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Abarat-The thermal and photockmical rcactiom of 1.2~phenyl-3,3.4.6tctramcthylcyclobutec were 
investigated. t3irect irndtrrion of this hydrocarhn leads to in&cknt cycii~tioo to a dehydre 
phcnanthrtnt. fmtdiah in the pmencc of dicthyl t&ephthalatc gim tbc cyclobutmc radical cation and 
the cater radical anion. llxe iakmn&m were obscrvcd by laser flash phot+ii. The cydobutene radical 
cation dccs not reamins rapidly to the radical cation of 3,4-dipbcnyl-2,S~y~-~~~~~e. This 
conclusion is supported by analysis of the flash photo1ysi.s results examination of cyclic voltammetric 
behavior. and by obsmation of the EPR spectra of these radical cations formed by radiolyais of frozen 
Freon solutions of the neutral hydrocarbom. 

Ek’ctrocyclic ruLctions of ground and excited state 
h+ixit&ns are well known. These transformations 
form the basis upon which much of modern organic 
chnmistry is built.’ The comng reactions of 
raxlial ions are much less thoroughy understood. 
I&& it is not entirely certain that then will be 
~oad,genecalizttionti coming from theory or exper- 
iment that will codify the reactions of these odd-elec- 
tron intermediates. Herein we describe the results of 
our investigation of the properties of a substituted 
c@&mtene radical cation (CB?). In particular, we 
have examined the questions concerning its putative 
e@roovdic rearranaement to a butadiene radical cat- 
,ion (SD+) in fluid s&ion (Eq. I). 

ment of cyclobutene radical cation is so high (> 30 
kcal mol-‘) that a two-stage process passing through 
a cyclopropylcarbinyl radical cation is the preferred 
path.’ It is of rekvance to results discussed later to 
note here that rearrangement of an excited state of 
the cyclobutene radical cation to the ground state 
of the butadiene radical cation is ptedicted by both 
Haselbach and Dunkin to occur with little or no 
barrier. 

There has been experimental investigation of the 
reaction of cyclobuteme radical cations. Much of this 
work has been done in the gas phase using mass spec- 
trometric techniques. Comparison of the experimental 
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Theory o&s some advice on the expected reactions 
of cyclobutene radical cations. Haselbach et al. ’ 
clearly codified the general considerations that 
apply to analysis of the ekctrocyclic rearrangemmts 
of radical ions. They identified three groups of reac- 
tions di&zntiated by the type of correspondence 
between orbital and state symmetries for the reactant 
and product ions. Application of these concepts led 
to the general conclusion that there will be a barrier 
for theconversion ofa cyclobutme radical cationinits 
electronic ground atate to the isomeric 1,3-butadiene 
radical cation. Ww&er, the analysis showed that this 
bal7iermi@ttbeoanridcrablyamallerthanfbathe 
corresponding xKNt&al species. Similar wn&t&ns 
have been de&bed ,more mcemly by Dtmkin and 
Andrews’who,a#,attalyzedthewnsequenasofsym- 
metryc4manm&0nshesemactions.Bauld~w- 
workerilstt&@esttlsntthebarrierfordirecttcamislge- 

&rdings with the theoretical predictions leads to some 
informative wntraats. 

