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An analysis of nucleoside active metabolite potencies against Hepatitis C virus (HCV) versus their parent ground-state energetic conformational bias as calculated by density functional theory suggested that nucleotides with a small difference between their antipodal energies are more likely to have potent antiviral activity compared to those with larger energetic differences. This energetic conformational bias was thought to be manipulated with substitutions along the ribofuranose ring. From 2′-C-methyluridine, a representative nucleoside with fair anti-HCV activity, two C3′ modifications in particular (ethyne and methyl) showed contrasting antipodal biases relative to each other while originating from a common synthetic intermediate, allowing a test of reasonable extremes of the computational model with a divergent nine-step synthesis. Antiviral activity of the compounds contradicted that suggested by the model, indicating a need for further refinement with additional biostructural considerations.

        

      


        
[bookmark: N1173E]
Key words

        nucleosides - 
        hepatitis C - 
        prodrugs - 
        antiviral agents - 
        protides - 
        density functional theory
      



      
[bookmark: N11F2E]
Supporting Information

      

Supporting information for this article is available online at https://doi.org/10.1055/a-1904-0249.	
Supporting Information



    








[bookmark: info]
Publication History

Received: 02 June 2022


Accepted after revision: 19 July 2022


Accepted Manuscript online:
19 July 2022


Article published online:
27 October 2022



© 2022. Thieme. All rights reserved

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 

[bookmark: ]

[bookmark: N11F45]
	
References and Notes


	
[bookmark: OR000-1]1 New address: Prof. C. J. Butch, College of Engineering and Applied Sciences, Nanjing University, Nanjing, Jiangsu 210093, P. R. of China 










[bookmark: RL000-2]
	
[bookmark: JR000-2001]2a 
            
              Roy V, 
            
            
              Agrofoglio LA. 
            
          Drug Discovery Today 2022; 27: 1945 





CrossrefPubMed





	
[bookmark: JR000-2002]2b 
            
              Yates MK, 
            
            
              Seley-Radtke KL. 
            
          Antiviral Res. 2019; 162: 5 





CrossrefPubMed





	
[bookmark: JR000-2003]2c 
            
              Seley-Radtke KL, 
            
            
              Yates MK. 
            
          Antiviral Res. 2018; 154: 66 





CrossrefPubMed





	
[bookmark: JR000-2004]2d 
            
              De Clercq E, 
            
            
              Li G. 
            
          Clin. Microbiol. Rev. 2016; 29: 695 





CrossrefPubMed





	
[bookmark: JR000-2005]2e 
            
              De Clercq E. 
            
          Acta Pharm. Sin. B 2012; 2: 535 





Crossref







      
[bookmark: RL000-3]
	
[bookmark: JR000-3001]3a 
            
              Liotta DC, 
            
            
              Painter GR. 
            
          Acc. Chem. Res. 2016; 49: 2091 





CrossrefPubMed





	
[bookmark: JR000-3002]3b 
            
              Broder S. 
            
          Antiviral Res. 2010; 85: 1 





CrossrefPubMed





	
[bookmark: JR000-3003]3c 
            
              De Clercq E. 
            
          Nat. Rev. Drug Discovery 2007; 6: 1001 





CrossrefPubMed







      
[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a 
            
              Beigel JH, 
            
            
              Tomashek KM, 
            
            
              Dodd LE, 
            
            
              Mehta AK, 
            
            
              Zingman BS, 
            
            
              Kalil AC, 
            
            
              Hohmann E, 
            
            
              Chu HY, 
            
            
              Luetkemeyer A, 
            
            
              Kline S. 
            
          N. Engl. J. Med. 2020; 383: 1813 





CrossrefPubMed





	
[bookmark: JR000-4002]4b 
            
              Eastman RT, 
            
            
              Roth JS, 
            
            
              Brimacombe KR, 
            
            
              Simeonov A, 
            
            
              Shen M, 
            
            
              Patnaik S, 
            
            
              Hall MD. 
            
