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ALLYLSTANNANE PHOTOADDITIONS TO IMMRJM SALTS. 

EFFICIENCIES OF SEQUENTIAL ELECTRON TRANSFER DESTANNATION 

VERSUS DESILYLATION PATHWAYS 

Robert M. Borg and Patrick S. Mariano+ 

Department of Chemistry, University of Maryland 
College Park, Maryland 20742 

SUMMARY. Electron transfer induced, photoadditions of allyltins to I-methyl-2-phenyl-l- 

pyrrolinium perchlorates have been probed. The quantum efficiencies of these processes are larger 

that for photoaddition of the corresponding allylsilane. 

In previous investigations, we have explored the photochemistry of iminium salt-ally1 and benzyl- 

silane systems.’ These efforts have established that electron transfer mechanisms (Scheme 1) are 

operable for generation of the adducts 1. Continuing studies focused on preparative applications of 

these processes have demonstrated their utility as photocyclization methodologies in synthetic 

approaches to members of the harringtonine, 2a,b 
erythrina, 

2c 
and protoberberine and spirobenzyl- 

isoquinoline 2d 
alkaloid families. 

The key step in these photochemical reactions is proposed to be nucleophile induced elimination 

of the trialkylsilylmoiety, located B to the positively charged radical site. The facility of this 

elimination is most probably due to the large interaction between the oC_si and x orbitals which 

results in delocalization of the positive charge density into the C-Si a-bond. This feature, while 

leading to thermodynamic stabilization of the radical cation function,3 results in a kinetic instability 

similar to that possessed by a-silyl carbocations.4 Thus, the low ionization potential5 and facile 
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electrophilic substitution reactions of allylsilanes6 are both rationalized on the basis of these features. 

Orbital interactions of this type exist to a greater extent in allylstannane systems. In fact, the 

ionization potential of the tin-substituted propenes are lower than those for the silicon analogs,’ and 

allylstannanes are known to readily participate in allylation reactions with carbon electrophiles.8 

On the basis of these observations, we felt that the electron transfer induced, photoreaction 

pathways followed by organosilanes as outlined in Scheme 1 might be also followed by the corresponding 

tin-species. In addition, we anticipated that the enhanced a(metal-carbon) n-orbital interaction in 

the stannane cases could lead to higher photoaddition reaction efficiencies. Preliminary studies have 

confirmed these postulates. 

Irradiation (A>XOnm) of I-methyl-2-phenyl-I-pyrrolinium perchlorate (l)lay9 in the presence of 

allyltrimethylstannane (2)l” (0.20M) in methanol, followed by basic work-up and chromatographic 

purification (silica gel) led to isolation of the known’ pyrrolidine 5. Similar results were obtained 

when allyltri-n-butylstannane was used as substrate or when acetonitrile was employed as solvent. 

Control experiments established that addition reactions did not occur in the absence of light. 

Importantly, the yields for production of the isolated adduct 5 from the allylstannanes 2(71%) and 

3(60%) are nearly the same as that from the analogous silicon species 4 (66%).11 

+ CH,=CHCH,MR, 

Quantum yield measurements reveal a more dramatic difference between the efficiencies for 

electron transfer induced photoadditions of the allylstannanes and allylsilane to pyrrolinium salt 1. 

The limiting quantum yields (u,) for adduct formation were determined by measuring the quantum 

efficiencies at varying concentrations of the allylmetallic substrate in acetonitrile (Table 1).12 The 

intercepts of l/0 vs. l/[allylmetallic] plots correspond to quantum yields at infinite allylmetallic - 
concentration and reflect the relative rates of cation radical pair demetallation vs. back electron - 

transfer. As is evident from inspection of the data in Table 1, the efficiencies for allylstannane 

photoadditions are approximately one order of magnitude greater than that for the allylsilane photo- 

addition. This difference can be attributed to the greater interaction occurring between the cSn_C 

and x-orbital in the cation radical 6 which causes a greater rate of demetallation relative to back 

electron transfer. 
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Table 1. Limiting Quantum Yields for photoadditions of Allylmetallics 2-4 to Pyrrolinium Perchlorate 1. 

Allyimetallic 0 
t 

2 0.23fo.03a 

3 0.21+0.03’ 

4 0.02+0.002b 

(a) Obtained at low allylmetallic concentration, due to competitive light absorption, by the method 
described in ref. la. 

(b) This value was determined in previous work, ref. la. 
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The lower ionization potential of allylscannanes as compared to allylsilanes contributes to the 

observed differences in fluorescence quenching rate constants. Accordingly, the k -values (MeCN, 

25°C) for quenching of 1 fluorescence by 2 and 4 are 6.8?r0.1x109 M-is-l and 4 I:0 1 x lo9 M^ls-t . . , 
respectively, reflecting the respective ionization potentials of 8.7e V7 and 9.0 eV5 for 2 and 4 

We are continuing our investigations of the allyltin and related be&tin electron transfer 

induced, photoaddition reactions in order to evaluate their synthetic potential. 
13 
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