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The 9,10-dicyanoanthracene (DCA)-sensitized photooxygenation of less electron-rich 1,2-diarylcyclopropanes 
1 such as 1,2-diphenylcyclopropanea and 1,2-bis(4-chlorophenyl)cyclopropanes in the presence of Mg(C10J2 gave 
cis- and trans-3,5-diaryl-l,2-dioxolanes as major products. However, in the absence of Mg(ClO&, the photo- 
oxygenation did not afford 1,2-dioxolanes, but their decomposition producte, 1,3-diaryl-l-hydroxypropan-3-ones 
5, aryl aldehydes 6, and aryl methyl ketones 7. The DCA-sensitized photodecomposition of 1,2-dioxolanea also 
gave 67 .  This photoreaction was suppreseed by the addition of Mg(ClO&. The DCA-sensitized photooxygenation 
of 1 proceeds via radical cations that are generated by photoinduced electron-transfer from 1 to the excited singlet 
'DCA*. The DCA-sensitized photodecomposition of 1,2-dioxolanea occurs via exciplexea that are formed between 
1,2-dioxolanee and lDCA* or energy-transfer from the excited triplet SDCA* to 1,2-dioxolanes. 

Photooxygenation of small-ring compounds via pho- 
toinduced electron transfer has received considerable at- 
tention in recent years.lP2 Previously, we reported that 
the 9,lO-dicyanoanthracene (DCA)-sensitized photo- 
oxygenation of electron-rich 1,2-diarylcyclopropanes gives 
3,5-diaryl-1,2-dioxolanes in high yields.la-e However, the 
photooxygenation of less electron-rich 1,2-diarylcyclo- 
propanes such as 1,2-diphenylcyclopropane proceeded in- 
efficiently under similar conditions and did not afford 
1,Bdioxolanes as isolable products. We now report the 
photooxygenation of such less electron-rich 1,e-diaryl- 
cyclopropanes in the presence of a metal salt1bC*w*4bp and 
an aromatic hydrocarbon (coeensitizer).*bw* Since thia 
method made it possible to isolate 1,2-dioxolanes in pure 
forms, we have also studied their photodecomposition. 

Results and Discussion 
Photooxygenation of 1 f-Diarylcyclopropanes. Ef- 

fect of Mg(ClO&. Aceanitrile solutions containing 
tra~-l ,2diarylcyclop~pan~ l a 4  and a catalytic amount 
of DCA (1/20 equiv) were irradiated with >400 nm of light 
in a stream of oxygen in the absence and presence of 
Mg(C104)2. The progress of the photooxygenation was 
followed by GLC and TLC analyses of the reaction mix- 
tures. After complete consumption of the substrates, the 
products were analyzed by 'H NMR. 

The photooxygenation of la-c in the presence of Mg- 
(C10J2 gave cis- and tram-3,5-diaryl-l,2-dioxolanes 3a-c 
and 4a-c along with aryl aldehydes 6a-c and aryl methyl 
ketones 7a-c. Among these 1,2-dioxolanes, formation of 
the cis isomers 3a-c always predominated 3a/4a = 63/37, 
3b/4b = 60140, and 3c/4c = 73/27. The photo- 
oxygenation of cis-1,2-diarylcyclopropanes 2a-c under 
similar conditions also gave 3a-c and 4a-c in the same 
ratios as those obtained from la-c. The ratios of 3a-c to 
4a-c remained unchanged throughout the photoreactions 
and were independent of the concentration of added 
Mg(ClOJ,. The DCA-sensitized photooxygenation of la-c 
in the absence of Mg(C104)2 did not afford the corre- 
sponding 1,2-dioxolanes, but gave only the ring-opened 
oxidation products, 1,3-diaryl-l-hydroxypropan-3-ones 
5a-q6 6a-c, and 7a-c. 

Similar photooxygenation of electron-rich trans-1,Z 
bis(4-methoxyphenyl)cyclopropane (la) gave exclusively 
the 1,2-dioxolanes 3d and 4d both in the absence and 
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presence of Mg(C104)2 as reported The 
results are summarized in Table I. 

Effect of Biphenyl. The DCA-sensitized photo- 
oxygenation of la-c was markedly accelerated by the ad- 
dition of biphenyl (BP).'b"cid The rates of consumption 
of la-c in the presence of BP were two to five times faster 
than those in the absence of BP. However, the photo- 
oxygenation under these conditions did not afford di- 
oxolanes, but gave only the ring-opened oxidation products 
Sa-c, 6a-c, and 7a-c. The results are also given in Table 
I. 

