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ABSTHACT 

The fading rate of isatin in different solvents is 

investigated. rOhe 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 I'lhich prohobits photo:L'e-· 

duction. This was confirmed by the red shift of the '118.velenC';:th 

of maximum absorption with increase in solvent polarity and 

comparative fading rate of the derivatives of isatin (N - meth;yl 

isatin and H .- acetyl isatin). 

Holecular oxygen Vias found to quench the photoreduction. 

Fluorescence spectrum at different oxygen concentration has 

been investigated in an attempt to trace the spin state from 

vlhich the reaction starts. 

Two photoproducts were separated, the major product (over 

95%) \'las characterized to be a pinacol and the second is the 

product of insertion of a single oX'Jgen to isatin molecule. 
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I. IN'rHODUCTION 

j t d t 1 t 1 't' f' j' 1 d t d , s u Y 011 he p 10 'OC flcOJnposl lon o. lnc 19O can uc 0 

in this department resulted in the isolation of isatin as 

one of the products. It was not clear, hO\'lever, i.f isatin 

underl'lent further photodecomposition to give any of the 

other products. Survey of the literature indicated that the 

photochemistry \'las not ade(]uately studied and the fevl scanty 

reports were not conducted in the manner reported for indigol • 

'l'his proj cct \'las, therefore, undertaken to carry photochemical 

and photophysical studios on isatin. 

In this study, an attempt is made to determine the 

type of photochGlllical excitD.~ion pi'ocesB. This is done by 

investigating the effects of different solvents and l'1onito-

ring the resulting shifts induced by addition of acid and 

comparison of spectra with those of hydrocarbons of 

similar structure. 

Flourescence and pllOsphorescenee nJeasurements \'lere also 

carried out in an attempt to trace the spin state from which 

photochemical reactions of isatin occur. The que.ntum yield 

of tho photoreaction and the quenching effect of molecular 

oxygen on the reection quantum yield and flourescence 

have also been studied. 
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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 various 

oxidizing agents on indigo Erdrr:ann2- 4 ane' Iiaurent5- 7 in 

1841 independently discovered an oxidation product which 

had the formula C8H
5

N02 and to which the name isatin was given. 

'rhe preparation of the compound \<las 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 chI oro­

isatin yielded chloroaniline. Subsequently HoffmanlO in 

1860 shOl-md that treatment of isatin with nitrous acid gave 

5·-ni trosalicyclic ac id.f 

Isatin \'las found to dissolve in alkali to give the salt 

of an acid, isatic (isatinic) acid Kekulell in 1869 offered 

the suggestion that isatic acid was o->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 chlo,," 

ride (1) by Claisen and Shadwell14. in 1879 furnished definite 
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confirmation of the structure suggested by Kekule. These 

vlorkers suggested that isatin represents the first recognized 

case of a tRutomeric substance'. 

o 
II ,. 

o 
\I 
,-

__ __. Id/i...~COOH 

~JJ~N\"I 

o 
JI 

-.---"~ [0= ~ :~C =; 0 
I 
H 

Z 
2 

In 1882 Bayer 12,13 conducted further experi.ment s on 

isatin and de~onstrated that it reacts in both the 

IDctam Oa) or lactim Ob) form. 
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3b 
report on the photochemistry of isatin 

appears in 1902 vlhen Ciacian and Silber16 reported an 

unidentified compound of empirical formula C8H702N by 

exposure of isatin in ether to sunlight. 
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In variance to the work of Giacian and Silber in 

1911-9 Emanuale Oliversi15 exposed ethanolic and ethereal 

solutions of isatin to sunlight as \'Iell as UV··radiation 

and reported that no photoproducts \'lere formedo 

In 1967 Nobre Sugiyamo17 studied the chemiluminescence 

of isatin in different reaction systemso 

The above mentioned three reports constitute the current 

knowledge on the photochemistry of isatin prior to the Ivork 

reported in this thesiso 
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II. :eUYSICAL, Sl'EC'rROGCOPIC AIlD CHE1'lICAI, PHOl'EH'rIES OF ISATIN 

IBRtin crystalizes from wRter, Rlcohol, or acetic Rcid 

in the form of red needles melting Rt 200 .. 201 0 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 isatinl~ Heating the 

solution of sodium or potassium salt results in the ring 

opening with the formation of the salt of isatinic acid. 

\·/hen the solution is acidified ring closure results and isutin 

precipitates. 

:t'venthough isatin has two carbon;yl 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 0-3 

undergoes the usual reactions. Isatin reacts with sodium 

bisulphi te and gives a phenylhydrazone vii th phenyl hydrazine 0 

The reactivity of the 0-3 carbonyl group is also reflected 

in the reduction of isatin (3) I'lith Zn/HCI to give dioxi,., 

ndole (~~) or oxidole (2.) according to the strength of the 

acid usedl9 • 

The existence of tautomers of isatin has been demon­

strated by alkylation experimentsl9 • Thus the nitrogen 

can be easily acetylated, benzoylated or methylated. If, 

however, the red siliver salt of isatin is treated with 
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I, G--methyl isatin (8) is obtained o The lactir:! structure 

is also shown by vlarming a benzene solution 

PC15 when isatin chloride (1) is obtained19
o 

of isatin \'lith 
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The greater similarity of the visible absorption of 

8 

isatin to its N··methyl derivative than its O-methyl ether 

"las used as an evidence by Hartely and Dobbie20 to 

conclude that the lactim str.ucture (31:~) Vias preferred o 



;'1~,23 
However, this claim was questioned by other workers- ~ 

who indicated that data from this spectral rer;ion could not 

be interpreted unambigously • 

. Fig. OJ sho\'les the various bond distance of isatin 

24 obtained from X-ray data • The normal value for 0 ~ 0 

bond length is 1.21~. The 0-3-0 bond distance in 
o 

isatin is shorter by 0.02A while the 0--2-0 distance 
a 

is 1.21A. This observation can be rationalized by assuming 

the C-3-0 bond some 15-20%. 'rhe shorter length of C-3-0 

bond than that of a normal C~O must mean that this bond 

has a greater double bond character. 
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Fig CU Bond angle and Bond length of isatin 

It is obvious, therefore, that those resonance forms 

involving single-bond character for either or both C-2-0 

and 0-3-0 contribute very little. 