          ACS Cent. Sci. 2020; 6: 672 





CrossrefPubMed





	
[bookmark: JR000-4003]4c 
            
              Williamson BN, 
            
            
              Feldmann F, 
            
            
              Schwarz B, 
            
            
              Meade-White K, 
            
            
              Porter DP, 
            
            
              Schulz J, 
            
            
              Van Doremalen N, 
            
            
              Leighton I, 
            
            
              Yinda CK, 
            
            
              Pérez-Pérez L. 
            
          Nature 2020; 585: 273 





CrossrefPubMed







      
[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a 
            
              Fischer WA, 
            
            
              Eron JJ, 
            
            
              Holman W, 
            
            
              Cohen MS, 
            
            
              Fang L, 
            
            
              Szewczyk LJ, 
            
            
              Sheahan TP, 
            
            
              Baric R, 
            
            
              Mollan KR, 
            
            
              Wolfe CR, 
            
            
              Duke ER, 
            
            
              Azizad MM, 
            
            
              Borroto-Esoda K, 
            
            
              Wohl DA, 
            
            
              Coombs RW, 
            
            
              Loftis AJ, 
            
            
              Alabanza P, 
            
            
              Lipansky F, 
            
            
              Painter WP. 
            
          Sci. Transl. Med. 2022; 14: eabl7430 





CrossrefPubMed





	
[bookmark: JR000-5002]5b 
            
              Bernal AJ, 
            
            
              da Silva MM. G, 
            
            
              Musungaie DB, 
            
            
              Kovalchuk E, 
            
            
              Gonzalez A, 
            
            
              Reyes VD, 
            
            
              Martín-Quirós A, 
            
            
              Caraco Y, 
            
            
              Williams-Diaz A, 
            
            
              Brown ML, 
            
            
              Du J, 
            
            
              Pedley A, 
            
            
              Assaid C, 
            
            
              Strizki J, 
            
            
              Grobler JA, 
            
            
              Shamsuddin HH, 
            
            
              Tipping R, 
            
            
              Wan H, 
            
            
              Paschke A, 
            
            
              Butterton JR, 
            
            
              Johnson MG, 
            
            
              De Anda C. 
            
          N. Engl. J. Med. 2022; 386: 509 





CrossrefPubMed





	
[bookmark: JR000-5003]5c 
            
              Whitley R. 
            
          N. Engl. J. Med. 2022; 386: 592 





CrossrefPubMed





	
[bookmark: JR000-5004]5d 
            
              Painter GR, 
            
            
              Natchus MG, 
            
            
              Cohen O, 
            
            
              Holman W, 
            
            
              Painter WP. 
            
          Curr. Opin. Virol. 2021; 50: 17 





CrossrefPubMed







      
[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a 
            
              Sofia MJ, 
            
            
              Bao D, 
            
            
              Chang W, 
            
            
              Du JF, 
            
            
              Nagarathnam D, 
            
            
              Rachakonda S, 
            
            
              Reddy PG, 
            
            
              Ross BS, 
            
            
              Wang PY, 
            
            
              Zhang HR, 
            
            
              Bansal S, 
            
            
              Espiritu C, 
            
            
              Keilman M, 
            
            
              Lam AM, 
            
            
              Steuer HM. M, 
            
            
              Niu CR, 
            
            
              Otto MJ, 
            
            
              Furman PA. 
            
          J. Med. Chem. 2010; 53: 7202 





CrossrefPubMed





	
[bookmark: JR000-6002]6b 
            
              Sofia MJ. 
            
          Antiviral Res. 2014; 107: 119 





CrossrefPubMed







      
	
[bookmark: JR000-7]7 
          
            Fung A, 
          
          
            Jin ZN, 
          
          
            Dyatkina N, 
          
          
            Wang GY, 
          
          
            Beigelman L, 
          
          
            Deval J. 
          