The initial sties of the cyclobutene radical cations 
in the gas phase centered on dicarboxylic acid detiva- 
tives and led to wntradictory conclusions.~ More 
recent e5osts have focused on the parent system and 
several of its simpler derivatives. Using ion cyclotron 
resonance @CR) techniques to examine cyclobutene 
ra&caI cation, Gross and Russel conclude that this 
spaies matran@ efficilntly to the 1,3-butadiene 
radical cation.’ Varias procduns were used to 
demonstrate that this reaction otiginatm with the 
electronic ground state of the ion. Calculations 
fromtheioO~timeofthespeotrometerlead 
to a amaowative estimate of the activation energy 
for ring q@ng of cyclobutene radical cation of less 
than7kcalmol-‘. 
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Similarly, using collisionally activated dissociation corresponds to a barrier for reaction (AC’) of 
(CAD) to examine the behavior of l-phenykyclo- ca 25 kcal mol-‘. This value is consistent with pre- 
butene and 3-phenykyclobutene, Dass and Gross dictions made from application of substituent factors 
conclude that the radical cation of the former re- to fbe reaction of related systems.” 
arranges to I-phenyl-1,3-butadiene and the latter, Photolysis of CB in deoxygenated acetonitrile leads 
perhaps, to 2-phenyl-l,3-butadiene radical cations.’ to the phenanthrene (PHEN) derivative expected 
The energy barrier for these reactions was estimated based on analogy with cir-stilbene photochem- 
to be between 7 and 14 kcal mol-’ for the l-substituted istry’* in nearly quantitative yield (Eq. 2). The quan- 
isomer and too small to detect for the 3-phenyl- turn yield for this reaction, however, is very low 
cyclobutene radical cation. An essentially identical (6.8f 1.5 x lo-‘). This indicates that most of the 
conclusion is obtained from the Fourier transform excited states of CB return to the ground state with 
mass spectrometric (FTMS) study of l-methyl- and no net chemical change. 

hv (350nm) 

CH3CN 

3-methylcyclobutene radical cations.* That is, the ion 
from the l-methyl substituted example rearranges 
with an activation barrier of less than 14 kcal mol-‘, 
and the corresponding value for the 3-methyl case is 
claimed to be less than 4 kcal mol-‘. These studies 
seem to indicate that the position of substitution has 
a remarkable effect on the rearrangement of a cyclo- 
butene radical cation to the isomeric butadiene deriva- 
tive. Also, in the unsubstituted and 3-substituted 
examples, the barrier for isomerization appears to be 
much smaller than that predicted from applications 
of theory. 

The rearrangement of the cyclobutene radical cat- 
ion to butadiene has also been probed using radiolysis 
techniques in frozen media.9 Under these conditions, 
no rearrangement could be observed at temperatures 
up to 90 K where the ions were irreversibly con- 
sumed. This tinding can be viewed as consistent with 
the ICR measurements that give an activation energy 
for this reaction of less than 7 kcal mol-‘. With this 
barrier, the cyclobutene radical cation would have 
a half-life of cu 1 h at 90 K. However, the low-tem- 
perature experiments are equally consistent with a 
barrier much greater than 7 kcal mol-‘. 

Kirschenheuter and Griffin” have studied the 
chemistry of CB+ (Eq. 1) at room temperature in fluid 
solution. In these experiments CB? was generated 
by photostimulated electron transfer to an optically 
excited acceptor. When this reaction is carried out in 
the presence of dissolved 02, the products obtained 
are indicative of trapping of the CBt before it has 
rearranged. The mass spectroscopic results seem to 
indicate that the alkyl substituents on CB should 
greatly lower the barrier to rearrangement. Yet, 
the product studies indicate that the ekctrocyclic 
rearrangement is a relatively slow process (if it exists 
at all). We undertook the study of CB? by laser 
spectrophotometric techniques, among others, to 
gain additional insight into the chemical properties 
of this radical cation. 

RESULTS AND DISCUSSION 

Thermal andphotochemical reactions of CB 
Thermolysis of CB leads cleanly to BD. This 

reaction has a half-life of ca 30 mm at 170” which 

PHEN 

One of the processes that regenerates CB is fluo- 
rescence. The emission spectrum of CB is shown in 
Fig. 1. The fluorescence of CB is quenched by diethyl- 
terephthalate (DET). A Stem-Volmer plot of this 
reaction in acetonitrile gives a slope 54 M-’ which 
indicates that DET is an effective quencher of CB*‘. 
We anticipated this tinding since the reduction poten- 
tial of DET is ca - 1.1 V vs SCE (irreversible) and 
calculations using the Weller equation indicate a free 
energy of electron transfer for this reaction (AGET) of 
-31 kcal mol-I.” This tinding predicts a diffusion 
limited rate constant for electron transfer quenching 
(cu 2 x 10” M-’ s-‘) and thus the singlet lifetime for 
CB of 2.7 ns is estimated from the Stem-Volmer slope. 

