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Ahtract-D&Jr are presented of kinetic studies which demonstrate ttu~ a zwitterionic species is an obligatory 
intermediate in the photochemical rearrangement of a model 2Jcycbhexadienone IO its isomeric bicy- 
clo(3.I.O)hex-3-en-2om (hrmikctone). In these s~udics. I& zwilterionic intermediate has been successfully inter- 
cepted by lithium chloride present in be mixture. In addition. studitr of the temperature dependence of 
zwit&onderived processes suggcs~ thaw cyclorcversion of the zwilttrion IO the starting dienoru by a symmctry- 
forbidden process is the main source of energy wastage in ti syslcm. and that Ibis reversion bccom incrusi~@y 
cficienl a; the temperature is raised. 

In 1961 and I%!. Zimmerman and this author presented 
‘.’ a mechanism to account for the photorearrangements 
of 2.5-cyclohexadienones to bicycld3.I.O)hex-2_en-l- 
ones (lumiketones) and a variety of other products which 
had previously eluded rational mechanistic analysis. The 
proposed mechanism was notable in that it provided a 
step by step description of these complex photorear- 
rangcments. which was one of the fast attempts of its 
kind in the history of organic photochemistry. Indeed. 
many people al that time felt that it was foolhardy lo 
expect that reactions occurring on absorption of light 
energy in excess of 80 kcal/mole would follow the same 
sort of rules which seemed 10 govern ground state 
behavior of organic molecules. However. the Zim- 
merman-Schuster mechanism still serves to rationalize 
the behavior of the large number of ZJcyclohex- 
adienones and related molecules which have been sub 
jetted 10 photochemical investigation.’ 

One of the key postulates of the original mechanism’.’ 
was the suggestion that ground slate zwitterions are 
transient intermediates which are derived from the triplet 
n,n* electronic state of the cyclohexadienonc, and that 
these zwittcrions subsequently undergo a ground state 
rearrangement to the lumiketones by a mechanism which 
was found 10 have analogy in the rearrangements of 
cyclopropylcarbinyl carbocations.’ a process which was 
subsequently recognized6 as a classic example of a (IA)_ 
sigmatropic shift. One of us has previously summarized the 
case for zwitlertin intermediates in these photochemical 
rearrangements.‘and noted that although such zwitterions 
served well to rationalize the course of these photorear- 
rangements. direct evidence for their intermediacy was 
lacking. Support for zwittcrions in the photochemical 
system was obtained from the observation that products 
identical 10 those observed in the photorearrangements can 
be produced when zwitterion-like intermediates are 
generated thermally by Favorskii-type reactions;’ 
however, this does not unequivocally ruk OUI alternative 
mechanisms for the photochemical system which bypass 
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zwitterion intermediates.9 Ideally. one would like lo be 

aMe to directly observe zwitterions in ~JK photoreactions 
using flash techniques, and unsuccessful efforts have been 
made in that direction.” 

An alternative way to demonstrate the intermediacy of 
zwitterions on the pathway to lumiketoncs would be to 
divert rhe course of reaction utilizing an external reagent 
and to demonstrate by kinetic criteria that the zwitterion 
must be a common intermediate along both pathways. 
We set out to accomplish this some years ago using the 
model cyclohexadicnone I which had served us so well 
in delineating many features of cyclohexadicnone pho- 
rochemistry. and where evidence had been obtained that 
the intermediate zwitterions might be subject lo trapping 
by reactive nuckophiles.” Indeed. as reported in a prcl- 
iminary communication,” we were abk to demonstrate 
that an intermediate which was subject lo capture by 
lithium chloriie was also an obligatory intermediate on 
the pathway to lumiketone. This is, in fact, the only 
evidence of its kind to be presented in the literature of 
cyclohcxadicnonc photochemistry. lo the best of our 
knowledge.“’ 