Cowley23 suggested that the high dipole moment of 

isatin in dioxane favours the l<lctam formul<ltion. Cox, 

Goodi vers and 'v<lgstaff24 ShOI'fed from an X-,ray study of 
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isatin crystalE; that the molecules are arranged in parallel 
o 

layers I-li th the Nand 0 atoms of one molecnl e only 2. 8A 

distance from 0 and N atoms respectively of the adjacent 

molecules in the same layer. The rlitl.lRtion vias strongly 

indicative of intermolecular 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 (L?) and (13) should 

contribute to the resonance hybrid structures, (y+) not 

only strengthens the intramolecular bonding, but also 

increases the lactam charaeter of the individual molecules. 

2'+ Further X--ray investigation by Goldschmidt and Llewellyn 

led to a revision of the interamolecular N-O distance to 

2.93~ and to the claim that the bonded molecules were not 

coplanar. The molecule mapping was stated to be consistent 

I-lith contributions of 62%, 10% DJJ.d 10% frodJ.2j (12.2. and (Fl·) 

respectively, and a further 10% arisinG from two structures 

in ,!lhich the oxygen atom of the carbonyl group carries 

a negative charge. The total lactam contribution \-ISS 

estimated to be 85%. 

I'langni 25 studied the £\ bsorption bands of isatin 

and its derivatives and it \'IUS found that isatin and its 

cieri vatives shol'l three 8 bsorption bands in ethanol ut 

242-261 m/'-' log L>.20; which is attributed to the 
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excitAtion of the benzene ring; at 298-320 m,-v, log 305 - 307 

due to -C = 0; And Flbove LfOO mP' due to ·-NIl-CO o 

Sadwick26 (1959) observed a shift towards longer 

wavelength in alkali solution of isatin as compared to 

neutral sol~tion which \'las attributed to the formation of 

the aniono 
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III. FHOTOCl1ErUS'l'HY OF KET(!lmS 

Fhotochemical reactions of carb<.;nyl compounds account for 

a very large proportion of all lilloI'm photocllemical reactions. 

~lhis 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. 

1. ~Q;zpes of transition and their assir,nm£llLl? 

The NO description of ketones assigns a pair of 

nonbonding electrons to the carbonyl oxygen which are 

directed in the plam of the molecule but perpendicular to 

C~O bond Rxis. 

'l'l1e lOI'Test energy transitions are n """/8nd r, "',)in 

I'Thich either an n- or a ii ··electron is transferred 

to an antibonding orbital. For simple aliphatic ketones 



the lowest singlet state is 61 (n,li~ and the correspording 

triplet Tl (n, iTI"). In aromatic ketones singlet may still be 

Sl(n,ij") but the lowering of Vi, 1';+) state may bring the 

'J'( j'i, i") in proximity of T(n, ;t·") or even below the later. 

Therefore, in a substituted aromatic ketono the nature 

of the substi tuents docides the lowest triplet st ate29 • 

In plotting the energy level diagram for transition in 

ketones three representative cases can be identified. Type 1, 

whioh is a characteristie of simple aliphatic ketones, 

the (n, ,.t~) transition is the one of lowest energy. 

Type II is the case where the Or, 11) transition is 

10vlered either by conjugation or by sUbstituents. Type 

III represents an intermediate betweon these two extremes. 

'1'he third type of transition, known as charge transfer 

(c~l'), arises when an eleetron releasing substituent is 

suitably attaehecl to an aromatie ring of a ketone. '1'he 

charge IlJay eventually migrate to the eRrbonyl o:x;ygen produeing 

a charge transfer state. Donor groups may typically be 

or = 
,30 
J 

Assignment of the type of transition can be made by means 

of solvent effeets31 , 32 • If there is a blue shift in [';oing 

tOl'mrds more polar sol vent, ,the transition is likely to 

be n0Jrr If there is a smaller red shift, the transition 
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Fig. 2 Energy level diagram for transition in ketones 
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dipole moment of the carbonyl group and a consequent 

lowering of the interaction energy with the solvent. 

Further tests for identification of transitions which have 

an n- orbital may be suwnarized as: 

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

2. Disappearance of the band in strongly acid media where 

a proton combines with the lone pair of electrons 

3. The presence of low intensity transitions relative to 

a tynical transition. 
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All of the three types of excited states Cn -,;<;;-") , 

(i.; -C>({f) and CCT) have different electron distributions, 

hence exhibit differences in their photochemical reactivity, 

Intermolecular :Photorenctions of Ketones 
--~=~~~~~----~~~-~:~-~-,.-,,-~.~----~-~-~.-,-~.----.~-._--

'1'he three tYl,es of intermolecular reactions given by 

carbonyl compounds are decomposition, reduction and 

rearrangement, 

Carbonyl compounds undergo three types of photochemical 

decomposition reactions, 

Nqrris~_'l2l~..1.: 'l'ypical of ketones with no 0" -hydrogen, 

it carbonyl compound 

in three ways, 

R - C - R l;f 2 
o 

R - C -
1 ;I 

o 
R2 cleaves into free radicals 

.. 0 , 
£1

2 
+ C Rl ) 

iI 
0 

Rl + C - R2 
II 
0 

RI + CO + R2 

If RI and R2 are different, one of the two proceses 

will be favoured over the other, the favoured process 

will involve the rupture of the \'leaJcer bond and formation 

of more stable radicals, 

The free radical decurnposi tion taking pihace in 

solvents is often prevented by the recombination of 
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AI: 
radicals thus formed due to the cage effect of Sol vent.);). 

In the yanour phase the decomposition reactions become 

conspicous and the free radicals formed undergo secondary 

reactions. 

liorri'ph~JJY_9_ .. II: - This reaction type involves the 

decomposition of aliphatic aldehydes and ketone with 

'/J -hydrogen in the alkyl chain. The mechanism of this 

reaction involves the Cleavage of the )f -hydrogen by the 

excited carbony133. 

