
consisted of about 50 7 of each isomer, This is ditferent from the
results of Descotes who using hexane as the soivent found the major

63

component 1o be the E-isomer 1 e« The failure of these workers to cbserve
any oximincketore is due to several reascns, Firstly they report that tars
occur, which probzuly result rrom the insoluble oximinoketone coming ocut
of solution, Secondly, tkeir wock-up procsdure involved distiilation
vhich has been skown previocusly io result in the decomposiiiocn of the
oximinocketone,

The next solveni ccnsidered wag methyleyanide. A 0¢126 molar solution
of E-3-nitrobut-?-ene in methylcyanide was irradiated under niirogen using
pyrex filtered iight, This led to ﬁhe formation of 3-hydroxyiminobutan-2-one
in 25 'Z yield, the oximinoketone being idenitified firstly by comparison
of retenticn times of photoprcduct and autheniic sample on two different
g.l.c. colunms und zecondly isolation of the crystaline material by
preparative scale t.i.C..

It was conciuded that the rearrangement of 3-nitrobut-2-ene to the
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oximinoketone occurs in sclvents of widely different polarity and hence it
was decided io irradiate this ritroalkene in acetone, In this case energy
transfer from the photoexcited solvent to the nitroalkene may be possible.
An 0+126 molar soluticn of 3-nitrobut-Z-ene in acetone was irradiated in
acetorie under exactly the same conditions as before led to the formation
of 3-hydroxyiminobutan—2--one in 22 'Z yield., The oximinoketone was
identified by its g.l.c. retention time and its isolation and characterization,
afier preparative scale t.leCae

It has been suggested that irradiaticon of nitroalkenes in acetone
gives a higher yield of photoproduct due to energy transfer from the
excited acetcnelss. In the present case a lower yield of photoproduct when
compared to using methancl as the solveni, was in fact obtained. It was
decided to investigate what pexrcentage of the light is being absorbed by
the acetone. As a pyrex filter wes being employed the mejor emission
lines of the light source that are capatle of being absorbed are at
2967 £, 3025 k£ and 3130 A, The percentages of light sbsorbed by the

nitroalkene and by the acetone at these wavelengths under the conditicns

of the irrsdiation are shown below.

Wavelength (i) Z absorbed by nitroalkene Z abscorbed by acetone
2967 45+6 5444
3025 506 494
3130 66 34

From these figures it is clear that under the cconditions used for the
irradiation there is a great deal of light being atscrbed by the nitroalkene
as compared to the acetone, If energy transfer from acetone occurs, it
is only a mincr pathway for providing excited state molecules of
3-nitrobut-2enz. These walculations also demonsirate that great care must ;
be taken when discusazing the ability or acctonz to take part in energy
transfer reactions,

In the above cese the exact role of the acetcne is not clear. The

suggestion of Chapmar. that bigh yields of oximinoketicne in acetone when
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it is used as the solvent for the irradiation of l-phenyl-2-nitrcprop--l-zne
being due to enexgy transferlss, cannot be regarded as general.

In an attempt to study the effect of acid on the photochemistry of
these nitroalkenes, an irradiation in acetic acid was performed., An 0126
molar solution of E-3-nitropent-2-ene in acetic acid was irradiated under
identical conditions to before and the reaction was followed by 8eleCoo
Wnen no more starting material was detected the sclvent was removed and
the crude product mixture subjected to preparative scale t.lcc,.
4-Hydroxyiminopentan-%-cne, identified by comparison with aa authentic
sample, was isolated in 6 ‘Z yield. Another phoicproduct was isolated
in low yield which had I,R. absorption at 2970 em ' ,1780 em™',170C cm™',

1560 e andll70 cd' and o B, absorption at 0 (CD013) 3+1(2H, quartel
2¢3 {34, singlet), 2+1 (3H, cinglet) and 12 (3H, triplet). These daia
suggest that the product is the acetate of the cximinoketone (102), as

the n.m.r. spectrum is very similar to that of {the oximinoketone but with

an extra peak at 2°3 & . The peaks at 1780 cm™ and 1170 cm™ in the I.R.

are also ouggestive of an acetate, This vroduct is present in low yield

and is considered to result from the reaction ¢f the oximinoketone with

@)
=i —=  HC-CHy &—ﬁ—c H,
P1§C}—CIF%2 (:}43 NOH

LA(:OH

O
" 1 ‘L L Ve
NOAc
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the acetic acid, Dissolving some authentic 4-hydrcxyiminopentan-3-one in
acetic acid and leaving for a similar period of time as the irradiation
resulted in the formation of a material with identical spectral properties
as the acetate described above,