Irradiation of CB in oxygen-free acetonitrile 
solution containing 1.0 M DET (98% quenching 
of CB*‘) leads to its very slow consumption 
(0 = 1.7 f 0.4 x lo-‘) and the formation of a low yield 
of the phenanthrene after prolonged irradiation. It is 
likely that the phenanthrene formed in this reaction 
arises exclusively from the 2% of the CB*’ that is not 
quenched by DET. 

Photolysis of CB in oxygen-free methanol con- 
taining 6.7 x lo-* M DET (80% quenching of CB*‘) 
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Fig. 1. Fluomacencc emission (right) and tluorcsana 
excitation ipctnun (kfi) of CB (5.7x IO-’ M) in 

CH,CN. 
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leads to the phenanthrene and to some, methanol 
iucorporation products one of which .we identify as a 
ring-opened product (Eq. 3). It is important to note 
that this product is not obtained when BD is used to 
quench the excited singlet state of 9,1Odicyano- 
anthracene in methanol. This result indicateds that 
the ring-opened product is not formed ftom BD?. 
This conciusion is atrongIy supported by the results 
of some nanosecond laser spectroscopic experiments. 

CB + DET hv(350nml : 
CH30H 

FtlEN + (3) 

Pulsed laser spectroscopy 
Irradiation of CB with the output of a nitrogen laser 

(337 nm, 13 ns, 7.0 m.I)‘* in acetonitrile containing 
1.0 M DET gives the transient spectrum shown in 
Fig. 2. There are several features of this spectrum that 
can be easily recognized. First, the bands at 370 and 
535 nm are associated with DET 7. The spectrum of 
the dimethylterephthalate radical anion is well known 
and quite similar to that assigned to DET: .I’ More- 
over, as expected, these bands are quenched very rap 
idly when the irradiation is performed in oxygenated 
solutions. The other feature in the transient spectrum 
has an apparent maximum at 490 run. We assign this 
band to the CB+. This assignment rests on three ob- 
servations. First, although electron transfer quench- 
ing is ca 98% eIEcient under these conditions, only 
about one CB of every 5000 excited is converted to a 
product. Thus, most of the CB? formed must receive 
an electron and return to CB before any net irre- 
versible chemistry occurs. Second, the chemical reac- 
tions observed in the presence of O2 are those of 
CBt.” Third, the spectrum resembles closely that 
reported for ci.r-stilbene radical cationI a structure 
obviously related to CB?. These results are sum- 
marized in Eq. 4. 

CB l DET - cEl: + OET: (4) 

Assignment of structures based mainly on absorp- 
tion spectroscopy is never unequivocal. For example, 
in the present case, the absorption maximum at 490 
nm could be due to a product formed reversibIy from 
d?. One candidate for such a species would be the 
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Fig. 2. Transient q&a obtainai from pulse inditioo of Fig. 3. Transient spedra obtained from pulse irradiation of 
CB in aatonitrilecosuaining 1.0 M DET: (I) MOO n.s ti CPY in =&n&de containing 0.042 M.BD : (I) 190 ns after 
thalarer~;(2)9009(Pftar~bsq~;(3)500nsnftu thelarer~;(2)600or~thelruer~;(3)900nsaf~r 

tbelaemfl~h; (4) 100nsdkrtbtlascrflasb. thclaeeriIash;(4)16OOnsafkrthcEssarfkh. 

dihydrophenanthrene radical cation formed from 
cyclixation of CB?. To test this possibility we carried 
out the photolysis of CB and BD in an acetonitrile 
solution containing both 9,lOdicyanoanthracene 
(DCA) and CusO,* 5H20. Cupric ions are known to 
intercept intermediate radical cations” and DCA+’ 
can oxidize CB to its radical cation. If CBt rearranges 
rapidly to the dihydrophenanthrene radical cation, 
then its reaction with cupric ion should lead to iso- 
lation of the phenanthrene in high yield. This is not 
the case, the phenanthrene remains a minor product 
under these conditions. Moreover, it is significant that 
reaction of BD under these conditions gives entirely 
different products than does CB. This indicates that 
no common intermediates are formed by oxidation of 
these hydrocarbons. 