DCA-Sensitized Photolysis of S,S-Diaryl-l,t-di- 
oxolanes. The DCA-sensitized photolysis of a 64 mixture 
of 3c and 4c was studied in acetonitrile in the absence and 
presence of BP and Mg(C104)2 under argon atmosphere. 

(1) (a) Mizuno, K.; Kamiyama, N.; Otauji, Y. Chem. Lett. 1983,477. 
(b) Mizuno, K.; Kamiyama, N.; Ichincee, N.; Otauji, Y. Tetrahedron 1985, 
41,2207. (c) Ichinm, N.; Mizuno, K.; Tamai, T.; Otauji, Y. J. Org. Chem. 
1990,55,4079. (d) Mizuno, K.; Murakami, K.; Kamiyama, N.; Otsuji, Y. 
J. Chem. SOC., Chem. Commun. 1983,462. 

(2) (a) Schaap, P.; Siddiqui, S.; Praaad, G.; Palomino, E.; Sandison, 
M. Tetrahedron 1985,41,2229. (b) Griffin, G. W.; Kirschenheuter, G .  
P.; Vaz, C.; Umrigar, P. P.; Lankin, D. C.; Chriatenaen, S. Ibid. 1985,41, 
2069. (c) Shim, S. C.; Song, J. S. J. Org. Chem. 1986,51,2817. (d) Shim, 
S. C.; Lee, H. J. J. Photochem. Photobiol. A 1989,46, 59. (e) Miyeshi, 
T.; Kamata, M.; Mukai, T.  J.  Am. Chem. SOC. 1987,109,2780. (fj Fu- 
tamura, 5.; Kamiya, Y. J. Chem. SOC., Chem. Commun. 1988,1053. (g) 
Kamata, M.; Miyeshi, T. Ibid. 1989,557. (h) Gollnick, K.; Paulmann, U. 
J. Org. Chem. 1990,55,5954. (i) Akaaaka, T.; Sato, K.; Kako, M.; Ando, 
W. Tetrahedron Lett. 1991,32,6605 and references cited therein. 
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Lett. 1985,26, 5823. Mizuno, K.; Tamai, T.; Nakanishi, I.; Ichinose, N.; 
Otauji, Y. Chem. Lett. 1988,2065. (b) Tamai, T.; Mizuno, K.; Hashida, 
I.; Otauji, Y. Photochem. Photobiol. 1991,54, 23. 
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1983, 1059. (b) Mizuno, K.; Ichinose, N.; Otauji, Y. Ibid. 1986,455. (c) 
Mizuno, K.; Ichinose, N.; Otauji, Y. J.  Org. Chem. 1992, 57, 1855. 
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Table I. DCA-Sensitized Photooxygenation of 1,2-Diarylcyclopropanes~ 
product ratiob (%) 

compd additive ( m o W  irradn time (min) 3 + 4' 5 6 7 
la none 410 0 40 40 20 

BP (1.25 X 150 0 45 36 19 
MdClOJz (1.25 X 305 40 0 40 20 

(2.5 X 295 50 0 33 17 
(5.0 X 220 42 0 42 16 
(1.0 x 10-1) 120 56 0 25 19 

lb none 410 0 56 28 16 
BP (1.25 X 40 0 70 23 7 
MdClOJz (1.25 X 80 44 0 44 12 

I C  none 410 0 43 43 14 
BP (1.25 X 30 0 44 44 12 
Mg(C104)z (1.25 X 80 50 0 33 17 

Id none 100 100 0 0 0 
BP (1.25 X 30 100 0 0 0 
MdC104)z (1.25 X 30 100 0 0 0 

mol/L. [DCA] = 5 X lo-' mol/L. Conversion 295%. bDetermined by 'H NMR analyses of the reaction mixtures. ' [l] = 2.5 X 
'3a/4a = 63/37. 3b/4b = 60140. 3c/4c = 73/27. 3d/4d = 70/30. 

Table 11. DCA-Sensitized Photolysis of 1.2-Dioxolanes in the Absence and Presence of Additives under Argon Atmosphere' 
product ratio' (%) 

compdb solvent additive irradn time (min) con9 (%) 5 6 7 
3c-4c CH3CN none 40 100 80 10 10 

3d-4d CHSCN none 60 18 38 41 21 

3d-4d CHBCN MdC104)z 120 35 8 44 48 
3d-4d CBH6 none 120 60 9 52 39 
3d-4dd CHBCN none 120 100 0 0 0 

30-4c CH3CN BP 40 91 64 19 17 
30-4c CH3CN Mg(C10dz 40 52 50 27 23 

3d-4d CHSCN none 120 58 55 29 16 

[1,2-Dioxolane] = [BPI = [Mg(C104)2] = 1 X mol/L. [DCA] = 5 X lo-' mol/L. *Cis-trans mixtures (3c/4c = 614, 3d/4d = 713) 
were used. 'Determined by lH NMR analyses of the reaction mixtures. dUnder O2 atmosphere. 

