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Absfrack The triplct-seasitized photoreuMseme0 of 2-pllmyldlyl phosphita 4 is of tlw oxder m-100 tinKa leaa efticialt 
tbmtbttixits~ycliccounteIp8rt. l.Thisriurph& effa%uabe- intemsoftIu3iuflueaceofthespimring 
systsmof10onths~ofits~v~ionto~~~ymorssbblellfromwhichpbosphonrts 12 is fomd. 

An earlier report’ from this laboratory showed that dimethyl 2-phenylallyl phosphite, 

(MeG)$GCH,C(Ph)=CH, (l), undergoes benxophenone+sensitixed photorearrangement to the phosphonate, 

(McGhP(O)CH,C(Ph)C=CH, (3), totally regioselectively, and nearquantitatively, even at complete conversion 

of 1. The measured quantum yield for formation of 3, +d3), in benzene is 0.22.” It was proposed that triplet 

phosphoranyl 1,3-biradical2 is the key intermediate in this process. We report here an wmpecfed reduction in 

the efficiency of this photorearrangement on placing phosphorus in a six-membered ring. This finding is seen 

to be best understood in terms of the influence of the spiro ring system (structure 5, represented by 10 in 
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Scheme 2) that leads to a decrease in the rate of permutational isomer&ion of the initially formed 

phosphoranyl 1,3-biradical, 5, a step we propose to be essential to the formation of phosphonates 3 and 6 via 2 

and 5. 

Thus, we were surprised to observe that phosphite 4 reacted only very sluggishly under condition$ of 

benzophenone photosensitization (*p(6) = 0.003 in C,H&ti The regiochemistry of benzophenone-sensitized 

conversion of 4 to 6, equation 1, was the same as that for the benzophenone-sensitized conversion of 14 3 as 

required if the photorearran gements of 1 and 4 have common mechanisms. (Prom 2H NMR measurements on 

1.3, and isolated 4, and 6.) Clearly, based on the mechanism of Scheme 1 and equation 1, the low efficiency 

of the reaction of 4 may arise from either poor triplet energy transfer or decreased subsequent reactivity of its 

triplet excited state. 

However, an alternative mechanism for the photorearran gements of 1 and 4 needs to be considered. 
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This mute involves initial plmtoinduced sir&l- transfer from phosphorus to triplet benzophenone 
followed by electraphilic addition of the phosphorus cation radical to the sty@ moiety to give a five-membered 
ring cation radical intermediate otherwise similar to 1,3-bimdicals 2 and 5. Although this SET process in 

CH&N is estimated @hem-Weller equation’) to be only marginuUy u@iim& energetically,5~7 we found the 

phosphorescence of triplet benxophenone to be rapidly quenched by (EtOhP in CH&N, ho = (1.3 f 0.1) 
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x l@ M’S’. It was for this mason that the above +r were measureds’ in benxene in which AG for the same 

electron transfer should be greatly disfavored, i.e. by 30 Wmol.4~5 Unfortunately, determination of k. for 

the benxophenone phosphorescence quenching by 1 and 4 in benzene, as a measure of the relative efficiencies 

of triplet energy transfer, was unsuccessful. 

Indisputable evidence uguinsf an electron-transfer mechanism for the benxophenone triplet induced 

phokuearmngements of 1 and 4 comes from our recent study of the rearrangements of 1 to 3 and 4 to 6 

induced by the first singlet excited state of 9,1Odicyanoanthracene in CH,C!N.* In these procemes, which do 

involve photo-induced electron tran@r, the photomarmn gements of 1 and 4 occur with reduced but essentially 

i&nticul quantum yields: &. = 0.03 or 1; $ = 0.02 for 4.” Measured values of *r. for benxophenone- 

sensitized pho uneanangement of 1 and 4 in CH$N (0.32 and 0.004, respectively) were determined% to be 

very close to those in knzerte, consistent with a common mechanism in the two solvents, presumably the 

triplet process of Scheme 1 and equation 1. Rate constants, ko, for quenching of the phosphorescence of triplet 

Ph,CO by 1 and 4 in CH&N were determined to be essentially the same, (4.0 f 0.1) x IO9 M-k’ and (4.5 f 

0.1) x IO9 M-k’, respectively. Thus, from relative $ values, ($(l)/&(4), for photo rearrangement of 1 and 4 

in benzene and CH,CN, the presumed triplet excited state of 4 is 50-I&_7 times less reactive than that of 1. 

