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amorphous polymer  electrolyte^.^^'^^'^ 
The conductivity of a polymer electrolyte, as given by a con- 

figuration entropy model, follows eq 2, where the A term is 

u = exp(-B/(T - To)) (2) 

proportional to the number of charge carriers, and the To term, 
in the exponential, is closely related to the glass transition of the 
 ample.^.'^ The conductivity of (AgS03CF3),.MEEP complexes 
increased with increasing salt concentration as expected (0 < x 
< 0.17), however, further increases in salt concentration resulted 
in diminished conductivities (Figure 2). The progressive im- 
mobilization of polymer chains resulting in restricted segmental 
motion of the polymer and increased rigidity would account for 
the rising Tg values and decreasing conductivities ob~erved . I~- '~  

Complexes of poly(ethy1ene oxide), and LiS03CF3 or LiC104 
(0.125:1), are useful battery electrolytes above 100 0C.15-'7 
Between room temperature and 100 OC, the conductivity of 
(LiS03CF3)o,25-MEEP is 1-3 orders of magnitude larger than that 
of the poly(ethylene oxide) systems. Thus in contrast with the 
p l y  ether-based electrolytes the new polyphosphazene electrolyte 
is a good candidate for a room-temperature thin-film battery. 
Concentration dependence of the ion mobility and T, for the new 
phosphazene electrolytes substantiate current models for the in- 
fluence of charge carrier concentration and fluididity on the ion 
transport in solvent-free polymer-salt complexes. 
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Our recent investigations in the area of electron-transfer 
photochemistry have led to the development of preparatively useful 
photoaddition and -cyclization reactions initiated by electron 
transfer from donors to iminium salt systems.2 In general, the 
key, product-nature-determining step in the mechanistic pathways 
followed in these processes involves conversion of initially formed, 
cation radical pair or diradical intermediates to neutral, radical 
precursors of products (eq 1). 
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The charge-neutralizing, secondary transformations of the cation 
radical species include addition of nucleophiles and loss of elec- 
trofugal groups from sites adjacent to the positively charged 
 center^.^ The actual routes selected appear to be governed by 
the nature of the cation radical species, the types of electrofugal 
groups present in the systems, and the solvent. More recent efforts 
have focused on excited-state reactions of this type activated by 
cation radical desilylation. Examples in which allylsilane-derived 
cation radicals are converted to allyl radical counterparts by loss 
of trialkylsilyl fragments have been described (eq 2) .4 

Owing to the large rate of cation radical desilylation relative to 
nucleophilic addition or a-depr~tonat ion,~ pathways involving 
sequential electron transfer-desilylation serve as useful methods 
for site-selective radical generation. 

This proposal has been successfully tested recently in explor- 
ations targeted at  the development of regioselective methods for 
heteroatom-substituted radical generation. We envisaged that 
cation radicals arising from (trialkylsily1)methyl ether, sulfide, 
or amine precursors would undergo rapid, nucleophile-assisted 
loss of the trialkylsilyl fragment to selectively generate a-alkoxy-, 
a-alkylthio-, or amino-substituted carbon radicals (eq 3). 

L 

The facility of this process would be a result of the good overlap 
existing between the filled u ~ - ~ ~  MO and half vacant heteroatom 
sp3 AO, and the propensity for nucleophilic attack on silicon of 
p-silyl cations! Moreover, this method for heteroatom-substituted 
radical formation would be superior to the more common pho- 
tochemically induced, sequential electron-transfer-deprotonation 
route observed for a number of amine' and etherzc systems since 
the site of radical generation can be controlled by preselected 
placement of the trialkylsilyl grouping at  the proper a-position. 
The results of our preliminary investigations concentrating on the 
photochemistry of 2-phenyl- 1 -pyrrolinium and quinolinium salt 
systems demonstrate that this pathway serves as a mild, regios- 
elective method for radical generation. 

