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Abstract. Sequential carbophilic addition of organolithium reagents- N-acyliminium ion cyclization of N- 
phenenethylsuccinimide 3 yields pyrrolo[2,l-a]isoquinolones 1 in high yields, with the possibility of 
varying the substituent at C-10b by changing the organolithium. Application of this methodology to the 
cis-norbor-5-en-2,3-dicarboximide 7 using a functionalized organolithium reagent, the 3-(2-trimethylsilyl- 
1,3-dithian-2-yl)propyUithium 11, followed by desilylation and subsequent retro-Diels-Alder reaction 
affords the t~,l~-unsaturated pyrroloisoquinolone 9b, immediate precursor of E~ythrina-type alkaloids. 
Copyright © 1996 Published by Elsevier Science Ltd 

The intramolecular carbon-carbon bond forming reactions of N-acyliminium ions have found an 

impressive number of synthetic applications. 1 Such N-acyliminium ions have shown to be suitable 

intermediates in various types of intramolecular cyclization reactions using different types of 7t-nucleophiles. 2 

Recently, we enhanced the scope of this chemistry by describing a method for preparing pyrroloisoquinolines 1 

by a tandem carbophilic addition - N-acyliminium ion cyclization sequence from N-phenethyl succinimides and 

alkyllithiums. 3 The advantage of this strategy is that construction of the pyrroloisoquinoline nucleus may result 

in the introduction of functionality on the pendant side chain at C-10b, by the appropriate choice of the 

organolithium reagent at the first step. As an extension of this work, a series of N-phenethyl imides was 

employed in the synthesis of  several isoquinoline alkaloids: 5-arylpyrrolo[2,1-a]isoquinolones,  

benzo[a]quinolizidines and their 2-oxa analogs, isoindoloisoquinolones, dibenzo[a,h]quinolizidones, thiazolo-, 

oxazolo-, and imidazolo [4,3-a]isoquinolones. 4 
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On the basis of these results, it was envisioned that this strategy could be applied to both higher 

functionalized imides and organolithium compounds, which would make possible the access to unsaturated 
lactams 2, immediate precursors of Erythrina type alkaloids 5 by intramolecular conjugated addition. 6 We 

wished to develop a one-step approach to these lactams 1 and 2 with the ability to vary the substituents at C- 

10b. With this goal in mind, we embarked upon the application of a tandem carbophilic addition - N- 

acyliminium cyclization sequence for the synthesis of substituted pyrroloisoquinolones. We now wish to 

present our initial findings from our investigations of this tandem sequence. 

The model succinimide 33 was treated with a range of organolithium reagents in order to study the 

influence of steric and electronic effects in both the addition and cyclization steps. Addition reactions were 
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carded out with 2.2 equivalents of the organolithium reagent at -78°C over 6 h, and quenched with water. After 

work-up, equilibrium mixtures of the hydroxy lactams 4 and the corresponding tautomeric oxo amides 5 were 

obtained, as summarized in Table 1 (Scheme 2). The fact that no open-chain hydroxyamides resulting from RLi 

attack to the ketone carbonyl in 5 have been detected, suggests that these oxo amides 5 are formed during 

aqueous work-up, and not by ring opening of the intermediate lithium alkoxide. In cases a and b (entries 1 and 

2, Table 1), the tautomers 4 and 5 could be chromatographically separated and identified by NMR. However, 

since the subsequent cyclization of both compounds can lead to the same pyrroloisoquinolone, no previous 

separation is required and NMR resonances can be used in the determination of the tautomers ratio from the 

mixture. The most significant signal were the NH triplet for the oxo amides 5 (5.70 ppm for 5a) in the 1H NMR 

spectrum and the 13C NMR chemical shift of the carbinolic or ketonic carbon (i.e. 89.72 ppm for 4a and 209.80 

for 5a, respectively). 
Scheme 2 
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Table  1. Products from the RLi Carbophilic Addition Step of the Sequence with 3 

Products 

Entr~ RLi a R Yield (%)b Ratio 4 / 5 c 

1 MeLi a, Me 87 4.8 / 1 

2 n-BuLi b, n-Bu 61 4.2 / 1 

3 s- BuLi c, s-Bu 52 d 

4 Me3SiCH2Li a, Me 60 4.8 / 1 

5 PhLi d, Ph 95 1 / 3 

6 PhC--z=CLi e, PhC-C 61 e 

7 CH2=CHCH2Li f, CH2--CHCH2 f 1.9 / 1 
8 CH2=CHLi [[, CH2=CH f 1 / 1.4 

a All RLi are commercially available, except allyl and vinyl lithium, prepared by 
transmetalation of the corresponding stannane. 7 
b Isolated yields of the mixture of tautomers 4 and 5. 
c Determined by 1H NMR spectroscopy. 
d Ratio could not be determined due to overlapping of signals in thelH NMR spectrum. 
e Only the oxo amide 5 was isolated. . 
f Yields could not be accurately calculated due to contamination with the stannane derivative 
formed in the transmetalation, but conversion was complete and NMR spectra only showed 
signals due to the tautomers and the organotin compound. 

