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Combined Directed Metalation - Cross Coupling Strategies. 
Total Synthesis of the Aglycones of Gilvocarcin V, M and E 
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Abstract: Using the versatile Directed ortho and remote Metalation protocols linked with 
Suzukl-Miyaura cross coupling, efficient syntheses of defucogilvocarcin V, M, and E, 2-4 have 
been achieved. © 1997 Elsevier Science Ltd. 

The gilvocarcins (1-4) represent a notable group of naphtho[b,d]benzopyran-6-one natural products 

isolated from various strains of Streptomyces, t which, in view of their challenging structural features as well 

as significant antibiotic and antitumor activity, 2 have elicited considerable synthetic interest. 3 Previous routes 

incorporate aromatic nucleophilic addition of  Grignards to 2-MeO-aryloxazolines, 3c'd classical Pechmann 

condensation 3= and diazonium Meenvein 3i coupling as key steps. In the continuation of efforts to demonstrate 

the synthetic advantages of directed ortho 4 and remote s metalation strategies linked to transition metal catalyzed 

cross coupling reactions, 6 we report the total synthesis of defucogilvocarcin V (2) and its methyl (3) and 

ethyl (4) analogues. This route, proceeding via the remote anionic Fries rearrangement (5), provides an 
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efficient route to these systems and anticipates further utility of remote metalation tactics in the preparation of 

analogues and similar structural types. 

To initiate the synthesis, differentially protected trioxygenated naphthalene species 6a 7 (Scheme l ) 

was metalated - iodinated (l.  s-BuLi/TMEDA/THF/-78°C; 2. 12) to give 6b in 94% yield. Pd(0)-catalyzed 

Suzuki-Miyaura cross coupling with arylboronic acid 7a 8 using an improved Ba(OH) 2 mediated procedure 9 

fumished the biaryl 8a in excellent yield. In the initial strategy, the C-8 i-Pr protection was chosen due to its 

known stability to the standard 5b LDA remote metalation conditions, l° In the event, the key remote metalation 

- carbamoyl migration - eyclization sequence proceeded smoothly on 8a under standard conditions (1. 3 

equiv LDA/THF/reflux/l h; 2. HOAc/reflux/10 rain) affording tetracyclic laetone 9a in modest yield. ]] 
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2 R = CH=CH2 (90%) 
3 R = Me (83%) 
4 R = Et (86%) 

However, the required double deisopropylation under a variety of Lewis acid conditions (BCI3, TiCI4) failed 

leading only to mono C-1 deproteetion. ~2 The circumvention of this impasse necessitated consideration of 

differential protection of the C-1 and C-8 phenols. To this end, the MOM ether 7h 13 was coupled with 6b to 

give 8b which, upon treatment with LDA under modified '4 conditions followed by 50% aq HOAc cyclization, 

furnished the desired phenol lactone 9b in good yield over two steps. Compound 9b was readily converted 

(Tf20/Et3N/CH2CIJ-78°C) to the corresponding triflate 9¢ which upon treatment with vinyltributyltin under 
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modified l~ Stille conditions (2 tool % Pd2(dba)~/LiCl/(2-furyl).~P/NMP/rt/5 h) gave 10a in 69% yield. 

Selective depmteetion with BCi 3 afforded defucogilvocarcin V (2), shown to he identical with the natural 

product by comparison of physical and spectroscopic data. 3d To enliven cross coupling diversity, the triflate 

9c was subjected to Negishi coupling with MeZnBr (5 tool % NiCl2dppp/THF/rt/12 h) and Suzuki - Miyaura 

coupling with BEt~ (5 tool % PdCi2dppf/K~PO4/THF/reflux/1 h) yielding the methyl (10b) and ethyl (10¢) 

analogues respectively. Deproteetion of these compounds with BCI 3 as before afforded defucogilvocarcins 

M j~ (3) and E ~* (4) whose spectroscopic properties were identical with those reported. 

In summary the total synthesis of defucogiivocarcin V (2) has been accomplished in nine steps and 

14% overall yield from commercially available juglone which constitutes an advance in efficacy over previous 

methods. 17 In addition, the aglycones 3 and 4 have been prepared from triflate 9e, the focal intermediate for 

all three final products. Thus, the versatility of the combined directed ortho- and remote - metalation and cross 

coupling strategy has been further demonstrated, m s,~9 
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