OR 
I 

R-C ~ 

1 
OR 2 

R - c- CR 
1 \I . 3 

o 

C 

"n 3 

L 

---------.-~) 

Norrish type 111:- This is a photocycloelimination 

reaction which also yields one carbonyl and an olefin 

molecule. The mechanism probably involves cleavage of 

/3 ·-hydrogen, and is not as 'IIell investigated as the 

mechanism of type II reRction37 • 

o 
If 

H - C hv --'---7> 
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of the cRrbonyl group proceeds by the abstraction of a 

hydrogen atom from a 6 ~carbon. Formally the intermediate 

would be the SRIne as th8t of Norrish type II decompositioh 

but insteRd of fragmentation to an olefin, the biradical 
li"1-'+9 

recombines to give a cyC'lobutanol derivative C].2). 

c) Eea:r:E£l.ngment 

Intramolecular rearrangements without reduction of 

the carbonyl group include, cis-trans isomerization of 

unsaturated compounds, ring Closure, ring opening and 

. t t' 33 rln~~ con rac lon • 

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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Intermolecular Photochemical Hecluctions 
_~~~_~. ~~ ___ O~~~~_'·~· __ ~~~_~.~_~~~~_~~~·~~ __ '~n'_. __ _ '~~.~~'p, 

In presence of an active proton clonor, an excited 

carbonyl compound may accept a protono In 50neral, it 

is the solvent which acts as 11 proton donor and inter-

molecular photochemical reductions are observed in liquid 

phase only 0 Amonl~ the solvents that may be employed as 

hydrogen donors, alcohols and alkylbenzenes such as 
• LJ.l> 42 tolueneand ctlfolene fir;ure promlnently 0 ' 

Insight into the photochemical hydrogen abstraction 

reactions of an (n -:7 iI~) excited carbonyl group (16) 

can be obtained by considering the hydrogen abstraction 

reactions of alkoxy radicals o The RO radical (11) which 

possesses half-filled P orbitals may be a suitable model 

to predict reactivity pattern for hydrop;en abstraction 

reactionso 

: ()c 

f /." 
16 

From kinetic data for abstr8.ction of hydrogen atom 

by HO radicals, the .four factors listed below are expected 

to influence the reaction rate constant (kr), the hydrogen 
LI-3 4LL 

abstraction stepo ' . These are 

hydrogen 
donor 

R - OH + 

reduction 
product 

x 
radical 
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1) The strength of the bond broken and bond formed 

2) JColar or charge-transfer effects on the energy of 

transition state relative to the energy of the reactants 

3) Steric effects on the approach of the reRgent and 

substrRte 

4) Solvent effects on the reagent, substrate, and transition 

state o 

The activation energies (Ea) for intermolecular 

hydrogen abstraction range from 3,-7 kcal/mole when the formation 

of the primary radical pair is exothermic from the initial 

"." t t L~5 n, /1 s a e 0 It is important thRt certain restrictions are 

imposed on reactivity (as measured by leI', or Ea) by energetics 

on reactions involving diradicals since the reverse recombi-

nation reaction generally requires little or no Rctivation 

energy in the absence of major resonRnce or steric effects, 

and since Ea cannot be less than AH for an endothermic 

reaction, it Dlay be concluded that only exothermic reactions 

are likely to have Ea values small enour,;h to allo\'l reactions 

to be competitive with the 

of deactivation of excited 

other available, rapid modes 
L~6 

states 0 The contribution 

of a new OH bond to the overall reaction enthalpy,", II, 

will be constant since for a given ketone the same Icetyl 

radical is formed in all caseso In general, overall 
, 

abstraction of a saturated alcohol - OH, a benzene - II, 
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or a satul'ated alkane CH Vlill generally be endothormic, thereby 

'mtomaticnlly providing a contribution to lOao 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 energy E{70 kcal/mole47 o 

Other types of photochemical reActions which belong to 

this class of reactions are, photochemical dimerizations of 

oc,}3 -unsaturated carbonyl compounds, and photochemical 

additions to olefinso 

The interaction of Tllolecu lar oxygen VIi th electronically 

excited molecules leads to a number of physical and chemical 

transformation49
0 boleculnr oxygen reversibly quenches 

both the excited singlet And triplet stateso 

Historically a number of different mechanisms have been 

proposed to account for the ability of oxygen to quench excited 

triplet and singlet stateso 

Kautsky has claimed that physical quenching of electroni­

cally excited state molecules by oxygen is related to 

sensitized photochemical oxidation reactiono This is 

based on studies on tp.e photo-oxidation of s~oatially iso­

lated sensitizer and acceptor molecules where it was 
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found that at 1011 optimum oxygen pressure it 'das 

possible to selectively excite a sensitizer and produce 

oxidation on a distant acceptor molecule. The long range 

transfer of energy was due to the diffusion of the excited 

oxygen molecules which have been produced by quenching 

the phosphorescence of the sensitizer. The Kautsky energy 

transfer mechanism can be formulated as follo\'Is. 

3D 3 .. lD + 10 
2 + °2 T 2 

or 

wher.e 3n and lD represent D 'an excited triplet and ground 

singlet donor molecules respectively~8,49 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 quenching process. 

Another suggestion is quenching by the enhancement 

of intersystem crossing. In a series of experiments, 

Evans51 demonstrated that oxygen reversibly enhances 

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

Hoijtink examined the possibility that an exchange 

interaction between the organic molecule and oxygen 

could lead to an enahncement of 8 ~T transition in the 

organic molecule. 



- 22 -

In their effort to explain the enhancement of the 

singlet-triplet transition by ox;ygen, '1.' subomura and f1ulliken52 

and tlunel153 have examined a mechanism which involves a 

charge transfer (CT) state of the organic .- 02 complex. 

It is generally believed that many organic ions quench the 

fluorescence and phosphorescence of ore;anic molecules in. 

solution by an electron transfer mechanism. By extrapolation, 

Yleise54 proposed that oX<Jgen quenclling of phosphorescence 

might also be due to an electron transfer of the type 

D* + 02 ---~~ D 
,,,,< 

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

questioned by Tsubomura and f1ulliken52 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 

ox;ygen molecule could cause some mixing of the sine;let and 

triplet states of organic molecule and lead to enhanced 

intersystem crossing. Tsubomura and f1ulliken52 have tl1eoreti-

cally evaluated the magnitude of this effect and have ShOloffi 

it to be of negligible importance. Furthermore, Porter and 

Wright 55 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, EXPEHUIEN'l'AL 

1, Rurification of Solvents 

Reagent grade benzene, toluene and xylene vlere dri'ed 

over calcium chloride, filtered and further purified by 

distillAtion, The distillate which collected ~lithiJ:). 

a range of 1°C vms taken, Further drying, when necessary \'las 

achieved by placing the solvents over sodium \'lire and 

subsequent distillation as above, 

Absolute ethanol viaS distilled before use, Propane-2-01 

was refluxed over solid tin (II) chloride for 30 minutes to 

get rid of peroxides and refluxed over CHO for 4 hI's, 

It \'las distilled and the first portion of the distillate 

was discarded. The distillate was stored over 5A molecular 

sieve followed by further distillation. 