Both yield and product distribution are affected by the steric and, above all, electronic nature of the 

carbon atom directly attached to the metal in the alkyllithium used as nucleophile. The ratio of oxo amides 5 

slightly increases with the substitution (entries 1 and 2), whereas the hybridization change exerts a profound 

effect, inverting the ratio 4 / 5. In fact, the hydroxy lactams 4d, 4e, and 4g (entries 5, 6 and 8) are more unstable 

due to inductive effects on C-4, which favor the equilibrium towards the open chain isomer 5. 8 The use of 

Me3SiCH2Li (entry 4) afforded a mixture of 4a and 5a (R= Me) in identical ratio to the one obtained with 

MeLi (entry 1). This result can be rationalized assuming that a carbon to oxygen migration of the trimethylsilyl 

group 9 had occurred, followed by hydrolysis of the O-Si bond during work-up. 

Cyclization of the tautomeric mixture of 4 and 5 was accomplished with TFA in CH2CI 2 to afford the 

desired C-10b-substituted tetrahydropyrroloisoquinolones 6 (Scheme 3). As shown on Table 2, high cyclization 
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yields were obtained (except entries 5 and 7), though the rate was strongly influenced by the nature of the 

substituent R. Higher temperatures and longer reaction times are required when the steric bulk increases (entry 

1 vs. 2 and 3) or when the R group makes less electrophilic the intermediate N-acyliminium ion by resonance 

effect (entries 6, 7, and 8). 
Scheme 3 

4 + 5  TFA 

C H 3 0 ~  
~J N +- - O 

CH 30" ""~" R ~  

C H 3 0 ~  

6 

Table 2. Products from the Cyclization step of 4 + 5 

Entry Substrate Conditions Prod. Yield a 

[time (h), T] (%) 

1 4a + 5a 4, rt 6a 98 

2 4b + 5b 18, reflux 6b 95 

3 4c + 5c 72, reflux 6c 93 

4 4d + 5d 36, reflux 6d 98 

5 5e 72, reflux 6e 34 b 

6 4f  + 5f 6, reflux 6f 97 

7 4g + 5g c 6g c 
a Yields refer to isolated products of >95% purity based on 
GC-MS analysis. 
b Starting material was recovered.. 
c A mixture of products was oblained under various reaction 
conditions, 

Once the reaction conditions had been set, 

access  to the c o r r e s p o n d i n g  unsa tura ted  

pyrroloisoquinolines 2 was required. Direct lithiation 

of N-[(3,4-dimethoxyphenyl)]ethyl]maleimide 10 led 

only to polymerization products. In fact, these 

reaction conditions do not differ from the ones used 
in anionic polymerization of related substrates, l l  

However, the cis--norbor-5-en-2,3-dicarboximide 10 7 

(Scheme 4) proved to be a suitable substrate, bearing 

a masked c~, p-unsaturated imide moiety. Thus, the 

unsaturated pyrroloisoquinoline 9a was successfully 

obtained upon treatment of 7 with n-BuLi, followed 

by TFA cyclization and retro-Diels-Alder reaction 

(Scheme 4). Subsequently, the organolithium 11 was 

chosen as nucleophile, as it carries an adequate 

functionality 12 and would give rise to C-10b-substituted pyrroloisoquinolines that could be immediate 

precursors of the Erythrina skeleton. 
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The organolithium reagent 11 was obtained by reductive lithiation 13 of 10, readily prepared from 

commercially available products (Scheme 5), and in situ reacted with the imide 7 to afford 8b, after treatment 
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with TFA (31% overall yield, conversion 80%). In this case, removal of the TMS protecting group with TBAF, 
prior to retro Diels-Alder reaction afforded 9b quantitatively. 

In summary, we have shown the viability of a tandem carbophilic addition - N-acyliminium cyclization 
sequence for the assembly of pyrroloisoquinolones, with the ability to vary the substituent at C-10b, by the 
appropriate choice of the organolithium reagent. The application of this methodology to the cis-norbor-5-en- 
2,3-dicarboximide 7 have allowed us to prepare dihydropyrroloisoquinolone 9b, immediate precursor of 
Erythrina-type alkaloids. 
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