Orher zwitterion-trapping reactions have been repor- 
ted. In a prototypical reaction, the zwitterion derived 
from a-santonin can be diverted in aqueous acid 10 give 
isoptwtosantonic laclonc. rather than proceeding on lo 
lumisantonin. by a reaction involving protonation of the 
zwitterion followed by attack of aqueous acid. according 
to a mechanism first proposed by Zimmerman.’ Similar 
behavior is shown by analogous steroid dienones.’ More 
recently, trapping by dicncs of the rwitterion derived 
from 1 has been reported.” However, in none of these 
studies was evidence reported to define the kinetic rela- 
tionship between the trapping reaction and lumiketonc 
formation, that is, evidence which would nqvin pos- 
tulation of a zwitterion as a common intermediate in 
these competitive reaction pathways. Because of 
renewed interest in zwitterions9.“.” and the unique 
aspects of our zwitterion-trapping kinetic studies. we are 
prompted to publish al this time our full data on this 
subject as part of this Symposium-in-Print in Organic 
Photochemistry. 
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mediates (Scheme 11, as discussed previously. In 
addition to these transformations, the lumi- 
ketone 5 is formed on irradiation of 1 in virtually all 
media examined to date.’ The stereochemistry of the 
transformation. a matter of some interest, is discussed in 
detail elsewhere.” 

When dienone 1 was irradiated in methanol, t-butyl 
akobol, isopropyl aMro1 or 232~trifftmroethanol in the 
prtaence of Iitbium or te~c~y~rnrno~~ chloride, a 
aed: produst was formed at the expense of the ethers of 
type 3 and 4,“ whose structure was assigned as 6 on the 
basis of spectral data, which were very similar to those 
of compound 3.” Compound 6 was not formed when I was 
irradiated in alcoholic solutions containing lithium or 
tetramethylammonium bromide or the corresponding 
iodides. Analysis by gfpc showed new products were 

Ear&r work by Paces estab&shed that when 
dienone 1 was irradiated in medii containing a @ 
Hdonor toward free radicals, 1 was converted into p- 
cresol(2) accompanied by CHCI, and CI,CCCL,“*” I&et 
studies by Liu and Barih?” establislud that this was a 
free-radical reaction, which in certain media such as 
seco&try alcohols (e.g. t-propand) occurred by a radi- 
cal chain mechanism. Pate1 also established that irradia- 
tion of I in rnet~~l gave the methyl ethers 3 and 4, 
where the former is the exclusive product in neutral or 
basic media and the latter is the main product in 
acidic media.” AnaIogues of 3 and 4 were 
formed when other alcohols were used as 
solvents.” These reactions can be readily rationah& on 
the basis of a mechanism involving zwitterion inter- 
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Tahk 2. Cmpctition bctwcca formation of Miketone S aut chkroadduct 6 on imdirtion of 
dienoctc 1 in 2334ri9uoroc~l. Run 2 

2. 

LCI. n 

0.126 
o.on 
0.050 
0.026 
O.UM 

Ratlo to Internal 
Stmdrrd (UPC) 

0.3, 0 i3 
0'69 

i*z 
0:72 

0'64 
0:35 

0.87 0.00 

a sHI&‘leS !Trmlfatcd urlnq a 4%‘~U hi@ p~Ssure Hmovlr 1m throup, 4 

coming O-52 ffltw In a rotating turntable for 68 mtn. No bath rrn 

used, and the rerctlon temwrrture u&s fan6 to be Q-M0 C. Tk 

dienon concentrdtS5n uas 0.042 W. 

' C&s-lf~u*a &ronatopaply on a l/8 tn. x 6 ft. 1M Q-1 on chrmosorb 

P colyn. Yhc (nternA1 st(ln4erd. dCm&phthcm. 111 added fOllOwit!g 

~rr~aibticm. The 91~ response futors were Wemind to be 0.42 

for lAteton 2 and 0.52 for chlorordduct J$ relrtlve to acenrphthene 

l 1.m. 

’ See footnote c in Iabie 1. 

the ykki of paesol, and a moderate increase in the 
yieid of both 4 and 7. Ail three products are quenched by 
CHD concentrations greater than 0.1 M with slopes that 
are indistinguishable within the limits of the experimental 
urMtainty. 

