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Results from study of the photochemistry of N-allylpyrldrnrum and -quinolrnrum perchlorates 

demonstrate that intramolecular electron transfer occurs to generate cation dlradical pre- 

cursors of products contwnrng the tetrahydroindolrzidine moiety. Catalytic hydrogenation 

of the crude photolysates leads to productron of perhydroindolizidines in synthetically useful 

yields 

Our recent photochemical studies have focused on substances containing the rminium 

lCr, +/ ;-,I grouping ' These efforts have uncovered rnteresting excited state processes 

inltrated by one electron transfer from TV- and n-electron donors to the +/ )C=N,grouping. 

Pyridinium and related heteroaromatrc cations which contain this chromophore should serve as 

rnterestrng electron acceptors In excited state processes as evidenced by examples of alcohol 

photoadditions proceeding by electron transfer mechanrsms.3 Relevant electrochemical and 

photophysical data4 suggested that electron rrch olefrns should serve as electron donors to 

singlet excited states of these heteroaromatrc salts. Indeed, fluorescence auenching studies 

with qurnolinium and isoqulnolinium salts and olefins of varying oxidation potentials demon- 

strated a correlation between quenching rate constants and predicted" ket values These 

frndrngs strmulated an exploration of the photochemrstry of the N-allylpyridinlum and -quino- 

linium perchlorates l-4. 

Irradiatron (flint) of a methanolic solution of 45 gave, after catalytrc hydroqenation 

(Pt02), neutralrzatlon and chromatographic separatron (silica-gel), a mixture of 1,2,3,4- 

tetrahydroqurnoline (23%) and the stereoisomeric (1 6-l) bensoindolizidines 5 '27%) (Q=O 004)6. 

The qurnolinium salt 4 is converted to a mixture of tetrahydroquinoline (37%) and the draster- 

ecmeric carbinols 6 (21%) when irradrated In 25% aqueous-acetonrtrile followed by the above 

described work-up The features of these lndolrzldrne formrng reactions are explarned 

through the mechanism outlrned in Scheme 1 Importantly hydrogenatron of the crude photo- 

lysate must be conducted prior to neutralrzatron owing to the rnstabrlity of the neutral 

substance 10 (Rl, R2=benso) __ Qurnolrne, the precursor of the tetrahydro maternal, can be 

qenerated by one of a number of photofragmentatlon pathways6 leadrng to the prenyl cation S 

(R3=CH3) Trapplng of 8 occurs to yield (CHJ)_C(OCH3)CH=CH2 and (CH3) 
L 2 

C=CHCH2CCH3 In a 

1 1 4 rat10 

Investrgatrons with the pyrrdrnlum salts 1 and 2 provided additional information 
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I (Rl=R2=H;R3=CHS) 

of> <I ’ 
+ N’ CH3 

ClO,- L&m3 

4 

-OR 

5 (R=CH3) 

6 (R=H) 

2 (Rl=R2=R3=H) 

3 (RI =H;vCO$H&=CH3) 

about the process The N-prenyl salt 1 undergoes efficient (90% at 54% converslon, +O 04)~ 

photocycllzatlon glvlng the stereoisomerlc perhydroindollzldlnes J.. when lrradlated In methanol 

followed by hydroqenatlon, neutrallzatlon, and molecular dlstlllatlon Interestingly, the 

hexahydrolndollzldlnes 11 are Isolated In slmllar yields when catalytic hydrogenation 1s not 

performed prior to neutralization and work-up of the crude photolysate ProductIon of 13 under __ 

these conditions suggests that an unusual process is involved In reduction of the lnltlally 

formed tetrahydrolndo11zidine Cl_!, R1=R2=H) or a protonated derlvatlve The mechanistic 

details of this process are currently being explored. 

AddItIonal data about the electron transfer nature of these reactions are provided by 

study of the N-ally1 perchlorate 2. Intramolecular electron transfer from the monosubstltuted 

olefinlc unit in ? to the slnglet pyrldlnlum moiety should be lnefflclent (AGeto=_ 0 kcal/mol) 

as compared to 1 (AGeto=. -24 kcal/mol).4 Thus, the excited state reaction pathways followed 

by 2 might mlmlc those of N-alkyl analogs. Accordingly, lrradlatlon of 2 (Corex) In methanol 

followed by basic work-up and molecular distlllatlon yields (86%, (Z=O 0024) the amlnocyclo- 

pentene 14, characterized by x-ray crystallographic analysis of Its dlmethylammonlum salt .a 

A route, analogous to one described earlier by Wllzbach and his co-workers', and not 

lnvolvlng electron transfer via an acid catalyzed, stereocontrolled methanolysis of 16, is 

responsible for this photoreaction N-Methylpyrldinlum perchlorate produces (80%) 12 via 17 

under slmllar conditions Accorcllngly, 17 can be detected by glc analysis of the neutralized 

photolysate prior to It rapid (2h, dark) conversion to 1;G 

The above observations suggest that lndollzldine forming photocyclizatlons of N-allyl- 

heteroarcunatic salts proceed by electron transfer mechanisms involving cycllzation of the 

ultimate dlradlcal 9. These features were further explored by study of the methyl nlcotlnate 

derived salt 3. Based upon spin density datalo and borohydrlde reduction studles,'l 1t 1s 

expected that dlradlcal cycllzatlon In this case should generate 6_carbomethoxytetrahydrolndol- 

izldines (10, _. R=H, R2=C02CH3) which should resist secondary reduction If prior protonatlon of 

the dlhydropyrldlne moiety 1s required Our observations support this conlecture. Irradla- 

tlon (Corex) of ! In methanol followed by basic work-up generates only trace quantltles of 

materials arlslng by fragmentatlcm pathways 12 An unprotonated tetrahydrolndollzldlne formed 

under these work-up condltlons would be unstable In contrast, two steroolsomerlc indollzl- 

dines J.. and 19, are obtalned In reasonable yields (28% and 25%)13 when the crude photolysate 
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Scheme I. 

ROH 
/ 
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.z+ RI 

II 
1s hydrogenated prmr to neutrallsatlon. The structural assignments to these indolrzldlnes 

are based on spectroscopic data. Chemical methods were employed to gain stereochenucal 

information. Indollzldmes ;a and 1. are epimerised (NaOCIi2, CA30?I) to two different 

c&Y; 
3 

I2 I3 IS (R*CH3) I7 

stereolscmars, zc and 21, respectively. Thus, the photocycllzatlon products must be epmarlc 

at C-2 and have the thennodynaaucally less favored cm relatlcnshlp at I-I-8a and H-6. The 

latter result 1s expected since hydrogenation of the dlhydropyrldlne rmg of &O (R1=H, 

R_=CO,CH,) should occur from the least hmdered a-face. 

I8 (Rl’OCti3, R2=H, R3=H, R4=Cw3] 

I9 (Rl=H&=OC~, Rs’H&=CO~CH~) 

20 (Rl=OCH3, R2=H, R3-2CH3, R4=W 

21 (RI =H, vOCH3, R3=CO2C)s. R4=H) 
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