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LEWIS ACID-CATALYZED DIELS-ALDER REACTIONS OF PERI-HYDROKYLATED NAPHTHOQUINONES: 

A REGIOCHEMICAL DIVERGENCE 
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The ability of Lewis acids to enhance regioselectivity in Die16 Alder reactions between 

unsymmetrical dienes and dienophiles is well documented. 192 In practice, selection of the 

specific Lewis acid employed in any particular reaction is usually based on the unscientific 

but eminently pragmatic approach of trial and error. It is generally assumed, however, that 

all Lewis acids which promote regioselectivity in a given reaction will enhance the forma- 

tion of the same regioisomer. We now report that in the case of some &-hydroxylated 

naphthoquinones, such an assumption is entirely unwarranted. For at least in the reactions 

which we have investigated, either regioisomer can be obtained with a high degree of selec- 

tivity, depending on the particular Lewis acid employed. This observation may well have fruitful 
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a) All reactior were conducted in ether using excess diene. The yield of adduct is 70*90X, 
(unoptimized). In 4 and 1 R=H or CH3 depending on which naphthoquinone (1 or 3_) was used. 
b) based on quinone. c) prepared in anhydrous ether from Mg and 12. d) 'see footnote 5. 

4311 



4312 No. 45 

application In quinone chemistry, but at the same time it suggests that the exercise of a modicum 

of caution in the assignment of regiochemistry to adducts from Lewis-acid-catalyzed Die18 Alder 

reactions is perhaps generally advisable. 

The results of our initial studies, which were conducted primarily in the context of develop- 

ing a regiospeclfic route to Altersolanol B (see accompanying paper), and with the particular 

objective of overcoming the unsatisfactory outcome of the uncatalyzed reaction between 1 and 2, 

are given in Table 1. These results indicate that regiochemistry is a function of both the 

specific Lewis acid catalyst and its concentration (reaction temperature may also be important2b)? 

The regiochemistry of the adduct was determined by conversion8 to 5 and/or 7 

RMR using an authentic' sample of 2 for direct comparison.* 
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In a parallel study, the consequences of replacing the a-hydroxy group with a peri- 

deuteroxy group (1 vs 8) were briefly explored in order to probe the possible regiochemical --- 

impact of a deuterium isotope effect on the hydrogen bonding interaction 
3a,b 

between the 

peri-OH group and the C-4 carbonyl In 1. Within experimental error no difference in regio- 

chemistry was detected in the reactions of 1 and 8 with 2 (reactions conducted at 25' in 

EtOH and EtOD, respectively; the adducts were characterized as a ti:6 ratio of 6:'). -- 

The results described in Table 1 for the BF3*Et20- and B(OAc)3-catalyzed reactions are 

those anticipated by analogy to the findings of Trost, Stork and co-workers 
2a,b 

for the re- 

action of 2 and 10 (Table 2). - Thus, the Mg12-promoted outcome in Table 1 would appear 
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*Anthraquinone 5 was isolated from Alternaria Porri by Stoessl' and named "Pigment I". For 

reasons most evident in the framework of a synthesis of Altersolanol B, the regioisomerof 2, 

vizJhas come to be known as Pigment minus I. The 60 MHz RMR spectra of 5' and 2 are very 

similar, but the two compounds can be differentiated by the position of the resonance due 

to the &-OR protons [sharp singlets (in CDC13) at 6 12.90 for 2, and 6 12.87 for 1 

(assignment confirmed by peak enhancement with authentic $1. 
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anomalous. In view of this disparity, it was of interest to determine whether the effect 

observed for MgI2 was unique to the substrates employed or was a portent of a more general 

phenomenon. As a preliminary step in the investigation of this question, the effect of Mg12 

on the reaction of 2 and 11 has been examined also (Table 3). Here, too, MgI2 leads to a - 

regiochemical outcome which is the reverse of what might otherwise* have been anticipated. 

Table 3 

At present it is not possible to provide a complete rationale for the results described 

above. We would suggest, however, that at least in the case of B(OAC)~ and BF3*Et20, the 

&-hydroxyl group plays a crucial directional role and that the structures of the Lewis acid 

"complexes" involved in the reactions reported above differ substantially from those more com- 

monly proposed for dienophiles which lack a second available ligating group (i.e., the peri- 

hydroxyl group). In particular, it is well established 
12a 

that many &-hydroxyquinones re- 

act readily with B(OAC)~ to give compounds with structures analogous to 12. The electron with- - 

drawing impact of the interaction between the electron deficient boron and the oxygen of the 

C-4 carbonyl could account for the observed regiochemical outcome by an extension of our 

earlier hypothesis. 3 A similar structure (13) and rationale might apply in the case of - 

BF3'Et20. Less precedent for structure 13 is available, but it is known that enolized & - 

diketones (which 1, 2 and 2 may be viewed as) react with BF3 to give products akin to 2. 
12b 

The situation with the Mg12 results is less clear. Extension of our earlier hypothesis3 

would suggest that if the Mg12 "complex o has a structure such as I& where the electron den- 

sity at the C-4 carbonyl is greater than that at the C-l carbonyl (due to the greater polariz- 

ation of the 0-Mg bond), the regiochemical results observed could be accommodated. Such an hypo- 

thesis would seem to require 
3b that the Mg12-catalyzed reactions proceed slower than the uncata- 

lyzed reactions. In some cases, 
13 

however, rate acceleration is observed. Further speculations 

on the exact role of the Mg12, although not lacking, would appear premature at this time. 
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