~enrpcrur~lc c@rs. The temperature dependence of 
the yield of 3 on irradiation of dienone I in methanol is 
summarized in Table 6. In both runs, an increase in 
temperature resulted in a decrease in the relative quaa 
tum yield for fo~a~n of 3. Absolute q~nt~ yields 
for fo~a~n of p-cresol and ether 7 on irradiation of 1 
in 2.proparml were measured as a function of tem- 
perature, and the data are given in Tabk 7. Once again. 
the yield of the ether product decreased as the tem- 
perature was raised, but in contrast the yield of p-crcsol 
shows a considerable increase over the same range. 
Finally. relative quantum yields for the formation of 
lumiketone S and chkroadduct 6 in TFE at two different 

ttmpcratures are given ia Table 8. It is obvious that the 
yield of 4 in TFi? containin 1.21 M LiCl is higher than 
the yield of lumiketone at the same temperature in TFE 
without added LiCI, and that the discrepancy in yields is 
greater at 3V than at 0”. The importance of this result 
will become clear in the following Discussion. 

Atttmpred rwiftrnion tmpping by cycloadditior. 
Several attempts were made to trap the proposed zwit- 
terion intermediate by cyckaddition reactions. ‘Trapping 
with d~ethy~acetyk~ dicarboxylate or N-rne~ylp~- 
role at room temperature was completely unsuccessful. 
A new major product was formed on irradiation of 
dienone 1 in furaa or in an ethyl ether solution of furan. 
both at room temperature and at Dry Ice temperatures, 
according to glpc analysis. All attempts to isolate the 
new product were unsuccessful. Recently, Samuel ” has 
succeeded in isolating and characterizing products which 
can be attributed to trapping by fumn and cycio- 
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Tabk3. Compctitioaktwecnfonnrtioaofpcn~l.cthcr7ladc~duct~onkndhlDnof 
dienone 1 in 2-propxnd’ 

Rat!0 to Intcrnrl Standard Aclrtfre rccrm 
LKl. II p-crcrolg 1 p-crcsol 6 1. 
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1.2s 0.85 0.46 0.40 1.67 0.89 0.57 
1.10 0.83 0.46 0.56 1.63 0.89 0.60 
::: 0.65 0.97 0":: 0.60 0.67 1.67 0.65 0.65 0.96 0.86 

E 0.97 

0:lS :*z 

K 

0:es 
0112 

0 1:05 73 1:Ea E 0.56 0.40 1.50 1.04 

0.06 0.034 x 
0.23 1.90 
0.06 1.97 

0.00 1.01 0.00 1.55 0.00 2.22 

d 
SOlutloflS Contdfn~ng 0.084 1 dimOtW in d rOtdttM) turntdble were 

frrtiidted dt rca teq?etdture for 1 hr. with d If&O-Y hi* pressure 

Hrnovfr Irp ttwough Cornfly o-52 f1lterr. A duplicrte rwl 9d"C 

errent(dlly identtcrl results. 

b 
Gas-llould chrwdtogrdphlc Mdlysfs m d l/8 in. I 6 ft. 5X OV-225 

on chrceosorb G colon usIn) m own teqwdtwe of 140-16S°C. 

The lnterndl StdW,drd, dCCMphtknC. “dS dddcd fOllOwfng 

hddidt(W. he glpc response factors we detenfned to be 0.51 

fw P-cresol. 0.70 fcr ether l dnd 0.52 fa chlorodddwt 5 reldtlw 

to wendphtknr = 1.00. 

Adtto to lnterndl Stdnddrd 4,/I 
CH) Concn. M p-wool I p-cresol 7 

8% 

0:024 

!iE 

0:67 

;*: 

1:4s 

1'*: 

1:79 

0.67 1.00 

0.69 
0.036 0.65 1.43 1.83 0.70 

KY 
0124 

0.61 0.52 1.03 1.42 2.31 1.97 0.71 0.97 
0.50 0.96 2.40 l.M 

0.95 0.38 0.37 3.16 2. ?a 

d 
IrTdfdtim Of SIpleS !n d rOtdt(q twntdble dt 5S°C US(ng d 

sY)-Y Hdt-“Vfd hf# pressure .rcury lrp dnd Corntng Ea6o dnd 7360 

f(lters. The dlerww concentrrtlm wds 0.16 W. Solvent md CHO 

were fmhly dfstllled. SrpleS were not dcgrsscd. 

b 
GdS-ltquld ChrCmdtoprdphlC mdlpfS m d l/8 In. I 8 ft. 5% g-30 

m chmosmb G colon. Tk interndl Stdnddrd benzophtmne, WdS 

d&d follal'n9 Irrrdtrtim. 

