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fhotochemical and rhotophysical

ABSTRACT

The fading rate of isatin in different solvents is
investigated. The rate is in accordance with the hydrogen
atom donation capacities of the solvents. As the polarity of the
solvent is increased the charge transfer character of the longest
wavelength transition becomes dominat which prohobits photove-
duction. This was confirmed by the red shift of the wavelength
of maximum absorption with increase in solvent polarity and
comparative fading rate of the derivatives of isatin (N - methyl

isatin and H - acetyl isatin).

Holecular oxygen was found to quench the photoreduction.
Tluorescence spectrum at different oxygen concentration has
been investigated in an attempt to trace the spin state from

which the reaction starts.

Two photoproducts were separated, the major product (ovewr
95%) was characterized to be a pinacol and the second is the

product of insertion of a single oxygen to isatin molecule.
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1. INTRODUCEION

l. Beope of the work

A study on the photodecomposition of indigol conducted
in this department resulted in the isolation of isatin as
one of the products. It was not clear, however, if isatin
underwent further photodecomposition to give any of the
other products. SBurvey of thé literature indicated that the
photochemistry was not adequately studied and the few scanty
reports were not conducted in the manner reported for indigolo
This project was, therefore, undertaken to carry photochemical

and photophysical studics on isatin.

In this study, an attempt is made to deterwine the
type of photochemical excitation process. This is done by
investigating the effects of different solvents and monito-
ring the resulting shifts induced by addition of acid and
comparison of spectra with those of hydrocarbons of

ginilar structure.

Flourescence and phosphorescence measurements were also
carried out in an attenpt to trace the spin state from which
photochemical reasctions of isatin occur. The gusntum yield
of the photoreaction and the quenching effect of molecular
oxygen on the reaction quantum yield and flourescence

have also been studied.



Finally structures are proposed for the two photoproducts

on the basis of spectroscopic and chemical data,

2. Historical

In the course of studies on the action of wvarious

oxidizing agents on indigo Erdmxu?”4

an¢ Taurent” ! in

1841 independently discovered an oxidation product which

had the formula 08H5N02 and to which the name isatin was given.
The preparation of the compound was best effected by the action

of nitric acid or a mixture of nitric acid and chromic acid

on indigo.

In 1845 Hofmann9 found that heating isatin with strong
alkali gave aniline and that similar treatment of chloro-
isatin yielded chlofbanilineo Subsequently Hoffmanlo in
1860 showed that treatment of isatin with nitrous acid gave
S-nitrosalicyclic acid,

Isatin was found to dissolve in alkali to give the salt

11 in 1869 offered

of an acid, isatic (isatinic) acid Kekule
the suggestion that isatic acid waso=amino-benzoyl formic
acid (2) and that isatin was its lactam, and proposed that

isatin might be synthesized from o-aminophenylacetic acid.

The synthesis of isatin (3) from o-nitro benzoyl chlos

ride (1) by Claisen and Shadwelllq in 1879 furnished definite



confirmation of the structure suggested by Kekule. These
workers suggested that isatin represents the first recognized

case of a tautomeric subsbtance.
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In 1882 Bayer 12,13 conducted further experiments on
isatin and demonstrated that it reacts in both the

lactam (3a) or lactim (3b) fomn,
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The first report on the photochemistry of isatin

appears in 1902 when Ciscian and Silberl6

reported an
unidentified compound of empirical formula 08H702N by

exposure of isatin in ether to sunlight.
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In variance to the work of Ciacian and Silber in
1949 Emanuale Oliversi15 exposed ethanolic and ethereal
solutions of isatin to sunlight as well as UV-radiation
and reported that no photoproducts were formed.

17

In 1967 Nobre Sugiyamo studied the chemiluminescence

of isatin in different reaction systems.
The above mentioned three reports constitute the current

knowledge on the photochemistry of isatin prior to the work

reported in this thesis.
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IL. PHYSICAL, SPECTROSCOPIC AND CHEMICAIL PROPERTIES OF ICATIN

Isatin crystalizes from water, alcohol, or acetic acid
in the form of red needles melting at 200-201°C., It is
soluble in hot water, alcohol, acetic acid,concentrated
sulfuric acid and benzene but sparingly suluble in ether.
It dissolves in sodium or potassium hydroxide solution,
forming the sodium or potassium salt of isatin1§ Heating the
solution of sodium or potassgium salt results in the ring
opening with the formation of the salt of isatinic acid.
When the solution is acidified ring closure results and isatin

precipitates.

Eventhough isatin has two carbonyl groups, the one at
C~2 is part of an amide structure and thus the molecule
does not behave like a diketone. The carbonyl group C-3
undergoes the usual reactions. Isgatin reacts with sodium
bisulphite and gives a phenylhydrazone with phenyl hydrazine.
The reactivity of the (-3 carbonyl group is also reflected
in the reduction of isatin (3) with Zn/HClL to give dioxi-
ndole (4) or oxidole (5) according to the strength of the

acid used19o

The existence of tautomers of isatin has been demon-
strated by alkylation experimentslg° Thus the nitrogen
can be easily acetylated, benzoylated or methylated., 1If,

however, the red siliver salt of isatin is treated with
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CHBI’ C-methyl isatin (8) is obtained. The lactim structure

is also shown by warming a benzene solution of isatin with

POl5 when isatin chloride (Z) 18 obtainedlgo
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The greater similarity of the visible absorption of
isatin to its Nemethyl derivative than its O-methyl ether
was used 3s an evidence by Hartely and Dobbiego to

conclude that the lactim structure (3b) was preferred.

“ty
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Yowever, thig claim was questioned by other workers 5

who indicated that data from this spectral region could not

be interpreted unambigously.

TFig.(1) showes the various bond distance of isatin
obtained from X-ray dat&24a The normal value for C = O
bond length is 1,21?{o The G350 bond distance in
isatin is shorter by OoOQR while the C--2-0 distance
is 1,,2’11?° This observation can be rationalized by assuning
the C-3%-0 bond some 15-20%. The shorter length of C-3-0
bond than that of a normal C=0 must mean that this bond

has a greater double bond character.

Fig (1) Bond angle and Bond length of isatin

It is obvious, therefore, thal those resonance forms
involving single-bond character for either or both C-2-0
and C-%-0 contribute very little.