One also must consider the possibility that phosphites 1 and 4 quench the phosphorescence of triplet 

Ph,CO chtunkuZly by the reactions of equation 2 that lead ultimately to product phosphonate. Indeed, Ph&O is 

- 2,s 

8 

2) 

known to mimic the reactions of an alkoxy radical to give photoreaction products with Ph,P that most probably 
arise from an adduct like 7.9 

To avoid totally the possibility of either electron-transfer or chemical initiation of these 

photorearrangemmts, triphenylene’” was used as a triplet sensitixer;3 and O,zb and ho values for 1 and 4 in 

kzerze were dekrmined. Since triphenylene triplet does not phosphoresce, the quenching rate constants, ho, 

wern &tern&d by photothermal lens spectroscopy. *’ pate constants for quenching by 1, (4.4 rt 0.6) x lo9 

M-k’, and 4, (3.7 f 0.3) x lo9 M%*, are closely similar to one another and, incidentally, to those noted 

above for quenching of Ph$O phosphorescen ce by 1 and 4 in (X&N. Significantly, 9, for 1 (0.25) and 4 
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(0.003) in benzene were detmhaP to be very close to those measured with benqhenone as sensitixer (see 

above); and the total regioselcztivity comqonding to that depicted in Scheme 1 and equation 1 also was found 

with tiphenylene sensitization of the photorearrangements of both 1 and 4. 

The most masonable conclusion to be drawn from these results is that the triplet excited states of both 

benxophenone and triphenylene rmn@r rripkr energy to 1 and 4 in an efficient manner at the 0.01-0.07 M 

concentmtions of phosphites and 0.05 M concentrations of sensitixer used in these experiments. One is forced, 

therefore, to try to understand the relatively low reactivity of the triplet excited state of 4 towards formation of 

6. Scheme 2 depicts the apical introduction of the attacking primary alkyl radical-like terminus of the triplet 

styryl moiety (9) in formation of the initiul trigonal bipyramidal, phosphoranyl 1,3biiical intermediate, 10. 

Rinetic ESR, and product evidence for the reversible apical entrance and departure of alkyl substituents in u- 

type phosphoranyl radicals is strong;t2 and monoradicals related to 9 are clearly near-trigonal bipyramidal in 

~tructure.‘~ Adduct 10, however is thermodynamically less stable than is 11 which has the ring substituents in 

energetically more-favored positions. We suggest that for 10 to be successfully trapped, the fhetmu@amicuZ~ 

fawmbkand pmmmably inwersible ptmuta!ion 10 + II musf be mpid. once-formed, 11 then leads to 

phosphonate 12. 

Permutation 10 d 11 (mode 4, M,“) involves two ring atoms and the odd electron on phosphorus. 

Kinetic ESR investigations have established” that this permutation (or any other) for spire radical 13 cannot be 

detected even at 120 “C, the upper temperatum limit at which this radical could be observed. By contrast, the 

same permutation process involving the five-membered ring and the odd electron for radicals like 14’* proceeds 

rapidly with observed k_ of 106 - 16 s-t at a relatively low temperature, 0 0C.16 Therefore, the rearrangement 

07 ._J.,d 07 
I.0 
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equivalent to 10 4 11 (Scheme 2), but with oxygen atoms 1 and 2 not in a ring (biradical2, from phosphite 1). 



willbenlativelyr;rpid,whilefbrspiroredicals@iradic915fnnn~sphite4),10~11willbetooslowto 
~~efficientlywitbreconvenionof1Oto9most~yasitrgroundstate.It913o~~t~ 

formation of 12 from 10 is not fast enough to compete with lL9. 

The above treatment combines in novel fashion knowledge of the reversible, apical addition of primary 

alkyI radicals to ute phosphorus with the established effect of spiro structures on the permutational 

isomerization rates of phosphoranyl radicals. Provided, thereby, is an understanding of the factors that 

determine the efficiencies of the above photorearrangements which involve somewhat unusual 1,3-biradicals. 

This approach also incorporates and substantiates the view that styryl triplets are essentially 1,2-biradicals” that 

addtoth me-coordinate phosphorus in much the same way as do primary alkyl radicals. 
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