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Summary: Photoe~lls genaa&d by irad%km of onho-meth w olnho- 
methyl-e and o&o -henzylbenzophenone are readily CheJ quen byacidsandbases. The 
rate constants for these dons have heen determined employing laser flash photolysis techniques. 

The mechanism for the phatoenolization of o&o- alkylphenyl ketones is now well established.1-3 The 

ketone triplet state, formed via fast in&system cmssing from the singlet state, decays via inhamolecular hydrogen 

abstraction or bond rotation followed by hydrogen transfer to a common rota&~&y u@librated bimdicaL This 

bimdical in turn &cays to a short (Z ) and a long (E) lived enol. The former un&rgoes a rapid 1,5-sigmatropic H- 

shiffto~~thestarting~whilethe~(E)liveslongmoughtobetrappedbydienophilesand 

acids,4*s or to m to a benmcyclobutmol by an intramolecular @+2] cy~k&dition.~* 

It has been genemlly assumed that the formation of benz~~yclobutenols was only efticient from 2,6- 

dia&lphenyl keto~~es.s-~~ Recent work by Wilson6 and by Wagner,’ making extensive use of Nh4R 

spectroscopY~ I2 &monshaM that inadiation of on~alkylphenyl ketones leads to the -ding 

benxocyclobutenols which m thermally unstable and have as a tit been t%eqmtly missed in earlier work (where 

gas chromatography was usually the de&c& technique). Wagne?s detailed mechaniic studies’ show that only 

one isomer of the ~lobutenol is formed from the longer-lived less-amg&ed E -enol.’ Additional alkyl 

substitution (i.e. 2~5) destabii the enol, but favors the benzocyclobutenol. 

Wagma’s work also showed’ that acids prevent cyc~utenol formation by acidcatalyzed reversion of the 

photoenol to the starting ketone. While it is not surprising that acids would have that ef%ct,13 we could only find 

onerateamstantinthelitemture? Wereportherethat~acidsand~efficientlyquenchtfrelong-livedEenol 

formed by laser excitation of O&I -alkylphenyl ketones. Presumably, a similar piucess occurs with the Z -enol, 

althoughitsshaterlifetimewouldmalresimilarstudiesmoredifficultandINouldHquiremuchhighaacidor~ 

cuncenhations. 

Ketones l-3 were selected for this study. 

0 1: RI=&=CHS 

2: R1=C&15;I&=CHS 

3: R,=C&;R,=CH,C& 
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The corresponding photoenols were generated by laser excitation of the starting ketone in triflwroethanot 

This solvent was selected because of its ability to dissolve readily the acids used, and because it shortens the Gfethm? 

of the Zen01 (reflecting that trifluoroeWlo1 is itself a mild acid) to the point where they do not interfere with kinetic 

studiesoftheE+nols4-6. 

OH 

cY 

4: RI=CHS; Rs=H 

’ Rl 5: R1=C&Hs;Rs=H 
\ 

cm3 & R1=C&;RS=CsH5 

Law flash photolysis of 1-S leads to E -enol absorption spectra with hnnx at 390,400 aud 430 nm, 

respectively. These values aIe in mt with litemhne data where available.14-l6 The lifetimes for the Z-enols 

arerelativelyshort:aL250nsfortheZenolsfFomland2,and-l00nsfor3. The.E-enolsdexivedlkom 

ketones1 and2 havelifetimesinexcessof200~swhiletheEenoltiom3 hasalifetimeof-6Ofis. 

Addition of acids ar bases leads to a shortening of the lifetimes for the E -enok. The rate constant for the 

quenching 041, by added quenchers (Q; acids or bases) can be obtained from a plot of the pseudo-first or&r rate 

constaut for en01 &cay (& = 1-1) against the concentration of Q, equation 1. 

kobs = ko + kdQ1 (1) 

where k~ is the reciprocal of the enol lifetime in the absence of added quenchers. Table 1 summarizes our 

quenching data and representative quenching plots are shown in Figure 1. 

Table 1: Quenching rate constants (in units of M-%-I) for the 

quenchi of E -enols in tritl wroehnolatmomte~. 

Reactants II - 4 5 6 

NaOH 1;2 x 109 4.0 x 10s 4.3 x 10s 

CH30Na 2.6 x 10s 2.0 x 108 1.9 x 108 

NaN3 2.3 x lo7 1.7 x ld7 1.0 x 107 

CH&!OONa 5.2 x 106 4.6 x l@ 3.1 x loa 

Pyridine 7.5 x 105 8.7 x 105 5.9 x 105 

HClO4 1.6 x 107 1.0 x 107 2.7 x 105 

CF#XOH 1.1 x 106 6.8 x lor -2x lcr, 

CH$OOH -1x104 -2x 103 < 103 

S6caninfacthaveE,EandE,Z contigurations;forthepurposesofthisletterweareonly conoernedWiththeE 
oonfigurations at the hydroxylic carbon. 
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Figure 
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1: Qumhing of the enol 5 p&wed by excitation of 2 in 
tiflwroehnol by the following quenchez n : OH-; 0 : CH@, l : 
azie o:~andr:pyridine. 

Quenching rate constants for organic or inorganic bases are quite high, falling in the 10s to ld M-W 

range Foragivenbasethereactivitiesofthe~enolsexaminedarevery similar. Thisprobablyrefkcts 

comparableabilitiesofthethreeenolstotransferaprotontoUlebasewithnodramaticdifferencesin~estabilityof 

the enolate, i.e. 

GC”,A +BH -I ,!( +B- 

Quenchingoftheenolbyacidsisgenerallylesseffi~~tthanbybases,andoccurswithrateamstantsinthe 

l@ to 107 M-k1 range Porter and Tchirs report a rate constant of 2 x l@ M-k1 for reactions of ace& acid with 

the en01 from 2,4dimethylbenzophenone, in agreementwithourresults. Photoenol6islessreactivethan4and5 

and the rate constants a~ two or&s of magnitude lower. Fhmnably this refkcts imxeased stability of the en01 

induced by the additional aromatic ring. 

2 ‘?x++*_ ) 
/& +HA 

In summary, both acids and bases catalyze the ke&kation Feaction of the E enol. Given the relative high 

rate constants for this process, one can assume that the frequent failure to detect be~~xocyclobutenok may reflect the 

presence of suitable catalysts in the solvents. This combined with the suggested thermal instability of the 
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benzocyclobuten01,6~~ probably misled researchers in the past. Our data provide for the first time a solid and 

systematic basis for the understand@ of these effects. 
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