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We recently reported that naphthaleae and pyrrole react on irradiation,1 and the poducte 

formed, (I) and (II) are hoaologoue with the benzene-pyrrole photoadduct (III).2 

(I) (II) (III) 

In thie paper we report studies of solvent effecte o this reaction, from ubich we conclude that 

(i) the reaction ie initiated by an "exciplex" of naphthalane einglet' $1 and pprrole, which 

resembles the familiar excited caplexea of aminea, 3-7 and (ii) the final step in the sequence of 

prooeeeee leading to (I) and (II) ie ionic. lhe study included determination of eolvent effect6 

on the quenching of naphthalena fluorescence by pyrrole and by N-methylpgrrolo, and on the ratio 

of the major adducte, (I) and (II). 

The result6 of the quenching experiment6 ere given in Zable I. The n eaeuremente were made 

on an Aminco-Bouman Spectrofluorimeter; excitation was at 322 nm, monitoring at 343 nm, and 

solutions were dooxygenated by purging with argon. The Stern-Volmer plote were linear over the 

range of pyrrole concentratione studied. Ihe elopee of theee plota, the fluorescence lifetimem 

of naphtbalene, and the derived bimolecular rate con&ante for quenching, in each of the three 

tsolvente, are given. The calculated diffusion-limited rate con&ante are also given for compari- 

Bon. The quenching conetanta, 4, are erimilar in the three solvents, and are olcae to the diffu- 

eion limit. This indicatee that the mechaniem for quenching resemblee that proposed E7 for 

similar proceeeee involving various aminee. 

The dependence of the ratio of the major producte (I) and (II) on eolvent polarity ia ehoun 

in Table II. The fraction of the more etable iecmer (III8 increaaee with increasing polarity of 
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the medius, and,it is noteworthy that a similar trend is observed ia the medium effects on cer- 

tain ground state, ionic reactioas. In particular, about equal asounts of 1,2- and 1,kiibromides 

are formed from braids aad 1.5 dienes in polar media, but the l,k- dibroaide (more stable) is 

favoured under aore polar coaditicms.’ Also, the capture of unsyametrlcal allylic carbonium ions 

(from eilver iam and allylic halides) by solvent shown a similar dependence to that given in 

lkble II lo 'fhe cinnamyl cation, for example, give8 the two possible solvolysis products in . 

about equal amounts in ethyl alcohol.1o The parallel is striking and we suggest that (I) and 

(IX) are formed from an ion pair, as follows: 

AI 

(Iv) 

2he charge-transfer interpretation of fluorescence quenching, proposed by Wells ,z and sub- 

4 
stantiated by him and by others 5-7 can be used as the basis for the following mechanism which 

erpla_ins our results. 

charge-transfer 
exciplex 

6- 

Ch -;, H’ shirt, [& 
-----~-I 

ion-pair 

&---61 a or b 
l (I) or (II) 

Nsl is naphthalene singlet, Fy is pyrrole, andi& is the 1-E naphtbalenonium ion shown in (Iv). 

This mechanism ia consistent with our deuterium labelling experiment using N-dueteriopyrrole,' 

and with the observation that N-methylpJrrole quenches Nsl efficiently, but does not undergo 

reactioa.1*2 

We thank the National Research Couucil of Canada for fiuanclal support. 
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Solvent 

Emanol 

Aoetonltrile 

Beaseao 

'Ikble I. Quenching of Naphthalone ?luoreeceace by Pymoleek. 

Quencher k* diff x lo+ Idfetime Slope 
rl'z -1 -2 -1 

6ec a eea x10 ,n 

-role 8.5 8sb 2.07 

N-Lthylpyrrole 0.86 

Pyrrole 10.0 118' 3.85 

N-l4etb~lpyrrol.e 1.95 

Pyrrole 5.0 %b 2.43 

kq x 10-9 

M-1 eee-1 

2.43 

1.01 

3.26 

1.65 

2.53 

*P.J. Wagner and A.E. Kemppainea, 2. e. -. sac.9 1969, & 3085. 

b D. Schulte-F'rohlinde and R. Pfefferkora, &. Buaeeneeeellecbaft a. =., 1968, & 330. 

'N. Mmtaga, H. Emma and Ii. Niahimra, fc& Fiweics, 1%5, 2, 367. 

Table II. Solvent Effects oa the Naphthalone-pymole Reaction. 

Solvent Mole&rig Fraction (I)= Relative Reaction 
coastant of I Rate6 

Hexane 1.9 82 

Benmen 2.3 74 1.45 

Mchloromethane 9.1 66 1.08 

95% Euanolb 24.3 60 1.04 

Acetonitrile 37.5 62 1.00 

14ethanolb 32.6 52 0.89 

80% Methanolb ) 32.6 49 0.59 

*A.A. Haryott end E.B. Smith Table of Dielectric Con&ante of Pure Liquids". National Bureau 

of Standards, Circular 514, Waehingtoa, D.C. 1951. 

b The effecta of theee eolvents are probably due in part to their hydrogen bonding propertiee. 

'Theee ratios were q eamred by g.1.c. on 1.5 m.x 3.0 mm of 5% QF-1 at 153'; p-bromobenzophenone 

was used as an internal standud. 
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