Cowley25

suggested that the high dipole moment of
isatin in dioxane favours the lactam formulation. Cox,

Goodivers and Wagstaff24 showed from an X~ray study of



isatin crystals that the molecules are arranged in parallel
layers with the N and O atoms of one molecule only 2083
distance from O and N atoms respectively of the adjacent
molecules in the same layer. The situation was strongly
indicative of infermolecular hydrogen bonding, the presence
of which is in accord with the solubility characteristics
of isatin in various solvents. For the relevant parts of
two‘adjacent molecules, structures (12) and (13%) should
contribute to the resonance hybrid structures,(14) not

only strengthens the intramolecular bonding, but also
increases the lactam character of the individual molecules,

L
Further X-ray investigation by Goldschmidt and Llewellyn2+

led to a revision of the interamolecular N-O distance to
2a95g and to the claim that the bonded molecules were not
coplanar. The molecule mapping was stated to be consistent
with contributions of 62%, 10% and 10%.from(§§)(iél and (14>
regpectively, and a further 10% arising from two structures
in which the oxygen atom of the carbonyl group carries

a negative charge. The total lactam contribution was

estimated to be 85%.

25

Mangni studied the absorption bands of isatin
and its derivatives and it was found that isatin and its
derivatives show three absorption bands in ethanol at

242-261 mA log 4,203 which ig attributed to the
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excitation of the benzenc ring; at 298-320 mas~, log 3.5 - 3.7

due to ~C = O; and above 400 mp due to ~NH-CO.,

Sadwick26 (1959) observed a shift towards longer
wavelength in alkali solution of isatin as compared to
neutral solution which was attributed to the formation of

the anion.
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TII. FHOTOCHEMISTRY OF KETCNES

Fhotochemical reactions of carbenyl compounds account for
a very large proportion of all known photochemical reactions,
Thié is due to the fact that the carbonyl group can be
Selectively excited and it is highly reactive. Its

reactivities are different in the ground and in the excited

states.

l. Types of transition and their assignments

The MO description of ketoncs assigns a palr of
nonbonding electrons to the carbonyl oxygen which are
directed in the plare of the molecule but perpendicular to

C=0 bond axis.

£ \ 4}
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The lowest energy transitions are n - andf~in
which either an n- or a /¥ —-electron is transferred

to an antibonding orbital. For simple aliphatic ketones
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the lowest singlet state is Sl (n,if? and the correspording
triplet Tl(n,ﬂ")° In aromatic ketones singlet may still be
8,(n, i7" but the lowering of (;7, i*7) state may bring the

(77, /T ) in proximity of T(n, /i*) or even below the later.

Therefore, in a substituted aromatic ketone the nature

of the substituents deccides the lowest triplet stateggo

In plotting the energy level diagram for transition in
ketones three representative cases can bhe identified. Type 1,
which is a characteristic of simple aliphatic ketones,

the (n,{*) transition is the one of lowest energy.

Type IL is the case where the (v, 7) transition is
lowered either by conjugation or by substituents. Typé

IIT represents an intermediate between these two extremes,

The third type of transition, known as charge transfer
(C1), arises when an electron releasing substituent is
suitably attached to an aromatic ring of a ketone. The
charge may eventually migrate to the carbonyl oxygen producing

a charge transfer state. Donor groups may typically be

30

°

-NH ~-OH or =

29
Agsignment of the type of transition can be made by means

of solwvent effectsaq’ago

If there is a hlue shift in going
towards more polar solvent, Tthe transition is likely to

be n->/7¥ If there is a smaller red shift, the transition
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Fig. 2 Energy level diagram for transition in ketones

ig likelv to be n-am¥. “The shift of the n-py* transition

accurs beenuse the excited stnte 1 %oss abtronpely solvated

then the pround stata.  The Jognlized non-honding electron

nf the rroundé state hecor s delocrlized on excitntion oer

tre less electronesative atoms around which the excited

orhitel evtends. 'This is sccomniished by a reduction in the
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dipole moment of the carbonyl group and a consequent
lowering of the interaction energy with the solvent.
IMurther tests for ddentification of transitions which have

an n- orbital may be summarized as:

1. The absence of a similar band in hydrocarbon analogues.

2. Digappearance of the band in strongly acid media where
a proton combines with the lone pair of electrons

5. The presence of low intensity btransitions relative to

a typical transition.
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2. Fhotoreaction of Ketones
A1)l of the three types of excited states (n -3/,
(77 <»477) and (CT) have different electron distributions,

hence exhibit differences in their photochemical reactivity.

Intermolecular lhotoreactions of Ketones

T e ey b

The three types of intermolecular reactions given by
carbonyl compounds are decomposiltion, reduction and
rearrangement.

a) Decomposition reactions

Carbonyl compounds undergo three types of photochemical

decomposition reactions.

Norrish Type 1: Typical of ketones with no ¥ ~hydrogen.
1 % o cleaves into free radicals
0

3 R, + C = By

4 carbonyl compound R,- C - I
- l

in three ways.

. O
2 {(hv) ] . o

: Ri + CO + R2

Ir Rl and Rg are different, one of the two proceses
will be favoured over the other, the favoured process
will involve the rupture of the weaker bond and formation
of more stable radicals.

The free radical decomposition taking ppace in

solvents is often prevented by the recombination of
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=
radicals thus formed due to the cage effect of Solvent””.

In the wyapour phase the decomposition reactions become
conspicous and the free radicals formed undergo secondary

reactions.

Norrigh Type IT1:- This reaction type involves the

decomposition of aliphatic aldehydes and ketone with
7 -hydrogen in the alkyl chain. The mechanism of this
reaction involves the cleavage of the ¥ -hydrogen by the

excited carbonylaa,

) ,zH\‘ \:?\ -
R S
2 ) .“-w R
0 / [ I T (- 3
\ hv 3 i :\
R)~C-Cliy~ CH - e L |
\ ¥ K
}{5 ™ N !
' /e
R-C = CH, + CH2 = Q\ ~ -
s
A\l
R,-C- CH5
\
0
Norrish type III:~ This is a photocycloelimination

reaction which also yields one carbonyl and an olefin
molecule., The mechanism probably involves'cleavage‘of
{4 ~hydrogen, and is not as well investigated as the

mechanism of type IT reactionB'P°

0] CH
it S5 hv _
R - C -~ CH = RCHQ + CH, = CH -~ CH,

5
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b) Reduction weaction: - The intermolecular reduction
of the carbonyl group proceeds by the abstraction of a
hydrogen atom from a ) -carbon. Formally the intermediate
would be The same as that of Norrish type IT decompositioh
but instead of fragmentation to an olefin, the biradical

47-49
recombines to give a cyclobutanol derivative (15).