No product resulting from the photochemical addition of acetic acid
was observed in the irradiation and it was concluded tbat addition is rot
a févoured pathway, the main photochemical patnway being an initial nitro-
to-nitrite rearrangement,

. The stability of 3-nitropent-2-ene in acetie acid in the absence of
light was studied. A 0¢2 molar solution of the nitroalkene in acetic acid
was left at room temperature for five days from which the starting materizl
was quantitatively recovered. However, refluxing a 0¢2 molar solution of
this nitroalkene in acetic acid for 70 hours caused 60 ) of the
nitroalkene to react (ﬁy g.1l.c.). Removal of the solvent and distillation
gave 2-azcetoxy-3-nitrcpentane in 58 z yvield, identified by comijarison

2438

with an authentic sample . This reaction is intecpreted agc 2 thermal

O, N /H A |}4’02 .
== —t e - — !
/C—C\ HOZ CHCH; CH—C!IH CH,
C|-13C H, CH, OAc

addition of acetic =2cid to the nitroalkene, acid catalysis being provided
by the sclvent, To see if this reaction could be eztended 1o other
nitroalkenes, a 07 molar solution of 2-nitro-l-phenyl prop-l-enc was

refluxed in acetic acid for 72 hours, but no reaction was observed., It
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is interestiug to note that no photochamical 2ddition of acetic acid to
3-nitropent="-ene is cbzazrved whilst thermal addition is obsexrved,

As described previously l-nitropropene when irradiated in methanol does
not undergo the nitre-to-nitrite rearrangement, the major photoreaction
being the addition of methanol, It was decided to irradiate l-nitropropene
in methyl cyanide, which is a solvent of similar polarity to methanol bui
one in which any sort of addition of sclvent is highly unlikely, Irradiation
of a 0¢126 molar solution of E-l-nitroprop—-l-ene in methyl cyanide under
identical conditions tc before led to a very slow reaction. Szmples
removed and examined by g.l.c. during the course of the irradiaticn showed
the occurrence of E-Z isomerization, with the Z-iscmer being tke
major component, When no more starting material could be detected by g.l.c.
the solvent was remcved to give a brown oil, which had I.R. abscrption
at 1550 em” ,The n.m.r; spectrum of the crude product 4id not contain pezks
attributable teo the deconjugated isomer 3-nitroprop-li-ene, and hence this
was ruled out as a possible product. Subjeciing the crude product to
preparative scale i.l.c. failed to isolate any pure material. Thic irradiaticn
demonstrated that l-nitropropene does not underge the deconjugatisn
reaction which is what is expected, and again no eviderce of products

btained,

Q

resulting from an initial nitro-to-nitrite rearrangement was ¢
It is possible that ir the rearrangement of an Q, ﬂ -nitroalkene

to an oximinoketone, the deconjugated isomer may be an intermediate, or

the deconjugated isomer may be formed in gll these reacticns tut undergo

further, rapid, photochemical reactions so it usually fails to be detected.

Te investigate these voinis further, a 04126 mclar solution of 3-nitrobut-

l-ene in methanol was irradiated under an atmcaphere of nitrogen under

NO,
CH=CH-CH-CH,
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identical conditions 1o belfore, The reaction was followed by ZeleCee 5 ‘Z
of the p s Y =-nitroalkene had reacted in the came amount of time which
caused complete reaction of the a ,[f -nitroalkene, This shows that the
p, Y -nitrcalkene is relatively light siable, under the conditions used,

184’188, and if formed in

which is in agreement with preiibus observations
the course of the reaction it wiil be detectable at the end., No trace
of oximirioketone was found in the reaction sdluticn, hence the p Y - .
nitroalkene was xuied out as a reaction intermediate in the formation of
the oximinoketcne,

The formatior of the oximinoketone only at best accounts for about
30 Z of the starting nitroalkene, The failure to detect any other products

may be due to the rnitroalkenes undergoing fragmentation to give volatile

products. Recent reports of the igslation of benzaldehydes on irradiation

159 8

)
N

of cis-a ,4-dinitrostilbene and para-substiituted p-nitrostyrenes
have led to the postulation of a four membexred cyclic intermediate which

can brezkdown tc an aldehyde and a nitrile oxide. The nitrile oxide has

been trapped by performing thz irradiation in the presence of methyl acrylate

85

to give iso::a.zolinc—,s1 .
A similar reaction may be possible in ithe aliphatic series., Detection