Calculations* based upon the known singlet-excited-state re- 
duction potential of 2-phenyl- 1 -pyrrolinium perchlorate (1) 
(E1pS' ( - )  = +2.9 V)2d and the estimated oxidation potentials of 
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processes. 
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the (trimethylsily1)methyl ethers 2 and 3 and thioether 4 (Ell2(+) 
< +1.9 V)2c,9 suggest that these donor-acceptor pairs should 
participate in efficient electron-transfer processes. Indeed, the 
ethers 2-4 are quenchers of pyrrolinium salt 1 fluorescence with 
quenching rate constants approaching the diffusion-controlled limit 
(ca. (1-3) X lo9 M-’ s-l i n MeCN at  25 “C). As expected, 
sequential electron transfer-desilylation in these systems is com- 
petitive with the quenching mode involving reversible electron 
transfer and results in generation of photoaddition products. Thus, 
irradiationlo of MeCN solutions of 1 (0.04 M) in the presence 
of ethers 2-4 (0.1 1 M) followed by base workup and purification 
by chromatographic methods leads to isolation of the photoadducts 
5-7 (20-35%) along with the bipyrrolidine 8 (9-39%).” As- 

2 ( X R = O E t )  
R-X-  C 5 -  SiMe3 3 ( XR = 0-iPr 1 
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7 ( X R =  Et 1 

8 9 

signment of product structures is aided by comparisons of char- 
acteristic spectroscopic datal2 for these substances with those of 
closely related materials.2c Careful analysis of the product 
mixtures in each case failed to reveal the presence of regioisomeric 
adducts, which could have arisen through isomerization of the 
initially formed primary radicals 11 to thermodynamically more 
stable secondary or tertiary counterparts 1213 or of silicon-con- 
taining photoadducts arising by deprotonation of the cation radical 
intermediates 10 (Scheme I) .  Finally, the superiority of the 
regiocontrol offered by the desilylation route for electron-trans- 
fer-promoted radical production is exemplified by the comparative 
results of reactions of the salt 1 with the silylmethyl-substituted 
ether 3 and methyl isopropyl ether. In the latter case, photoad- 
dition (MeCN) occurs to generate an ca. 2:l ratio of the adducts 
6 and 9 arising by nonselective radical cation deprotonation and 
resulting in insertion of the pyrrolidinyl unit into the respective 
primary and tertiary a-CH bonds.I4 

Further investigations with the ([(trimethylsilyl)methoxy]al- 
ky1)quinolinium perchlorates 13-15 demonstrate that sequential 
electron transfer-desilylation serves as a useful route for diradical 
generation as part of methods for heterocycle ring construction. 
The salts employed in this study were prepared by either N- or 
C-alkylation of the corresponding quinolines with the appropriate 
[(trimethylsilyl)methoxy]alkyl iodide or mesylate followed by 
N-methylation (for 14 and 15) and perchlorate ion exchange. The 
greatly diminished fluorescence quantum yields for 13-15 vs. the 

(9) The ether and thioether systems were prepared by alkylation of the 
corresponding alcohol or thiol anions with (trimethy1silyl)methyl iodide. 

(10) (a) Irradiations were conducted in a preparative apparatus with a 
Corex (for 1) or Flint (for 13-15) glass filter on ca. 300-600-mg scale. (b) 
The conditions used for reaction of 1 with ethers 2-4 favored singlet-state 
electron transfer. 
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Chem. 1975, 40, 1077. Coupling products RXCH,CH2XR have not been 
looked for. 
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methyl analogues 16-1815 suggests that intramolecular electron 
transfer occurs efficiently in the singlet excited states of the 
silicon-containing salts. Irradiation of MeCN solutions of l3-l5lQd 
followed immediately by hydrogenation (PtO,), base workup, and 
silica gel chromatography leads to isolation of the respective 
cyclized products 19-21 in yields ranging from 41% to 61%.12 The 
reduction step is required in the workup procedure in order to 
convert the initially formed dihydroquinolines into the more stable, 
isolated tetrahydroquinoline ring containing products.16 

The results presented above show that routes mediated by 
photoinduced, sequential electron transfer-desilylation serve as 
unique methods for regiocontrolled production of heteroatom- 
substituted carbon radicals. Continuing efforts are designed to 
explore the generality of the process and, in particular, to de- 
termine if electron-transfer-sensitized reactions of (trialkyl- 
si1yl)methyl ether and amine systems are useful for radical gen- 
eration in a variety of synthetic app1ications.l’ 
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The activation of transition metals remains an important goal 
and continues to engender major efforts in heterogeneous catalysis,’ 
metal-vapor chemistry: and synthetic organometallic efforts3 We 
wish to report that the use of high-intensity ultrasound dramat- 
ically enhances the reactivity of transition-metal dispersions. 
Ultrasound ameliorates the condition necessary for the preparation 
of early-transition-metal carbonyl anions, and we believe that the 
technique has general ramifications. 
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