‘: 2 it A
0t M1 o Wk
- ;; . X Nt Fg‘ b s e oo [ +
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i {4 . PR TP, .\ - . )
R R/ S—
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¢) Rearrangment

Intramolecular rearrangements without reduction of
the carbonyl group include. cis-trans isomerization of
unsaturated compounds, riang closure, ring opening and

53

ring contraction” .

Tntermolecular Photoreaction of Ketones

Carbonyl compounds undergo two kinds of intermoleular
reactions: Photoreduction by abstraction of a hydrogen

atom from another molecule, and dimerization.

The photoreduction process is significant in the
light of the‘results obtained in this project and is,

therefore, discussed in considerable detail hereunder.
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dintermolecular Photochemical Reductions
In presence of an active proton donor, an excited

carbonyl compound may accept a proton. In general, it

is the solvent which acts as a proton donor and inter-

molecular photochemical reductions are observed in liquid

phase only. Among the solvents that may be employed as

hydrogen donors, alcohols and alkylbenzenes such as

¥
tolueneand cumene f{igure prominentlyoqka42

Insight into the photochemical hydrogen abstraction

reactions of an (a -»/7") excited carbonyl group (16)
can be obtained by considering the hydrogen abstraction

reactions of alkoxy radicals. The RO radical (17) which
possesses half-filled P orbitals may be a suitable model
to predict reactivity pattern for hydrogen abstraction

reactions.

1o 17
From kinetic data for abstraction of hydrogen atom

by RO radicals, the four factors listed below are expected

to influence the reaction rate constant (kr), the hydrogen

: 0.3, 4
abstraction step. These are
RO ¥ HX Kr Y R - OH+ X
hydrogen reduction radical )

donor product
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1) The strength of the bond broken and bond formed

2) Folar or charge-transfer effects on the energy of
transition state relative to the energy of the reactants

%) Steric effects on the approach of the reagent and
subgtrate

4}y Solvent effects on the reagent, substrate, and transition

state,

The activation energics (BEa) for intermolecular
hydrogen ahstraction range from 3-7 kcal/mole when the formation
of the primary radical pair is exothermic from The initial
n, ji* State4? It is important that certain restrictions are
imposed on reactivity (as measured by kr, or Ea) by energetics
on reactions involving diradicals since the reverse rgcombi~
nation reaction generally reguires little or no activation
energy in the absence of major resonance or steric effects,
and since Fa cannot be less than AH for an endothermic
reaction, it may be concluded that only exothermic reactions
are likely to have Fa values small enough to allow reactions
o be competitive with the other available, rapid modes
of deactivation of excited state846o The contribution
of a new CH bond to the overall resction enthalpy,a H,
will be constant since for a given ketone the same Ketyl

radical is formed in all cases, In general, overall

abstraction of a saturated alcohol - bH, a benzene - 1,
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or a saturated alkane CH will generally be endothermic, thereby
automatically providing a contribution to =a. On the other
hand, abstraction of hydrogen from the carbon = to the al-
cohol from a phenol OH, or from a tin hydride generally

exothermic if the excitation enerpgy E{{?O kcal/moleqr?o

Other types of photochemical reactions which belong to
this class of reactions are, photochemical dimerizations of
e, B —unsaturated carbonyl compounds, and photochemical

additions to olefins.

5. Quenching of excited sianglet and triplet states of

ketones by molecular oxygen

The interaction of molecular oxygen with electronically
excited molecules leads to a number of physical and chemical
49

transformation 7. lioclecular oxXygen reversibly quenches

both the excited singlet and triplet states.

Historically a number of different mechanisms have been
proposed to account for the ability of oxygen to quench excited

triplet and singlet states.

Kautsky bas claimed that physical quenching of electroni-
cally excited state molecules by oxygen is related to
sensitized photochemical oxidation reaction. This is
based on studies on the photo-oxidation of spatially iso-

lated sensitizer and acceptor molecules where it was



- 2 -

found that at low optimum oxygen pressure it was
possible to selectively excite a sensitizer and produce
oxidation on a distant acceptor molecule. The long range
tfansfer of energy was due to the diffusion of the excited
oxygen molecules which have been produced by guenching
the phosphorescence of the sensitizer. The Kautsky energy
transfer mechanism can be formulated as folldws°
4 1

%, + 20, w104 o, (T +or Y
where BD and lD:represent D 'an excited triplet and ground
singlet donor molecules respectively%&49 Energy transfer
to oxygen is unusual only in that oxygen is initially
in a ground triplet state and is excited to a metastable
singlet state. A very significant feature of this
mechanism is that electronically excited oxygen molecules

are produced by the guenching process.

Another suggestion 18 quenching by the enhancement
of intersystem crossing. In a series of experiments,
Evan351 demonstrated that oxXygen reversibly enhances

singlet ~ triplet (8 - T) transition in organic molecules.

Hoijtink examined the possibility that an exchange
interéction between the organic molecule and oxygen
-could lead to an enahncement of 8 T fransition in the

organic molecule,
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In their effort to explain the enhancement of the
singlet-triplet transition by oxygen, isubomura and Mulliken52
and Munell55 have examined a mechanism which involves a
charge transfer (CT) state of the ofganic « 0, complex.

It is generally believed that many organic ions quench the
fluorescence and phosphbrescence of organic molecules in.
solution by an electron transfer mechanism. By extrapolation,

54

Yeise proposed that oxygen quenching of phosphorescence = °

might also be due to an electron transfer of the type

D* 4 Of ————pD + 0

where D* is an excited donor molecule. This model has been

52

guestioned by Tsubomura and Mulliken on the grounds that

complete electron transfer is unlikely in non-polar solvents,.