        Antimicrob. Agents Chemother. 2014; 58: 3636 





CrossrefPubMed






[bookmark: RL000-8]
	
[bookmark: JR000-8001]8a 
            
              Zhang N, 
            
            
              Zhang S, 
            
            
              Szostak JW. 
            
          J. Am. Chem. Soc. 2012; 134: 3691 





CrossrefPubMed





	
[bookmark: JR000-8002]8b 
            
              Kim SC, 
            
            
              Zhou L, 
            
            
              Zhang W, 
            
            
              O’Flaherty DK, 
            
            
              Rondo-Brovetto V, 
            
            
              Szostak JW. 
            
          J. Am. Chem. Soc. 2020; 142: 2317 





CrossrefPubMed







      
[bookmark: RL000-9]
	
[bookmark: JR000-9001]9a 
            
              Guschlbauer W, 
            
            
              Jankowski K. 
            
          Nucleic Acids Res. 1980; 8: 1421 





CrossrefPubMed





	
[bookmark: JR000-9002]9b 
            
              Plavec J, 
            
            
              Tong W, 
            
            
              Chattopadhyaya J. 
            
          J. Am. Chem. Soc. 1993; 115: 9734 





Crossref







      
	
[bookmark: JR000-10]10 
          
            Prakash TP. 
          
        Chem. Biodivers. 2011; 8: 1616 





CrossrefPubMed





	
[bookmark: JR000-11]11 
          
            Dentmon ZW, 
          
          
            Kaiser TM, 
          
          
            Liotta DC. 
          
        Molecules 2020; 25: 5165 





CrossrefPubMed






[bookmark: RL000-12]
	
[bookmark: JR000-12001]12a 
            
              Guinan M, 
            
            
              Huang N, 
            
            
              Smith M, 
            
            
              Miller GJ. 
            
          Bioorg. Med. Chem. Lett. 2022; 61: 128605 





CrossrefPubMed





	
[bookmark: JR000-12002]12b 
            
              Manchoju A, 
            
            
              Zelli R, 
            
            
              Wang G, 
            
            
              Eymard C, 
            
            
              Oo A, 
            
            
              Nemer M, 
            
            
              Prévost M, 
            
            
              Kim B, 
            
            
              Guindon Y. 
            
          Molecules 2022; 27: 564 





CrossrefPubMed





	
[bookmark: JR000-12003]12c 
            
              Wang G, 
            
            
              Dyatkina N, 
            
            
              Prhavc M, 
            
            
              Williams C, 
            
            
              Serebryany V, 
            
            
              Hu Y, 
            
            
              Huang Y, 
            
            
              Wu X, 
            
            
              Chen T, 
            
            
              Huang W, 
            
            
              Rajwanshi VK, 
            
            
              Deval J, 
            
            
              Fung A, 
            
            
              Jin Z, 
            
            
              Stoycheva A, 
            
            
              Shaw K, 
            
            
              Gupta K, 
            
            
              Tam Y, 
            
            
              Jekle A, 
            
            
              Smith DB, 
            
            
              Beigelman L. 
            
          J. Med. Chem. 2020; 63: 10380 





CrossrefPubMed





	
[bookmark: JR000-12004]12d 
            
              Martínez-Montero S, 
            
            
              Deleavey GF, 
            
            
              Kulkarni A, 
            
            
              Martín-Pintado N, 
            
            
              Lindovska P, 
            
            
              Thomson M, 
            
            
              González C, 
            
            
              Götte M, 
            
            
              Damha MJ. 
            
          J. Org. Chem. 2014; 79: 5627 





CrossrefPubMed





	
[bookmark: JR000-12005]12e 
            
              Marquez VE, 
            
            
              Siddiqui MA, 
            
            
              Ezzitouni A, 
            
            
              Russ P, 
            
            
              Wang J, 
            
            
              Wagner RW, 
            
            
              Matteucci MD. 
            