The photolysis without adding any additives gave Sc as 
a major product along with small amounts of 6c and 7c. 
The photodecomposition was slightly retarded by the ad- 
dition of BP, accompanied by a slight increase in the 
proportion of 6c and 7c. The photodecomposition waa 
retarded more effectively by the addition of Mg(C104)2. 
However, the photodecomposition of a 7:3 mixture of 3d 
and 4d proceeded inefficiently compared to that of 3c and 
4c under the same reaction conditions. The efficiencies 
of the photodecompoeition were s i m i i  both in acetonitrile 
and in benzene. The results are summarized in Table 11. 

The DCA-sensitized photolysis of 1,2-dioxolanes in 
acetonitrile under O2 gave complex mixtures. However, 
when the DCA-sensitized photoreaction of a mixture of 3c 
and 4c was carried out in acetonitrile under O2 in the 
presence of 3 equiv of 1,2-bis(l-naphthyl)cyclopropane 
(NCP) under similar conditions, 5c, 6c, and 7c were ob- 
tained in a 37:2934 ratio along with oxidized products of 
NCP at an early stage (26% conversion of 3c and 4c) of 
the photoreaction: in this photoreaction, NCP was chosen 
aa a cyclopropane substrate for the ease of 'H NMR 
analysis of the reaction mixture. These results indicate 
that 1,2-dioxolanes can be converted into 5-7 by the 
DCA-sensitized photolysis under 02, only when a cyclo- 
propane substrate is present in the reaction mixture. 

Thermolysis of a 6 4  mixture of 3c and 4c at 80 "C for 
8 h gave 6c and 7c in a quantitative yield: but 3c and 4c 
were stable at 50 "C for 2 h. 

Mechanism for Formation of 1,2-Dioxolanes. The 
fluorescence of DCA in acetonitrile was quenched by l a 4  
at nearly diffusion-controlled rates, but not by Mg(C104),. 

(6) (a) Adam, W.; Duran, N. Tetrahedron Lett. 1972, 1357; J. Am. 
Chem. SOC. 1977,99,2729. (b) Richardson, W. H.; McGinness, R.; ONeal, 
H. E. J. Org. Chem. lW1,46, 1887. (c) Yoshida, M.; Miura, M.; Nojima, 
M.; Kusabayaehi, 5. J. Am. Chem. SOC. 1983,105,6279. 

Table 111. Rate Constants for the Fluorescence Quenching 
of DCA, Oxidation Potentials of Cyclopropanes and Other 

Compounds, and Calculated AG Values for the 
One-Electron Transfer Process from Compound8 to 'DCA+ 

in Acetonitrile 
compd k," (L mol-' 8-l) qZb (V) A@ (kJ mol-') 
la 1.41 X 1O'O 1.07 -52.6 
lb 
lo 
Id 
3a-4ad 
3b-4bd 
3c-4cd 
3d 
3d 
BP 

1.55 X 1O'O 0.90 
1.43 X 1O'O 1.06 
1.83 X 1O'O 0.55 

1.88 
1.60 

1.56 x 109 1.75 
1.43 X 1O'O 1.27 

4.6 X l@ 1.45 
1.36 x lose 

49.5 
-54.0 
-103.2 
25.1 
-1.9 
12.5 
-33.8 

-16.4 
Rate constants for the fluorescence quenching of DCA in aer- 

ated CH,CN: [DCA] = 1 X lo-' mol/L; T(DCA, air) = r(DCA, Nz) 
X I(DCA, air)/Z(DCA, N,) = 12.8 na; T(DCA, Nz) = 15.3 na; see ref 
19. boxidation potentials (V w Ag/AgC104) were determined a~ 
half-peak potentials in cyclic voltammetry: Pt electrode, tetra- 
ethylammonium perchlorate (0.1 mol/L) in CH3CN. ' Calculated 
value in CH3CN; see ref. 7. Reduction potential of DCA; -1.33 V. 
dMeasured for cis-trans mixtures (314 = 7/34/41. (In benzene. 

The free energy changes (AG) estimated by the Rehm- 
Weller equation' for a single-electron transfer from l a 4  
to 'DCA* were negative. The relevant data are given in 
Table 111. These results strongly suggest that the pho- 
tooxygenation of the cyclopropane derivatives CP proceeds 
via cyclopropane radical cation CP'+ generated by a sin- 
gle-electron transfer from CP to 'DCA*. 