Evans51 and others suggested that an inhomogenous
magnetic field produced by the paramagnetic gound - state
oxygen molecule could causge some mixing of the singlet and
triplet states of organic molecule and lead to enhanced

52

intersystem crossing. Tsubomura and Mulliken have theoreti-
cally evaluated the magnitude of this gffect and have shown

it to be of negligible importance. Furthermore, Porter and
Wright55 in their studies of quenching of triplet state by
paramagnetic ions found no correlation between the
quenching efficiency and the magnetic moment of the para-

magnetic ions.
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IV,  EXPERITFMIENTAT

Purification of Solvents \

Reagent grade benzene, toluene and xylene were dried
over calcium chloride, filtered and further pufified by
distillation. The distillate which collected withig
a range of 1°C was taken. Further drying, when necessary was
achieved by placing the solvents over sodium wire and

subsequent distillation as above.

Absolute ethanél was distilled before use. Propaﬁe«Emol
was refluxed over solid fin (II) chloride for 30 minutes to
get rid of peroxides and refluxed over Ca0O for 4 hrs,

It was distilled and the first portion of the distillate
was discarded. The distillate was stored over 5A molecular

sieve followed by further distillation.

Chloroform was shaken five times with sbout half
its volume of water, then dried over anhydrous Ca012 for

24 hours and distilled.

Furification of Isatin

General purpose isatin (Hopkin and William) was used
after recrystallization from benzene.

Gases used: - Nitrogen and Cxygen of about 96% purity

(from SEDE) were used without further purification.

Freparation of N-methyl isatin

A 500 ml three necked flask was equipped with a separatory
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fﬁnnel, a sealed mechanical stirrer and a reflux coﬁdensero
7.55g of isatin was placed in the flask to which 2.5g of WaOH
in 100 ml of water was added. The mixture was stirred and
co. led to 10°C by immersing the flasgsk in an ice bath.

6.%g of dimethyl sulphate in the separatory funnel was

added dropwise duriné 1 hour whilst shrring the mixture
vigorously. To complete the methylation it was heated

under reflux for two hours and was filtered after cooling.

the N-methyl isatin was recrystallized from wabter.

Periodic acid test ~ for the conpound RFAL - 2

A

One drop of concentrated nitric acid was added to 2.0 ml
of a 0.5 percent aqueous solution of paraperiodic acid contained
in a small test tube and the mixture was shaken well., 20 il
of the compound RFA (2) were introduced into the test tube
and mixture was shaken and gently heated. The Rf value
of the component formed was compared with an authentic

isatin sample.

Bayer Villiger Oxidation of Isatin

A mixture of 10 wl of trifluorocacetic acid, % ml
30% HEQB and 15 ml of methylene chloride was added over
15 minutes period to a well stirred mixture of 10 g of
disodium hydrogen phosphate and 50 mg of isatin in 20 ml

of methylene chloride. After addition was complete the



the mixture was heasted under reflux for one hour.
The products were compared by thin layer chromatography

with the compound RFB - 1.

Solvent Bffeots on the rhoto-reduction of Isatin

Seven organic solvents, chloroform, toluene, cumene,
xylene, benzene, propanol, and ethanol were chosen for this
atudy. .20 mg of isatin were dissolved in each of the
solvents in 250 ml erlenmeyer flask. They were adjusted
to approximately equal absorbance so that direct comparison
could be made. lach of the isatin solution was purged and
heremetically sealed under nitrogen atmosphere. The sanples

were exposed to unfiltered sunlight under identical geometrical

conditions.

Samples were withdrawn from each solvent at intervals

shown on the table helow:

- [T,

Sample No. 1 2 3 & 5 6

EER SR S r S A ) T T RS g T T L R L, e T o - AT S Rt g Y AL AT S AR AL TE L 4 T e s i L T S ST T

Pime{minutes) 5 25 40 60 85 120

=

After withdrawing six samples the remaining solution
of isatin was left until it completely faded and therefore
formation of photoproducts was complete. The solvents were

removed under reduced pressure until about 5 ml. were left.
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The photoproducts were studied by thin layer chromatography
using benzene 26, chloroform 66, n-hexane diethyl ether
(80:20) 63 and acetone 5(A) as a developing solvent.

The spots were visualized at 245 nm and also in iodine

vapour,

5. The Effect of Various Atmospheres on the Fading Rate

of Isatin ih Xylene

Isatin (50 mg) was dissolved in minimum anount of
redistilled xylgneo This was divided into 15 test tubes.
Nitrogen gas was bubbled into each of the five test tubes
at a pressure 516/in2 for 10 minutes and the test tubes
were immediately tightly closed.

For comparison under oxygen atmosphere, purified
oxygen gas was bubbled into the solutions at a pressure of
516/in2 for 10 minutes aﬁd the test tubes were immediately
tightly dosed. The last five test tubes were sealed under

normal atmosphere.

In evefy case during the expésure to unfiitered sunlight
sufficient space was left in the test tube to insure as
much contact as posgible with the atmosphere above the
solution in the test tubes. All the test tubes were

‘exposed to sunlight in identical conditions.
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One test tube from each atmosphere was withdrawn at

intervals shown on the table below:-

Sample Fo. 1 2 3 4 5 6

Time(minutes) 15 25 40 60 85 100

After decomposition was complete the solvent was removed
under reduced pressure until about 15 ml of each solution
remained. Products were observed using thin layer chroma-
tography. The solvent gystem (A) was used for developing.
The spots were visualized at 245 nm, 325 nm and also in

iodine vapour.

4. Isolation and Identification of the Fhoto~product

dsolation:-

Several erlynmeyey flasks of 51 capacity were used to di-
ssolve the isatin in redistilled xylene in each flask. FEach
flask was bubbled with nitrogen for about 30 minutes before
exposure to unfiltered sunlight. All the flnsks were
properly sealed. The exposure of the isatin solutions
was done on a continuous basis to collect as much photo-
product as possible. Iach flask was exposed for a period
of one week. Large scale production requires the exposure
as mwany as possible flasks to sunlight. TFrom 500 mg of
isatin 210 ng of photoproduct was collected (chemical

yield 49%). The solution was filtered and a yellow
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golid substance wag obtained which was washed by ether

and dried in an oven at 5000n Two products were isolated
by thick layer chromatography using the solvent system(A).
The first component RFB-2  was recrystallized from benzene
and the second component RFA~L was rcocrystallized from
acetone. The compound RFA-1 makes 95% of the total

photoproduct collected.