T&k 5. Quenching by I.3-cyclo&xadicoc of the formxth of pxrcsol. et&r 7 and 

chbrordducl6 on irrad&on of djcaooc I ia 2-propd ~UDlkd with tilbium Chbridc’ 

apt RdtfO to Interndl Std. i,/t 
CH) Concn.M cresol z 5 creSol 7 6 - - _ 

202 Ei 60:: 0.49 1.09 :-ii 0.72 1.00 0.45 1.00 

::iE 8:: i:S :*E 2: 2.13 01 0.63 0.71 0.40 0.45 
ix i-: 1:10 0.71 0.45 

0:tsO 0:57 

8:: 

8.2 0:n 

8:: 

2.18 2.57 

8:E 0.33 0.43 8:: Izi S:Sl 

d Cmdittms tk SLC ds In rdble IV, excdPt thdt tka redctim 

tCgCTdtW dUr(nJ trrddldttm “,I l df”tdf,W, at tz-27'C. 

Olenocr cmcantrdt!m l 0.17 !. 

b GlPC mdlvS9s condit~ms ds In Table IV. 
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T&k 7. Tempcnture dcpcndcncc of rbahMc quwtm yirkls fat 
formation of pxmo~ and ether 7 on irndhtion of dienow 1 in 
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Taperrture. ‘c 

ta 
a1 
61 

2-propo~ 

Qumtun yicl6rb 
p-Cresol Ether 7 

0.21 0.87 
0.33 0.57 
0.59 0.10 

d 
SapIts fn quartz cells (rrddirted dt 366 I1p mimg d m-u h(@ 

prcs,wc m~ctry imp coupled rfth d Bdhnch and Lmb Crating 

!4uwhroadtOr. in ( Water bdth rlth d oudrtl Wtrdow. Te+Vdtwe 

Edl"tdfrrd t0 *lot. OiMOM COnCentrdtiO" 0.089 n. 

b Pot,,ss((zI fc+rtOXdldtJ dCtimtry WdS used. By YmS of J Spl't 

bJa tectmioue (sample: reference 130-O the li2: on the refermcl 

Jct(mtter solutim IdS nglltored thO@Out the reJCttC#I. 6Lc 

d,,dlySiS done on l/8 in. II 6 ft. 10% CdrbWdX QI Chmoswb Q dftd 

m (if~ao on &r-orb U colons using rcenr@Mene JS fntcrnrl 

Stdnddrd, ad&4 following Irrddtdtlm. Qt response fdctom JS Ifi 

Tdble 111. 

Table 8. lcmpcnrurc rllect OII formation of lumikc~oac Sand chbroaddbcf 6 on hdhtbad 
dienorlc 1 in 2.2.2-trilhwmww. 

natto to 6Lc 
Internal Stndudb C~rectad VIeld Total 

TalQ. oc LKl. M I r 5 s 6 Yteld 

36 0.00 0.62 0.03 0.00 1.67 0.00 1.67 
36 

8 
A.2 

0.02 O.a, 1.65 0.W 3.18 3.23 

1:2l 
0.66 0.07 0.00 2.So 0.00 
0.03 0.00 l.BB 0.07 3.62 

a 
IWrdfrtfOn fW 1 hr. Of SwleS (n d rotrtlq twntrblc set In . 

constant tJvefdture bath using a 550-Y Hrnov4r hf# Pressure WWV~ 

1~ md Caning E&O md 73K1 ftltevs. Otmone conantrrtlon 0.222 

!!. 
b 

6LC nrlyx!s gn rlf6 In. II 6 ft. 1OS W-225 gn CkooosorbQ colrrn 

4th K.eMphthcw as Internal standard. added follaing Irrrdtetion. 

