
Tetrahedron Letters Vol. 21, pp 4865 - 4868 
@1Pergamon Press Ltd. 1980. Printed in Great Britain 

blichiko Iwamurn, Ilideyuki Tukada, and Hiizu Iwamura* 

Uepartment of Chemistry, Facult); of Science, Toho University, 2-2-l SIiyama, 

Funabashi 274, L)epar‘t:nent 01 Ohemistr>~, Faculty of Science, The University of 

Tokyo, ?-3-l Hongo, Bunkyo-ku, Iok 113, and lhc Tnstitute for Molecular 

Science, hiyodai j i, Okazaki $44, Japan 

Abstract: ‘l‘he two series of title compounds _shoc\ contrasting bridging regio- 
selectivity rcith respect to the hridgehearl .sllhstituent~ and are suggested to 
have dirferent stages of the reactions which determine the ultimate pathway. 

stabi 1 ity of t.he radic.al centers of initial intermecliate crclopropyldicarbinyl 

diradicals,’ little is knoLvn on controlling factors of t.he substituents at the 

“met.hanc” position. Ciganek 16;~s the first to recognize the modest effect of 
7 

the bridgehead methox~carbon)-1 group.’ linfavorahle (I to 2) bridging at the 

end nearer to this group r%as interpreted as arising from a reluctance to have 

the clecrroncgative group held 1~) a bond \Lllich becomes heavy in s character. 
4 

The regioselective rearrarlgement of the bridgehead ncetoxy- and h>.droxy- 

dibenzobarrelene derivatix-es h> altcrnati1.r routes \<as explained in terms of 

the effect of hydrogen l)oniling ,ind the rlcctroncgativity of the br idgehcad 

substitucnts on the reaction prcfilc. 
5 In order to disclose the effect oi a 

Icider range of the suhstitucnts at the methane position on the bridging 

selectivity in di .]I-rnethnnc 5;).stc;ms and to find some clues to mechanistic 

distinction of triptycenc i:llotol-ea~rangem~r~ts from those of the typical di-n- 

me t h an c s , xe have undertaken a comparative study of the photoisomerization of 

a scr-ies of 9,111-etheno- and ~,l~~~io-benr.eno~-~,10-dii~~clroantllracenes with 

bridgehead substitution. 



s 
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mercury source through Pyrex filter in an immersion apparatus for 1.5 h at lo- 

15 'C while argon was passed through the solution. The resulting solution was 

concentrated under reduced pressure and the residue was purified by preparative 

tic on silica gel to give 240 mg (96 %) of dimethyl 5methoxydibenzotricyclo[3. 

3.0.02'8]octa-3,6-diene-l,Z-dicarboxylate as colorless needles (from TIIF-hexane, 

1:5): mp 147-147.5 "C;llI .WR(CDC13) 6 3.52(s, OCH3), 3.72(.s, LOzCD3), 3.79(s, 

C02CH3), 4.34(s, H-8), 7.0-7.4(m, aromatic 7H), and 7.Sm7.8(m, aromatic 1H); IR 

(KBr discs) 1734, -1 7 1440, 1240 and 1217 cm . 

There are two possible termini capable of competitive vinyl-bcnzo 

bridging in the excited triplet states (path a and b in Scheme 1). Dibcnzo- 

semibullvalene A via path a can be distinguished from product B via path b 

based on the ' 1I IWR chemical shifts; 
3,5 

the methine protons for A and B appear 

at 6 5.0-5.1 and 1.2-4.5, respectively. The bridging regioselectivity obtained 

from these product analyses is given in Table 1. The following trends are 

noted. There arc the oxygen and bromine atoms which carry a lone pair of 

electrons and disfavor the bridging at the II-ends near to these atoms. The 

carbonyl functions are moderately selective for b-bridging as already noted. 3 

The effect of other r-accepting groups is apparently not consistent; bridging at 

the end of the phenyl substitution is accelerated rchercas the nitro group is 

retarding. Simple alkyl groups favor b-bridging slightly but there appears to 

be a conspicuous stcric inhibition of a-bridging in the case of the tert-butyl 

group. 