Tdentification

In characterization of the photo-products of isatin
clissical and instrumental technigues were used according
established procedures. llelting points were determined on
a Unimelt apparatus and are uncorrected. IR spectra were
recorded on a Perkin-Elmer V27 instrument, using KBr
vellet. 'H-NIMR spectra were recorded on a Varian T-60A NIMR
spectrometer at ©OMHz, using deuterated acetone,
trifluorocacetic acid and dimethyl sulfoxide as solvents.
Tetraméthyl silane was used as a reference'compound°
UV-Vis spectra were recorded ona Sp & - 100 pye
Unicem and Perkin-Elmer model 7271 double beam

gpectro~photometer.

5. Determination of Heaction Quantum Yield
In order to have some idea about the efficiency of
the photoreaction it was necessary to c¢etermine the

reaction quantum yield. 0,20 ng. of isatin was dissolved



in cumene gnd its absorbance was adjusted to be equal

to that of the actinometer in cumene. Both were purged

with nitrogen for 10 minutes and were carefully sealed. The
actinometer and the sample. were irradiated using a monochor-
nater with a mercury lamp at 436 nm and the reaction was

followed by measuring the absorbance with a uv-visible spectro-

photometer.
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V., DRESULTS AND DIGCUBSICH

1. Bolvent Lffects onPhotoreaction of Isabin

Since 1t was observed that the solvent plays an active
role on the photoreaction a detailed study was undertaken.
Two sets of solvents were selected for this study. In the
first set were benzene, toluene and xylene - in which the
ease of abstraction of hydrogen gradually increases. The
second set consisted of cumene and isopropyl alcohol, having
comparable ease of hydrogen abstraction but a wide difference
in polarity. Toluene was added to this group to make compa-

rison with the first group posgible.

Isatin was dissolved in each of these solvents and
each set was adjusted to approximately equal absorbance
to maKe direct comparison possible. To eliminabe the
already knbwn effect of oxygen, inert nitrogen atmosphere
was used (vide infra). The photoreaction in each solvent
was followed by measuring the absorbance. From a plot of
absorbance vs time Fig. (3) and Fig.(4) Eﬁ (the time
necessary for the absorbance to decrease by half) was found

to be as foilows:u



A _Lyleme
2} Teolusne

C) Benzene

e e s

A
@@ - ) _ §
.C N

Q¢
goﬁ' B
o
el
L
o
2
- & 4
toSY . .
So8h

i 3 1 . ] LAY i} I . " 35 s " 1 ? N h— —l

15 3 , 5 §33° B
: 3 Time {min.)

Fige {3) The fading rate of isatin in benzene
toluene and xylene.
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o o TR AT Pt T

Set 1 Set 2
Solvent E% Bolvent E%
Benzene 126 min Isopropyl very long
L alcohol
Toluene 102 min Toluene 175 min
44 min

Xylene 68 min Cumene

From these results it can be seen that the rate of

photoreaction decreases with increase in polarity of the

solvent and decrease in case of hydrogen abstraction.

AL least two possible explanations can be speculated.

i) The equilibrium constant for such a recaction is small

and therefore the reaction will stop after a very short tine
unless there is a means of taking the photoproducts from the
solution. In the nonpolar solvents since the solubility of

the photoproducts is very low the phoroporoducts precipitate

out of the solution and the reaction can proceed to a

relatively larger extent before coming to equilibrium.

In the polar solvents, however, the phtoproducts are

scluble to a larger extent and therefore equilibrium

is reached at a very early stage of the reaction such

that the reaction proceeds to a very negligible amount

in ethanol and isopropyl alcohol.
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ii) The above speculation does not explain why for example
the rate of the reaction ig faster in chloroform than in
ethanol where there was no formation of precipitate in either
solvent.

From the F% values it can be seen that the rate of
fading in the hydrocarbon solvents follows the ease of
hydrogen abstraction as can be seen by comparison with the

already established order of ease of hydrogen abstraction?8’5q

|

0> L>0 O > ©>

?
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. The fact that the reaction proceeds to a very
negligiﬁle extent in isopropyl alcohol, which is a good
donor of hydrogen atowm, suggests that as the pOlarity of the
solvent 1is. increased the charge transfer character of the
n - s7*transition becomes dominant. This formation of the
excited state with separation of charge should be in
accord withrsimple “electostatic theory leading to
stabilization of those states by polar solvents. 1In

these polar solvents, therefore, intramolecular charge
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transfer from the electron donating nitrogen to the

acceptor carbonyl group will be enhanced.

Jo 0 (2
5 _.”/ - . ) e . - pt o
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‘This electron shift has an effect of reducing the electro-
philicity of the carbonyl oxygen in the excited state

and makes it more nucleophilic. Thus the reactivity of the
excited states toward hydrogen abstraction is greater in
the n-ﬁﬂ?ythah in the charge transfer transition. This
explains why the rate was much slower in isopropyl alcchol

which is a good donor of hydrogen atom.

Additional support for this explanation comes from the

following experimental findings.

1. The maximum wavelength of absorption inisatin has been
b Py . . . '
shown to be n = /7transition. This is supported

by the following observations:

ay Addition of an acid gradually decreases the band
of the wavelength of maximum absorption because
the nonbonding electrons are tied up with the
added hydrogen ions and are not available for

excitation hence disappearance of this band,
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b) The absence of a similar band (at about 400 nm) in
indole (the hydrocarbon analogue of isatin) indicates

that this band must be due to the carbonyl group.

A blue shift in going to more povlar solvents would have
been expected for a n —3/¥%bransition because the unshared
electrons of the n orbital can be solvated by a polar solvent:
the ground state is thus stabilized and the transition energy
increases, Accordingly, the absorption wavelength in a polar
solvent will be shorter than in a non-polan solvent. The
fact that red shift is observed in going to more polaf
solvent supports the conclusion that a change in transition

from n =+/7" to charge transfer occurs.

2., An attewpt was also made to make the lone pairs of the
nitrogen more and less available for charge transfer than in
isatin by studying the fading rate of N-methyl and N-acetyl
derivatives of isatin respectively. OSBolutions, of isatin,
N-acetyl isatin and N-methyl isatin in xylene were prepared
and the concentrations adjusted to the same absorbance and
purged with nitfogon° The photoreaction was followed by
measuring the absorbance at different times. From a

plot of absorbance Vs time the fdllowing values were

evaluated:
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N - acetyl Isatin and N - methyl Isatin



E% (ninutes)

Substance

N-methyl isatin Very long
Taatin 85 minutes‘
N-acetyl isatin 25 minutes

& e S o =

As expected the rate of fading was fastest for
Neacetyl isatin where CT is less probable and slowest in
Ne-nethyl, isatinwhere CT transition is expected to predominate.