C 
L\I(Wtont 2 IS a knom seccaJrry ptbotolysls product of lulketwy 

5, forred fret 5 with a aurntu efflclency of 0.36. 

d 
Yield of lU(ketw 2 taken to be the I- of 3 l wO.36, corrrct& 

fm th glc rarpomr f&ctQ of 0.42 relrtiw to tk 4nter~l 

stmdrrd. Tk response fwtor for6 4s 0.52. 

pentxlkoc of the proposed zwitterioa intermediate 
derived from 1, koding further support to our postulated 
wcfmaism. However, the kin& relationship between 
the formation of such cycloadducts ad the normal 
dienone photolysis products has not been reported. 

The results presents. together with those 
reported pnvio4uly,‘~” allow spccikation of the 
sqneace of events occurring upon ekctronk excitation 
of dietsone 1, and tkse are summarized in Scheme 2. 
The dime qoenohing studies indicate that all photo- 
products of 1 are derived ultimately from a siugk ekc- 
tronicaUy excited tripkt st#e of 1. presumably the n,# 
triplet. CTbc htter assignment has been discussed in 
detail elsewkre).“’ The curved quenching plots 

observed in 2-propanol but not in benzene. methanol or 
dkthyl ether can be ntio&ud in terms of tbc radical 
chain mechanism proposed for the pathway kading to 
p-cresol in 2-propanot foUowing the initiation step (qn ii 
in Scheme 2)“.“. The irKruse in quantum yield for for- 
mation of products 6 and 7 has been atrriited I’.‘* to 
sc~vepoino by CHD of radicals which are cap&k of 
reactingwizhaodconsumiog6Pad7.Experirw~wp 
port for this hypotbair derives from studies in which the 
radical chain process kadb from 1 to pcmol was 
initiated by tbennal decomposition of bcnzoyl peroxide 
in Z-propabol and muttal in consumption of qmntities of 
7 added to tbc re&os system. The queachipl data at 
> 0.1 M CHD is therefore considered to represent tbc 

tripktquenchingp~uacontamin8taifortbcmostp8rt 
by radical quenching. The slopes of theK p+ob for the 
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various transformations of I under a given set of con- 
ditions are the same, within experimental error, pointing 
lo one and only one reactive triplet excited state pre- 
cursor for all these reactions. 

Since added LiCl has no effect, as expected, on the 
free radical pathway kading to pcresol. ~hc marked 
effect of LiCl on the formation of lumiketonc 5 and ether 
7 must be attributed to interception of an ionic inter- 
mediate which itself is derived from the tripkt excited 
state precursor. The fact that this quenching process is 
accompanied by the formation of chloroadduct 6 
identis this intermediate as zwitterion 2. The 
mechanism of formation of 6 on reaction between Z and 
Liil as depicted in Scheme 1 is totally analogous to Ihat 
proposed some time ago for the formation of 3 and 1 in 
methanol.” This involves nucleophilic attack on carbon 
a lo the CO from the side of the zwittcrion opposite to Ihe 
cyclopropanc bridge followed by Groblike anionic frag- 
mentation to give 6 and another chloride ion. Coordination 
of the lithium ion with the carbnyl oxygen of Z as in 
structure IO appears to enhance the formation of 
chloroadduct 6, since the yield of 6 in TFE saturated with 
LiCi was 7.5 times greater than the yield in TFE saturated 
with KCI. and 5 times greater than the yield of 6 even when 
a trace of N-crown-6 was added to the TFElKCl solu- 
tion?’ Also, both LiBr and Li,SO, greatly enhanced the 
yield of 6 on irradiation of TFElKCl solutions.” 

Based on the mechanism outlined in Scheme 2. the 
lifetime of the zwitterion Z in the absence of added 
nuclcophile is given by eqn (Il. while the quantum yield 
for formation of lumiketone 5 is given by eqn 2. where 
9. is the quantum efficiency of formation of the zwit- 
tcrion. 

I/T. = k, t kl+ k, (ROH] (1) 

(2) 

In the presence of chloride ion, the quantum efficiency 
for formalion of lumikctonc S should be given by cqn (3) 
if chloride is intercepting an intermediate (i.e. 2) which is 
on the pathway to lumiketonc. 