A plausible mechanism for the formation of 1,2-di- 
oxolanes is shown in Scheme 11. In this photoreaction, 
Mg(C10,J2 suppresses a back-electron transfer within 

(7) Rehm, D.; Weller, A. Isr. J. Chem. 1970,8, 259. 
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Scheme I1 Scheme 111 
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radical ion pair [DCA'---CP'+] and thereby facilitates 
dissociation of the radical ion pair to solvent-separated 
radical ions.1b*c92d~3~4b*c~ BP also facilitates the formation 
of the solvent-separated radical cation CP'+.1b*2a*c~d~4a,c 
There are two possibilities for the role of BP. The first 
possibility is a rapid secondary electron transfer from CP 
to radical cation BP'+, which is generated by a primary 
electron-transfer from BP to 'DCA*, to form CP+.gb The 
other possibility is the suppression of a back-electron 
transfer from DCk- to CP'+ via a long-lived r-complex 
[CP'+-BP]." The attack of molecular dioxygen on CP'+ 
gives 1,bradical cation 8 from which 1,2-dioxolanes are 
produced. The other possible mode of oxygenation is the 
attack of molecular dioxygen on a l,&biradicalg which is 
formed by a back-electron transfer from DCA- to CP+.'O 
That 3a-c and 4a-c are formed in the same ratios from 
both la-c and 2a-c supports the intermediacy of 8 or 9. 

An important observation in this photooxygenation is 
the effect of Mg(C104)2 on the 1,2-dioxolane-forming re- 
action: 1,2-Dioxolanes are formed from the less electron- 
rich cyclopropanes la-c only when Mg(C10,)2 is present. 

Mechanism for Photodecomposition of 1,2-Di- 
oxolanes. The photooxygenation of la-c in the absence 
of Mg(C10J2 gave only the ring-opened oxidation products 

(8) (a) Goodson, B. E.; Schuster, G. B. J.  Am. Chem. SOC. 1984,106, 
7254. (b) Tetrahedron Lett. 1986,27,3123. (c) See also reviewe: Pac, 
C.; Ishitani, 0. Photochem. Photobiol. 1988,48,767. Santamnria, J. In 
Photoinduced Electron Transfer; Fox, M. A., Chanon, M., E%; Elsevier: 
h t e r d a m ,  1986, Part B, p 483 and references cited therein. 

(9) (a) Majima, T.; Pac, C.; Sakurai, H. J, Am. Chem. SOC. 1980,102, 
5285. Majima, T.; Pac, C.; Nakasone, A; &&urd, H. Ibid. 1981,103,4499. 
(b) Lewis, F. D.; Bedell, A. M.; Dykstra, R. E.; Elbert, J. E. Zbid. 1990, 
112. 8055. 
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Sa-c, 6a-c, and 7a-q and 1,2-dioxolanes were not ob- 
tained. Formation of these oxidation producta can be 
explained in terms of the photodecomposition of 1,2-di- 
oxolanes 3a-c and 4a-c. The possibility of thermal de- 
composition of the 1,2-dioxolanes during the photoreaction 
is excluded, since they are thermally stable below 50 OC. 
This is also supported by the fact that the thermal de- 
composition of 3c and 4c at 80 O C  in benzene gives 6c and 
7c without formation of 6c.S 

The proposed pathways for the photodecomposition of 
3a-c and 4a-c are shown in Schemes I11 and IV. A key 
intermediate in this reaction is 1,5-dioxy radical 10 which 
is generated by the cleavage of the 0-0 bond of 3 and 4. 
A yhydrogen abstraction by the oxy radical at Cs gives 
keto alcohol 6 (path A). On the other hand, C3-C4 bond 
scission in 10, followed by a 1,a-hydrogen migration, gives 
aldehyde 6 and ketone 7 (path B). Both pathways occur 
competitively. 