Chloroform \1as shaken five times with about half 

its volume of VlHter, then dried over anhydrous CaC12 for 

24 hours and distilled, 

Puri fica t i on c~<?.f.Js~a till 

General purpose isatin (Hopkin and l;lilliaJU) \'las used 

after recrystallization from benzene, 

Gases used: - Nitrogen and Oxygen of about 9696 purity 

(from SEDE) \'1ere used without further purification. 

Prepara t ion 'Lt.l!::_IlI_e_th;Y:LJ s~.1:;Ll! 

A 500 ml three necked flRsk was equipped \'lith a separatory 
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flmnel, a sealed mechanical stirrer and a reflux condenser o 

7.35g of isatin \'las plowed in the flasl~ to which 2. 5g of NaOH 

in 100 ml of \"later waf3 added. The mixture was stirred and 

co. led to 100e by immersing the flask in an ice bath. 

6.3g of dimethyl sulphate in the separatory funnel viaS 

added dropwise during 1 hour whilst shrring the mixture 

vigorously. To complete the methylation it was heated 

under reflux for two hours and was filtered after cooling. 

(['he N-methyl isatin Has recrystallized from vTater. 

One drop of concentrated nitric acid \·TaS added to 2.0 rnl 

of a 0.5 percent aqueous solution of paraperiodic acid contained 

in a small test tube and the mixture \"las shaken well. 20 mg 

of the compound RFA (2) were introduced into the test tube 

and mixture Vias shaken and gently heated. The Rf value 

of the component formed \'las compared with an authentic 

isatin sample. 

B~~r Villiger 0~xidati9nof Isatin 

A mixture of 10 illl of trifluoroacetic acid, 3 ml 

30% H202 and 15 ml of methylene C:110ride was added over 

15 minutes period to a vlell stirred mixture of 10 g of 

disodium hydrogen phosphate and 50 mg of isatin in 20 ml 

of methylene chloride. After addition Vias complete the 
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the mixture was heated under reflux for one hour. 

The products were corlpared by thin layer chromatoGraphy 

vlith the compound RFB >- 1. 

Seven organic solvents, chloroform, toluene, cumene, 

xylene, benzene, propanol, and ethanol were ch()sen for this 

study. .20 mg- of isatin \'Jere dissolved in each of the 

solvents in 250 ml erlenmeyer flask. 'rhey were adjusted 

to approximately equ81 ,:\bsorbance so that direct comparison 

could be made. j;ach of the isatin solution was purged and 

heremetically sealed under nitrop;en atmosphere. The sanples 

vlere exposed to unfiltered sunlisht under identical geometrical 

conditions. 

Samples were wi thdravm from each solvent at intervals 

shown on the table below! 

Sample ]ITo. 1 2 3 5 6 

g'iL1e(minutes) 5 25 40 60 85 120 

After vii thdrawing six samples the remaining solution 

of isatin W8.S left until it completely faded and therefore 

formation of photoproductB was complete. The solvents .mre 

removed under reduced pressure until about 5 ml. I-Iere left. 
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'1'he 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. 

'1'he spots were visualized at 2l r5 nm and also in iodine 

vapour. 

3. The Effect of Various AtmospherefL on the Fading Rate 

.of Isatin iiL X;ylene 

Isatin (50 109) was dissolved in minimum anount of 

redistilled xylene. 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 \'las bubbled into the solutions at a pressure of 

516/in2 for 10 minutes and the test tubes were immediately 

tightly closed 0 The last five test tubes were sealed lmder 

normal atmosphere. 

In every case during the exposure to unfiltered sunlight 

sufficient space was left in the test tube to insure as 

much contact as possible 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 vms withdrawn at 

intervals shol'ln on the table below:-

Sample No. 1 2 3 11- 5 6 

Time(minutes) 15 25 40 60 85 100 

After decomposition I<las complete the solvent Vias removed 

under reduced pressure until about 15 ml of each solution 

remained. Products Vlere observed using thin layer chroma-

tography. 'rhe solvent system (A) \'las used for developing. 

The spots I'lere visualized at 21[5 nm, 325 nm and also in 

iodine vapour. 

'+. Isq,131_HCl.n an.cl .. )':'I'J..fE-tjft_s~t..i_on of the Photo-prQ§uct 

Isolation:-
~'·~_~ __ ~r~~ __ 

Several erlynmeyer flasks of 51 capacity were used to di-

ssolve the isatin in redistilled xylene in each flask. Each 

flask \'las bubbled \'lith nitrogen for about 30 minutes before 

exposure to unfiltered sunlir;ht. All the fl!1sks \'lere 

properly sealed. The exposure of the isatin solutions 

was done on a continuous basis to collect as much photo-

product as possible. Each flask was exposed for a period 

of one \'18ek. Large scale production requires the exposure 

as many as possible flasks to sunlight. From 500 JUg of 

isatin 210 mg of photoproduct Vias collected (chemical 

yield 49%). The solution l'IaS filtered and a yello\., 
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solid substance '.'las obtained l'lllich Vias Hashod by ether 

and dried in an oven at 500 C. 'l'wo products' were isolated 

by thick layer chromatography using the solvent system(A). 

The first component HFB-2' WRS recrystallized from benzene 

and the second component l{b'A~1 \'lRS rocrystallized from 

acetone. The compound RFA~1 makes 95% of the total 

photoproduct collected. 

Identification 
-~. ~~. -~~~~--~ 

In characterization of the photo--products of isatin 

cl"'.ssical and instrumental techniques were used according 

established procedures. lIe1 ting points were deterr~ined on 

a Unimelt apparatus and are uncorrectedo lit spectra were 

recorded on a Ferkin-Elmer 727E instrument, using KBr 

pellet. 'H-Nl'ffi spectra Ivere recorded on a Varian 'l'-60A HFJR 

spectrometer at 6ormz, using deuterated acetone, 

tri.f1uoroacetic acid and dimethyl sulfoxide as solvents. 

Tetl'!Uethyl silane was used as a reference compound. 