Ok= @a 4 
k, t k, + kr IROHI + k, ICl 1 (3) 

‘Within experimental uncertainty 

From qns (2) and (31, one can readily derive the Stem- 
Volmer expression given in eqn (4) for the effect of 
chloride on the yield of lumiketone. The same expression 
should hold for quenching 

PDO/oQ)k,, = (@“/~9.,~,, = 1 + k& [cl-l (4) 

of the formation of other products such as ethers 3 and 7 
which arise from zwitterion Z according to the kinetic 
scheme. 

The quantum efficiency for formation of chbroadduct 
6 is given by cqn (5). which can be manipulated to give 
qns (6) and (7). Comparing qns (4) and (7). it can be 
seen that the slopes of plots of adO, for formation of 
lumiketone 5 or ethers 3 and 7 and of plou of @J(l -a,) 
vs chloride concentration should be identical if, and only 
if. there is a common intermediate in 

t[crl 
*, = @I k, t k2 + k, POH] + k. [Cl -1 

oJa6 = I + 
k,t kz tk, IROH] 

k4m 
=,+1 

47, Ia- 1 

& = 47, ICI 1 * 

these reactions which is being intercepted by chloride 
ion.InTFE.whcnlheformati0nofp-cres0lis~tdetectrMe, 
Q1 = 0.52 and 0, = 0.43 al 366 run in Ihe 
presence of 0.15 M LiCI. Thus, it is reasonable to assume 
that a, - 1.0 in TFE and that any it&ficicncy in for- 
mation of photoproducts is due lo radiationkss decay lo 
ground slate dienone from the zwittcrion (see below). In 
bol Fii. 3 and 4 where the data from Tabks I and 2 are 
plotted according to eqns (4) and (7), the data points for 
lumiketonc 5 and chloroadduct 6 fall on a common 
straight linet up lo - 0.6 M LiCI. The deviation at high 
LiCl conccntrotion is unexplaiaed, but could be Ibe 
result of experimental uncertainty since small dil%rences 
in Qe lead to large changes in WI -@A. The d8ering 
values of by, (sloper) relict dilTcrems in reaction 
conditions given in Tab&s I ad 2, most impoMntiy 
differences in reaction Icmpcraturc. Since we can not 
assign values to either 4 or 7, indepcadcntly. rate 
constants for any of the individual reactions Of zwit- 
terion 2 tin not be derived from these experiments. 
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The fact that LiCl has no effect on tk pktotrans- 

0 0.2 0.4 0.6 0.8 1.0 1.2 
LiUCONCENTAATlON IM) 

Fw 3. Pbt of dam from Tabk I for formation of lumiketonc S 
rndchkoadduc14in TFE~afuncIionofthcwnccnIrationof 

formations of a-sanlonin and of 4,4dipknyl-2$cyclo- 
hexadicnok. and that chloroadducts are not formed in 
these systems, has been explained in terms of 
differences in zwilterion lifetimes. In non-nuckophilic 
solvents the quantum elliciencies of the lumiketok 
narranpment are usually very large, often approaching 
unity.” .I’ In the transition stale for lk (I ,JWgmatropic 
rearrangemenl of tk zwitterion. positive charge is con- 
centrated on lk migrating carbon, originally C4 Of tk 
dienone.” Therefore, electron withdrawing groups such 
as Ccl, should retard the rearrangement rate and in- 
crease the steady-state zwitterion lifetime. while alkyl 
and aryl groups should enhance lk rate of lk rcar- 
rangement and reduce the zwitterion lifetime. Tk 
presence of fk Ccl, group at C. of 1k dienone results 
in a sufficient kngtkning of tk twitterion lifetime IO 
permit trapping by nuckophiks as well as by dicks.” 
Other cyclokxadicnoks with ekctron-withdrawing 
groups at C, ought IO show similar behavior. but no such 
data have ken reported IO date. lo 1k best of our 
knowledge. Trapping of highly reactive zwitterions may 
k possible at low temperatures. and experiments along 
those lines are in progress. 

WI 

0 clo2!5 o.oso 0.075 0.100 0.125 

LiCl CONCENTRATION IM) 

Fu.4. Plot of data from Tab& 2 for formation of lumikelonc 5 
sndchbrowM~~inTF6acrfuactionofI&conccntntionof 

tic]. 