We now discuse the mechanism for the generation of 10. 
Several mechanisms could be considered. A plausible 
mechanism is the 0-0 bond cleavage of 1,2-dioxolanes 
(Dox) through exciplex [Dox-*DCA]* which is formed by 
interaction between 1,2-dioxolane and 'DCA* (paths a and 
b)." Formation of the exciplex is suggested by the fact 
that the fluorescence of 'DCA* is quenched efficiently by 
dioxolanes 3c, 4c, and 3d both in acetonitrile and in 
benzene. In this case, the exciplex can be either singlet 

(10) Dinnocenzo, J. P.; Schmittel, M. J. Am. Chem. SOC. 1987, 109, 
1561. (11) Lewis, F. D.; Simpaon, J. T. J. Phya. Chem. 1979,83,2015. 
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'[Dox--DCA]* or triplet 3[Dox--DCA]*. 
The other paaibility is the pathway involving electronic 

energy transfer from 3DCA*.12 If the energy transfer 
occurs efficiently from 3DCA* (ET = 160 kJ m01-l)'~~ to 
the dioxolanes via an electron-exchange mechanism (path 
c), then thie process would lead to the 0-0 bond cleavage 
of dioxolanes: Note that this process is energetically ac- 
cessible becauae the 0-0 bond energy has been estimated 
to be around 140 kJ mol-' l4 which is smaller than the E T  
energy of W A * .  A similar mechanism has been proposed 
for a photaeensitized decomposition of organic per0~ides.l~ 

It is known that QCA* can be quenched by interaction 
with molecular dioxygen.12 Therefore, 3DCA* would be 
quenched by both 1,2-dioxolanes and molecular dioxygen. 
However, the possibility of path c cannot be ruled out from 
the following experiments: The photodecomposition of 3d 
and 4d in benzene was sensitized by triplet sensitizers such 
as benzophenone (ET = 287 kJ mo1-')le and fluorenone (ET 
= 214 kJ (see Experimental Section). This result 
indicates that the triplet photosensitized reaction also leads 
to 0-0 bond cleavage of 1,2-dioxolanes. 

Involvement of 3DCA* has been proposed in a variety 
of DCA-sensitized photoreactions. In our case, 3DCA* 
could be formed through the quenching of 'DCA* by 
molecular oxygen12 or intersystem crossing of the exciplex 
'[Dox-*DCA]*.'~ The formation of 3DCA* through direct 
intersystem crossing of 'DCA* appears not to be a major 
pathway, because the quantum yield for this process is 
known to be very small (t$('DCA* - 3DCA*) = 0.03).12b 

It should also be mentioned that the electron transfer 
from 1,2-dioxolanes to 'DCA* is not involved as a major 
pathway for the photodecomposition of 1,2-dioxolanes, 
because this procees is endothermic except for 3d and 4d 
(Table III). Note also that although electron transfer from 
3d and 4d to 'DCA* is highly exothermic, the DCA-sen- 
sitizsd photodecomposition of these compounds in aceto- 
nitrile was much slower than those of 3c and 4c and pro- 
ceeded at similar rates both in acetonitrile and in benzene 
(Table 11). Furthermore, the rate for the DCA-sensitized 
photodecomposition of 3c and 4c was appreciably de- 
creased by the addition of Mg(C104),, which promotes the 
formation of solvent-separated radical ions (path e). All 
these results suggest that the radical cations of 1,2-di- 
oxolanes are stable species and do not undergo the 0-0 
bond cleavage. 

Noteworthy is that, in the photooxygenation of la-c and 
the photodecomposition of 3c-d and 4 c 4 ,  formation of 
keto alcohols 5a-d was depressed by adding Mg(C104)> 
This suggests that the photodecomposition of 5a-d is ac- 
celerated by Mg(C1O4I2, and this suggestion was partly 
evidenced by the following experiments: Keto alcohol Sa 
rapidly decomposed to give benzoic acid upon irradiation 
in acetonitrile under O2 in the presence of Mg(C104)2, 
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whereas the photoreaction of Sa under similar conditions 
in the absence of Mg(ClO& gave a complex mixture which 
contains only small amount of benzoic acid and a large 
quantity of polymeric materials. Furthermore, the rate 
of decomposition of 5a in the presence of Mg(C1O4), was 
more than two times faster, compared to that in the ab- 
sence of Mg(C104),. These results indicate that the de- 
composition of 6 is accelerated by Mg(C104),, probably 
through a chelation of Mg2+ ion with the carbonyl oxygen 
of 5. 

Experimental Section'' 
Materials. All the cyclopropane derivatives were syntheaized 

and purified by the methods described previous1y.lb 1,3-Di- 
phenyl-l-hydroxypropane-3-one6 (Sa) was synthesized according 
to the method of 1iterature.l8 Other organic chemicals were 
purchased and purified by distillation or recrystallization. Mg- 
(C104)2 was also purchased (Kishida) and used without further 
purification. 
General Procedure for DCA-Sensitized Photooxygenation 

of If-Diarylcyclopropanes. A solution of a cyclopropane de- 
rivative (0.2 mmol) and DCA (0.01 mmol) in dry acetonitrile (8 
mL) in the absence or preaence of additive was irradiated at room 
temperature with a 500-W high-pressure Hg arc through an 
aqueous NH3-CuS04 filter solution in a stream of O2 The 
progress of the reaction was followed by GLC analysis of the 
reaction mixture. After the consumption of the cyclopropane, 
the solvent was removed under reduced pressure. The residue 
was extracted with hexane. The extract was washed with water, 
dried (NaaO,), and evaporated. The residue was analymd from 
ita 60- or 270-MHz 'H NMR spectral data, and the product ratio 
was determined by integration of the signals. The resulta are 
summarized in Table I. 