          J. Med. Chem. 1996; 39: 3739 





CrossrefPubMed







      
	
[bookmark: JR000-13]13 
          
            Appleby TC, 
          
          
            Perry JK, 
          
          
            Murakami E, 
          
          
            Barauskas O, 
          
          
            Feng J, 
          
          
            Cho A, 
          
          
            Fox DIII, 
          
          
            Wetmore DR, 
          
          
            McGrath ME, 
          
          
            Ray AS. 
          
        Science 2015; 347: 771 





CrossrefPubMed






[bookmark: RL000-14]
	
[bookmark: JR000-14001]14a 
            
              Olson WK, 
            
            
              Sussman JL. 
            
          J. Am. Chem. Soc. 1982; 104: 270 





Crossref





	
[bookmark: JR000-14002]14b 
            
              Altona C, 
            
            
              Sundaralingam M. 
            
          J. Am. Chem. Soc. 1972; 94: 8205 





CrossrefPubMed







      
[bookmark: RL000-15]
	
[bookmark: JR000-15001]15a 
            
              Murakami E, 
            
            
              Bao HY, 
            
            
              Ramesh M, 
            
            
              McBrayer TR, 
            
            
              Whitaker T, 
            
            
              Steuer HM. M, 
            
            
              Schinazi RF, 
            
            
              Stuyver LJ, 
            
            
              Obikhod A, 
            
            
              Otto MJ, 
            
            
              Furman PA. 
            
          Antimicrob. Agents Chemother. 2007; 51: 503 





CrossrefPubMed





	
[bookmark: JR000-15002]15b 
            
              Murakami E, 
            
            
              Niu CR, 
            
            
              Bao HY, 
            
            
              Steuer HM. M, 
            
            
              Whitaker T, 
            
            
              Nachman T, 
            
            
              Sofia MA, 
            
            
              Wang PY, 
            
            
              Otto MJ, 
            
            
              Furman PA. 
            
          Antimicrob. Agents Chemother. 2008; 52: 458 





CrossrefPubMed







      
	
[bookmark: OR000-16]16 Experimental procedures and characterization data for all synthesized intermediates and final compounds are provided in the Supporting Information. 










[bookmark: RL000-17]
	
[bookmark: JR000-17001]17a 
            
              Vorbrüggen H, 
            
            
              Höfle G. 
            
          Chem. Ber. 1981; 114: 1256 





Crossref





	
[bookmark: BR000-17002]17b 
            
              Vorbrüggen H, 
            
            
              Ruh-Pohlenz C. 
            
          
            Synthesis of Nucleosides
          . In 
            Organic Reactions
          . Wiley Online Library; Weinheim: 2004 





Google Scholar







      
[bookmark: RL000-18]
	
[bookmark: JR000-18001]18a 
            
              Jung PM, 
            
            
              Burger A, 
            
            
              Biellmann J.-F. 
            
          Tetrahedron Lett. 1995; 36: 1031 





Crossref





	
[bookmark: JR000-18002]18b 
            
              Jung PM, 
            
            
              Burger A, 
            
            
              Biellmann J.-F. 
            
          J. Org. Chem. 1997; 62: 8309 





CrossrefPubMed







      
	
[bookmark: JR000-19]19 
          
            Ludwig PS, 
          
          
            Schwendener RA, 
          
          
            Schott H. 
          
        Synthesis 2002; 2387 





Article in Thieme ConnectPubMed





	
[bookmark: JR000-20]20 
          
            Robins MJ, 
          
          
            Samano V, 
          
          
            Johnson MD. 
          
        J. Org. Chem. 1990; 55: 410 





CrossrefPubMed






[bookmark: RL000-21]
	
[bookmark: JR000-21001]21a 
            
              Reese CB, 
            
            
              Pei-Zhuo Z. 
            
          J. Chem. Soc., Perkin Trans. 1 1993; 2291 





Crossref





	
[bookmark: JR000-21002]21b 
            
              Kicsák M, 
            
            
              Mándi A, 
            
            
              Varga S, 
            
            
              Herczeg M, 
            
            
              Batta G, 
            
            
              Bényei A, 
            
            
              Borbás A, 
            
            
              Herczegh P. 
            
