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--The photo-Fries rcarrangcmcnt of ~oxyphenylacetabcarboxyl-“C and the photo- 
dccarboxylatioo of pnitrophcnylacetic acid-carboxyl-l% were invcstigatcd in orda to evaluate a 
@MC ‘Y: isotope cfTbct. In both C’BKS k,Jk,, h found to bc unity within cxpcrimental error. 

This is in M with the conception that in many photochcmical prm in solution tbc 
reactiooWing from the electronically cxcitcd SlalbocEuTr as a kind of intanal amvmion to the 
ground state of the primary p&M. T%cfc is no activation energy na&d in the sclly enoounlcfcd 
in tbamal rcactiorrs. 

INTRODUCTION 

THE question has been raised whether photochemical reactions afker electron excitation 
pass through a transition state of appreciable energy of activation. In the present 
study the lT isotope effect was investigated in two primary photodissociations since 
in these the first reaction step after excitation involves the rupture of a bond. As 
competing processes such as fluorescence, internal conversion, quenching and inter- 
system crossing may be independent of the isotope, a possible difference in the rate of 
bond breaking would be expected to appear in the reaction rate. The magnitude of such 
an isotope effect may give information about the reaction path followed in the primary 
photodissociation. 

A. Photo-Fries reaction of pmethoxyphenylacetate-carboxyl-W 

This reaction has been extensively investigated in this laboratory by Stratcnus.1 

The dissociation of the ester C-O bond seems to take place starting from the first 

singlet excited state. 
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EXPERIMENTAL 

Labdkd pmethoxyphmybtc Iw preparad from /~~~thoxyphcnol and Ac,O which had bcn 
rcfluxcd with AcONa-I-UC (Radiochanical Centre. Amashun); mp. 31-32”. (Fouad: C, 65.4; 
H, 62. talc for C&.0,: C. 65.1; Y 6.0%.) The spcci5c radioacticity : a, I 0387 ~Ci/nwolc f 
l-So/, 

a J. L. Stratcnux, Thesis. L&den (1966). 
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A soln of T-pn&oxyphcnylrcetate (SO0 mg) in alcohol (800 ml) was illuminated with a 
Hanau Q 81 UV lamp (&SO, filter). The progress of the rcpftion was &imatcd spaxropl~~~ 
meekally, a!Wuning that the rcarrangcmrnt product, 2-accto4mcthoxyphcnol. and the byproduct, 
pmcthoxyphcnol. are formed in the ratio 1.2: 1 .t The solvent was evaporated and the residue wa¶ 
stamdintilkc!. Tbcd&tillatewascxtractcdwithethcr. ThecthcriaycrwaswasMtithD1NNaOH. 
From thi, layer the starting product was isolatal and -talli& from toltxsKA@oin. 

The NaOH layer wu acidi!kd and extracted with ether. From the ether layer the product, 
2-aceto-4mcthoxyphcno1. war isolated and recrystallized from MeOH; mp. 46”. (Pound: C. 
64.5; H, 59. Cak. for C&,0,: C, 651; Y 6*0’/,) 

The spedflc radinactivitiu were daenninsd by weighing accurately about 1 mg of the compound 
and counting ti sampk in a tolueabPP0 (II g/LWmcthyl-POPOP @3 g/L) mixture by mam of a 
liquid scintillation counter (I.D.L. 2022, 2032). *Y;tobmc was used as an internal smndard. This 
procedure w86 repeated ten tima, thus reducing the error to ks~ than 20/, 

RESULTS 

The isotope effect was computed from the specific activities of the original p- 
methoxyphenylacetate (a, = O-387 ~Ci/rnmole) and of the product (0,) or of the 
remaining reactant (a,): 

a0 - = 1 1 - 
=r I 

1 (1 ._fp#/h~ 1 ; 2 = (1 _f)wh-1 

0 

f is the extent of the reacti01~~ 
Table 1 shows that, within the experimental error of 2 %, the photo-Fries reaction 

TADU 1. Darwup;lsTloN OF ‘% UOIOPE EPFECT IN THE PHoIDFRIE~ 

RFAcTmN OP /a-MElHoxYP-cFrAlE rouaN0 2-Acrlwhmi0xr- 
PHENOL 

Run 
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Q30 
069 

044 

@so 

a* 0, k,Jk,, 
- ------ 

- 0387 190 
- @383 1.01’ 

@391 1.01’ 
o-391 098 

@383 097’ 
0.381 IQ2 

0393 192 
0380 1.03 

0, - cb387 pCi&mole 
Avaqc: k,Jk,, - 1907 i 0018 

studied exhibits no isotope effect. From the c--O stretching frequency (1205 cn~-‘~ 
the maximum isotope effect for bond rupture in the ground state may be computed’ 
to be about 1.13. From calculations of the bond orders of the ground state and of the 
lowest singlet excited state a considerable difference in C-O bond strength is not to 

‘C.J.cOlliminAdvancu in Physkal Organk Chankhy (Edited by V. Gold). VoL II; p. 74. 
Aadamk Prcsa, London and New Yti (MM). 