of any aldehydes is difficult as they are volatile and need to be detected

by g.l.c., where masking by sclvent cau occur., To attempt tec trap any

nitrile oxide . tnat might be Tormed, the irradiation was performed in

the presence of ethyl acrylate, An 0126 molar solution of 3-nitrobut-2-ene

containing a five molar excess of ethyl acrylate in methyl cyanide was

irradiated under identical conditions to before, until no more starting

material could be detected by g.l.c.. Removal of the solvent gave a brown

0il with I.R. obscrption at 1720 em™ and 1260 cr' and n.m.r. atsorption $

at § 4-4(triolet), 2+4(singlet), 2+2~2¢1(nultiplet), 2+0(singlet) and

J

l1el-1+5(multiplet). The peaks at 2+4 and 2°0 are due to 3-hydroxyiminobutar-

In

2-one, Distillatien of -his material gave a 15 Z yield of

3-hydroxyiminobutan~¢-one, identified by comparison with an authentic
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sample. The residuez in the distillation flask uad I.R. absorption at
1720 and 1360 em™ , Ethyl acrylate has absorption at 1705 and 1290 cm™'
which ruled out this material being unreacted ethyl acrylate. The n.m.r.
spectrum showed absorption at §(CDC1,) 4+4 (2H, triplet), 2+2 (2H, doublet),
and le<4 (BH, triplet). If an isoxazoline had been formed in the course

of the irradiation it should have structure (103). The Hl NeMesTe Spectrum

2494250 14 nas absorption .

of (104), an analogous system, has been reported
at § (c3015) 6e28 (14, triplet), 5°0 (1H, trinlet), %33 (2H, quartet)

end 38 (3E, singlet). The nem.r, spectrum of the pholoproduct is so

O

o C/'_.C{_ ~CO,Et

rl 2

\\ /C\C O,CH,
HC-—CH2

(104]

different {rcm (103), it was ccncluded that the photoproduct was sz
polymer of ethyl acrylate and hence it was not further investigated.
14

Failurz to trap any nitrile oxide doeq[rule out its presence, as under
the reaction conditions, ethylacrylate underwent polymerization and
1;3=dipoler addition may not have been able to occur,

Tne effect of changing the fiiter employed from pyrex o quartz was
investigated. This hag the effect of allowing light of shorter wavelengths
tarough wni~h may leaga to T® > n excitatior as well as A — =t
excitation, An Ge+il molar solution of 3-nitrobut-Z--ene was irradiated in

methanol ander an atmosphere of nitrogen using a quartz filter. The reaction
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was followed by g.leCe 2nd when no more starting material could be
detected the sclvent was removed to show that 3-hydroxyiminobutan-2-oune
was again the major product. Hence changing the filter does not effect
the photochemical behaviour of this ccmpound.

Previous work by Taylor148 has shown that irradiation of
l-nitrocyélododecane in acetone or metharul causes an intramolecular
hydrogen abstraction reaction to occur to give 3=nitrocyclododec-l-ene.,
Several ambiguities exist about this photcreaction, as the stereochemistries
of the starting nit-roalkene and the photoproduct were not firmly
established, This photcreaction was hence reinvestigated tc clarify these
points.

1-Nitrccyclododec-l-ene was prepared by an adaption of the method of

51,25 1
S‘:.eii’er‘t,2’l’2)2 as developed by Taylor‘48. The sterecchemistry of the
purified nitroaikene was shown to bve E, by a study of its lH LieMeTe

spectrum, From a study cf 100MHz 1H n.m,r, spectra of the Z-isomexrs

NO,

of the nitiroalkenes previously preparsd, and from a study of the values
of E- and Z-isomers of nitroalkenes repcrted in the literatuxe, the

following table was drawn up for the chemical shift of the clefinic
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From these resulis the following generalizations about nitroalkenes
can be made; (i) for an E~isomer, H® lies in the range 6+7-7+2 § and
a Q
R H R H
\t:// o/
C it {KL&“"* 4

R ™No, ON" R

@ oo

(ii) for the Z-isomer, A= lies in the range 5+6-6+18 . The 100 MHz
IH n.m.r., spectrum of l-nitrocyclododec-l-ene has absorption at

) (c:0015) 7-08 (14, triplet), 2+65 (2H, multiplet), 2+3 (2H, multiplet)
and 1+0-1+8 (16H, multiplet). The chemical shift value of the olefinic
prcton is in complete agreement with the value predicted for the E~isomer,