UV-Vis spectra were recorded on 11 8p 8 - 100 pye 

Unic<'m and l'erkin-Elmer model 727E double beam 

spectro-photometero 

5. pet erpil2.a t i on __ gLJ);~ac:tLon __ ~llantjlELX i_e ld 

In order to have some idea about the efficiency of 

the photoreaction it l'laS necessary to (etermine the 

reaction quantum yield. 0 0 20 me;. of isatin l'mS dissolved 
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in cUlilene nnd its absorbance VIas ndjusted to be equal 

to that of the actinometer in cumone. Both were purged 

with nitrogen for 10 minutes and "lere carefully sealed. The 

actinometer and the sample. were irradiated using a monochor­

mater with a mercury lamp at 1136 nm and the reaction was 

followed by measuring the absorbance vlith a uv-visible spectro­

photometer. 
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v 0 REGULfJ'S liND DU;CUSSIUH 

Since it was observed tho:!; the solvent plays an active 

role on the photoreaction a detailed study \'las undertakeno 

Two sets of solvents \'Iere selected for this studyo In the 

first set were bemwne, toluene and xylene - in which the 

ease of abstraction of hydrogen gradually increFf.seso The 

second set consisted of cumene and isopropyl alcohol, having 

comparable ease of hydrogen Ctbstraction but a wide difference 

in polarity 0 Toluene I"JaS added to this group to mCtke compa-

rison with the first "roup possib1eo 

Isatin I"JaS dissolved in each of these solvents and 

each set I"TaS adjusted to approximately equal absorbance 

to make direct comparison possible 0 f]'O eliminate the 

already knol"iU effect of oxygen, inert nitrogen atmosphere 

was used (v~Sl~ill:r..J:'a) 0 The photoreaction in each solvent 

\'las fol10\"/ed by measuring the a bsorbfmce 0 From a plot of 

absorbance vs time Figo (.3) and Fir:> (4) Ex> (the time 

necessary for the absorb8.nc8 to decrease by hCt1f) was found 

to be as fo110ws:-
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Set 2 

126 min very long Isopropyl 
alcohol 

~~----------~~. 
102 min Toluene 175 min 

68 min Cumene 44 min 

From these results it can be seen that the rate of 

photoreaction decreRses with increase in polarity of the 

solvent and decrease in ease of hydrogen abstraction. 

At least two possible explanations can be speculated. 

i) The equilibrium constant for such a reaction is small 

and therefore the reaction will stop after a very short time 

unless there is a meClns of taking the photoproducts from the 

solution. In the nonpolar solvents since the solubility of 

the ph6toproducts is ver;/ 10\'1 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 Rre 

soluble 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 nehligible amount 

in ethanol and isopropyl alcohol. 



ii) '1'he above speculation does not explain I'lhy for example 

the rate of the reaction is faster in chloroform than in 

ethanol \'Ihere there was no formntion of precipitate in either 

solvent. 

From the E~ values it can be seen that the rate of 

fading in the hydrocarbon solvents follows the ense of 

hydrogen abstraction as can be seen by compnrison with the 

already established order of ease of hydrogen abstraction~8,5g 

6,> 0>~5> 6> OJ > 
H 
1 
C -
I 

H 

H 
! 
o -
I 
n 

(on) ~ 3 2 __ 

The fact that the reaction proceeds to a very 

negligivle extent in isopropyl alcohol, which is a good 

donor of hydrogen atom, suggests that as the p6larity of the 

solvent is. increased the charge transfer character of the 

n -7 i/'" transition becomes dominant. This formation of the 

excited state with separation of charge should be in 

accord with simple 'electostatic theory leading to 

stabilization of those states by polar solvents. In 

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

ac,ceptor carbonyl group \'Iill be enhanced. 

This electron shift has an effect of reducing the electro-

pbilicity of the carbonyl oxygen in the excited state 

and makes it more nucleophilic. Thus the reactivity of the 

excited st8tes toward hydrogen abstraction is greater in 

the n -~'i/' than in the charge transfer transition. This 

explains why the rate was much s 10vler in isopropyl alcohol 

which is a good donor of hydrogen atom. 

Additional support for this explana.tion comes from the 

following experimental findings. 

1. The maximum wavelength of absorption inisatin has been 

shown to be n ~ Ji'transition. This is supported 

by the following observations: 

a; Addition of an acid gradually decreases the band 

of the wavelen@;th of maximum absorption because 

the nonbonding electrons are tied up with the 

added hydrogen ions ~\Dd 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 pular solvents would have 
/ 

been expected for a n _.,l- iY'transi tion 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 

increGses. A.ccordingly, the absorption wavelength in a polar 

solvent wtll be shorter than in a non-polar solvent. The 

fact that red shift is observed in going to more polar 

solvent supports the conclusion that a chEmge in transition 

f 
<c'?A 

rom n -,,1 J to charge trannfer occurs. 

2. An attempt ViaS 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. Solutions, of isatin, 

N-acetyl isatin and l'i-methyl isntin in xylene were prepared 

and the concentrations adjusted to the same absorbance and 

purged VIi th ni trogon. 'ehe photoroaction '.'ras followed by 

measuring the absorbance at different times. From a' 

plot of absorbance Vs time the following valuos wore 

evaluated: 
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Substance EYz (minutes) 

l~-Clethyl isatin Very long 

Isatin 85 minutes 

N-acetyl isatin 35 minutes 

As expected the rate of fading "/as fastest for 

iV-acetyl isatin where CT is less probable and slowest in 

N-r18thY1, isatin where CT transition is expected to predominate. 

As expected isatin has an intermediate rate. 

'L1he probable conclusion that Il s tate switching ll
, i.e the 

reversal of an initial energy disposition, \'laS achieved by 

variation in ketone structure and solvent polarity" 

of ISatin 

holecular oxygen is known to quench both the excited 
60 61 singlet and triplet states of organic molecules .' 