We generated BD’ by irradiation of lcyanopyrene 
(CPY) in the presence of BD for comparison with the 
spectrum of CBt. As expected, BD is an efficient 
quencher of CPY*’ in acetonitrile. The transient spec- 
trum obtained by irradiation with the nitrogen laser 
is shown in Fig. 3. The species absorbing at 495 nm 
is assigned to CPY T by comparison with the spectrum 
of this ion that has been reported previously.” We 
assign the band at 410 nm to the BDr or to some 
product resulting from the intramolecular rearrange- 
ment of BD?. An important point is that this band is 
totally absent from the spectra generated by oxidation 
of CB. Thus, under these conditions, rearrangement 
of CB? to BD? does not compete with the other 
reactions of CB? (mainly back electron transfer to 
generate CB). 

In an attempt to increase the rate of rearrangement 
of CB? to BD?, the temperature of the reaction was 
raised from room temperature to 180”. Even at this 
temperature, there is no evidence for the electrocyclic 
rearrangement of CB+ to BD?. These results allow 
us to estimate a lower limit to the activation barrier 
(AC”) for this rearrangement of cu 16.5 kcal mol-‘. 

Sweep-rate-dependent cyclic voltammetry of CB and 
BD 

CB exhibits a one-electron oxidation wave at 
ca 1.59 V vs SCE in acetonitrile solution containing 
(n-Bu),NCIO, as supporting electrolyte. The shape 
of this wave is sweep rate dependent (Fig. 4). At fast 
scan rates, 50 V s-‘, the highest cathodic peak 
current (& = 3.2x lo-’ A, i, = 2.2 x lo-’ A) is 
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Fig. 4. Cyclic voltammogram of CB (0.01) in CH,CN 
(0.1 M tctrsbutylammonium per&orate as supporting 
electrolyte)and Ag/O.OI M AgNO, in CH,CN IIS reference 
electrode: upper trace. 100 mV s-l scan rate; lower trace, 

5Vs-‘scanrate. 

observed. Under comparable conditions, BD exhibits 
an irreversible oxidation wave at ca 1.7 V that shows 
no signs of reversible behavior even at the highest 
sweep rates. 

These ekztrochemical findings are exactly con- 
sistent with the chemical and spectroscopic results 
described above. The CB+ is reasonably stable even 
on a cyclic voltammetric time scale. There is no indi- 
cation that it is converted to BD+. 

It is not possible to identify the nature of the chemi- 
cal process that consumes CB? in the electrochemical 
experiments we have done. However, the dependence 
of ipc on sweep rate does allow an estimate of the rate 
oftheproczsses that compete with the hoped for ela; 
trocyclic reaction.19 This permits calculation of the 
minimum activation barrier for the conversion ofCB? 
to BD? of 15.9 kcal mol-‘. This estimate is in close 
agreement with that obtained from the laser spec- 
troscopic measurements. 

J7adiolysis of BD rmd CB 
y-Radiolysis of CFCI, solutions of CB or BD at 

77 K generates species that are easily detected by 
EPR spectroscopy at temperatures ranging from 7 
to about 145 K. It has been demonstrated that 
y-irradiation of frozen Freon solutions is an efficient 
method for generation of cation radicals of solute 
molecules.“~” 

The EPR spectra observed at 118-145 K from the 
irradiated BD solutions are indicative of a para- 
magnetic species with hype&e coupling to 12 
protons. The corresponding spectra from the CB sol- 
utions are more complex. However, it is clear simply 
from inspection of the spectra that the species gen- 
erated by radioiysis of CB sotutions in CFCl, are not 
transformed to the one generated from radiolysis of 

BD in CFCl, or to any other common intermediate. 
Further wock is umderway ‘to invatigate a possibk 
influence of. the matrix on this transformation. 

CONCLUSIONS 

The properties of CB?, in particular its tendency 
toward rearrangement to BD+, are revealed in each 
of the four groups of experiments we carried out. 
These experiments, product studies, laser spectro- 
scopy, cyclic voltammetry and radiolysis all lead 
to the same conclusion. That is, there is a large 
barrier, more than 16 kcal mol - ‘, for the electmcyclic 
rearrangement of CB? to BDT. 

This finding has significance in several regards. 
First, theory readily anticipates the existence of 
the barrier. Our results con&m this prediction. The 
analysis of state symmetry correlation diagrams 
indicates that the barrier for the neutral species 
should be greater than for the radical cation. Our 
findings are also consistent with this forecast. But, 
for CB, the barrier reduction can be no more than 
cu 10 kcal mol-‘. 

