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Abstract: A general and novel route for the synthesis of tricyclic pyridones by 5-, 6- and 7-exo- 
trig radical cyclization is described. The use of Pd-catalyzed cross-coupling reactions to 
introduce functionality at the 5-position of a pyridone is also presented. 
© 1999 Published by Elsevier Science Ltd. All rights reserved. 

The synthesis of tricyclic pyridones has been the subject of several recent reports, most of which are 
concerned with the construction of the BCD ring portion of the anti-tumor agent (+)-camptothecin, ~ or the 
preparation of benzodiazepine receptor l igands] Certain tricyclic pyridones have recently been identified as 
subtype-selective GABAA receptor agonists, and therefore have potential as non-sedating anxiolytics. 3 

One direct and general way to construct tricyclic pyridones 1 was envisaged to be by radical-mediated 
cyclization of appropriately functionalized N-alkyl pyridones 2, themselves readily available from the two 
monocyclic precursors 3 and 4 (Scheme 1). Herein we report the successful completion of this strategy. 
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The monocyclic pyridone 8 was prepared according to Scheme 2. Thus, treatment of 
benzyloxyacetaldehyde diethyl acetal (5) with PCIs-DMF resulted in the formation of the vinylogous amide 64 
in 43% yield. Base-catalyzed cyclization of 6 with amide 75 led to 8 in 73% yield, s Aryl groups other than 4- 
methylthiazol-2-yl (e.g. phenyl) can also be accommodated in this transformation. 
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Scheme 2: Reagents and Conditions: (i) PCIs, DMF, 0-60 °C, 2 h; HCI, 43%; (ii) Nail, 
MeOH, DMF, 70 °C, 4 h, 73%. 
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With pyridone 8 in hand, attention was turned to the N-alkylation reaction (Scheme 3). Initially this was 
achieved by a Mitsunobu reaction (PPh3-DEAD, THF), 6 which gave acceptable yields for the 5-membered ring 
precursors 9a-b (Table 1, Entries 1-2) but low yields for larger ring precursors 9c-e (Entries 3-5). In these 
instances (e.g. Entry 7 6), better yields were obtained using the appropriate alkyl bromide and Curran's LiBr- 
mediated ~rocedure (Nail, LiBr, THF-DME), specifically developed to promote the N-alkylation of 2- 
pyridones. 

Scheme 3 
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Table 1: Reagents and conditions: Entries 1-5: PPh 3, DEAD, ROH, THF, 0-25 °C, lh; Entry 6: Nail, LiBr, RBr, 
DME-DMF (4:1), 0-75 °C. 

18 Notes: (a) prepared by (i) bromination of 4-1ithio-3-pyridinecarboxaldehyde, (ii) reduction (NaBH4, EtOH, 0 °C); (b) 
prepared by (i) lithiation of 3-bromo-4-methylpyridine, quenching with (MeO)2CO, 19 (ii) reduction (LiAIH4, Et20, 0 
°C); (c) prepared by (i) lithiation of 3-bromo-4-methylpyridine, quenching with ethylene oxide; 19 (d) prepared by (i) 
tosylation of the corresponding alcohol (TsCI, pyridine, CHCI3); (ii) bromination (LiBr, acetone, 0-70 °C). 

The results for the key ring-forming step (Scheme 4) are summarised in Table 2. It was found that 
treatment of a solution of the aryl bromide 9a-e in refluxing benzene with AIBN and Bu3SnH resulted in the 
direct formation of the tricycle 10a-e in moderate yield, with oxidation of the intermediate radical addition 
product presumably occurring spontaneously. 6"8 Addition of the AIBN/Bu3SnH slowly via syringe pump, or 
degassing the reaction mixture prior to addition of the reagents did not improve the yield. The main side- 
products were reduced starting material (ca. 10%) or ill-characterized adducts containing AIBN fragments. 
The isolated yield of product is remarkably independent of substitution in the ring, with 3- and 4-pyridyl 
radicals forming and reacting smoothly (Entries 2,4,5). 9 A variety of ring sizes is also well tolerated, even in 
the uncommon 7-exo-trig cyclization mode (Entry 5). l° This reaction could not be extended to include the 
cyclization of alkyl radicals: under these conditions the analogous 3-bromopropylated pyridone did not cyclize 
efficiently to give the bicyclic pyridone (data not shown). Despite reasonable literature precedent, lz attempted 
cyclization of 9a or 9e under Heck-type conditions [Pd(OAc)2, PPh3, K2CO3, EtaNCI] did not yield 10a or 10e, 
resulting instead in unchanged or reduced starting material and/or decomposition. 
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Table 2: Reagents and Conditions: Benzen( 
(0.01 M), AIBN (1 equiv.), Bu3SnH (2 equiv.) 
80 °C. 

