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Abstract- An efficient route to a wide range of 2-hydroxyquinolines from o- 

nitrophenyltriflates via a Heck reaction is reported, with emphasis on the 

preparation o f  a synthetic equivalent of the streptonigrin AB ring system. 

Streptonigrin (1) is a highly functionalised tetracyclic compound which shows potent anticancer activity.' 

Whereas previous total syntheses2 involved complex ring forming reactions and functional group 

manipulations, our overall strategy is more convergent and based on the use o f  preformed rings. As past of 

our investigation, preparation of the AB quinoline-quinone structure came under attention. Our strategy 

involves the Heck reaction' of an appropriately-substituted benzene with methyl acrylate, followed by 

cyclisation, to afford a substituted 2-hydroxyquinoline which can be converted into the reactive 5.8-dione 

in the latter stages of the synthesis. Conversion of the 2-hydroxyquinoline into the 2-chloro or 2-triflyl 

derivative would provide a suitable substrate for palladium catalysed cross coupling to the CD moiety. 
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It is well known that electron-rich substrates react poorly under standard Heck cond i t ions~n i t i a l  model 

work on the Heck reactions of various aryl bromides and triflates confirmed that o-nitro compounds 



216 HETEROCYCLES, Vol. 48, No. 2,1998 

afforded higher yields under milder conditions than the corresponding o-amines and protected amines. 

Reactions of the o-nitrophenyltriflates were also found to be comparable to those of the corresponding 

bromides. These results prompted the selection of five model substrates to test the proposed route: two o- 

bromonitrobenzenes (2a-b) and three o-nitrophenyltriflates (2c-e), where the latter were prepared from the 

corresponding phenols in good yields via orfho-nitration and triflation.' In all cases the Heck reaction 

proceeded smoothly, with only compound (2b) giving relatively lower yields due to steric hindrance. 

Reduction to aminocinnamates (4a-e) was near quantitative using tin(l1) chloride dihydrate,6 and the 

cyclisation step proceeded in reasonable yields with some recovery of starting material. Esterification 

(diazomethane) of the crude product was required for isolation of 5 e 7  
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a) X = Br. R, = R2 = H 
b) X = Br. R, = CH3, R2 = H 
C ) X =  OTf. R, = R2 = H 
d) X = OTf, R, = H. R2 = i-C,H7 
e) X = OTf. R, = H. R2 = COOCH3 
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The success achieved with these substrates suggests that the route may be applied to a wide range of 

compounds, and highlights in particular the versatility of o-nitrophenyltriflates as intermediates. A very 

limited selection of o-bromonitrobenzenes and o-bromoanilines is commercially available, and bromo 

compounds have been increasingly targeted as being environmentally unfavourable. Alternatively, the use 

of DOM methodology8 to introduce a halogen or/ho to an amine is expensive and tedious. However, a 

wide range of commercially available and inexpensive phenols readily undergo ortho nitration. Subsequent 

triflation of these nitrophenols provides rapid access to suitable Heck substrates. 

Extension of the Heck route to the streptonigrin problem required the selection of possible substrates. 

Previously, Godard e ta1  reported the synthesis of a potential streptonigrin AB ring precursor via a similar 

approach, starting from 1,2,4-trimethoxy-3,5-dinitrobenzene.~ In this case, reduction of the nitro groups 

and introduction of an iodide by DOM methodology afforded a Heck substrate which was converted into 

the desired quinoline. However, the starting material is not readily available and was prepared in 6 steps 

from g~a i aco l . ' ~  The direct dinitration of commercially available 1,2,4-trimethoxybenzene has not been 

reported in the literature, and while 2,4,5-trimethoxynitrobenzene (6) could be prepared in excellent yields 
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in our laboratory," further nitration of the electron-rich substrate using a large variety of methods led only 

to the formation of an array of highly coloured oxidation products. The success of the o- 

nitrophenyltriflates prompted us to consider 3.5-dimethoxyphenol as a possible starting material. After 

extensive investigation of nitration conditions, compounds (7a) and (7b) were isolated in reasonable yields 

(62-80%) using nitronium tetrafluorohorate in dry DME.'~ 

The triflation and subsequent Heck reaction of 7a proceeded smoothly under the conditions employed for 

the model compounds. Reduction and acid-catalysed cyclisation of the Heck product afforded 2- 

hydroxyquinoline (lla)' '  in a good overall yield. The dinitro compound, however, posed some difficulties. 
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Triflation at O°C was successful, but the Heck reaction failed altogether under the basic Heck conditions, 

due to rapid decomposition of the triflate. This instability of dinitrotriflates under basic conditions has been 

reported." In an attempt to alleviate the problem, the possibility of performing a Heck reaction under 

neutral conditions was investigated, using epichlorohydrin as a proton scavenger." Using 5 mol % 

Pd(OAc)dR'h3, yields of the desired Heck product (9b) were in the order of 20-25%. Fairly rapid 
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deposition of palladium metal was observed, suggesting the epichlorohydrin was not as effective as 

triethylamik in regenerating the catalyst However, changing the catalyst to Pd(PPh,), and increasing the 

amount of palladium to 20 mol % eventually produced optimal yields of 78%. Surprisingly, reduction of 

9b afforded the desired cyclised product (11 b)" in yields in excess of 90%, in one step. 

The route to the streptonigrin AB ring system has, therefore, provided a convenient synthetic equivalent 

from which to continue the total synthesis. An analogue of the CD moiety is presently being synthesised 

and will contain hnctionality to allow cross-coupling to the amine-protected 2-triflyl or 2-chloro derivative 

of i l b  In this regard, we have found that 2-quinolyltriflates undergo smooth palladium catalysed cross 

coupling with (2-pyridyl)trimethylstannanes. A final oxidation step to the 5.8-quinone, for which there is 

literature precedent,'bill afford the desired 5,s-quinone. The success of the o-nitrophenyltriflates in Heck 

reactions has prompted investigations into their potential in cross coupling reactions, as the mechanisms 

involve the same initial palladium insertion step. It is believed that they hold great potential for the 

synthesis of a variety of hetero- and carbocyclic compounds due to the rich chemistry of the o-nitro group. 
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