(1'0 see the effect of molecular oxygen in the photoreaction 

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

filtered sunli(!~ht under three different a.traospheres, oxygen, 

nitrogen and air. 'L1he reRction \'las follovled by measuring 

the absorbRnce at different times. 
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From a plot of absorbance Vs time (Figo 6) the 

followinf.; K,/ vnlues "Iere obtained o . /2 

1~ tm~~~.~he~~ ___ .~~~~_~~_. . E_i'}!>~ _____ ~ 
O)..J'gen 245 minutes 

Normal nil' 111 minutes 

Nitrogen 45 minutes 

From these results it is clear that the fading rate is 

fastest in nitrogen atmosphere (io e 0 at very 101'1 oxygen 

concentrations) and slol'Jest in oxygen atr~osphere 0 A 

possible conclusion is that molecular oxygen acts as a 

quencher in this photochemical reactiono 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 o 

Comparison of the products formed under the different 

atmosphere.> using thin layer chromatography indicates the 

formation of the saIne set of productso Two products were 

found in all C8seso The only diffe:cence observed was 

the relative amounts of the products ioeo as the amount of 

. oxye;en was increased the amount of PJajor product decreased 

while the minor product increasedo 



Fluorescence of Isatin 
"~. ~~-~~-~--,=~-~~"-~¥---~~=.~~~~ 

Both the excited sinf';let E\l1d triplet states possess 

a great deal of excess energy (between 40 to 200 kcal/mole). 

Their energy is often enough to OVerCOF18 Rctivation bRrriers 

so that chemical processos can take place. IJhen reactions 

do not occur the ()xcess energy is lost through a variety 

of ways. TIle several modes of deactivation open to the 

excited states may be divided in radiative and non-radiative 

processes. Two types of emissions from radiative deactivation 

are recognized. The t~/pe associated with the excited states 

lilay be divided in radiative and non-radiative processes. 

'1'1-10 types of emissions fro"] rs.diative deactivation are 

recognized. The type associated with the excited singlet to 

ground state singlet e11ission is fluorescence w11;_le that 

associated with triplet to gound state singlet deactivRtion 

is phosphorescence62 ,63, . 

A dilute solution of iuatin in benzene was prepared in 

order to take the fluorescence spectrum of isatin. The Amax 

for absorption of isatin in benzene solution occurs at 401nm 

while the ,{ max of fluorscence emission for isatin in benzene 

is LJ-54 hro. A possible ex))lanation for such a slJift is that 

when the molecule chanp;es to the excited state by the 

absorption of energy the relationship bet'/wen the solvent 

and s.olute is upset. An axci ted solute molecule in this 
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situation is in the F"cmclc - C:mdon state. This state pre­

vuils for very brief period of time, and the solvent 

molecules cannot reorient thoroselves during the transition 

fi'om the ground and excited states and thu$ will be reflected 

in changes in absorption and emission spectra. 

A contribution to such a shift might COl!le also from 

differences in the geometry of the ground and excited 

states. 

Bince the reaction quantum yield decreases with increase 

in concentration of oxygen (1. e oxygen quenches the reaction) 

it was hypothesised that if fluorescence decreases with 

increase in oxygen concentration then the reaction could 

be starting from either the excited singlet state or 

excited triplAt state or even both states. If however, 

fluorescence does not decrease with increase in concentrution 

of oxygen then the reaction must be starting from the 

triplet state. 

From the series of experiments done on fluorescence at 

different concentrati ons of oxyp;en it ViaS not possible 

to trace unambigou$ly the spin state from \-Ihich the 

reaction starts. 
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4. Isolation and Iclentificati(:m of th~ Photoproducts 

a) The Rossible Photoproducts of Isatin 

Before making any theoretical predication on the different 

possible photoreactions isatin can undergo it is essential 

to construct its energy level diagram. 

Isatin is an of.. -dicarbonyl compound, the energy of 

these two carbonyl r;roups 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 TT -bond 

libile strengthening the (J -bond of this carbonyl group. 
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The two carbonyl e;roups interact both through the bonds 

;~nd space. Thin interaction of the atomic orbitals 

gives rise to orbit8ls of hie;her and lOvler eners;? 'j'hough 

the overall enorgy does not chane;e, as can be seen from the 

energy level diagram, this h',s a dramntic effect on the 

I'lavelen[th of TORximulll absorption. 

.' 
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! " ' .. 
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,hv . . .~~,-,~ 

\'1 t 
·'·"rt·-·~ 

/ / ('Z-o 

Bnergy level di8[,;ram for isat in shol1ing the effect of 

interaction of the adjacent Carbonyl e;roups. 

It CRn be seen th«t 1'lav()length of maximum absorptions 

has been greRtly increased corlpared to the case of a single 

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 set 
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of possibilities by compm:-isons I'lith Cl'I-dicRrbonyl compounds. 

10 'Jlhe primary process in the photolysis of many l;lt-dicarbonyl 

64·-66 systems is the scisFJion of the 10Vi ener[~~{ CO ... CO bond. 

A typical example \'lOuld be the photolysis of pyruvai;Ds in 

ben~ene resulting in the formation of acetRldehyde, CO, 

and carbonyl derivatives corresponding to the a-alkyl 

group. 

Hriting such a reaction for isatin giv~s the aminoacid to. 

hv 
.-~--.--.---) + 

18 

Ind.eed the is reported to yield the acid 20 

2. 

+ ,. '. c . .1 
hv )-

20 

lX.-cleavage followed. by addition of water would give two 

different products (21 and 22) ci.opGncling on the site of 
cleavage. ;) 

n 

hv -----_. __ ._-'-. 

" 
21 

22 



-, b' 67 . 1 3. L 2 adeli tion:·- hU In utudJ.ec the 1. 2 addition 

of substituted tolueneG to 9,10 phenanthroquinoneo 

eH - Ar -- X . 3 

An analof!j)l1s reRction for isatin would give (23) and/or (21~) 

r()r~Z"~J' 
'-::;/ ...... 'l'1 

\ 
H 

R ... H 

24 

4. Photoreeluction - the use of solvent that fRcilitates 

hydrogen "b.straction such RS isopropyl alcohol leads to 

'-h f t' f' 168 c e . orma J.on 0 plnaco • 

isnpropyl alcohol 

In the CRse of isatin there are three possibilities 
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An 8nalo(,;01)1] reaction for isatin where only the keto group 

(C-3) undergoes· photoreduction vlOuld :;ive rjs8' to the pina.col 

(.?2.). However, if pbotoreduction of the other carbonyl (C-2) 

occurs as well, then one vlould expect (26) and the crossed 

product (27). 

Bince the proposed fltructures of tho photoproducts 

incorporate, in part, the isatin Floiety the IR, Nr-m and 

l~ss spectra of isatin disc*ssed below, were used in the 

interpretation of the spectra of the products. 

