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Abstract 

Non-conjugated benzotriynes 2 undergo a novel radical cycloaromatization to provide the benzo[b]fluorene 
core of the kinamycins. The overall process involves a thermal intramolecular cyclization to the non-benzenoid 
biradicals 4 followed by radical cyclization and hydrogen abstraction. © 1999 Elsevier Science Ltd. All rights 
reserved. 
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Current research on the thermal biradical cyclizations of conjugated polyenyne systems such as 
enediynes (Bergman cyclization) and enyne-allenes (the Myers-Saito and Schmittel cyclizations) focuses 
on the synthesis of models of the natural enediyne antibiotics I and on their utilization in the construction 
of polycyclic ring systems. 2 Interesting examples of the latter have been reported by Echavarren and 
Schmittel, who describe the synthesis of the tetracyclic core of kinamycins by means of thermal 
cyclizations of enyne-allenes 3 and the 3-ene-l,6-diyne non-conjugated benzodiyne. 4 

Research on the cycloaromatization of polyenynes is being pursued in this laboratory 5 with efforts 
currently centered on non-conjugated benzotriynes and their applications in natural product synthesis. 
Ueda has shown that one class of these systems, benzotetraynes, undergo thermal cyclization under very 
mild conditions to give polycyclic aromatic structures. 6 We report here the thermal cyclization of the non- 
conjugated benzotriynes 2, which provides the tetracyclic nucleus of the benzo[b]fluorene antibiotics, 
metabolites structurally related to the kinamycins, and which display a variety of interesting biological 
activities. 7 

Benzaldehyde la  (RI=H), chosen as the immediate synthetic precursor of unsubstituted benzotriyne 
2 (Scheme 1), was prepared in 90% yield by Sonogashira coupling of o-bromobenzaldehyde and 
phenylacetylene. 8 Treatment of aldehyde la  with 4-trimethylsilyl-l,3-butadiyn-l-yl lithium 9 afforded 
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benzotriyne 2a in 90% yield, l° When the lithium alkoxide salt was quenched with TBDMSCI or Ac20, 
the corresponding protected alcohols 2b and 2c were obtained in 92% and 99% yield, respectively, l I 

ee text ~ ~ toluene ( 30 mM), 1000 C 
/ ~  " R 3 

R l f  "~,,~ ~ R ,.~ v ~ RI 

1 2 3 

Benzotr iyne R 1 R 2 R 3 Reaction time Product Yield 

2a H H TMS 10 h 3a 56% 

2b H TBDMS TMS 10 h 3b 46% 

2c H Ac TMS 6 h 3c 80% 

2d H H H 10 h 3d 60% 

2e OMe H H 10 h 3e 21% 

Scheme 1. 

When 2a was subjected to the thermal conditions described by Ueda (C6H6, it, several days), 6 the 
starting material was totally unaffected. However, stirring in toluene at 100°C for 10 h resulted in a novel 
cycloaromatization, giving benzo[b]fluorene 3a in 56% yield (Scheme 1).12 The desilylated compound 
2d behaved similarly giving 3d in 60% yield.13 To evaluate the role of the unprotected hydroxyl group, 
silyl ether 21) and acetate 2,c were subjected to the same thermal conditions as 2a and 2d; again, 
cycloaromatization took place, giving benzo[b]fluorenes 3b and 3c in 46% and 80% yield, respectively. 
The fact that the reaction of 2c had a higher yield and was faster than the others (6 h vs 10 h) suggests 
that electron-withdrawing groups favor the cyclization. Conversely, when an electron-rich aromatic ring 
was present, as in 2e, the yield of the reaction dropped to 21%. 14 

A plausible mechanism is outlined in Scheme 2 for 2a as a typical example. In successive steps, 
thermal intramolecular cyclization (Ueda's cyclization) gives the non-benzenoid biradical 4a, 15 radical 
cyclization 5a, and hydrogen abstraction the benzo[b]fluorene 3a. This radical mechanism was confirmed 
by the finding that 3a obtained by cycloaromatization of 2a in MeOH-d4 was more than 95% deuterated 
at position 5 (Scheme 2). l t,16 

2e 
100°C 

4a 5a 

MS 

(D, >95%) 

3a 

Scheme 2. 
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Interestingly, all observed products corresponded to cycloaromatization with the phenyl substituent 
via the trans-stilbene-like biradicals 4; cyclization with the alkyne via the cis-stilbene-like biradical did 
not occur. 17 

To understand and modulate the cyclization 'triggering device', we applied conditions similar to 
these described above to the non-conjugated benzodiynes 6, which were prepared in good yields by 
addition of the corresponding lithium acetylides to benzaldehyde la. ! l When 6a was heated, even under 
forced conditions (toluene, sealed tube, 170°C, 20 h), all the starting material was recovered. When 
the ethynylethylether derivative 6b was heated in benzene at 55°C for 2 days, all the starting material 
disappeared, but no single compound could be isolated or identified. Finally, when the phenylethynyl 
derivative 6c was heated in toluene for 11 h at 170°C in a sealed tube (conditions considerably more 
severe than those employed by Schmittel), an almost quantitative combined yield of the 10-phenyl and 
5-phenylbenzo[b]fluoren-11-ols 7c and 7 'c  was obtained (70% 7c, 26% 7'c); see Scheme 3. 4 Again, 
a radical mechanism was confirmed by cycloaromatization of 6c in a 4:1 mixture of toluene-d8 and 
MeOH-d4, which afforded benzo[b]fluorenols 7c (from the corresponding trans-stilbene-like biradical) 
and 7 'c  (from the cis-stilbene-like biradical) that were more than 95% deuterated at positions 5 and 
10, respectively. II We therefore believe that the presence of a substituent R capable of stabilizing the 
corresponding radical intermediate 4 is crucial for the success of this cyclization process. 

T ' M M ~  toluene ( 20 raM), 1700 C. 
6a,  R = only for 6c 

6b, R = OEt , 5% 
6c,  R = Ph 7c 7'c 

Scheme 3. 

In conclusion, we have found that non-conjugated benzotriynes and phenyl-substituted benzodiynes 
undergo a thermal radical cycloaromatization to yield the benzo[b]fluorene core of the kynamicins. 
Application of this methodology to the synthesis of benzo[b]fluorene antibiotics is in progress. 
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