DCA-Sensitized Photooxygenation of IC for Preparative 
Runs. A mixture of IC (5 mmol), Mg(ClO4I2 (5 mmol), and DCA 
(0.015 mmol) in anhydrous acetonitrile (75 mL) was irradiated 
for 3 h with O2 bubbling through, and the solvent was removed. 
The residue was extracted with hexane. The solvent, 6c, and IC 
were evaporated under reduced pressure giving a crude mixture 
of 3c and 4c (634 mg, 43%). Recrystallization of the residue from 
hexane gave a mixture of 3c and 4c (177 mg, 12%) in almost pure 
state. Mixtures of 3a-b and 4a-b were obtained in a similar 
manner. Dioxolenes 3a-c and 4a-c were unstable toward chro- 
matography on silica gel and alumina and could not be separated 
by recrystallization. The structure and the product ratios were 
determined by 'H NMR spectra of mixtures of 3a-c and 4a-c 
compared with those of 3d and 4d which could be separated and 
isolated in pure forms by recrystallization from hexane.Ib 

Physical Properties of If-Dioxolanes. 
ck-3,5Diphenyl-1,2-dioxolane (3a): 'H NMR (60 MHz, CDClJ 

6 2.72 (at, 1 H, J = 8 and 12 Hz), 3.58 (dt, 1 H), 5.45 (t, 2 H, J 
= 8 Hz), 7.26 (8, 10 H); '% NMR 6 51.7,83.4, 126.7, 128.3, 128.7, 
138.7. 
trans-3,5-Diphenyl-l,2-dioxolane (4a): 'H NMR (60 MHz, 

CDC13) 6 3.06 (t, 2 H, J = 7 Hz), 5.47 (t, 2 H), 7.3 (8 ,  10 H); 13C 
NMR 6 51.1,82.8,126.6,128.4,128.7,138.5. 4a including a small 
amount of 3a: IR (KBr) 1690,1600,1460,1370,1270,1210,760 
cm-'. MS (20 eV) m/z 226 (M+). Anal. Calcd for Cl6HlIOI: C, 
79.62; H, 6.24. Found C, 79.67; H, 6.34. 
cis-3,5-Bis(4-methylphenyl)-l,2-dioxolane (3b): 'H NMR (60 

(dt, 1 H), 5.40 (t, 2 H, J = 8 Hz), 7.15 (s,8 H); 13C NMR 6 21.2, 
51.5,83.3,126.6,129.3, 135.6, 138.1. 3b including small amounts 
of 4b: IR (KBr) 1680,1620,1520,1430,1310,1190,1120,1030, 
920, 820 cm-l; MS (20 eV) mlz 254 (M+). Anal. Calcd for 
C1,H1802: C, 80.28; H, 7.13. Found: C, 80.27; H, 7.16. 

trans-3,5-Bis(4-methylphenyl)-1,2-dioxolane (4b): 'H NMR 

2 H), 7.18 (8, 8 H); '% NMR 6 21.7,50.8,82.9,126.8,129.2,135.2, 
138.3. 

MHz, CDC13) 6 2.35 (s,6 H), 2.68 (dt, 1 H, J 8 and 12 Hz), 3.40 

(60 MHz, CDC13) 6 2.36 (8, 6 H), 3.00 (t, 2 H, J = 7 Hz), 5.44 (t, 

(12) (a) Dobrowoleki, D. C.; Ogilby, P. R.; Foote, C. S.  J. Phys. Chem. 
1983,87,2261. Araki, Y.; Dobrowoleki, D. C.; Goyne, T. E.; Haneon, D. 
C.; Jiaag, Z Q.; Lee, K. J.; Foots, C. S .  J.  Am. Chem. Soc. 1984,106,4570. 
Sivenaaa, S. K.; Foote, C. S. Zbid. 1991,113,7672. Kanner, R C.; Foote, 
C .  S .  Zbid. 1992,114,678. (b) Takahashi, Y.; Wakamatau, K.; Kikuchi, 
K.; Miyashi, T. J.  Phys. Org. Chem. 1990, 3, 509. 