1. IH--:UrIH.~ Dr'JHO '/ms used 8S 8 solvent. Only the aroIn8tic 

protons are observed. 
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Proton 

a 

b 

c 

d 

e 

2. IR 
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Chemical shift 
-~,-~,~~~,-~-,~,~~-,~~~ .. ~ 

6.65 ppm 

6.8 ppm 

7.5 ppm 

7.65 ppm 

unobserved 

'i'he absorption at 3200 cm- l could be assigned to the 

N--H stretching with characteristic amide pattern. Absorption 
-1 _ -1 

at 760 cm lS due to N--H wagging Vlhile the peak at 1460 em 

is the amide carbonyl group stretching frequency while the 

peak at 1620 cm-1 is due to the other carbonyl group both 

mechanically coupled to each other. 

'L'he sharp absorption at 1335 cm-l is due to C-N stretching 

vibration. 

--1 The absorption 8.t 650 em is characteristic of 1, 2 

substituted benzene ring. 

'i'he molecular ion peak is the intense peak at 

(m/e ~ lL'7). ]~oss of a CO group gives 'i!S~8 to the peak 

at (m/e ~ 119) while loss of the t~lo CO groups gives rise 

to tho sig~al at (m/e ~ 91). 
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A loss of HON from tho frngmont at (ro/o ~ 119) gives )'ise to 

the fragment 
o 

~:.... II 

(m/e = 9':'). 
_. t 

~JI)~,tJ 
I 

H 0';1 
119 I 

~.I 

m/e = lLf·7 
mle = 91 

m/e = 92 
c) IJ?.9 1 ati.c>!!... ?llil.Jj~EJ.ll~J.[icat~0IL2f _the Ph9l..0}?roducts 

Isatin dissolved in xylene and under nitrogen atmosphere 

Vias exposed to unfiltered sunlight. A yellow solid substance 

was collected from which two solid components were isolated 

by preparative thin layer chromatography using solvent system 

(A) developing. The first cnmpound (PFB .- 1) was rocrystallized 

from benzene and the other compound (RFA - 2) was J~ecrystallized 

from acetone. 

Identifications of thoso products was made mainly by 

spectrosoopic means and a brief summary is presented. 

This is a reddish brown compound recrytltal.lized from 

benzene which has a melting point of 2<?6 .. 227°C. It 

is insoluble in non-polar solvonts but modorately soluble 

in chloroform and soluble in acetone and ethanol. This 



component cem be approximated as 5% of the total product. 

1. Elemental analys~s gave 

Found 

Calculated % C = 58.90; IT = 3.09; N = 8.59 

The elemental analysis suggests the elllpiricHl formula 

CSH
5

N0
3

• 11his VJaS confirmed by accurate mRSS measurement 

from the high resolution lIlRSS spectra. (Found 163.0;~6[" 

Calclllated 163.029). 

2. IH: l'lultiple absorbFl.llce between 3300--2900 ClQ-l is due 

to an N-H stretching vibration characteristic of an 

amide group. For comparison the spectra of indigo 

l"ig(17) and isoindigo Fig(16) are included. Such a 

characteristic pattern is obs.erved only in isoindigo 

which has an amide group. 

-1 The intense double absorbmlces at 1765 cm and 

7' -1 1 28 cm are assigned to carbonyl groups coupled to each 

other.An intense absorption Rt 750 cm- l 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 cm-l • 

-1 
~lhe sharp absorption Rt 680 cm is assigned to the skeletal 

vibrations of benzene ring. The very weak absorption at 

--1 3010 cm could be assigned to an aromatic o-U streching vibration 

frequence. 
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). lH-NtJB.. 'I'he compound I-laS dissolved in deuterated Reetone. 

'l'he sif,nalr.; between S ~ 7.0 pplll - e.o ppm are assigned to 

aromatic protons. FroPt the pRttern of the aromatic proton 

signals it can be seen that the benzene ring is a 1, 2 substi-

tuted which is in arv,eement vlith the IH spectral data. The 

signal at C; ~ 3.0 ppm) is assie;ned to an N-H proton. 

The moderate broadness is characteriutic of IT-H which may 

undergo exchane;e. From the int ar~ration curve the ratio of 

the H-H proton to aromatic protons is 4:1. An additional 

nmr of the sample ViaS also run in trifluoroacetic acid and 

as expected to rr-H proton disRppeared from the (A ~o -- 10 ppl~) 

range. It WRS possible to confirm the signRl Rt ( S ~2.00 ppm) 

was a side bRnd by varying the spinning rate and observing 

tho change in the signal. '1'he signal at (~;) ~ 2.34 ppm) 

is due to contamination with Rcetol1e this can be confirmed 

by runnin[~ tho nmr with trace amounts of acetone. 

The combined IR, In-m and mass spectra data suggests the 

following structure. 

2,) dioxo--l, L,··benzoDxnzirre 
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The reddish brovm colour may be attrii)uted to the 

presence of the two adjacent carbonyls in the bemloxazine systemo 

In an attempt to find more experimental ovidence Bayor 

Villif':er oxidation of isatin \'las done from which tv/o 

products were obtainedo l'ne of them having the same Hf value 

as the compound HFB - (l~ Rigorous chara,cterization of the 

Bayer Villiger oxidation product If/aR precluded by the 

in8vailability of sufficient st8rting material. 

The intense fragments recorded in the mass spectra may 

be explained in the following \'Iayo 

1-2CO 

-I'll] 

-+ 
C6HL~~ . 

mle ~ 92 

-CO,) 
n~.~~L_._~ 

-0':"\-... ' 
IL..)I, ru!' '-::/ "w ,.-"., 

J 
N 

Pl/e ~ 119 

mle ~ 91 
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The proposed mechanism for this reaction is 

1. l~xcitation step 

20 Abstraction of Hydrogen atom 

--._-_._---.".. 
R - H 

~ I 
: ! 

30 Addition and hydrogen abstraction 

4. },oss of water and f.;K -cleavage 

~<) .. ,> _~O 'C=". 0 . i \ I 

l~ >_":~ ~ N /C "'" 0 
.'V 

I 
H 
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A light yellovl substance which forms 95% of the total 

product. It was recrystallized from acetone. The compound is 

insoluble in non-polar solvents like benzene, slightly Bolulbe 

in acetone and chloroform and soluble in highly polar solvent 

like Dl'1S0. It has a melting point at 229 -- 230°0. 

