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Key w0rd.c Gtaebc-Ullmann sytahek yarbohm m&wave imdiatioo 

Abstmct: One-pot &kient and slmpk synthesis of r_carbollne dwlvatives by the Grade-Ullmann metbod tws 

conducted in a commercial microwave oven in a few minutes at a low energy level and using erlcnnuyrr~ as 

adequate reaction vessels. Yields are simiku to those obtaiacd by convendonal kating. 

Some very recent examples of the applications of microwave energy in organic synthesis include Fischer 

cyclizations,’ preparation of enantiopure a-hydroxy-~lactams,’ cntho ester Claisen rearrangement3 and our 

reported Hantzsch 1,Cdihydropyridine synthesis.” 

In the course of a project directed towards the development of new antitumor compoun& the 

y-carboline system 2 was selected as precursor of indold3,2-ak@nolizinium derivatives 3 capable of 

behaving as DNA intercalators’ and bis-intercalator# when linked by an apmpiate chain. 
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One of the most widely used methods of y-carboline synthesis,7 the Fischer reaction? involving 

electrophilic attack on a pyridine system and ring closure, often fails completely OT pmceeds in low yield 

unless forcing thermal conditions9*‘o or activating of the pytidine tig.‘l Furthermore, oxidation of the 

resulting tetrahydro derivative may also be difCcult.‘* An alternative approach is to use the Graebe-Ulhnann 

2673 





2675 

Table. ydhrboline derivatives 2 pqarcd under microwave had&ion 

” MICROWAVE 

Compound No. R1 R2 R3 Tti Yield Yield 

(ti> (%a) (96) 

MP t’C)e’d 

’ 28 

ti 
H 

2b 

H H H 

H Me Me 

2e H H H 

2d 

2e 

2f 

H Me Me 

IblcH H 

Me Me Me 

axJ5 28 
H 

co;$ 2h 

H 

2i 

7 6 60 62[381e 

10 4 71 67[ 191e 

7 7 76 80[77j 

10 4 81 78 

7 6 32 35 

10 5 48 48 

H - - 10 6 30 28 

H - - 10 5 45 50 

Me- - 10 5 35 32 

230-23 1 
(Hzo-MeoH) 

251-252 
m3w 

336-337 
(mm 

360 
OH) 

295-296 
m3w 

330-331 
@coH) 

281-282 
(MeoH-H20) 

~H-EL20) 

33@331 
0430 

aFirst value relixs to formation of comkuui~com~1aIld~toy-cmtlo~2. 
bconaols were run heating betwa lS(l-210 OC t+imoW amounts (2 mmol) of the nactlmts for 15-30 min. 
Tbemlolysis of 1 was carlied out at 150 oc fw 1.5-2 hurs. 

cSaf.isfactory qEUnxc@c and analytical data (* 0.4% for C. H, N) went. obuinad for all new compounds. 
dCompounds Ze-i wen isolated by column chomatography. eYields in brackets are those reported in tk literanue in 
ref 13c @paration of la-b) and 13d (thermolysis of la-b to give 28-b) md 13f (2~). 
fYield in brackets is reported in the literature in nef 13f and is n&ted to the thermolysis of he coneqond@ triazole 
Icwhichisobtainedina534byieldbyatwo~procedure. 
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The domestic microwave oven -Balay model BA I-IN991 AA703- was purchased in a local store. The 

oven has a variable timing cycle from 5 s to 45 min and a continous variable heating cycle from 90 

through 500 W of power output. The microwave frequency is 24.5 MHZ and the oven’s capacity is 18 

1. Power generated by the oven was measured before every experiment by the method described by 

Watkins, K. W. J. Chem. Ed. 1983,60,1043. 

The reaction was tested in the range 150-400 watts and it was found that power plays an important role 

in the process with significant reduction in yield when higher levels were used. 
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