In 2-propanol. where tk H-abstraction pathway kad- 
iq IO pncsol is an important primary process, there is 
considcraMe uncer~inly in tk efkicky of zwittcrion 
formation (a.), unlike tk situation in TFE. Tk data in 
Tabk 7 also indicate that quantum efficiencies in 2- 
propanol are very sensitive to slight variations in rcac- 
t& temperature. AI tk present time. there is insticicnt 
nliabk quantitative product data in 2-propanol IO permit 
construction of plots analogous IO hose in Figs. 3 and 4. 
However, tk data in Tabk 3 and in other runs in 
2-propanol’6 demonstrate an inverse relationship k- 
twccn the yields of 6 and 7 as a function of LiCl 
concentration, consistent with tk view that tk inler- 
mediate trapped by LiCl is on tk pathway kading to 7. 
but is not an intermediate in cresol formation. We see no 
logical altcmativc to rwitterion Z as tk species which 
would logically serve as a precursor IO both 6 and 7 and 
IO lumiketok 5 as well. 

The observation that tk quantum yield for formation 
of pcresol increases as Ik temperature is raised is 
consistent with observations in other systems that a 
small energy of activation is associated with rates of 
H-abstraction from appropriate donors by n.n* triplet 
excited states.” What is more unusual is Ik finding that 
tk quantum yields for formation of ethers 3 and 7 are 
dramatically reduced upon moderate increases in tk 
temperature of lk reaction system. There seems rm 
reasonable alternative but IO ascribe this IO deactivation 
of tk twitterion 2 by a pathway which becomes in- 
creasingly competitive with progress IO products 3 (in 
MeOH) and 7 (in 2-PIOH) as tk temperature is raised. 
Since vapor chromalograms gave IK) evidence for Ik 
formation of a new product. we are forced IO conclude 
lha1 this alternative pathway is electrocyclic ring opcn- 
ing of zwitlcrion Z IO ground state dienone. This process 
is formally forbidden on tk basis of orbital symmetry 
considerations.’ and indeed Zimmerman and Swenton 
have shown that these zwitterions correlate with a dou- 
bly excited state of Ik cycbkxadknok.U Therefore, a 
high activation barrier should k associated with tk 
reversion, so that tk rate of the reversion should in- 
crease sharply as tk temperature is raised, at tk 
expense of other twitterionic reactions with more 
moderate energy requirements. 

Further support for this hypothesis comes from tk 
temperature dependence of chloride quenching in TFE. 
II can k seen that I.21 M LiCl results in nearly complete 
quenching of lk formation of lumiketone 5 at both 0” 
and W. However, tk yield of chloroadduct 6 resulting 
from zwillerbn capture is considerably greater than tk 
yield of lumiketok at both temperatures, IO the extent of 
(3.23-1.67)/3.23 = 48% at 38” and (3.69-2.50)/3.69 = 32% 
at 0”. Since lk TFE analogy of 3 is formed in only very 
small amounts, Ik conclusion seems ikscapabk that 
there must k an additional zwittcrion reaction path in 
TFE which is increasingly competitive with formation of 
lumikelok 5 as lk temperature is raised. These obser- 
vations are nicely rationaked by Ik proposed Iem- 
pcraturedepcndent reversion of zwitterion IO ground 
slate cycbkxadicnok. 

As a result of tk differing responses IO temperature of 
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tbc various processes resuhiag from electronic excitation 
of 1. we Bad tlmt the product fath iu this system arc 
very sensitive to temperature.‘* This has important con- 
scqucoccs with respect to optimiziqj *Ids of a parti- 
cular product for preparative purposes. We are cunently 
do& furtbcr work to m(~e fully characterize the tcm- 
pcraturc dcpcndencc of tbc various primary processes in 
tbc photochemistry of dienone 1 ami related compouods. 
including the elucidation of the bw temperature photo- 
transformaths of these dicnooes in hid as well as rigid 
media. 