Attention was then turned to functionalization of the 5-position of the pyridone nucleus, as exemplified 
with 10e (Scheme 5). The benzyl protecting group was removed from 10e with BBr3 to give the corresponding 
alcohol, which was treated with Tf20 and pyridine to form triflate 11. The debenzylation could also be 
accomplished by hydrogenolysis (Pd-C, H2 or Pd-C, NHnCO2H), although the yields were much lower. 
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Scheme 5: Reagents and Conditions: (i) BBr3, CH2CI2, 0-25 °C, 0.5 h, 

Entry Reagent R 

1 2- m ethoxybe nzeneboronic acid 2-methoxyphenyl 
2 3-methoxybenzeneboronic acid 3- methoxyphenyl 
3 4-m et hoxybenzeneboroni¢ acid 4-methoxyphenyl 
4 4-formylbenzensboronic acid 4-formylphenyl 
5 trans-PhCH=CHB(OH)2 trans-CH=CHPh 
6 HC-----CPh C~-CPh 
7 HCO2H, Et3N H 
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89%; (ii) Tf20, pyr., CH2CI2, -78-0 °C, t h, 73%. 

Product (%) 

12a (93%) 
12b (76%) 
12c (84%) 
12d (74%) 
12e (69%) 
12f (67%) 
12g (60%) 

Table 3: Reagents and Conditions: (Entries 1-5): Pd(PPh3) 4 (10 mol%), boronic acid (2 equiv.), 2 M Na2CO3(aq)oDME 
(1:3), 100 °C, 3 h; (Entry 6): PdCI2(PPh3) 2, Et3N, DMF, acetylene, 100 °C, 3 h; (Entry 7): Et3N, Pd(OAc)2, PPh3, 
HCO2H, DMF, 100 °C, 16 h. 

Although there are now instances of the Pd(0)-catalyzed arylation of 3- and 4-OTf- pyridones, tz'13 to the 
best of our knowledge there are no reports concerning the arylation of 5-OTf pyridones. 14 Accordingly, it was 
pleasing to find that the coupling of 11 with a variety of boronic acids under Suzuki conditionsl~(Table 3, 
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Entr ies  1-5) gave  the aryl -subst i tu ted  pyr idones  12a-e  in exce l len t  yield. Even  quite  h indered  and e lec t ron-  
def ic ient  boronic  acids p roved  good  coupl ing  partners.  Heck  coupl ings  t6 (e.g. Entry  6) and reduct ion (Entry 7) 
were  also ef fec t ive ,  a l though Buchwa ld -Har tw ig  amina t ion  17 (BINAP,  NaOtBu,  Pd(OAc)2,  toluene) led to 
reduct ion o f  the triflate moie ty ,  and in t roduct ion o f  the amine  (benzylamine)  at the 2-posi t ion o f  the pyr id ine  
r ing in 36% yield.  

In summary ,  we  have  shown  that a range  o f  tr icyclic pyr idones  can be rapidly  and convergent ly  
a s sembled  us ing (i) py r idone  N-alkylat ion,  and (ii) rad ica l -media ted  cycl iza t ion  react ions.  These  react ions are 
readi ly scaled to y ie ld  mul t i -g ram quant i t ies  o f  products .  W e  have also s h o w n  that the so-der ived  5 - O T f  
tr icyclic py r idones  are exce l len t  substra tes  for a var ie ty  o f  Pd-ca ta lyzed  c ross -coup l ing  reactions.  These  results  
ex tend  the avai labi l i ty and scope  o f  subst i tuted py r idones  in organic  chemis t ry .  
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