An C+0284 molar solution of E~-l-nitrocyclododec~l-ene was irradiated

in acetcne under an atmosphere of nitrogen using a pyrex filter. The
reaction was foliowed by IR and n.m.r.. The deconjugation reaction was
initially obseived in the I.R. spectrum by the growth of a peak at 1540 cm™
{saturated nitrc eroup) and the decrease cf the peak at 1510 cmq
(unsaturated nitro group). The productiou of a [?,Y’-nitroalkene from
an 4 ,;3 -nitroalkene results from an irnitial rearrangement of the E-
to the Z-icomer which then undergocs the deconjugation reaction. The lH
NieM.Tes sSpectrsz of samples removed from the irradiation mixture after
short periods of irradiation had absorption in the region 6°0-6+2 § 2
vhich is in the range expected for the Z-isomer. The growth of a muliiplet
in the region 5+4-5¢8 § ,as the irradiation continued was assigned ic
the deconjugated isomer. The irradiation was continued until no more
conjugeted nitrcalkcene could be detected éy I.B. » The solvent was
removes and the srade product distilled. The distillate was filterec

through silica gei and the yellow oil obtained had I.R. absorption at
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at 2910 cm™', 1540 cm ™', 1455 em™ and 1360 cm ™ and 1H n.m,r, absorption
at § (CDCIR) 5¢2-5+8 (3H,complex), le8-2+6 (4H,complex) and 1+0-1+8
(14H,corplex). From these spectral data, the photoproduct was assigned
to0 3-nitrocyclododec-l-ene, in agreement with earlier ohservations. No
trace of 2~hydroxyiminocyclododecanone, derived from an initial nitro-
to-nitirite rearrangement was observed in this photoreaction. Although

255

this oximinokefone is photochemically active s unier the conditions of

this phctoreactior it will be stable and if formed should be detectable.
The stereocnenmistry of the photoproduct was examined by I.R. and n.m.r.

The presence, in the I.R. spectrum, of a stxrong peak at 970 cem™'is in

agreenent with the C-H out of plane deformation of olefinic protons in

an E- substituted alkene. The cocrresponding peak for the Z-isomer should

lie in tke range 730-665 cm™' ,but in the photoproduct no peak was

observed in this range., It has been.reported that the E and Z-isomers

of cyclododecene are of equzl stahility257, but consultation of molecular

models of 3-nitrocyclododec~l-ene indicates that the E-isomer suffers

less steric interactioas than the Z-iscmer. The photoproduct should be

H o
r—"J;;]I:“i]/PJC)Z / H
l,

- H
L]
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predominantly E, which is confirmed by the I.R. spectrum.

The lH n.n,r. specirum was studied to measure the coupling constants
of ib2 olefinic protong in the region 5¢2-5¢8 § . The splitting pattern
is extiremely complex, bteing due to several effects, Firstly the chemical
shifts for the olefinic protons and the proton on the carbon bearing the
nitro group are similar in value. Secondly the p »Y —unsaturated nitro

3

compound, whether it is or Z, will have a three proton coupled systiem

4

and due 1o the closeness of the chemical shifts, second order effects
will be in operation leading to an ABC type spectrum, which will be

furiher ccupled to the protons X and X* in the diagram below, These types

a Eoch R

H A e iy

e=c[H 0
RCH ~H

of systems give very ccmplex n.m.re. spectra: and no first order analysis
can be attempted. From a study of the recorded n.m.r. spectra of analegous

./ =
3227’25A’2’5, the olefinic protons absorb in the range 5¢C8-

nitroailkene
5¢G§ whilst the proton on the carbon beating the nitro group absorbt in
the range 4+6-5+15¢ . Hence the overlapring cf the iwo sets of signals

is not unexpect~d. In an attempt to simplify th» spectrum a spin decoupling

experirent was performed. Irradiation at the absorption frequencies of the
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protons X and Xa, which absorb in the region 1+8-2+6§ , removed their
~coupling effects, but this still left an ABC pattern. These sysiems have
been a.nalysed254’255 but are extremely complex. It was therefore

concluded that no useful resulis concerning the stereochemistry of the

product could be obtained from this n.m.r. spectrum.