’ 0. Ha-&q, MOM Spectra and Mokcular Stnrcture, VoL II, p. 195. D. w Nostrand 
Company, Inc.. Princeton, NJ. (1WS). 

4 L. Melander, &otopa Effects on Reaction R&s, p. 17. The Ronald Press Gmp., New Ymk 

(1960). 
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be expected;’ for the photodissociation a maximum isotope effect of 4.13 seems a 
reasonable guess. 

B. Phobdecarboxylation of pnirrophenylaceric acid-carboxyl-l(: 

The formation of CO, in the photodecarboxylation of pnitrophenylacetic 
acid’ evidently takes place in a single step after the photoexcitation. The magnitude 
of a kinetic isotope effect should yield information on the nature of this reaction 
step. 

O,N / \AYO -0 b._ *co, -t- 
- l \ 

O- 

0,N / \--MC -0 - 
EXPERIMENTAL 

pNitropbenyloccfic d was prcpnd from baqkhloridc and Na “CN (It&i- Centre. 
Anxdmm); m.p. 151-152°.v 

A win ofpnitrophenylwetic a~&~W90 mg) in @lN Ba(OH), (100 ml) in a pyra Erknmcya 
fldtwuillumirHltedby8Philip,HPluWLTVlamp(typ.n#nE)in~gloveboxtopreventCO, 
acbangcwiththaair. Atetintavahthcsol tio u nwa86ltcrcdthfough8Schleic&randSchtllll575 
fIltcrpapcr. Tbe~taprpawithtbeBaco,romdwutrtatedwitbcoac)4so,.’ TheCO, 
evolval wax tnppal in a liquid titillation soln conskting of to1 uawmcthyl cellowlvbcthanol- 
amine (10:s: 1) and PPO (5 g/l.). The amount of CQ wax dewmined by wn with a OO25M 
MaONa solo in tiuaeMeOH (10: 1) wing phardphthakin u an indkamr. After titration the 
sola was counted in the tame vuacl in a liquid scintillation counter (I.D.L). AB an internal standard 
“CtolUaw wax employed. 

The spa+!k activity of the pnitrophcnylaatk tid-‘cC wu decamined by diwlving a few 
uyxt& in the rcintillatioa soln. Titration ti uwnting were performed ax in the Uco, deter- 
minati Avaqing 10 dctamina tioostbespa93cactivitywufouDdtok: &I,=-157iO-06 
&i/mmola 

RESULTS 

The isotope effect of the photodccarboxylation of pnitrophcnylacetic acid was 
determkd using the differential method .’ The specific activity of the co, formed 
was plotted against the amount of CO, titrated (Fig. 1). 

The specific activity proved to be constant and equal to the initial a, up to 3 hr of 
illumination or at least 55 % conversion. The values then decreased. This could be 
due to the formation of CO, from other atoms by overirradiation or to the uptake of 
atmospheric CO,. If an isotope effect should occur, the values would be expected to 
increase. For a dissociation in the ground state a maximum isotope effect of about 
l-09 may be computed’ from the C--C stretching frequency (900 cm-l?. 

CONCLUDING REMARKS 

In the terminology of the transition state theory the absence of an isotope effect 
might be interpreted as indicating that the dissociating bond is still largely intact in 
the transition state. 

’ W. Th. A. M. van da Lug& Pcnonal communkation. 
o J. D. Margerum, m quoted in J. G. Calvcrt. J. N. Pittr jr., Photochemistry, p. 433. John Wiley 

and Sons, London (1966). 
* EL I. Vogel. Practical Organic Chemistry. p. 763. Longmxm. Green and Co., London. 
’ A. Patchomik, Y. Shaltin. Anal. Chem. 33.1887 (1961). 
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A more simple conception in agreement with the experimental tindings consists 
of a reaction path that starts from the elcctronical.ly excited state of the reactant and 
cascades down via a series of vibrationally excited states towards the ground state 
of the product. This prm, which may be considered as a kind of internal conversion, 
requires no thermal energy of activation. Once the down hill process has started in 
solution it will be finished in a very short time (lO_” set). 

tlme of Illummatlon (an hours) __c 
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inltlal reactant (I” m”‘a’) - 

FIO. 1. Decamination of Ux iaotopc efkt in the photodecarboxylacion of pnitro- 
pbmylaatic acid using the differential method (5 reaction rum). 
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