It is instructive to compare our results with those 
obtained in the gas phase using mass spectrometric 
techniques. We chose to,study CB+ in part because 
the gas phase measurements seemed to indicate that 
its rearrangement to BD? should be fast .and uncom- 
plicated. In particular, the permethylation of the 3- 
and 4-carbons of CB should eliminate deprotonation 
as a competing reaction path and should have facili- 
tated the desired rearrangement both on electronic 
and steric grounds. The results indicate that d@pite 
these advantages, CBt does not rearrange rapidly to 
BD?. 

There are several possible explanations for the 
different behavior of cyclobutene radical cations in 
gas and solution phases. An obvious choice is that the 
structures that have been investigated are not ident- 
ical. In particular, the example we studied is sub- 
stituted with two phenyl groups on the double bond. 
The cyclobutenes examined mass spectrometrically 
have at most one of these groups. Two phenyl groups 
can provide resonance stabilization of both the 
“radical” and “cation” portions of CBt. A second 
difference, of course, is the phase. It seems reasonable 
that CB? will be stabilized by solvation. Acetonitrile 
may be particularly beneficial in this regard. Finally, 
the different behavior may be associated with the 
different internal energies the ions have when they 
are created. The photostimulated electron transfer in 
solution probably leads to CBt in its electronic and 
vibrational ground state. It is possible that the ions in 
the gas phase have some excess energy. With the 
results currently in hand, these explanations cannot 
be distinguished. We plan additional experiments to 
expand the understanding of electrocyclic reactions of 
radical cations. 

FxPExIMENTAL 

General. ‘H-NMR spectra were recorded on a Varian 
Associates EM-390 spectrometer or XL-200 Fourier trans- 
form sccctrometer in CDCl, with TMS as intcmal standard. 
IR abkption spectra we& recorded on a Perkin-- 
model 1320 or 237 B IR spectropbotometet. Low-resolution 
electron-impact MS were obtained on a Variaa MAT CH-5 
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and GCMS on a VG 7fDQE mass spe&ometer. Am&tical 
and prep CiC were performed on a Varian Asset&tar Model 
370Ogascbrommngraphequippedwithalineartmnpmature 
programma, Bame ianlzation detector. and Hcwktt-Pack- 
ard 3390 A.imegmtor, Analym~~ were e&&d out on a 3 ft 
glass oehnnst c&t%kting Ju/, OV-101 onChrombrorb W- 
H.P (10&120 mesh) and pmp experiments were carriad out 
ooa6R~whrmz&tnt&GngS%!GG3OcmC&Chxom 
Q (100-120 mesh). Temperature progmnwwere nm’with 
initial temp at 120” for 9 rn& tbcn increasing to 22@ at 
7°C mm-’ for analytical experiments. Photolyses were 
carried out in Pyrex vessels in a Rayonet photoreactor 
equipped with Hanovia 350 nm lampa Oxygen was re- 
moved by purging the soln with argon for 10 min at 0”. 
The solns were continuously stirred during tba photolysis. 

For the low temp EPR experiments, solar of BD and CB 
(5 x IO-’ M in CFClr) wert sealed on a vacuum tine in 
Suprasil tubes (2.4 mm i.d.). The samples were irradiated at 
77 K in a @CO y-source with doses of about 0.45 h&ad. The 
frozen, irradiated samples were quickly tsar&mad without 
thawing to a variable temp cryostat (Air Products Hehtran 
model CTR-110) mounted in the EPR cavity. The EPR 
spectra were recorded on a Varian E9 spectrometer. 

Marcriols. Acetonitrik (Aldrich C3oM Label) was refluxed 
for 4 h over CaH, and distilled under N2. SpectraJ grade 
MeOH (Fischer !3cientific) was used as received. 9.10~Di- 
cyanoanthracene (Eastman) was recrystallized from EtOH. 
Diethyl terephthalate (Tokyo Kasei) was recrystalhmd twice 
from n-hexane. Anhyd diethyl ether (Mahinckrodt) was used 
as received. Benxonitrilc (Eastman) was washed with cone 
HCI and predried over K,CO, and distilled from PLO, at 
reduced pressure. 

