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Abstract

Several unsymmetrical heterobiaryls have been synthesized through
palladium-catalyzed cross-coupling reactions of lithium triorganozincates.
The latter have been prepared by deprotonative lithiation followed
by transmetalation using non-hygroscopic ZnCl2˙TMEDA
(0.33 equiv).
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CrossrefGoogle Scholar





	
[bookmark: RG24108ST-20][bookmark: RG24108ST-20A]20a  Compound 2a: pale yellow powder; mp 186 ˚C.
The spectral data were found identical to those previously described,
see ref. 20b. ¹³C NMR (50 MHz, CD3COCD3): 
δ = 110.9,
112.4, 115.4, 123.5, 124.7, 128.1, 128.7, 152.2, 156.5, 158.6, 161.8,
162.1.










	
[bookmark: RG24108ST-20][bookmark: RG24108ST-20B]20b 
             Strekowski L. 
             Harden 
                MJ. 
             Grubb WB. 
             Patterson SE. 
             Czarny A. 
             Mokrosz MJ. 
             Cegla MT. 
             Wydra RL. 
            J. Heterocycl. Chem. 
            1990, 
            27: 
            1393 
          




Google Scholar





	[bookmark: RG24108ST-23]23 Compound 2b:
white powder; mp 88 ˚C. The spectral data were
found identical to those previously described. See:  Mongin F. 
             Bucher A. 
             Bazureau JP. 
             Bayh O. 
             Awad H. 
             Trécourt F. 
            Tetrahedron
Lett. 
            2005, 
            46: 
            7989 
          






CrossrefGoogle Scholar





	[bookmark: RG24108ST-24]24 
             Ramanathan V. 
             Levine R. 
            J. Org. Chem. 
            1962, 
            27: 
            1216 
          






CrossrefGoogle Scholar





	
[bookmark: RG24108ST-26]Benzo[b]thiophene
has previously been metalated using butyllithium in THF at 0 ˚C,
see:

	
[bookmark: RG24108ST-26][bookmark: RG24108ST-26A]26a 
             Jen K.-Y. 
             Cava MP. 
            J. Org. Chem. 
            1983, 
            48: 
            1449 
          




Google Scholar





	
[bookmark: RG24108ST-26]Thiophene has previously been metalated using butyllithium
in THF at temperatures between -20 ˚C
and r.t., see:

	
[bookmark: RG24108ST-26][bookmark: RG24108ST-26B]26b 
             Surry DS. 
             Fox DJ. 
             MacDonald SJF. 
             Spring DR. 
            Chem.
Commun. 
            2005, 
            2589 
          




Google Scholar





	
[bookmark: RG24108ST-29][bookmark: RG24108ST-29A]29a  Compound 9a: white powder; mp 124 ˚C.
The physical data were found identical to those previously described
in ref. 29b. ¹H NMR (200 MHz, CD3COCD3): δ = 7.17
(dd, J = 7.5,
5.7 Hz, 1 H), 7.46 (d, J = 7.8
Hz, 1 H), 7.59 (dd, J = 7.5,
1.5 Hz, 1 H), 7.82 (dd, J = 5.7,
1.5 Hz, 1 H), 8.53 (d, J = 8.1
Hz, 1 H). ¹³C NMR (50 MHz, CD3COCD3): δ = 113.7,
128.8, 129.2, 131.8, 140.5, 159.5, 161.7, 162.0.










	
[bookmark: RG24108ST-29][bookmark: RG24108ST-29B]29b 
             Brown DJ. 
             Cowden WB. 
             Strekowski L. 
            Aust. J. Chem. 
            1982, 
            35: 
            1209-1214  
          




Google Scholar





	
[bookmark: RG24108ST-30]Compound 10:
pale yellow powder; mp 67 ˚C. The spectral data
were found identical to those previously described. See:

	
[bookmark: RG24108ST-30][bookmark: RG24108ST-30A]30a 
             Constable EC. 
             Sousa LR. 
            J.
Organomet. Chem. 
            1992, 
            427: 
            125 
          




Google Scholar





	
[bookmark: RG24108ST-30][bookmark: RG24108ST-30B]30b 
             Bayh O. 
             Awad H. 
             Mongin F. 
             Hoarau C. 
             Trécourt F. 
             Quéguiner G. 
             Marsais F. 
             Blanco F. 
             Abarca B. 
             Ballesteros R. 
            Tetrahedron 
            2005, 
            61: 
            4779 
          