(13) (a) Kikuchi, K.; Hmhi, M.; Niwa, T.; Takahashi, Y.; Miyashi, T. 
J. Phy8. Chem. 1991,96,38. (b) Kikuchi, K.; Takahashi, Y.; Hoehi, M.; 
Niwa, T.; Katagiri, T.; Miyashi, T. Zbid. 1991,95, 2378. 

(14) Sandemon, R. T., Chemical Bonds and Bond Energy; Academic 
Preen: New York, 1971. 

(15) (a) Ito, Y.; Matauura, T.; Yokoya, H. J. Am. Chem. Soc. 1979,101, 
4010. (b) Scainno, J. C.; Wubbels, G. G. Zbid. 1981,103,640. (c) Ogata, 
Y.; Tomizawa, K. J.  Org. Chem. 1981,45,785. (d) Engel, P. S.; Woods, 
T. L.; Page, M. A. J.  Phys. Chem. 1983, 87, 10 and references cited 
therein. 

(16) Murov, S. L. Handbook of Photochemistry; Marcel Dekker New 
York, 1973. 

(17) For general experimental information see ref 4c. 
(18) Mukaiyama, T.; Narasaka, K. Org. Synth. 1986,65,6. 
(19) Erikeen, J.; Foote, C. S. J.  Phys. Chem. 1978,82,2659. 
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cis-3,5-Bis(4-chlorophenyl)-l,2-dioxolane (34: 'H NMR (60 

5.41 (t, 2 H, J = 7 Hz), 7.16 (8, 8 H); '% NMR 6 51.5,82.6,127.9, 
129.0,134.2,137.2. 3c including small amounts of 4c: IR (KBr) 
1690,1600,1500,1100,1020,840 cm-'; MS (20 eV) m/z 298,300 
(M+). Anal. Calcd for Cl5Hl2O2Cl2: C, 61.03; H, 4.09. Found 
C, 60.97; H, 4.18. 
tm~-3,5-Bis(4ophenyl)-1,2-dioxolane (44: lH NMR (60 

H); '9c NMR 6 51.1, 81.9, 127.9, 129.0, 134.3, 137.2. 
Typical Procedure for DCA-Sensitized Photolysis of 

If-Dioxolane. An acetonitrile solution (4 mL) containing a 6 4  
mixture of 3c and 4c (4 x 1Cr2 mmol) and DCA (2.2 x mmol) 
in the presence of biphenyl or Mg(C104)2 (4 x mmol) were 
irradiated under argon or O2 atmosphere through an aqueous 
NHB-C!uS04 fidter solution using a merry-go-round apparatus for 
40 min. The reaction mixture was analyzed by 'H NMR. The 
product ratio was determined by integration of the signals. The 
results are shown in Table 11. 

DCA-Sensitized Photolysis of 3d and 4d for Preparative 
Runs. A 7:3 mixture of 3d and 4d (0.2 mmol) and DCA (0.01 
mmol) in acetonitrile (8 mL) was irradiated for 3 h under argon 
atmosphere, and the solvent was removed. 'H NMR analysis of 
the reaction mixture showed the formation of 5d, 6d, and 7d in 
a 57:29:14 ratio. Formation of 6d and 7d was confirmed by the 
comparison of the spectra with an authentic sample. The reaction 
mixture was chromatographed on silica gel. Elution with Et- 
OAc-benzene (28) gave 1,3-bis(4-methoxyphenyl)-l-hydroxy- 
prop-Sone  (Sa, 23 mg, 40%): 'H NMR (60 MHz,  CDCld 6 3.23 
(d, 2 H, J = 6 Hz), 3.72 (8,  3 H), 3.77 (8,  3 H), 5.18 (t, 1 H, J = 
6 Hz), 7.00 (ABq, 4 H, Av = 26 Hz, J = 8 Hz), 7.29 (ABq, 4 H, 
Av 60 Hz, J = 8 Hz); I3C NMR 6 46.8, 69.8, 55.5, 55.3, 113.8, 
113.9,127.0,129.7,130.5,135.3,159.1,163.9,198.8; IR (neat) 1660, 
1600,1510,1250,1170,1030,830 cm-'; MS (70 eV) m/z 268 (M+). 

Thermolysis of If-Dioxolane. A solution of a 6:4 mixture 
of 3c and 4c (4 X l@ mmol) in benzene was refluxed for 8 h under 
NP 'H NMR analysis of the reaction mixture showed the for- 
mation of 6d and 7d in a 1:l ratio! Similar solution in acetonitrile 

MI&, CDC13) 6 2.60 (dt, 1 H, J = 7 and 12 Hz), 3.47 (dt, 1 H), 

MHz, CDC13) 6 3.00 (t, 2 H, J = 7 Hz), 5.41 (t, 2 H), 7.27 (8, 8 

was stirred for 2 h at 50 "C, and the 1,2-dioxolanea were recovered 
quantitatively. 