Methods. Fluorescence quenching data were obtained 
from argon-purged solns of 1,2diphenyl-3,3,4,4tetra- 
methylcyclobutene (5.7 x IO-’ M) and diethyltemphthalate 
(Q-O.3 M), and 9,l~icyanoan~~ne (5.6 x 10-I hi) and 
3,~~phenyl-2,~imethyl-2,~hexadiene (t&7.2 x IO-’ M) 
by using a Farrand Mark I spectroguorometer. Quantum 
yields for the formation of phenanthrene derivative and the 
disappearance of starting cyclobutene derivative were deter- 
mined for argon- or oxygen-purged solns of DET (1 .O M) 
and CB (2.1 x lo-’ M) irradiated with an Chiel200 W Xe- 
Hg lamp through Coming 7-60 glass filter and 7.5 cm path 
length soln tiher of K2Cr0, aq (306358 nm). Light inten- 
sities were determined by Abemhrom 540 actinometry.” Sol- 
utions were analyzed for product formation at low (e 10%) 
conversion of CB to phenanthrene derivative by using Gc 
described above with o-pentadecane as internal standard. 
Cyclic voltammetric mcasunment of tedox potentials were 
done in acetonitrile soln, with 0.1 M tetrabutylammonium 
perchlorate as supporting electrolyte and Ag/O.Ol M AgNO, 
in acetonitrile as reference electrode. Solutions were purged 
with dry N2 for several minutes prior to measurement. 

Preparation of 1,2-d~he~yi-3,3,4,~feIr~Ihylcycio~~e~ 
(CB). ~phenyl~tylene 2.80 g (11.3 mmol), tetramethyl- 
ethylene 10.0 ml (84.1 mmol) and 150 ml of anhyd ether 
were placed in a Pyrex vessel. After purging with N, for 
0.5 h, the mixture was irradiated with a Hanovia 450 W 
medium-pressure Hg lamp for 5 h. The solo was concentrated 
in uacuo to give 2.80 g of a dark yellow solid. The residue 
was dissolved in n-hexane and chromatographed on 50 g of 
silica gel (Brinkmann). Elution with n-hexane gave CB which 
was recystalhzed from MeDH (1.50 g, Sl%, m.p. 81.S-92°) 
litz m.p. 92-98’ as colorless needles. 

Preparation of 3,~d~nyi-2.S-dhyl-2,4~~~ 
(BD). 1.2~Diphenyl-3,3,4,4tetramethykyclobutene (CB) 
(1.09 g, 4.2 mmol) was thermolyxed at 170” under argon for 
3.5 h to give a light yellow oil. The oil was dissolved in 10 
ml of MeOH and cooled in an ice bath. Recrystallization of 
the deposited solid from MeOH gave 375 mg (35%) of a 
BD derivative as colorless need& : m.p. 39S40* ; ‘H-NMR 
(CDCI,): 6 1.73 (6H. s), 1.92 (6H. s), 6.8-7.3 (1OH. m): JR 
(oil): 3077,3051,3027,3018,2992,2907,2851, 1597, I489, 

1440,1369,1067,1009cra~‘;MS(70cV)m(e(ml.inten~): 
262 (lOO), 247 (42), 232 (23). 2t9 (98), 204 (21); UV 
(CH,CN): I 295 mn (end absorption). (Found: C, 91.57; 
H, 8.65%. Calc for C&H,: C, 91.57; H, 8.45%.) 