Characterization of this compound \'las made mainly by 

spectroscopic means. 

IdEmtification 
" ~~~ ~ "-" - -~--

I. 130 - :Nlm 

All together eight carbon Bignals are observed 

a) A carbonyl carbon at 175.86 ppm 

b) Aromatic carbonB 142.06, 128.06, 130.12 125,68, 

121.21 and 109.13 ppm. 

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

One can note that each peak in the 130 __ NHR apJlears 

as a doublet indicating the presence of isomeric compounds. 

2. IR 

--I 'rhe signal at 3200 cm could be assigned to the NH 

streching with characteristic amide pattern seenin compounds 

-1 like isoindigo (Fig 016). A signal at 71.0 cm is due to 

N .. H wagging and further evidence of the presence of the 

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

aBBigned to j\j·-H bending vibrations. At 3330 cm-l 
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overlapping with the a{'ido N--H is a sharp signal assigned to 

an -OlI streching vibra.tions. 

In agreement \'lith 13C_Nl1R -1 a band at 1710 cm chara-

cteristic of an amide carbonyl group is assigned to C = 0 

stretching. A further agreement with the 13C_l'T11R comes from 

absorption at 1620 cm-l and 1485 cm-l which is ohnradBrstic of 

1, 2 disubstituted benzeno ring. The sharp abS!Drption 

at 1340 cm- l is assigned to C-N stretching vibrations. 

Finally the absorption at 1120 cm- l is due to C-O stretching 

vibration. 

I 
H-NI'1R 

A broad peak at 1>.3 ppm is assigned to N-H hydrogen. 

The presence of the N-H group has already been confirmed 

by IR. 

The signal at &- =10.07 ppm is assigned to the hydroxyl 

hydrogen. ']1 is was confirmed by tho addition of D"Owhere 
r. 

the signal for -OH rot on disappeared and signal for a proton 

in H-OD appeared. Signals bet\-wen f, = 6.0 ppm to S =8.0 ppm 

are assigned to aromatic protons. 

The intense peak at mle = 296 is assigned to tho moleeular 

ion peak. Other intense peaks in the spectrum are at mle 

11.9, 147, 119, 91 and 92. 

In deducing the molecl'lar structure of this compound it 

is important to remember the already established fact about 
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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: 

H 
I 

()()-u 
,/" ! 0/'1 

__ /10j . 

c~~)r-,>o 
, I 

H 

3,3' dihydroxy-3,3'-Bioxyinciole 

Additional experimental support to the formulation of this 

structure comes from oxidation of this compound (RFA-l) by 

paraiociio acid which gave a product "lith the samb' Rf 

values as an authetic isatin sample 0 From ti,is structure 

the intense peaks in the mass spectrum can be expalined 

as follows: 

-----.. -:~ 

m/e = 296 m/3 = 278 

m/3 = 91 

I m/e = 147 

~ 

ON--C::;:O+ 
I 
H 

m/e = 119 
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Heaction Mechanism:- from the studies with different 
<.~~-~_=_~~._ .. __ ~~--_~~ __ ~~E~.O.~ _____ ·~~ ~ 

solvents and spectral elata the followin" mechanism is proposedo 

10 Excitation step 

20 Abstraction of hydrogen atom by the excited carbonyl 

oxygen 0 

30 Dimerization 

140 

~y\ Qv=o 
I 
H 

3,3' 

H 
I 

0<J.O 
d)0 'OH 

O =0 
N 

I 
H 

dihydroxy-3,3' Bio:xyindole 



<Q.QIIlJ2.()_llI?-d max 

Isatin 410 nm 

IlFB(2) 404 nm 

RFA(1) 360 nm 

lsatin and RFB( 1) are ~< clicarbonyl cOI~pouncls 0 The interaction 

of the tl<10 adjacent carbonyl groups (as has been demonstrated 

with the energy level diagram of isatin) will decrease the 

excitation energy and therefore increases the ~I maxo The 

effect of the electronegative oxygen atom in HFB(2) is to 

increase the excitation energy and therefore 10wer/1 max compared 

to isatin 0 The compound HFA (l) possesses a much lower ,\ maxo 

This is because it has only one carbonyl group and such 

an interaction is not possibleo 

The efficiency of a chemica.l rea.ction can be expressed 

by the quantum yield (I) \<Ihich relates the effectiveness with 

\<lhich absorbed photons can form products Leo 

The reaction quantum yield could be roughly estimated 

in the following Wfl.y:-



- 72 -

for the reaction 

dt 
;7) 

1'[11ere:[, A-? B represents the photochemical quantum yield 

f.or the reaction A·7> E. 

and I A ,. abs represents absorbed light intensity of A. 

?ith the presumption that at the excitation wavelength 

I'lhere AA stands for absorbance of A 

ene can write 

'.['hus 

dt 

EIA ~ molar absorptivity at the excitation 

wavelength 

I E' C o A A 

substitutinrs for 0A ~ AA 

EAl 

cIt 
I E' I o A· 



• •• _.~ __ ... ' ~CT ~_ ~ 

dt 
1"-

in],., 
1,. 

\ 

\ 
\ 
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~ 

Slope _. \1) 
- .l- A~ B TO 

\ 

'l'hLS, using a standard compound (actinometer) with 

E' 
,1 
l' 

y 
known (I>, Band Ej' and the sallle irraclia tion source (10 ) 

-.J .Li_- 1.. 
;-

and the same cuvette (1), one can determine /) A- B by 

comparison of the slopes (provided Ei of the unknown 
'A 

'1.'he actinollwter used in this Vlork is the cif) -- tr:ms 

isomerization reaction of N,N'-diacetyl indigo. 

Both the actinometer and isatin were dissolved 

in CUO;l.ene and purged with nitrogen gas. Irradiation 



was done by high intensity monochromator at i!·36 nmo 'rho 

progress of tho reaction l'Ias followed by mORsuring tho 

::tbsorbance o.t different timGso From the slope of the 

plot of ln .A vs time and knol-nl quantum yield of the 

a.ctinometer (0003) the quantum yield of isatin has been 

estimated to be 0.03. 

IT, 1J1 -d iv.cc{.yl ind leo 

Fig. 21 Ijlot for 1n A Vs time for estimation 

of the reaction quantum yield 
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