          Org. Biomol. Chem. 2018; 16: 393 





CrossrefPubMed







      
	
[bookmark: JR000-22]22 
          
            Gadakh BK, 
          
          
            Patil PR, 
          
          
            Malik S, 
          
          
            Kartha KP. R. 
          
        Synth. Commun. 2009; 39: 2430 





CrossrefPubMed






[bookmark: RL000-23]
	
[bookmark: JR000-23001]23a 
            
              Mendenhall GD, 
            
            
              Ingold KU. 
            
          J. Am. Chem. Soc. 1973; 95: 6395 





Crossref





	
[bookmark: JR000-23002]23b 
            
              Shibuya M, 
            
            
              Tomizawa M, 
            
            
              Sasano Y, 
            
            
              Iwabüchi Y. 
            
          J. Org. Chem. 2009; 74: 4619 





CrossrefPubMed





	
[bookmark: JR000-23003]23c 
            
              Ryland BL, 
            
            
              Stahl SS. 
            
          Angew. Chem. Int. Ed. 2014; 53: 8824 





CrossrefPubMed







      
	
[bookmark: JR000-24]24 
          
            Hayashi M, 
          
          
            Shibuya M, 
          
          
            Iwabüchi Y. 
          
        J. Org. Chem. 2012; 77: 3005 





CrossrefPubMed





	
[bookmark: JR000-25]25 
          
            Corey EJ, 
          
          
            Cho H, 
          
          
            Rücker C, 
          
          
            Hua DH. 
          
        Tetrahedron Lett. 1981; 22: 3455 





CrossrefPubMed





	
[bookmark: JR000-26]26 
          
            Heathcock CH, 
          
          
            Young SD, 
          
          
            Hagen JP, 
          
          
            Pilli R, 
          
          
            Badertscher U. 
          
        J. Org. Chem. 1985; 50: 2095 





CrossrefPubMed





	
[bookmark: JR000-27]27 
          
            Shimizu M, 
          
          
            Miyamoto Y, 
          
          
            Kobayashi E, 
          
          
            Shimazaki M, 
          
          
            Yamamoto K, 
          
          
            Reischl W, 
          
          
            Yamada S. 
          
        Bioorg. Med. Chem. 2006; 14: 4277 





CrossrefPubMed






[bookmark: RL000-28]
	
[bookmark: JR000-28001]28a 
            
              Sabitha G, 
            
            
              Reddy EV, 
            
            
              Swapna R, 
            
            
              Reddy NM, 
            
            
              Yadav JS. 
            
          Synlett 2004; 1276 





Article in Thieme Connect





	
[bookmark: JR000-28002]28b 
            
              Wu B, 
            
            
              Zhang W, 
            
            
              Li Z, 
            
            
              Gu L, 
            
            
              Wang X, 
            
            
              Wang PG. 
            
          J. Org. Chem. 2011; 76: 2265 





CrossrefPubMed







      
[bookmark: RL000-29]
	
[bookmark: JR000-29001]29a 
            
              Imamoto T, 
            
            
              Kusumoto T, 
            
            
              Tawarayama Y, 
            
            
              Sugiura Y, 
            
            
              Mita T, 
            
            
              Hatanaka Y, 
            
            
              Yokoyama M. 
            
          J. Org. Chem. 1984; 49: 3904 





Crossref





	
[bookmark: JR000-29002]29b 
            
              Imamoto T, 
            
            
              Takiyama N, 
            
            
              Nakamura K. 
            
          Tetrahedron Lett. 1985; 26: 4763 





Crossref





	
[bookmark: JR000-29003]29c 
            
              Imamoto T, 
            
            
              Takiyama N, 
            
            
              Nakamura K, 
            
            
              Hatajima T, 
            
            
              Kamiya Y. 
            
          J. Am. Chem. Soc. 1989; 111: 4392 





Crossref







      
[bookmark: RL000-30]
	
[bookmark: JR000-30001]30a 
            
              Cahard D, 
            
            
              McGuigan C, 
            
            
              Balzarini J. 
            