The most importaat%EEc present study is the 
kinetic demonstr8tion of a common intermediate in the 
pinMocbemicA rearrzqcment of cyclohcxadicacoac 1 to 
lumikctonc 5 ad ia the pathways leading to ethers 3 and 
7 and chlorordduct 6. The ionic nature of the presses 
which kad to 3,6 ood 7 identify this intermediate as the 
zwhrion Z, tbc species proposed twenty years a& as 
the key intermediate in 2.5cycbhcxadicnone photo- 
chemistry. Studies of the temperature dependence of the 
zwittcrion-derivcd pbotorcactbns reveal that the main 
source of inefficiency in this system appears to be ekc- 
trocylic reversion of zwitterion Z to cycbhexadhonc 1 
by an orbital symmetry-forbidden pathway that ~CCXMXS 
iacrcas@y important as the temperature is raised. 

CRnmaNTN. 
4 - TriclJoromethyi - 4 - methyl - 23 - cycbhaadimow (1) 

was pfepuad u daaibai pf&oJy.” coodsoas for the 
vu&s k&tic experiments ue ficn in T&es 14. All gipc 
larlyser wm m&c using 1 Hewktt-Pnclurd F xnd M Model 
5750 Choma@rapb equipped witb dual column Rune ionixatioa 
dttcaarradenHPmodcl71fUrtripcbutmordcrradrdk 
w. M cbemiir lad solvents were puakd by -teJ- 
fkehott 01 diatitktion p&r to acb kinetic experiment. 

S-CUom-4-(I-~h)ll-22-dic~~kllyD-c)c~r- 
2 - en - I - oat (0. upon dhtioP of IS g (O.oB mol) of 1 in 
3aOmL MeDH contut&9 509 (1.18uKll) LiCl in I Pyrex icn- 
metaioo well with 145&W titi lnmp for 2.75 bt, 90% of the 
dieaoat bd ball alaverted into 1 mixture CQllw etbu 3 
1ndtbechklfo&ti6Mdotbefproducts.Aftefbe~~ 
tratrd, tbe p&Motyu wu CbroMtograpbed 00 silia gel using 
CHCl, as tbe elueat. compound 6 was is&ted rnd recrystaaiz.ed 
fvnn beuac to give white uyrt& q .p. Q-53’. Spectral dab: 
Mus (m/r) 224 (3 Cl), I89 (2 Cf,. I61 (2 Cl,, I53 (I Cl). I25 (I CI). 
91 (I Cl); IR (CCIJ 2925. 173s. 1610. IS78.903, BUcm-‘; PMR 
(CC&J 67.60 (dd IHJ. 6.43 (dd IHJ, 4.47 (III IH), 4.14 (d IH). 1.86 
Q 3H). 

2 - Iropropaxy - 3 - (I - aMfhyf - 2.2 - dkMoK?&nyil - 
c~-2-a-I-~rnlmdhtioaof10~(0.089mol)dl 
in )OOmL 2-PIOH in I pVrrx immersion well witb I 55&o-w 
Hllroti &b prrsstm cncrcclry Lmp PVC 7 in dditioo to 
pcnsol md otbu prodlxts @pc ulllyrh). The solvent vu 
rem0vv.d u&r reduced prerlure uld the nsultult thick slu?ry 
WUdiSWkdhCfhylCtbE.lllCttbCdrdrWUWlSkdlWiCC 

ritb 5% NIOH rad twice with wrter to remove ~4. Mm 

king dried over Mg!XJ,. tbe solution wxs concentrated on I 
Rtiovrp mnd the residue was cbrometognphed on siJica gel twice 
usiq tkxene~ther mixtures as duent. Mat&J was o&xi& 
which showed only one peak on gfpc anxJysk. SpectnJ deta: 
Mass (m/r) 250 (2 Cl), 215 (I Cl,. 187 (I Cl). 179. 1111, 127; IR 
CCCI,) 3ooo. 2’94% 1715. 1625. 1600. 1380, 1140. 1080,91Scm-‘: 
UV (EtOHJ Au, 266 ran (e 9.Joo); PMR (CCL,) 8 4.96 (sept I H, J 
S.8 Hz). 2.54 (m 2H). 2.36 (m 2H). I.98 (I 3HJ. I.10 (d 6H). J 5.8 
Hz). 
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