Google Scholar





	[bookmark: RG24108ST-31]31 
            N-Boc
pyrrole has previously been metalated using LiTMP in THF at -75 ˚C.
See:  Hasan I. 
             Marinelli ER. 
             Lin L.-CC. 
             Fowler FW. 
             Levy AB. 
            J.
Org. Chem. 
            1981, 
            46: 
            157 
          






CrossrefGoogle Scholar





	[bookmark: RG24108ST-32]32 Compound 12:
 yellow oil. The spectral data were found identical to those previously
described:  Semmelback MF. 
             Chlenov A. 
             Douglas M. 
            J. Am. Chem.
Soc. 
            2005, 
            127: 
            7759 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RG24108ST-33]33 Concerning the direct lithiation
of anisole, see:  Shirley 
                DA. 
             Johnson JR. 
             Hendrix JP. 
            J. Organomet. Chem. 
            1968, 
            11: 
            209 
          






CrossrefGoogle Scholar





	[bookmark: RG24108ST-34]34 Compound 14:
colorless oil. The spectral data were found identical to those previously
described:  Mongin F. 
             Mojovic L. 
             Guillamet B. 
             Trécourt F. 
             Quéguiner G. 
            
            J. Org.
Chem. 
            2002, 
            67: 
            8991 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RG24108ST-36]For the deprotonation of 2-fluoropyridine
using a lithium amide, see:

	
[bookmark: RG24108ST-36][bookmark: RG24108ST-36A]36a 
             Gribble GW. 
             Saulnier MG. 
            Heterocycles 
            1993, 
            35: 
            151 
          




Google Scholar





	
[bookmark: RG24108ST-36][bookmark: RG24108ST-36B]36b 
             Estel L. 
             Marsais F. 
             Quéguiner G. 
            
              
J.
Org. Chem. 
            1988, 
            53: 
            2740 
          




Google Scholar





	[bookmark: RG24108ST-37]37 See, for example:  Riguet E. 
             Alami M. 
             Cahiez G. 
            Tetrahedron
Lett. 
            1997, 
            38: 
            4397 
          






CrossrefGoogle Scholar





	
[bookmark: RG24108ST-38]For palladium-catalyzed cross-couplings
of arylzinc compounds with aryl bromides, see for example:

	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38A]38a 
             Amatore C. 
             Jutand A. 
             Negri S. 
             Fauvarque J.-F. 
            
            J. Organomet. Chem. 
            1990, 
            390: 
            389 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38B]38b 
             Bumagin NA. 
             Sokolova AF. 
             Beletskaya IP. 
            Russ. Chem. Bull. 
            1993, 
            42: 
            1926 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38C]38c 
             Borner RC. 
             Jackson RFW. 
            J.
Chem. Soc., Chem. Commun. 
            1994, 
            845 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38D]38d 
             Goldfinger MB. 
             Crawford KB. 
             Swager TM. 
            J. Am. Chem. Soc. 
            1997, 
            119: 
            4578 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38E]38e 
             Hargreaves SL. 
             Pilkington BL. 
             Russell SE. 
             Worthington PA. 
            Tetrahedron
Lett. 
            2000, 
            41: 
            1653 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38F]38f 
             Loren JC. 
             Siegel JS. 
            Angew.
Chem. Int. Ed. 
            2001, 
            40: 
            754 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38G]38g 
             Alami M. 
             Peyrat J.-F. 
             Belachmi L. 
             Brion J.-D. 
            Eur. J. Org. Chem. 
            2001, 
            4207 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38H]38h 
             Karig G. 
             Thasana N. 
             Gallagher T. 
            Synlett 
            2002, 
            808 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38I]38i 
             Balle T. 
             Andersen K. 
             Vedsø P. 
            Synthesis 
            2002, 
            1509 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38J]38j 
             Kondolff I. 
             Doucet H. 
             Santelli M. 
            Organometallics 
            2006, 
            25: 
            5219 
          




Google Scholar





	
[bookmark: RG24108ST-38][bookmark: RG24108ST-38K]38k 
             Akao A. 
             Tsuritani T. 
             Kii S. 
             Sato K. 
             Nonoyama N. 
             Mase T. 
             Yasuda N. 
            Synlett 
            2007, 
            31 
          




