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Abstract - Lumazine derivatives (6 - 8), appended with ethynyl groups in 

positions 7 and 8, were synthesized and examinedfor their ability to undergo 

Bergman cyclization. 0x0  compound (7) was found to give good yields of 

Bergman cyclization products (= 37 %), whereas the analogues (6) and (8) did not 

cyclize as efficiently or gave no identifiable cyclization products. 

First reported in 1972, the Bergman cyclization is generally considered as the thermally allowed electronic 

rearrangement of a(Z)-3-ene-1,s-diyne to a 1,4-didehydrobenzene diradical which is quenched by radical 

sources to afford a new benzene ring.' In the mid 1980s studies on this reaction underwent a renaissance 

with the structural elucidation of a series of naturally occurring antibiotics whose cytotoxic activity was 

associated with a Bergman cyc~ization.~ 
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Semmelhackel demonstrated that the cyclization of anthraquinone (1) underwent cyclization faster 

than dihydroanthraquinone derivative (2) suggesting a role for electron deficiency in the activation of 

enediynes towards Bergman cyclization (Scheme I). This idea has further been supported by other 

quinone I dihydroquinone pairs3b and additional reports.4 , 
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Our group has recently undertaken the examinationof enediyne chimera, where the double bond of the 

enediyne has been incorporated into a heterocycle. Emboldened by our previous results on the activating 

ability of heteroarenes,' we decided to begin investigations on enediyne chimeras of biologically relevant 

heterocycles. Our initial focus has been on lumazine analogues (6 - 8, Figure I). Lumazines arise in nature 

from the metabolic degradation of pterins.6 Lumarines have been of interest recently for their tluorescent 

properties and their potential use as reporter groups in DNA probes.7 Lumazine can exist as two 

tautomers. but it is generally thought to exist as the 0x0 form in aqueous media (5, Scheme 11). The 0x0 

and hydroxy tautomeric forms can be considered analogous to an electron deficient quinone and aromatic 

dihydroquinone, respectively. Thus, it might be anticipated that the 0x0 tautomer would cyclire more 

rapidly than the hydroxy tautomer. To examine the reactivity of the tautomers, independent of 

equilibration, N-methyl derivative (7) and O-methyl derivative (8) were prepared to emulate the 0x0 and 

hydroxy forms, respectively. Freely equilibratible 6 was also prepared for comparison. 

Compounds (6) and (7) were prepared as shown in SchemeIII. Condensation of known diketone (1 I ) ~  

with diamine(9) or (10) gave protected enediynes (12) and (13) in 75 % and 70 % yields, respectively. 

Compound (6)9 was obtained by deprotection with TBAF in 80 % yield, N-methyl derivative (7)'' was 

obtained from 13, again by TBAF deprotection (80 %). 
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Scheme Ill. a) mol sieves, CI&C02H, 2 h, n (12: 75 %; 13: 70 %) ; b) (n-CIHq)4NF, 'THI:. 0°C. 2 h (80%);  c) 
(n-CIH9)dNF, T H I ,  -78 "C, 30 min (80 %). 

Methosy derivative (8)" was prepared by the same condensation strategy (Scheme IV). Nitration of 

6-chloro-2,4-dimethoxypyrimidine (14) followed by nucleophilic substitution afforded 15. Alter 

catalytic hydrogenation, the crude intermediate was condensed with diketone ( l l ) ,  to give the putative 

enediync (16). The linal product (8) was obtained in a 48 % overall yield after deprotection. 

14 15 16: Rl =TIPS 
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Scheme IV. a) NaNO,, H2S04.  80°C, 5 h (90 %); b) NH4OAc. THF, r e f l u ,  5 h (95 96): C )  HZ, 10 % PdIC, CHIOH. 
rt, 5 h; d) l l .  mol sieves, CHEO;H, n, 30 mi" (70 %, 2 steps); e) (n-C4Hq)4Nl? THF -78°C. 30 min (80 %). 