          Mini-Rev. Med. Chem. 2004; 4: 371 





CrossrefPubMed





	
[bookmark: JR000-30002]30b 
            
              Mehellou Y, 
            
            
              Balzarini J, 
            
            
              McGuigan C. 
            
          ChemMedChem 2009; 4: 1779 





CrossrefPubMed







      
[bookmark: RL000-31]
	
[bookmark: JR000-31001]31a 
            
              Golitsina NL, 
            
            
              Danehy FT, 
            
            
              Fellows R, 
            
            
              Cretton-Scott E, 
            
            
              Standring DN. 
            
          Antiviral Res. 2010; 85: 470 





CrossrefPubMed





	
[bookmark: JR000-31002]31b 
            
              Furman PA, 
            
            
              Murakami E, 
            
            
              Bao H, 
            
            
              Symons J, 
            
            
              Otto MJ. 
            
          J. Hepatol. 2007; 46: S224 





Crossref







      
	
[bookmark: JR000-32]32 Reagent 10 was prepared as described in: 
          
            Ross BS, 
          
          
            Reddy PG, 
          
          
            Zhang HR, 
          
          
            Rachakonda S, 
          
          
            Sofia MJ. 
          
        J. Org. Chem. 2011; 76: 8311 





CrossrefPubMed





	
[bookmark: JR000-33]33 We note that since MgI2 is insoluble in THF, the active methylating agent is likely Me2Mg as a result of the Schlenk equilibrium. See: 
          
            Ashby EC, 
          
          
            Parris GE. 
          
        J. Am. Chem. Soc. 1971; 93: 1206 





CrossrefPubMed





	
[bookmark: JR000-34]34 
          
            Hugelshofer CL, 
          
          
            Palani V, 
          
          
            Sarpong R. 
          
        J. Am. Chem. Soc. 2019; 141: 8431 





CrossrefPubMed





	
[bookmark: JR000-35]35 
          
            Krasovskiy A, 
          
          
            Kopp F, 
          
          
            Knochel P. 
          
        Angew. Chem. Int. Ed. 2006; 45: 497 





CrossrefPubMed






[bookmark: RL000-36]
	
[bookmark: JR000-36001]36a 
            
              Dimitrov V, 
            
            
              Bratovanov S, 
            
            
              Simova S, 
            
            
              Kostaova K. 
            
          Tetrahedron Lett. 1994; 35: 6713 





Crossref





	
[bookmark: JR000-36002]36b 
            
              Dimitrov V, 
            
            
              Kostova K, 
            
            
              Genov M. 
            
          Tetrahedron Lett. 1996; 37: 6787 





Crossref







      
[bookmark: RL000-37]
	
[bookmark: JR000-37001]37a 
            
              Reetz MT, 
            
            
              Westermann J, 
            
            
              Steinbach R, 
            
            
              Wenderoth B, 
            
            
              Peter R, 
            
            
              Ostarek R, 
            
            
              Maus S. 
            
          Chem. Ber. 1985; 118: 1421 





Crossref





	
[bookmark: JR000-37002]37b 
            
              Reetz MT, 
            
            
              Kyung SH, 
            
            
              Hullmann M. 
            
          Tetrahedron 1986; 42: 2931 





Crossref







      
	
[bookmark: JR000-38]38 
          
            Hatano M, 
          
          
            Suzuki S, 
          
          
            Ishihara K. 
          
        J. Am. Chem. Soc. 2006; 128: 9998 





CrossrefPubMed






[bookmark: RL000-39]
	
[bookmark: JR000-39001]39a 
            
              Solomon M, 
            
            
              Jamison WC. L, 
            
            
              McCormick M, 
            
            
              Liotta D, 
            
            
              Cherry DA, 
            
            
              Mills JE, 
            
            
              Shah RD, 
            
            
              Rodgers JD, 
            
            
              Maryanoff CA. 
            