The results of the irradiations are summarised in the table below:

Nitroalkene Solvent Products isolated

\C:<Noz CH,OH /\k/

\:ﬁ; CH;OH /i/\ (317.)
?
—\zi'o CH,OH /\/\ (41)

iN 2 ”

NO
\E>‘ (152)
NO, i )J (5%)

NO,

f:& CH,OH
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CH,
\‘:\ CH,OH (29%)
NO2 N02

Ph
NO
CHOH P _A2—N0O
2
b CHJ Ph
\ [
L) N
NO, OH
T
\D< CH,CN /\”/ (257%)
NG, NOH
1
:<NO (CH,).CO /\l/ (2272)
2 OH
1
LY )
e AcOH “/ (67%)
i NOH
o+
®
AN
[
NOAc
| | (CHy.,CO e
- HliNe NO,
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The formation of oximinoketones in non~aryl nitroalkenes hés not been
observed previously. The mechanism of their formation is an aliphatic
analogue of the nitro-to-nitrite rearrangement, initially postulated
by Chapman to explain the phovochemistry of nitrostyreneslSA’lss. This
mechanism has to take into account the rapid E-Z isomerization of these
a ,[}-nitroalkenes. Chapman concluded from studies on nitroaromatics
and-nitroalkenes that an initial nitrc-to-nitrite rearrangement is .
favoured when the nitrc group is twisted out cof conjugation withk the

67

systeml o A method of estimating the extent . of twisting of the niiro

group out of conjugation with the double bond in @ ,ﬂ -nitroalkenes

227

has been developed s by relating the dihedral angle of the nitroalkene
to the & value of each nitroalkene, as shown on page 67,

The dihedral angle of the E- and Z-isomers of 3-nitrobut-2-ene, wexre
found to be 36° and 44’ respectively. These values represent the amount
the nitro group is twisted ocut of conjugation with the 3T system. It is
obvious that the Z-isomer, with the nitro znd methyl groups cis to each
other is under greater steric constraints than ithe E-isomer, Eowever,
the difference between these figures is not very great and provides
Justification for assuming both the E and Z-isomers undergo the nitro-
to-nitrite rearrangement,

Similar arguments can be used for a2ll the nitroalkeres studied, whers
an oximincketcone was formed. In the case of S—nitropent;i-ene, nc values
for the dihedral angle have been reported but calculations show that for
the E-isomer, the dihedral angle is about 39-40° |,

Cridland attempted to correlate the yields of a ,p -unsaturated ketcnes,
which result from an initial nitro-to —nitrite rearrangement, in the
photochemical reactions of steriodal nitrozlkenes, to the dihedral angle :
of the starting material, and concluded that the greater the dihedral angle
the greater the vield of photoproduct184. In this case the yieid of

oximinoketcne can. be compared with the dihedral angle of the starting

nitroalkene ané¢ the resulis are shown in the iable belows




107

Nitrealkens Dihedral angie

= ®

NO,

A)\J & 36°

/N

/ .4.
\

O,

-—q\t::<1 37°

‘\Oz

J\r_—<w<g

! O?_
/K:<N02 43°
(Z)

N,

44

~J

-

=

~-
W
w
()

40°

: O
Note N

16)
o)

resrrangement were isolsated,

®  Protochemical deconjugation is

Yield of oximino-
ketone

27 %

47

5%

317

o,

Yo produris resulting from an i1nitial nitrec-to-nitrite

competing pathway.
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It is difficult to draw many conclusions from these results, as some
compourds have a competing reaction pathway open to them, but one can
conclude that for nitroaikenes whose major reaction pathway is oximincketone
formation, the greater the cdihedral angle the greaier the yield of
oximinoketone, which is in complete agreement with the work of Chapman
and Cridland.

The choice of solvent was found not to be very important., The better
results obtzined vsing polar 3olvents may be due to ihe oximinoketone
being more soluble in these solvents and hence tar formation being kent
to a minimum, rather than any soivent stabilization or destabilization
of an intermediate excited statz or radical,

The nitro-to-nitrite rearrarngement postulated by Chapman involves
an intramolecular attack by the excited nitro group on the olefin system

to give an oxiridine intermediate, which then collapses to the nitrite,

-Q

\

N i
R CH-ClR

$

9. e LONO
RC H:C‘R' - _C‘R'

R-C —@—R'
NoH

This nitritie then bi'eaks down to a radical and nitric oxide. This

decomposition may be thermal as unsaiurated nitrites have been postulated

to be intermediates in the preparation of oximinoketones by the action of
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alkyl nitrites on keioneg, which decompose therially to give oximinoketones
258,259
L ]

63

The failure of previous workers1 to isolate any oximinoketones as
reaction products can be attributed to their purification procedure, in
which they distilled the crude product. This prccedure has now been found
to lead tc decompOSitioh of the oximinoketone. However, their failure to
observe significant decomposition of the nitroalkene and to observe the
formation of producis by g.le.Ce cannot easily be explained,

The photochemnical fermation of ﬁ, Y -unsatur