Phorolysis of 1,2-diphenyl-3,3,4,4-temzwuthylcyclobu~ene. 
CB (26 mg, 0.10 mmol) was dissohed in 3 ml of acetonitrile 
and then irradiated with a Rayuaut,phot.oreactor equipped 
with 350 nm iamps for 12 h. Evaporation of the solvent in 
uucrw gave a tight yeilow solid. The Jdlia was dissolved in n- 
hexane and c~o~~a~ on silica get (B~n~nn). 
Elution with n-hexane gave 19 mg (73%) of starting material 
and 6 mg (23%) of 3.3.4.4-tetramcthyI~clobutall.2-nDhen- 
anthren~ which was raxysmllixed f&m~MeOH as c&less 
needles: m.p. 177.5-178’; ‘H-NMR (CDCl,: 6 1.52 (12H, 
s), 7.45-7.81 (6H, m). 8.638.82(2H, m); IR (CHCI,): 2979, 
1044 an”‘; MS (10 eV) m/e (ml. intansity): 260 (43), 245 
(14). 230 (9). 218 (18). 217 (100). 203 (19): UV It (e): 210 
(281&0), iii (t9,ooOj~ 246 (a,43,a~0j, iti (si&tj, 270 
(14.~), 278 (9200). 289 (8900), 302 (12,tJ!JQ), 324 (630), 
339 (960), 355 (I200). (Found: C, 92.59; H, 7.8%. C&c 
for C&J,,: C, 92.26; H. 7.98%.) 

PhoM!jsis of 1.2-aQhenyl-3.3,4,4-tetramethylcyclobrt 
in the presence of DET in methanol solurion. A 150 ml 
methanolic solo containing 101 mg (0.38 mmol) of CB and 
2.22 g (9.99 mmol) of diethyl terephthalate was irradiated 
with a Hanovia 450 W medium-premure Hg lamp through a 
uranium glass fiber &eve ( > 330 nm) for 15 h under argon. 
After evaporation of the sotvent in wcuo, the residue was 
dissolved in n-hexane and chromatographed on silka gel 
(Woeim 32-63). Elution with n-hexane aave the ohen- 
anthrene derivative (13 mg, 13%), recovered DET (1 .k g), 
and 3,4diphenyl-2,5dimethyl-5-mcthoxy-l,4-hexadiene (7 
mg. 6%) as a colorless oil: ‘H-NMR (CDCI,): 6 1.19 (6H, 
s),l.l9(3H,dofd,J= 1, -0.3 Hz), 3.22 (3H, s), 4.82 (IH, 
d of d, J = 1.0, 1.0 Hz), 4.95 (lH, d of d. J = 1.7, -0.3 Hz), 
6.957.18 (lOH, m); MS found m/e 292.1806 (cak C&H, 
292.1821). 

Phoroiysis of 1,2-diphenyf-3,3,4,4-tetr~lelhyf~ycIo~te~ 
in the presence of DCA and nrpric ion. CB (247 mg, 0.94 
mmol) and DCA (2 mg, 9 x 10-r mmol) and 467 mg (1.9 
mmol) of cupric sulfate pentahydratc were dissolved in 150 
ml of acetonitrile-MeOH (2 : 1) mixture. After purging with 
Ar for 0.5 h, the mixture was irradiated with a Hanovia 450 
W medium-pressure Hg lamp through a uranium glass filter 
sleeve (> 330 nm) for 60 h under argon. Evaporation of 
soivent gave an orange semisolid. The solid was added to 30 
ml of water and then extracted with ether (30 ml x 2). The 
combinai organic layer was washed with water, brine, and 
dried over anhyd Na,SO+ After evaporation of solvent in 
rmctw, rectystallixation from MeOH gave the phenanthrcne 
derivative (58 mg, 24%). 

PhorolysiE of 3,4-diphenyl-2,~dimpthyf-2,~~x~~ in 
the presence of DCA and cupric ion. BD (6 mg, 0.02 mmol) 
and DCA (6 mg, 0.02 mmol) were dissolved in 50 mi of an 
~to~t~]~M~H (2: 1) mixture containing 10 mg (0.04 
mmol) of cupric sulfate pentahydrate. After purging with - - 
argon for ldmin at O“, the mixture was irradiated with a 
Hanovia 450 W medium-pressure Hg lamp through a uran- 
ium glass filter sleeve (> 330 nm) for 2.5 h under argon. After 
evaporation of the solvent in uucuo, water (10 ml) was added 
to the residue and the mixture was extracted with ether 
(10 ml x 2). The combined organic layers were washed with 
water, brine, and dried over anhyd MgSO,. Evaporation of 
ether gave a light yellow oil (5 mg). ‘H-NMR showed that 
the oil contained BD and severaJ other products, none of 
which correspond to those obtained from similar irradiations 
of CB. 
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