          J. Am. Chem. Soc. 1988; 110: 3702 





Crossref





	
[bookmark: JR000-39002]39b 
            
              Swiss KA, 
            
            
              Liotta DC, 
            
            
              Maryanoff CA. 
            
          J. Am. Chem. Soc. 1990; 112: 9393 





Crossref







      
[bookmark: RL000-40]
	
[bookmark: JR000-40001]40a 
            
              Lohmann V, 
            
            
              Korner F, 
            
            
              Koch JO, 
            
            
              Herian U, 
            
            
              Theilmann L, 
            
            
              Bartenschlager R. 
            
          Science 1999; 285: 110 





CrossrefPubMed





	
[bookmark: JR000-40002]40b 
            
              Krieger N, 
            
            
              Lohmann V, 
            
            
              Bartenschlager R. 
            
          J. Virol. 2001; 75: 4614 





CrossrefPubMed





	
[bookmark: JR000-40003]40c 
            
              Bartenschlager R. 
            
          Curr. Opin. Microbiol. 2006; 9: 416 





CrossrefPubMed







      
	
[bookmark: JR000-41]41 
          
            Dasari M, 
          
          
            Ma P, 
          
          
            Pelly SC, 
          
          
            Sharma SK, 
          
          
            Liotta DC. 
          
        Bioorg. Med. Chem. Lett. 2020; 30: 127539 





CrossrefPubMed






[bookmark: RL000-42]
	
[bookmark: JR000-42001]42a 
            
              Marquez VE, 
            
            
              Ben-Kasus T, 
            
            
              Barchi JJ, 
            
            
              Green KM, 
            
            
              Nicklaus MC, 
            
            
              Agbaria R. 
            
          J. Am. Chem. Soc. 2004; 126: 543 





CrossrefPubMed





	
[bookmark: JR000-42002]42b 
            
              Marquez VE, 
            
            
              Ezzitouni A, 
            
            
              Russ P, 
            
            
              Siddiqui MA, 
            
            
              Ford H, 
            
            
              Feldman RJ, 
            
            
              Mitsuya H, 
            
            
              George C, 
            
            
              Barchi JJ. 
            
          J. Am. Chem. Soc. 1998; 120: 2780 





Crossref







      
	