Arenediynes (6 - 8) were examinedfor their ability to produce Bergmancyclization products (17 - 19), 

respectively (SchemeV. Table 1).12 The attempted cyclization of 6 did not yield any of the cyclized 

product (17) under the conditions tested (Entries 1 and 2). The 'H NMR spectra of the major product 
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from each reaction showed loss of the acetylene groups and the appearance of new vinylic hydrogens. The 

cyclization of 7 was much more efficient. The yield of Bergmancyclized product (18) was independent 

of solvent, concentration, and presence or absence of 1,4-cyclohexadiene(CHD; Entries 3 and 4). The 

yield of 18 was 36 % in neat methanol and 37 % when cyclization was performed in DMSO with CHD. 

Like 6 ,  Bergman cyclization of 8 in methanol was inefficient (Entry 6). Yet in this case trace amounts of 

expected product (19) were found. Cyclization of 8 in DMSO with 100 equiv. of CHD did not give any 

detectable 19 (Entry 7). However, the 'H NMR spectra of the reaction products did show the presence 

of new aromatic hydrogens consistent with Bergman cyclization. The spectrum of the major isolated 

product also displayed two additional methyl peaks (6 2.89, 2.81 ppm), suggesting trapping of the 

intermediate diradical by DMSO. To confirm that 8 does, indeed, undergo Bergman cyclization, it was 

heated in neat CHD to give 19 in 33 %yield (Entry 9). 
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Scheme V 
Table 1. Bergman Cyclization of 6 - 8 (6.0 mM) 

temp. time 7 t p  Product 
Entry Enediyne solvent ( T )  (h) (min) yield (%)a 

1 6 CH30HC 180 5.0 17 ( o ) ~  
2 6 DMSO~ 165 5.5 17 ( o ) ~ , ~  
3 7 CHzOHC 165 3.0 18 (36) 
4 7 D M S O ~  165 2.0 18 (37) 
5 7 D M S O ~  165 6.1 - 

6 8 CH30HC 165 3.0 19 (trace) 
7 8 DMSOb 165 1 .0 f 

8 8 DMSO~ 165 10.1 - 

9 8 CHD 165 1.0 19 (33) 
"Isolated yield; b l ~ ~  equiv. CHD; '[conc.] = 0.4 mM; 'H  NMR of the crude reaction mixture 
shows no peaks consistent with a Bergman cyclized product; 'obtained after kinetics experiments 
and heating at 165T until 6 has completely reacted. ' 'H  NMR of the major product is 
consistent with a Bergman cyclized product. 

In order to compare reactivity of the 0x0 us. hydroxy forms of lurnazine, the kinetics of 6 - 8 were 

measured under identical  condition^.'^ Cyclization of 7 and 8 in DMSO (100 equiv. CHD, 165 OC) 

yielded half-lives of 6.1 min and 10.1 min, respectively (Table 1, Entries 5, 8). This supports, as 

hypothesized, that the rate of cyclization is faster for the 0x0 tautomer than for the fully aromatic 

hydroxy tautomer. The half-life for 6 under the same conditions was found to be 5.5 min (Entry 2). This 

half-life. however, clearly does not correspond to a Bergman cyclization. 

Summury. A series of lumazine - enediyne derivatives which represent the tautomeric forms of lumazine 

were prepared. The N-methyl analogue (7) gave better yields of Bergman cyclized products than the 
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0-methyl compound (8) under the same conditions. Furthermore, as expected, electron deficient 7 

cyclized faster than the fully aromatic species (8). The differencein rates between 7 and 8 suggests that 

tautomerization might be used as a trigger to initiate Bergman cyclization for appropriate systems. 

Compound (6) did not undergo Bergmancyclization under the conditions examined. It appears, for this 

series of compounds, that the relatively high temperatures necessary for cyclization result in competing 

reactions that lower the yield or preclude the formation of Bergman cyclized products. The synthesis of 

ten-membered ring analogues should circumvent such side reactions. This work is currently in progress 
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