
Pergamon 

S0040-4039(96)00424-8 

Tetrahedron Letters, Vol. 37, No. 17, pp. 2881-2884, 1996 
Copyright © 1996 Elsevier Science Ltd 

Printed in Great Britain. All rights reserved 
0040-4039/96 $15.00 + 0.00 

Annulation of Heterocyclic Rings on Aromatic Templates: The 
Quinone Monoketal Route 

Marco A. Ciufolini, *! Qing Dong, Matthew H. Yates, and Stefan Schunk 

Department of Chemistry, Rice University, P.O. Box 1892, Houston, Texas 77251, U.S.A. 

ABSTRACT: A double conjugate addition sequence anneals heterocyclic rings onto a 2-alkyl quinone monoketal intermediate. 
This operation, reminiscent of a Barco annulation, proceeds in excellent overall yield. The new chemistry offers interesting 
opportunities in alkaloid synthesis. Copyright © 1996 Elsevier Science Ltd 

A diversity of chemically and biologically interesting natural products possess a central aromatic or quinoid 
nucleus fused to one or more heterocyclic rings, wherein a ring nitrogen atom is also connected to the central 
molecular core. This is apparent, e.g., in the discorhabdin/prianosin alkaloids, 2 which display an architecture 
resembling structure 1 (Scheme 1). Methodology commonly used for the construction of such subunits relies 
heavily on permutations of classical reactions. In particular, the inherent nucleophilicity of the central aromatic 
template is exploited in the electrophilic introduction of nitrogen, most often through nitration. 3 The required 
heterocycles are then completed in an appropriate manner (cf. 2+3). We have recently become interested in an 
alternative approach involving umpolung of the aromatic unit (cf. 4+5). A generic quinone monoketal 6 appeared 
to be a logical synthon for 5, because the conjugate addition of a suitable amine to 6 may induce, e.g., a cascade 
of Michael reactions, a la Barco, 4 or a variety of alternative events that might result in multiple beterannulation. 
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Surprisingly little literature exists regarding the key step that would initiate the desired annulation sequence: 
the bimolecular 1,4- addition of an amine to a quinone monoketal. 5 Experiments with unsubstituted ketal 86 
confirmed that reaction with near-stoichiometric amounts of secondary amines 5 (e.g., pyrrolidine, cf. 7) proceeds 
reasonably well, but, not unexpectedly, it proved difficult to achieve selective mono-addition of primary amines. 
To illustrate, a 10% solution of 8 in C6D6 containing 1 equivalent of n-BuNH2 rapidly equilibrated to a 1.5:1 

Scheme 2 
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(a) pyrrolidine (1.2 eqiv.), Phil, 25 ° C, 90 %; (b) n-butylamine (3 eqiv., see text), Phil, 25 ° C; (c) MeOOCC], 
THF, aq. NaHCO 3, 30-40 % chromatographed b-c. 
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mixture of 8 and 9. Other products, including double- l ,4  adducts and, possibly, imines, were also evident. 
Complete consumption of 8 occurred only after addition of two more equivalents of amine, but then the double 
1,4-adduct formed in a 1:2 ratio vs. the desired 9, together with polar byproducts. A change in solvent from 
benzene to THF did not improve things. The mono-adduct was best isolated as a methyl carbamate in poor overall 
yield (Scheme 2). 

More significant (and useful) are the results obtained with 2-alkyl quinone monoketals. Substitution at 
position 2 of the substrate was desirable for our ultimate objectives; consequently, e leva ted-  to complete 
regiocontrol in 1,4-addition to those substrates was regarded as critical. We were pleased to find that monoketals 
116 reacted cleanly and regiospecifically at the less hindered conjugate position when treated with various amines. 
In sharp contrast to 8, even dissolution in neat amine resulted in no Michael type addition at the more hindered 
position, nor amine-carbonyl  condensation. This high regioselectivity may be primarily due to electronic 
(electron-releasing alkyl groups diminish electrophilic reactivity of the conjoined olefin) rather than steric 
(selectivity is equally high in the tert-butyl and the methyl series of monoketals 11), effects. It should be 
mentioned that adducts of primary amines are rather stable, while those of secondary amines were prone to revert. 
The problem was acute with the adduct of prolinol (Table, entry 12i); while no reaction occurred with Et2NH. 
These results indicate that, with some caveats, controllable bimolecular mono-conjugate addition of amines to 
substituted quinone monoketals is generally possible and efficient. 