As expected isatin has an intermediate rate.

The probable conclusion that "state switching", i.e the
reversal of an initial energy disposition, was achieved by

variation in kebtone structure and solvent polarity.

2., Effects of Different Atmospheres on the Fhotoreaction

of Isatin

Folecular oxygen is known to quench both the excited

singlet and triplet states of organic molecules69’6l
To see the effect of molecular oxygen in the photoreaction

of isatin a solution of isatin in xylene was exposed to un-

filtered sunlight under three different stmospheres, oxygen,
nitrogen and air. The reaction was followed by measuring

the abgorbance at different times.
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- 40 =

From a plot of absorbance Vs time (Fig. 6) the

following E% values were obtained,

Atmosphere E%

Hékygen | | 245 minutes
hﬁofﬁal air o 111 minutes
‘ﬁitfbgen B ‘ ' 45 minutes

From these results it is clear that the fading rate is
fastest in nitrogen atmosphere (i.e. at very low oxygen
concentrations) and slowest in oxygen atmosphere. A
posgsible conclusion is that molccular oxygen acts as a
guencher in this photochemical reaction. It is important
to note that this quenching could be observed not only
in xylene as a solvent but in any organic solvent where

photoreaction is possible.

Comparison of the products formed under the different
atmospheres using thin layer chromstography indicates the
formation éf the same set of products. Two products were
found in all cases. The only difference observed was
the relative amounts of the products i.e. as the awount of
‘oxygen was increased the amount of major product decreased

wiiile the minor product increased.
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5. Hluorescence of Isatin

Both the excited singlet and triplet states possess
a great deal of excess energy (between 40 to 200 kcal/mole).
Thelr energy is often enough to overcome activation barriers
so that chemical processes can take place. When reactions
do not occur the excess encrgy is lost through a variety
of ways. The several nodes of deactivation open to the
xcited states may be divided in radiative and non-radiative
processes. Two types of emissions from radiative deactivation
are recognized. The type assoclated with the excited states
may be divided in radiative and non-radiative processes.
'wo types of emissions from radiative deactivation are
recognized. The type associated with the excited singlet to
ground state singlet emission is fluorescence while that

asgsociated with triplet to gound state singlet deactivation
62,6% e

T

is phosphorescence

-

A dilute solution of isatin in benzene was prepared in
order to take the fluorescence spectrum of isatin. The Amax
for absorption of isatin in benzene solution occurs at 40lnm
while the 4 max of fluorscence emission for isatin in benzene
is 454 nm. A possible explanation forlsuch a shift is that
when the molecule changes to the excited state by the
absorption of energy the relationship between the solvent

and solute is upset. An excited solute molecule in this
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gituation is in the PFranck -~ Condon state. This state pre-
vails for very brief period of time, and the solvent
nolecules cannot reorient themselves during the transition
from the ground and excited states and thus will be reflected

in chanpes in absorption and emission spectra.

A contribution to such a shift might come also from
differences in the geometry of the ground and excited
states.

Bince the reaction quantum yield decreases with increase
in concentration of oxygen (i.e oxygen quenches the reaction)
it was hypothesised that if fluorescence decreases with
increase 1n oxygen concentration then the reaction could
be starting from either the excited singlet state or
excited triplet statc or even both states. If however,
fluorescence does not decrease with increase in concentration
of oxygen then the reaction ﬁust be starting from the

triplet state.

From the series of experiments done on fluorescence at
different concentrations of oxygen it was not possible
to trace unambigously the spin state from which the

reaction starts.
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Fig.(?7) Energy level diagram for isatin

4o Isolation and Identification of the Photoproducts

a) The possible Photoproducts of Isatin

Before making any theoretical predication on the different
possible photoreactions isatin can undergo it is essential
to construct its energy level diagran.

Isatin 1s an ot -dicarbonyl compound, the energy of
these two carbonyl groups is different due to differences in
their environment, The C-2 carbonyl group is attached to a
nitrogen atom which has an effect of weakening the 77 -bond

while.strengthening the ¢ -bond of this carbonyl group.
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The two carbonyl groups interact both through the bonds
end space. Thig interaction of the atomic orbitals
gives rise té orbitals of higher and lower enermgy. Though
the overall energy doecs not change, as can be seen rom the
energy level diagram, this has a dramatic effept on the

wavelength of maximum absorption.
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Energy level diagran for isatin showing the effect of

interaction of the adjacent carbonyl groups.

1t can be scen that wavelength of maxinum absorptions
has been greatly increased compared to the case of a single

carbonyl group.

Although it would not be possible to predict the
exact nature of the photoproducts of isatin in any given

solvent, it would be reasonable to enumerate the setb
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of possibilities by comparisons with e<-dicarbonyl compounds.

1. The primary process in the photolysis of many m~dicarbonyl
gsystems 18 the scission of the low encrgy CO - CO boncl?“i —66
A typical example would be the photolysis of pyruvates in
benzene resulting in the formation of acetaldehyde, CO,

and carbonyl derivatives corresponding to the O-alkyl

ZToup .-

Writing such a reaction for isatin gives the aminoacid 18.

g 4
l/ \‘\’l“’# P ¢S ( ‘Wﬁ S booon
/'"“* MY,
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Indeed the lactone 19 is reported to yield the acid 20
o 0
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19 20
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2. #-—cleavage followed by addition of water would give two
different products (21 and 22) depending on the site of

cleavage. N Y
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3. 1.2 addition:- fubin®’ studied the 1.2 addition

of substituted toluenes to 9,10 phenanthreguinone.,

LN

v '\
\ .2

— By Kj;ﬂzzigwpﬁ

it B ‘ P
O CH,~ Ar - X HW
: 2

An analogpus reaction for isatin would give (23) and/or (24)

‘/;ﬁ/,{\ i (\ a-"‘\ o
léiﬁi“"m S (' l ’

\/ HN '
J 1 i
Vi M
23 2%

4., Photoreduction - the use of solvent that facilitates

hydrogen abstraction such as isopropyl alcochol leads to

. . 3
the formation of plnacol6Lo

QH%
b )
CH., ~CmC=00 A H e H.,-CeCm0C. 1
S5 Snpropyl alcohol 5 l 275
00 Gt =G G-C O M
S4B
Ol O

In the case of isatin there are three possibilities
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An analopous reaction for isatin where only the kcto group
(G=3) undergoes ' photoreduction would <ive pise to the pinacol
(25). However, if pbotoreduction of the other carbonyl (C-2)
oceurs as well, then one would expect (gg) and the crossed

product (27).

b) bpectroscopic Properties of Tsatin

Hince the proposed structures of the photoproducts
incorporate, in part, the isatin moiety the IR, NMR and
Iass spectra of isatin discussed below, were used in the

interpretation of the spectra of the products.