[bookmark: OR000-43]43 Procedures for the key stereoselective 3′-ketone additions: 
TMS-Ethynylated Intermediate 7a: A flame-dried 100-mL two-neck round-bottom flask with stir bar was charged with argon and anhydrous cerium(III) chloride (770 mg, 3.13 mmol), which was dried briefly by heating in vacuo. The powder was then suspended in anhydrous THF (5 mL) and left to stir under argon overnight. A separate oven-dried 50-mL two-neck round-bottom flask with stir bar was charged with anhydrous THF (5 mL) and trimethylsilylacetylene (453 μL, 3.23 mmol), and the colorless solution was chilled to –78 °C before being dropwise treated with n-butyllithium (1.37 mL, 3.28 mmol) as a ca. 2.4 M solution in hexanes. The reaction took on a light color; the deprotonation mixture was allowed to warm to –20 °C and stirred for 1 hour before being again cryogenically cooled and cannulated to the cerium suspension cooled to the same temperature. The heterogenous transmetalation mixture took on a dark-yellow color and was stirred for 1 hour at reduced temperature before ketone 6 (193 mg, 0.52 mmol) was cannulated as a solution in anhydrous THF (5 mL). The still heterogenous reaction was stirred at reduced temperature overnight. The next day, TLC showed partial conversion of the starting ketone to a less polar spot. The reaction was quenched with acetic acid (0.3 mL) and allowed to warm to ambient temperature before being poured into a pH 7 aqueous potassium phosphate solution. The product was extracted with ethyl acetate and washed with brine solution. The organic layer was collected, dried over sodium sulfate, filtered, and concentrated to a glass-like solid, which was brought up in DCM and purified via silica gel flash column chromatography (0–80% ethyl acetate in hexanes). The fractions of interest were pooled and concentrated to afford the desired product as a glass-like semisolid (128 mg, 80.5% yield BRSM; 67 mg, 35% starting material recovered). 1H NMR (400 MHz, CDCl3): δ = 8.86 (s, 1 H), 7.83 (d, J = 8.3 Hz, 1 H), 6.06 (s, 1 H), 5.68 (dd, J = 8.2, 2.3 Hz, 1 H), 4.09–4.03 (m, 2 H), 3.98 (dd, J = 6.1, 4.4 Hz, 1 H), 3.25 (s, 1 H), 2.07 (br s, 1 H), 1.40 (s, 3 H), 0.93 (s, 9 H), 0.36 (s, 3 H), 0.25 (s, 3 H), 0.19 (s, 9 H) ppm; 13C NMR (151 MHz, acetone-d
          6): δ = 163.5, 151.7, 141.4, 103.8, 101.3, 96.1, 93.7, 86.3, 85.3, 77.3, 63.0, 26.3, 19.1, 18.5, 0.1, –0.4, –2.1, –2.3 ppm; HRMS (ACPI): m/z [M + H]+ calcd for C21H37N2O6Si2: 469.2185; found: 469.2177.
Methylated Intermediate 7b: In a flame-dried 100-mL Schlenk flask with stir bar, a ca. 0.45 M solution of trichlorolanthanum bis(lithium chloride) complex (1.1 mL, 0.66 mmol) in THF was treated with ketone 6 (200 mg, 0.54 mmol) and diluted with an equivolume amount of anhydrous THF (1.1 mL). The colorless solution was stirred at ambient temperature for approximately 1 hour before being chilled to 0 °C with an ice bath and treated with MeMgCl (0.6 mL, 1.8 mmol) as a ca. 3 M solution in THF; bubbles were observed, and the reaction turned yellow. The reaction mixture was then left to stir under argon overnight. The next day, TLC of the now orange reaction mixture showed what appeared to be ca. 50% conversion of the starting material to a single more polar product. Hence, the reaction was chilled and another half-portion of MeMgCl (0.3 mL, 0.9 mmol) was added dropwise. The reaction proceeded for an additional hour before being quenched by addition of saturated aqueous ammonium chloride solution. The product mixture was diluted and extracted with ethyl acetate and washed with dilute HCl solution followed by brine solution. The organic layer was dried over magnesium sulfate, filtered, and concentrated to a yellow residue. Crude 1H NMR analysis in d6-acetone confirmed an almost 1:4 mixture of starting material (doublet at 7.94 ppm) to the more polar product (doublet at 7.99 ppm). The crude mixture was adsorbed onto silica gel and purified via silica gel flash column chromatography (0–10% methanol in DCM). The relevant fractions of interest were combined and concentrated for either recovered starting material (19 mg, 9.5% recovered) or desired methylated product (58 mg, 27.8% yield). 1H NMR (500 MHz, acetone-d
          6): δ = 10.04 (s, 1 H), 7.99 (d, J = 8.3 Hz, 1 H), 5.96 (s, 1 H), 5.51 (dd, J = 8.3, 2.0 Hz, 1 H), 4.73 (s, 1 H), 4.28 (dd, J = 6.0, 4.9 Hz, 1 H), 4.12 (dd, J = 5.1, 3.9 Hz, 1 H), 4.09–3.96 (m, 2 H), 1.32 (s, 3 H), 1.25 (s, 3 H), 0.91 (s, 9 H), 0.32 (s, 3 H), 0.20 (s, 3 H) ppm; 13C NMR (151 MHz, acetone-d
          6): δ = 163.7, 152.1, 142.8, 100.6, 93.7, 88.0, 86.7, 80.9, 61.4, 26.2, 18.8, 18.5, 15.6, –2.0, –2.5 ppm; HRMS (ESI): m/z [M + Na]+ calcd for C17H30N2O6SiNa: 409.1765; found: 409.1767. 
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