Google Scholar





	[bookmark: RG24108ST-39]39 
             Legault CY. 
             Garcia Y. 
             Merlic CA. 
             Houk KN. 
            J. Am. Chem. Soc. 
            2007, 
            129: 
            12664 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RG24108ST-40]40 Compound 9b:
beige powder; mp 104 ˚C. The spectral data were
found identical to those previously described:  Takahashi K. 
             Suzuki T. 
             Akiyama K. 
             Ikegami Y. 
             Fukazawa Y. 
            J. Am. Chem. Soc. 
            1991, 
            113: 
            4576 
          






CrossrefGoogle Scholar





	[bookmark: RG24108ST-41]41 Compound 9c:
yellow powder; mp 135 ˚C. The spectral data were
found identical to those previously described:  Li J.-H. 
             Zhu Q.-M. 
             Xie Y.-X. 
            Tetrahedron 
            2006, 
            62: 
            10888 
          






CrossrefGoogle Scholar





	[bookmark: RG24108ST-42]42 Compound 9d:
white powder; mp 134 ˚C. The spectral data were
found identical to those previously described:  Sieber F. 
             Wentworth P. 
             Janda KD. 
            J. Comb. Chem. 
            1999, 
            1: 
            540 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RG24108ST-43]43 Compound 9e:
white solid; mp 88 ˚C. The spectral data were found
identical to those previously described:  Denmark 
                SE. 
             Baird JD. 
            Org.
Lett. 
            2006, 
            8: 
            793 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RG24108ST-44]44 
             Bonnet V. 
             Mongin F. 
             Trécourt F. 
             Quéguiner G. 
             Knochel P. 
            Tetrahedron
Lett. 
            2001, 
            42: 
            5717 
          






CrossrefGoogle Scholar





	[bookmark: RG24108ST-45]45 
             Amatore C. 
             Carré E. 
             Jutand A. 
             Tanaka H. 
             Quinghua R. 
             Torii S. 
            Chem. Eur. J. 
            1996, 
            2: 
            957 
          






Google Scholar





	[bookmark: RG24108ST-46]46 
             Isobe M. 
             Kondo S. 
             Nagasawa N. 
             Goto T. 
            Chem. Lett. 
            1977, 
            679 
          






CrossrefGoogle Scholar






[bookmark: RG24108ST-15]15  For discussions on the advantages
of palladium over nickel, see refs. 4c and 5b.
[bookmark: RG24108ST-21]21  Slightly lower cross-coupling yields
have been observed with higher order zincate compared with lithium triorganozincate,
see ref. 9.
[bookmark: RG24108ST-22]22  No reaction takes place in the absence
of transition metal. Note that product 2a has
previously been obtained by addition of 2-benzofuryllithium at the
4-position of 2-chloropyrimidine followed by rearomatization using
DDQ in 38% yield, see ref. 20b.
[bookmark: RG24108ST-25]25  Compound 4:
white powder; mp 88 ˚C. The spectral data were
found identical to those previously described, see. ref. 20b. ¹³C
NMR (50 MHz, CDCl3): δ = 113.1, 113.1,
114.5, 146.2, 150.4, 158.1, 159.9, 161.7.
[bookmark: RG24108ST-27]27  Compound 8a:
pale yellow powder; mp 198 ˚C. The spectral data
were found identical to those previously described, see ref. 20b. ¹³C
NMR (50 MHz, CDCl3): δ = 114.5, 122.9, 125.2,
125.3, 126.3, 126.9, 139.8, 140.1, 141.8, 159.7, 161.9, 162.3.
[bookmark: RG24108ST-28]28  Compound 8b:
white powder; mp 126 ˚C. The physical and spectral
data were found identical to those of a commercial sample (Aldrich).
[bookmark: RG24108ST-35]35  Compound 16:
beige powder; mp <50 ˚C. ¹H
NMR (200 MHz, CDCl3): δ = 7.25-7.37
(m, 2 H), 7.72-7.91 (m, 2 H), 8.25 (d, J = 3.2
Hz, 1 H), 8.47-8.58 (m, 1 H), 8.72 (d, J = 4.8 Hz,
1 H). ¹³C NMR (50 MHz, CDCl3): δ = 122.1
(d, J = 4.3 Hz),
122.6, 123.2, 124.3 (d, J = 10.4
Hz), 136.8, 141.6 (d, J = 3.8
Hz), 147.7 (d, J = 15.1
Hz), 150.0, 151.4 (d, J = 6.8 Hz),
160.9 (d, J = 241
Hz). HRMS: m/z calcd for C10H7N2F [M+]:
174.0593; found: 174.0595.
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