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Abstract. Model studies have demonstrated that diradical cyclization processes, promoted 

by excited state electron transfer-desilylation pathways, serve as novel methods for construction 

of ring systems found in members of the protoberberine and spirohenzyl isoquinoline alkaloid 

families. 

In previous studies, we have demonstrated how sequential electron transfer-desilylation 

pathways' serve as the basis for photochemical processes used to generate diradical intermediates 

as part of efficient methods for heterocyclic-ring construction. 
2 

In more recent efforts, we have 

uncovered new carbon-carbon bond forming processes, occurring upon irradiation of arene-iminium 

salt systems which follow this same mechanistic sequence. 
3 

In these cases, excitation of either 

the iminium salt or the arene components which contain benzylic trimethylsilyl-substituents 

initiates the sequential electron transfer-desilylation process outlined in eq. 1. The remarkably 

high chemical and quantum efficiencies of intramolecular photocyclization reactions promoted in 

this way suggested that this "diradical cyclization" methodology might be applicable to the 

construction of key N-heterocyclic 

families.4 

and carbocyclic ring systems found in selected natural product 

A preliminary evaluation of a number of factors suggested that this methodology might be 

suited to the synthesis of members of the protoberberine and spirobenzyl isoquinoline alkaloid 

classes which share the respective fused- and Spiro-tetracyclic parent ring systems represented 

by 3 and 4.6 In a conceptual sense, the basic ring systems common to these natural product 

families can be envisaged as being generated through synthetic routes in which the tetrahydroiso- 
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quinoline and g-xylyl units are joined at appropriate positions by use of C-C and C-N bond forming 

methods. The initial C-N and C-C bond forming steps employed to unite these fragments in respectivr 

protoberberine and spirobenzyl isoquinoline synthetic strategies following these designs should 

be straightforward owing to the variety of charge affinity patterns indigenous to 3,4-dihydroiso- 

qui.noline, _ o-xylyl halide and related systems. Diradical cyclization methods would then be 

applied to create the fused-heterocyclic or Spiro-carbocyclic C-rings in the target natural 

product structures. 

These concepts are manifested in strategies for protoberberine and spirobenzyl isoquinoline 

alkaloid ring construction outlined in Scheme 1. Excited state initiated electron transfer- 

desilylation sequences would be involved in the generation of diradical intermediates 2 from the 

corresponding dihydroisoquinolinium salts 1 in routes to the respective tetracyclic amines 3 and 

4. The results of recent photochemical investigations with the hydroisoquinolinium perchlorate 

salts 6, 10, and 11 described below indicate that the approaches embodied in this scheme are 

viable and represent new and potentially efficient methods for isoquinoline alkaloid synthesis. 
1 

scheme 1. 

The N-o-xylyldihydroisoquinolinium salt 6 was formed by the silver ion assisted N-alkylation 

of 3,4-dihydroisoquinoline with g-(trimethylsilylmethyl)benzyl bromide 5 (AgClO,, MeCN, 25°C; 

recryst MeOH; mp 140-142°C; W(MeCN) max 285nm; 64%). Irradiation (A>27Onm) of a MeCN solution 

of this substance followed by aq. NaHC03 work-up, flash chromatography on silica-gel (25% Et20- 

hexane) and recrystallization (Et20) provided the known' tetracyclic product, berbine (3) (mp 80- 

82'C, lit' mp 85°C) in 80% yield. 
10 

The sequence used for preparation of the l-benzyl-2-methyldihydroisoquinolinium perchlorate 

10 began with the addition of o-(trimethylsilylmethyl)benzyl magnesium chloride 7 (from the corre- - 

sponding chloride) 
8 

to 3,4_dihydroisoquinoline (Et20, 25'C, 15%). The formed tetrahydroiso- 

quinoline 8 was then converted to its dehydro derivative 9 by N-chlorination (NCS, Et20) and 

dehydrochlorination (KOH, MeOH, 88% overall). Silver ion assisted methylation (AgC104, MeI, MeCN; 

recryst MeOH, 66%) of 9 provided the desired perchlorate salt 10 (mp 156-158'C; W(MeOH) max 283 

+ 
Th4S 

CQ 3 a 3 
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nm). In contrast to the high efficiency observed for photoreaction of 6, photocyclization of 10 

proved to be an extremely low yielding process. Accordingly, irradiation (X>27Onm) of 10 in MeOH 

or MeCN followed by aqueous NaHC03 work-up and silica-gel chromatography (5% MeOH-CHCl3) led to 

production of the target spirocyclic-amine 4Me lo in an 8" CO yield. The major product (ca. 75%) - 
3 
H-NMR spectroscopic analysis of the crude photolysate, 

11 
generated in this process, as detected by 

is the unstable desilylated-eaamine 12. This material undergoes oxidative decomposition upon 

chromatographic purification to provide in trace quantities the tetrahydroisoquinol-l-one derivative 

13. 

,. hv , TUe + %e - qtiue 
4Me 12 13 

A mechanistic analysis of these results has led to a superior procedure for affecting spiro- 

benzyl isoquinoline ring construction. The product ratio obtained from reaction of the N-methyl 

salt 10 can be understood in terms of a pathway involving partitioning of the diradical 14 (R=Me) 

by hydrogen shift and C-C bond forming processes. We reasoned that the presence of the N-methyl 

substituent in 14 might lead to more favorable enamine 12 production through a steric effect 

causing formation of the adjacent quaternary center to be a high energy route. Thus, a diradical 

14 (R=H) which lacks a bulky N-substituent might be more disposed toward cyclization. This 

proposal was tested through studies with the N-H homolog 11 , which was generated in MeCN solution 

by treatment of 9 with 4 eq. of HClO4 (UV(MeCN)max 277 nm). Irradiation (h>270nm, MeCN) of 11 

followed by aq. NaHC03 work-up and flash alumina chromatography 
12 

(CHC13) provided the spirocyclic 

product 4H lo (43%) along with the desilylated dihydroisoquinoline 15 
10 

(9%). Thus, it appears 

that the yield of this spirocyclization process is indeed controlled by the nature of the N- 

substituent. 

4 H 12 or 15 

formation shift 

3 
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4H 15 

The observations reported above suggest that "diradical cyclisation" methodologies, promoted 

by excited state electron transfer-desilylation sequences , represent new and potentially useful 

strategies for protoberberine and spirobenzyl isoquinoline alkaloid ring construction. 
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