Table  1: Representative Conjugate Additions of Amines into 2-Alkyl-Benzoquinone Monoketals 

a•ie 
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aprocedure A (all except d): a mixture of quinone monoketal and 1.5 eq. neat amine was stirred at room temperature until TLC 
showed complete conversion to the product. Crude product was obtained either by evaporation of the amine in vacuo (a, b, g, 
h, j, k), or by diluting the reaction mixture with CH2C12 and washing with water. The crude product was filtered through a 
short plug of silica gel (50 % EtOAc/hexanes, removal of last traces of amine and of polar impurities) to furnish practically pure 
adduct. Procedure B (entry d): a mixture of quinone monoketal and 1.2 eq. neat amine was diluted with enough THF to permit 
stirring. The mixture was heated to 65 °C until the reaction completed, then it was diluted with water and extracted with 
CH2C12. The extracts were processed as stated above, bChromatographed yields. All the above products were obtained as thick 
oils. ~Ilae crude product (99%) was a 4:1 equilibrium mixture of 11 and adduct 12i, which reverted easily, dNo reaction. 

The feasibility of multiple heterannulations was explored with compound 12d (Scheme 3). The choice of the 
tert-butyl substrate was purely one of convenience. 7 The aminoalcohoi used to make 12d 8 functions as an 
equivalent of the Barco annulation 4 reagent, which in its primary amine form (i.e., 4-aminocrotonate ester) is not a 
viable intermediate because of facile polymerization. Protection of the amine in 12d furnished 13, oxidation of 
which with PDC 9 (but not PCC) 10 gave the corresponding enal. This oxidation proceeded with varying degrees 
of double bond isomerization. The reaction was most conveniently allowed to run for several hours, in order to 
induce complete isomerization to the trans enal 14. The desirability of this isomerization became apparent during 
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(a) MeOOCCl, THF, aq. NaHCO3, 25 °C 99 %; (b) 1.5 eq. PDC, CH2CI2, 25 °C, 8 hrs, 76 %; (c) 0.05 eq. DBU, CC14, 30 min, 0 to 
25 °C, 94 %, 12 :l all cis (text); (d) NaBH4, EtOH, 0 ° C, 94 %; (e) phthalimide, DEAD, PBu 3, ether, 80 %; (f) N2H4.H20, MeOH, 
25 °C, 95 %; (g) benzene, reflux, 4,/k tool. sieves, 100 %; (h) 1.5 equiv. BBr3, CH2C12, -15 °C, 98 %. 

subsequent manipulations. Exposure of 14 to a catalytic amount of DBU precipitated an instantaneous Michael 
cyclization to a mixture of 15 (major) and 16. The stereochemistry of 15 rests upon NOEDS measurements I 1 
(Scheme 3). The diastereomeric ratio afforded by the cyclization step was a function of both enal geometry and 
solvent polarity. The trans enal gave highest selectivity for 15, a feature that proved to be highly advantageous 
for a second beterannulation sequence, hence the importance of allowing sufficient time during the oxidation step 
for complete cis-trans isomerization to occur. Furthermore, selectivity for 15 improved with decreasing solvent 
polarity, advancing from a modest 3:1 in THF to a substantial 12:1 in CCI4 (the best medium for this 
transformation). MNDO-RHF calculations 12 allow us to estimate that the all cis isomer 15 is less stable than 16 
(AHf ° = 4 kcal/mol). The experimentally observed preference for the less stable cis product 15 signifies that the 
cyclization reaction proceeds largely under kinetic control. Probably, a non-polar solvent exerts its beneficial 
action both by enforcing dipolar interactions between donor and acceptor sites, 13 and by disfavoring equilibration. 

A second heterannulation sequence was readily accomplished starting from 15. Thus, NaBH 4 reduction, 
Mitsunobu reaction of the resulting alcohol with phthalimide, and hydrazinolysis of the resultant 18, furnished 
amine 19. No special precautions were necessary to safeguard the ketone from NaBH 4 or hydrazine, thanks to 
the effective steric shielding provided by the tert-butyl group. Indeed, amine 19 was stable at room temperature, 
but cyclized cleanly to imine 20 in refluxing benzene. This imine aromatized readily to 21 upon treatment with 
BBr3 (Scheme 3). 14 A multiple (in this case, double) heterannulation sequence on an aromatic nucleus had thus 
been fully demonstrated. Finally, we note that the amine arising from the minor (trans) cyclization product 16 
formed the imine considerably less readily than 19 (the trans imine contains 2.2 kcal/mol greater strain energy, 
MJVI+), 12 reinforcing the urgency of high cis selectivity during the Michael cyclization. 15 

The techniques described in this Letter offer advantageous alternatives to more traditional methods for the 
construction of polycyclic heterocycles fused to aromatic/quinoid sectors, and may appreciably facilitate the 
synthesis of natural products incorporating those substructures. We are actively pursuing several such 
opportunities, and further ramifications of these ideas will be described in due course. 
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