Triplet-Sensitized Photolysis of If-Dioxolanes. A benzene 
solution (4 mL) containing a 6 4  mixture of 3d and 4d (4 X 
mmol) in the presence of benzophenone (0.1 mmol) was irradiated 
under argon atmosphere through a Toshiba W - 3 5  glase filter 
(>320 nm) for 100 min. 'H NMR analysis showed the formation 
of 5d, 6d, and 7d in a 275221 ratio (conv: 69%). Similar4rra- 
diation in the presence of fluorenone through an aqueous NaN& 
filter solution (>400 nm) for 35 min gave Sd, 6d, arid Id in a 
33:50:17 ratio (conv: 95%). Irradiation without triplet sensitizer 
under the same conditions gave 3d and 4d quantitatively. 

DCA-Sensitized Photolysis of a Keto Afcohol. An aceto- 
nitrile solution (16 mL) containing 5a (0.15 mmol) and DCA (0.035 
mmol) in the presence of Mg(C104)2 (0.8 mmol) was irradiated 
with O2 bubbling for 4 h, and the solvent was removed. The 
reaction mixture was chromatographed on silica gel to give benzoic 
acid (12 mg, 66%). An acetonitrile solution (4 mL) containing 
5a (4 X "01) in the presence 
of Mg(C1OJ2 (0.2 mmol) was irradiated under O2 atmosphere ueing 
a merry-go-round apparatus for 180 min. 'H NMR analysis 
showed the formation of benzoic acid (conv: 74%). In the absence 
of Mg(C10J2, a complex mixture which contains only small 
amount of benzoic acid and large quantitiea of polymeric material 
was formed (conv: 40%). 
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We report an efficient eight-step synthesis (26% overall yield) of brexan-%one (tricyc10[4.3.0.03~~]nonan-2-one, 
12). This ketone then served as a convenient precursor to the mechanistically useful m o l d e a ,  homobrexap-2-me 
(tricyclo[5.3.0.04~8]decan-2-one, 14) and homobrexene (tricycl0[5.3.0.@.~]dec-2-ene, 20). Several homologation 
sequences for the preparation of 14 were developed and can be easily adapted to allow selective introduction 
of I3C and 2H labels in 14 and 20 for various mechanistic studies. 

Introduction 
The tricyclic brexane skeleton 1 is comprised of two 

partially superposed norbornyl unita (see bold lines in la 
and lb),l and ita C2 symmetry relegates a substituent Z 
at C-2 to be eimultaneously exo to one norbomyl unit and 
endo to the other. Interchange of Z and H at that site 

t k 
a b 

1 

produces neither an enantiomer nor a diastereomer but 

'Current Address: Naval Surface  War fa re  Center, Silver Spr ing ,  
MD 20903-5000. 
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a structure superpogable upon the original (i.e., la = lb). 
This unique situation, along with the skeletal rigidity, has 
led researchers to use brexyl systems for a variety of 
mechanistic and synthetic studies. 

For example, mechanistic studies of brexyl2-braylate 
(1, Z = OBs) and related compounds have provided new 
data2 relevant to the long-standing, but currently quies- 
cent, debates3 about solvolysis behavior of ero- and 

(1) Nickon, A.; Kwamik, H. R.; Swartz, T. D.; Williams, R. 0.; Di- 
Giorgio, J. B. J. Am. Chem. SOC. 1966,87, 1613-1615. 

(2) (a) Nickon, A.; Swartz, T. D.; Sanebury, D. M.; Toth, B. R J. Org. 
Chem. 1986,51,3736-3738. (b) Nickon, A.; Weglein, R C. Tetrahedron 
Lett. 1986,27, 2675-2678. 

(3) (a) Rachon, J.; Goedken, V.; Walbomky, H. M. J. Org. Chem. 1989, 
54,1006-1012. (b) Schleyer, P. V. R.; &dig, K.; Wiberg, K. B.; Saundem, 
M. J. Am. Chem. SOC. 1988,110, 300-301. (c) Grob, C. A. Acc. Chem. 
Res. 1983,16,426-431. (d) Brown, H. C. Ibid. 1983,16,432-440. (e) Olah, 
G.; Prakaah, G. K. S.; Saundem, M. Zbid. 1983,16,440-448. (f) Walling, 
C. Ibid. 1983, 16, 448-454. 
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