1. 1HMNML ~ MBS0 was used as a solvent. Only the aromatic

protons are observed.
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Froton i Chemical shift
a 6.65 ppm
b 6.8 ppm
C 7.5 ppm
d 7.65 ppm
e unobserved

The abscrption at 3200 cmul could be assigned to the
N~-H stretching with characteristic amide pattern. Absorption
at 760 c:rﬂm1 is due to W--H wagging while the peak at 1460 Cm'=1
is the amide carbonyl group stretching frequency while the
peak at 1620 cmgl is due to the other carﬁonyl group both
mechanically coupled to each other,
The sharp absorption at 1335 cmql is due to C-N gstretching

vibration.

The absorption at 650 en™t is characteristic of 1, 2

substituted benzene ring.

4. 1lass = gpectra

The molecular ion peak is the intense peak at
(m/e = 147). TLoss of a CO group gives Tac Lo the peak
at (m/e = 119) while loss of the two CO groups gives rise

to the signal at (m/e = 91).
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A loss of HCN from the fragment at (n/e = 119) gives rise to

the frapment (m/e = 02),

1.4
m/e = 119

-4
W Hl/e = 91
N glu[

f
o
n/e = 147

m/e = 92
¢) Isolation snd Identification of the Photoproducts

Isatin dissolved in xylene and under nitrogen atmosphere
was exposed to unfiltered sunlight. A yellow solid substance
was collected from which two solidﬁcomponents were isolated
by preparative thin layer chromatography using solvent system
(A) developing. The first compound (RFB -~ 1) was recrystallized
from benzene and the other compound (RFA - 2) was recrystallized ‘
from acetone.

Tdentifications of these products was made mainly by

spectroscopic means and a brief summary is presented.

Co_pound - RFB (1)

This is a reddish brown compound recrystallized from
bénzene which has a melting point of 226 - 227°C, It
is insoluble in non-polar solvents but moderately soluble

in chloroform and soluble in acetone and ethanol. This



comporent can be approximated as 5% of the total product.

ddentification

1. FElemental analysis gave

Found %C

58,94y H = %.83; N = 3.50;

Calculated % C = 58.90; I = 3.09; ¥ = 8,59

The elemental analysis suggests the empirical formula
08H5N05° This was confirmed by accurate mass measurement
from the high resolution mass spectra. (Found 163.,0268,

Calculated 163%.029).

2. IR : Multiple absorbance beltween 5300-2900 cmnl ig due
to an N-H stretching vibration characteristic of an
amide group. For comparison the spectra of indigo
Fig(1l7) and isoindigo Mig(le) are included. Such a
characteristic pattem is obsérved only in isoindigo

which has an amide group.

The intense double absorbances at 1765 em™t and
1728 cmml are assigned to carbonyl groups coupled to each
other.An intense absorption at 750 cmql could be due to an
out of plane wagging of N-H in accordance with the same
phenomena being seen in lactam between 800 -~ 700 em L.
The sharp absorption at 680 em™t is assigned to the skeletal
vibrations of benzene ring. The very weak absorption at

1

3010 em — could be assigned to an aromatic C-H streching vitration

frequence.
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Do 1§:§§50 The compound was dissolved in deuterated acetone.

The signals between & =7.0ppu - 8.0 ppw are assigned to
aromatic protons. From the pattern of the aromatic proton
signals it can be seen that the benzene ring is a 1, 2 substi--
tuted which is in arpgeement with the IR spectral data. The
signal at (& = 3.0 ppm) is assigned to an N-H proton.

™e moderate broadness ig characteriastic of =R which may
undergo exchange. From the integration curve the ratio of
the N-H proton to aromatic protons is 4:1. An additional

nmr of the sample was also run in trifluorocacetic acid and

8.8 expected to N-H proton disappeared from the (§ =0 - 10 ppm)
range. Lt was possible to confirm the signal at ( 5 =2.00 ppm)
was a side band by varying the spinning rate and observing

the cﬁange in the signal. The signal at (3 = 2,34 ppm)

is due to contamination with acetone this can be confirmed

by rumning the nmr with trace amounts of acetone.

The combined IR, NMR and mass spectra data supggests the

following structure.

/5 . s,‘U

i

2,3 dioxo-1,4-benzonxazimne
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A

The reddish brown colour may be attributed to the
presence of the two adjacen®t carbonyls in the benroxazine systen.
In an attempt to find more experimental evidence Bayer
Villiper oxidation of isatin was done from which two
products were obtained. (ne of them having the same Rf value
as the compound RFB -(1j. Rigorous characterization of the
Bayer Villiger oxidation product was precluded by the

inavailability of sufficient starting material.

The intense fragments recorded in the mass sgpectra may

be explained in the following way.

+
’Z{‘ﬁ‘\‘/ '*-,{, g 002 . ‘/{ﬂ\.\i
) ‘ —= )
o= - LU
“\\‘\w/ “--:.."h‘. 4 \/ H -
i }
H
H
m/e = 16% : m/e = 119
=2C0 -CO
~NH -
zif§q‘
6.11,0] ' kj \'!j ¥
64
n/e = 92 n/e = 91
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The proposed mechanism for this reaction is

1. ixcitation step

i) OH
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Compound -~ RFA - 2

4 light yellow substance which forms 95% of the total
product. It was recrystallized from acetone. The compound 1is
insoluble in non-polar solvents like benzene, slightly solulbe
in acetone and chloroform and soluble in highly polar solvent

like DMSO. It has a melting point at 229 ~ 230°C.