These bridging regioselcctivities would he interpreted in terms of the 

relative stability of the initially formed cyclo~~ropyldicarbiny1 diradicals A' 

and B' . As an example of the effect of a corner suhstitucnt on the strength of 

the opposite edge CC bond in cyclopropanes one may cite the studies OP the 

substituent effects at position 7 on the equilibrium between norcaradienes and 
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the corresponding tropilidenes. It. is known experimentally as well as 

theoretically that sr-electron acceptors, e.g., Cl, C02CIr3 and cffcl, should 

stabilize the cyclopropane ring and thus favor the norcaradiene tautomer over 

cycloheptatriene, while n-electron donors, e.g., 0CH3, should destabilize the 

cyclopropane ring and thus shift the equilibrium toward the tropilidene 

tautomer. 8 
The preferred bbridging observed as in Table 1 for the oxygen 

functions and bromine atom is thus accounted for. In order to explain the 

varied effects of the v-acceptors, the disfavoring effect of electronegativity 

of the substituents on residing at the bridging cyclopropane ring should be 

additionally taken into account. Ke point out that a rate of inhibition of ca. - 

150-fold relative to 1,1,5,5-tetrapheny1~3,3-dimethy1-1,4~pentadiene when the 

methane carbon bears two cyano groups instead of methyl has been interpreted 

in terms of the methane carbon becoming electron deficient as bridging occurs to 

furm the S1 cyclopropyldicarbinyI diradical, 
9 

The phenyl group is least 

electronegative (UT = 0.10) among the n-acceptors in ‘l‘ablc 1 and therefore should 

be the only one n-acceptor which leads to a-bridging exclusively. As electro- 

negativity increases as indicated by the Taft CI I values of 0.34 and 0.35, the 

proportion of the a-bridging decreases to 29 and 12 % for the acetyl and formyl 

p,l-oLlps, respectively. The nitro group is most electronegative (eI = 0.70) and 

Path a is not observed an:. more. 

Turning now to the 

Table 1. Bridging Regioselectivity for ?‘yrpical bridging regioselectivity 

Ui-n-methane and ‘lriptycene Photorearrangements of the bridgehead-substi- 

tuted 9,10-(o-benzcno)-9, 

N Et.hcnoanthracene ok Acnzenoanthracenc 

path a path b 
l&dihydroanthracenes, we 

path a path b note hy locating the 

0 100 % 

0 lOUS 

0 100 

29 71 

23 77 

0 100 

0 100 

100 0 

2Y 71 

12 88 

0 100 

lOiJ1” 0 
” 9 

lUU10 0 

21 79 

0 100 

100 0 

100 0 

lOOr 0 

100 0 

substituent in the photo- 

products due to carbene 

intermediates A and B ” in 

Scheme 2 tllat , with the 

exception of alkyl groups, 

bridging takes place always 

at the end of the o-benzeno 

moieties near to the 

substitucnts. The results 

are quite a contrast to the 

typical di -n-methane 

rearrangement in the 

ethenoanthraccnes in h-hich 

path 11 prevails and path a is rather an exception. The preference of path b for 

alkyl groups is probably due to steric inhibition of bridging as in the etheno- 
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anthracenes. The predominant a-bridging irrespective of the other suhstituents 

suggests t.hat the product developing step should not be associ.ated hith the 

initial bridging to form cycloprop~ldicarbinyl diraclicats .\’ and 13’ in tile 

triptyccnes but with a later stage on the excited state energy surface of the 

rearrangement. Since most of the substituents can stabilize the radical and 

carbenic centers when directly attached, either an alternativTc diradical C 

\\hich may come later in the course of t.bc rearrangement 

or a concerted chcletropic el imination of tbc monocentric 

diradicals is proposed as responsible for the product 

forming step in the triptycene photorearrangcr;lcnt. 
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