Characterization of this compound was made mainly by

spectroscopic means.

Identification

1. Yoo - mw

ALl together eight carbon signals are observed

a) A carbonyl carbon at 175.86 ppm

b) Aromatic carbons 142.06, 128.06, 130.12 125,68,
121.21 and 109.1% ppn.

¢) A quaternary carbon at 77.82 ppm (a signlet).

Cne can note that each peak in the 1BCwNNR appears

ag a doublet indicating the presence of isomeric compounds.

P. IR
The signal at 3200 cm™' could be assigned to the NI
streching with characteristic amide pattern seenin pompounds
like isoindigo (Fig.16). A signal at 740 er ¥ is due to
N-H wagging and further evidence of the presence of the

N-H group comes from the peak at 1470 cmml which is

assigned to N-H bending vibrations. At 3330 cm_l
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overlapping with the aiide N-H is a sharp signal assigoed Lo
an-0Oh gtreching vibrations.

Tn agreement with 12C-NMR a band at 1710 cm™ ' chara-
cteristic of an amide carbonyl group is assigned to C = O
stretching. A further asgreement with the lBCmNMR comes fromn

1 which is characerstic of

absorption at 1620 cm™t and 1485 cm”
1, 2 disubstituted benzenc ring. The sharp absorption

at 1340 cm b is assigned to C-N stretching vibrations,
Finally the absorption at 1120 cmmlzis due to C-=0 stretching
vibration.

5o 'HmNMR

A broad peak at 4.3 ppm is assigned to N-H hydrogen.
The presence of the N-H group has already been confirmed
by IR,

The signal at f} =106.07 ppm is assigned to the hydroxyl
hydrogen. 7T is was confirmed by the addition of DQO'where
the signal for -OH roton disappeared and signal for a proton
in H-0D appecared. Signals between & = 6.0 ppm to & =8.0 ppm

are assigned to aromatic protons,.

4, The Mass-spectra

The intense peak at m/e = 296 is assigned to the molecular
ion peak. Other intense peaks in the spectrum are at m/e
149, 147, 119, 91 and 22,

In deducing the molecv lar structure of this compound it

is important to remember the alrecady cstablished fact aboutb
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abstraction of hydrogen from the solvent by the isatin
molecule. A structure in agreement with this and all the

spectroscopic data is the following:

€
..1

C )M o=y

‘ On
F§Q§~;\ﬂ %2,3" dihydroxy-%,3'-Bioxyindole

Additional experimental support to the formulation of this
structure comes from oxidation of this compound (RFA-1) by
paralodie  acid which gave a product with the sams R
values as an authetic isatin sample. From this structure

the intense peaks in the mass spectrum can be expalined

as follows:

R -4 Tt
|
//’ M- 2 0
m O
- t!““f--.\l//ﬂ\"-\ﬁ |
“sclrs |
N~ . M [£>“>J
N A Y -
m/e = 147
m/e 296 m/% 278
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Reaclion lMechanigm:~ from the studiecs with different

solvents and spectral data the following mechanisw is proposed.

1. Bkxcitation step

O o
I ',

Or - - O~
/ ~N
} !
= H

2. Abstraction of hydrogen atom by the excited carbonyl
OXYEEN .
O
=t

N

!

!

4. Dimerization

3,3'" dihydroxy-%,5'Bloxyindole
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. 3 . . 9 . N
Comparison “max of isatin, RiA-1 and KFA-2 in methanol

Gompound max

Isatin 410 nm
RIFB{(2) 404 nm
RFA(1) 360 nm

Isatin and RFB(1) are «Ldicarbonyl compounds. The interaction
of the two adjacent carbonyl groups (as has been demonstrated
with the cenergy level diagram of isatin) will decrease the
excitation energy and therefore increases the A max. The

effect of the electronefative oxygen atom in RFB(2) is to
increase the excitation energy and therefore 10werf¥max compared
to disatin. The compound RFA(1) poséesses a much lower A maxe
This is because it hes only one carbonyl group and such

an interaction is not possible.

2. The Reaction gquantum yield

The efficiency of a chemicsl resction can be expressed
by the quantum yield Qﬁ) which relates the effectiveness with

which absorbed photons can form products i.e.

) -] -
¢ - number of molecules decomposed or formed £~ om

1

number of quanta absorbed gt om”

The reaction quantum yield could be roughly estimated

in the following way:-
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for the reaction

g
de &
esrmemmamess I R !{ _,_:3_'-“-—-3 I-[L 4 abS
- dt

whereff represents the photochemical quantum yield

A-3B
Tor the reaction A —» B.
and I,, abs represents absorbed light intensity of A.

“ith the presumption that at the excitation wavelength

AB = 0 and AA = 0.05

where AA agtands for absorbance of A

Cne can write

IA’ abs = I, EA CAl
EHA = molaxr absgorptivity at the excitation
wavelength
Mhus
dCA éﬁ
mgz T T A B IO:EA Ca
substituting for OJSL = ﬁ&
Al
1 d 4, f ' A
S sr T Faes oAl By



N S TN
S at A=B 70 A
d 1HA&, - ff r B
dt A->B O A
FAY
w.\
int, \

h.s, using a standard compound (actinometer) with

" - . . .
lolown (Pﬁ_ g and E{, and the same irradiation source (IO)
¥ i _

L

1

and the same cuvectte (1)3 one can determine}? by

A~ B
comparison of the slopes (provided Ei of the unknown
gample is known).

The actinometer used in this work is the cis - trans

isonerization reaction of H,Nf-diacetyl indigo.

Both the actinometer and isabtin were dissolved

in cumene and purged with nitrogen gas. Irradiation
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was done by high intensity wmonochromator at 436 nm. The
progress of the reaction was followed by measuring the
absorbance at different times. From the slope of the
plot of In A vs time and known qguantum yield of the
actinometer (0.0%) the quantum yield of isatin has been

estimated to be 0,03,

11:‘A ’ _-7"_—“_*_‘_ ——————————
~2.8 igatin
\'{,‘
""2 » 6 1 \

N ul
"208 ’
i, M-discotyl indigo
0 T of T ", ; T T T T i
0 5 10 Wmin

Fig, 21 T'lot for In A Vg time for estimation

~of the reaction quantum yield
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