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Abstract

The enantioselective synthesis of the 3C protease inhibitor (-)-thysanone
is described. The key step is the o-toluate
anion addition to an α,β-unsaturated δ-lactone.
Spectroscopic analysis of the synthetic material confirms the 1R,3S stereochemistry
of the natural product.
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thysanone - pyranonaphthoquinone - 3C protease







References and Notes

	[bookmark: RD16308ST-1]1 
             Callahan PL. 
             Mizutani S. 
             Colonno RJ. 
            Proc.
Natl. Acad. Sci. U.S.A. 
            1985, 
            82: 
            732 
            
          







CrossrefGoogle Scholar





	[bookmark: RD16308ST-2]2 
             Binford SL. 
             Maldonado F. 
             Brothers MA. 
             Weady PT. 
             Zalman LS. 
             Meador JW. 
             Matthews DA. 
             Patick AK. 
            Antimicrob. Agents Chemother. 
            2005, 
            49: 
            619 
          






CrossrefGoogle Scholar





	
[bookmark: RD16308ST-3]For reviews regarding isolation,
structure and synthesis of pyranonaphthoquinone antibiotics, see:

	
[bookmark: RD16308ST-3][bookmark: RD16308ST-3A]3a 
             Brimble MA. 
             Duncalf LJ. 
             Nairn MR. 
            Nat. Prod. Rep. 
            1999, 
            16: 
            267 
          




Google Scholar





	
[bookmark: RD16308ST-3][bookmark: RD16308ST-3B]3b 
             Brimble MA. 
             Nairn MR. 
             Prabaharan H. 
            Tetrahedron 
            2000, 
            56: 
            1937 
          




Google Scholar





	
[bookmark: RD16308ST-3][bookmark: RD16308ST-3C]3c 
             Sperry J. 
             Bachu P. 
             Brimble MA. 
            Nat.
Prod. Rep. 
            2008, 
            25: 
            376 
          




Google Scholar





	[bookmark: RD16308ST-4]4 
             Singh SB. 
             Cordingley MG. 
             Ball RG. 
             Smith JL. 
             Dombrowski AW. 
             Goetz MA. 
            Tetrahedron
Lett. 
            1991, 
            32: 
            5279 
          






CrossrefGoogle Scholar





	
[bookmark: RD16308ST-5][bookmark: RD16308ST-5A]5a 
             Gill M. 
             Donner CD. 
            Tetrahedron
Lett. 
            1999, 
            40: 
            3921 
          




Google Scholar





	
[bookmark: RD16308ST-5][bookmark: RD16308ST-5B]5b 
             Donner CD. 
             Gill M. 
            J. Chem. Soc.,
Perkin Trans. 1 
            2002, 
            938 
          




Google Scholar





	
[bookmark: RD16308ST-6][bookmark: RD16308ST-6A]6a 
             Brimble MA. 
             Elliot RJR. 
             McEwan JF. 
            Aust.
J. Chem. 
            2000, 
            53: 
            571 
          




Google Scholar





	
[bookmark: RD16308ST-6][bookmark: RD16308ST-6B]6b 
             Elliot RJR. 
             Brimble MA. 
            Tetrahedron 
            2002, 
            58: 
            183 
          




Google Scholar





	
[bookmark: RD16308ST-6][bookmark: RD16308ST-6C]6c 
             Barker D. 
             Brimble MA. 
             Do P. 
             Turner P. 
            Tetrahedron 
            2003, 
            59: 
            2441 
          




Google Scholar





	
[bookmark: RD16308ST-6][bookmark: RD16308ST-6D]6d 
             Brimble MA. 
             Houghton SI. 
             Woodgate PD. 
            Tetrahedron 
            2007, 
            63: 
            880 
          




Google Scholar





	[bookmark: RD16308ST-7]7 
             Bachu P. 
             Sperry J. 
             Brimble MA. 
            Tetrahedron 
            2008, 
            64: 
            4827 
          






CrossrefGoogle Scholar





	
[bookmark: RD16308ST-8]For recent reviews on the Hauser-Kraus
annulation, see:

	
[bookmark: RD16308ST-8][bookmark: RD16308ST-8A]8a 
             Rathwell K. 
             Brimble MA. 
            Synthesis 
            2007, 
            643 
          




Google Scholar





	
[bookmark: RD16308ST-8][bookmark: RD16308ST-8B]8b 
             Mal D. 
             Pahari P. 
            Chem. Rev. 
            2007, 
            107: 
            1892 
          




Google Scholar





	[bookmark: RD16308ST-9]9 
             Bode SE. 
             Drochner D. 
             Müller M. 
            Angew.
Chem. Int. Ed. 
            2007, 
            46: 
            5916 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RD16308ST-10][bookmark: RD16308ST-10A]10a 
             Deshpande VH. 
             Khan RA. 
             Rai B. 
             Ayyangar NR. 
            Synth. Commun. 
            1993, 
            23: 
            2337 
          




Google Scholar





	
[bookmark: RD16308ST-10][bookmark: RD16308ST-10B]10b 
             Drochner D. 
             Müller M. 
            Eur. J. Org. Chem. 
            2001, 
            211 
          




Google Scholar





	[bookmark: RD16308ST-11]11 
             Zhang Z. 
             Yu B. 
            J. Org. Chem. 
            2003, 
            68: 
            6309 
          






CrossrefGoogle Scholar





	[bookmark: RD16308ST-12]12 
             Donner CD. 
            Tetrahedron
Lett. 
            2007, 
            48: 
            8888 
          






CrossrefGoogle Scholar





	[bookmark: RD16308ST-13]13 
             Bulbule VJ. 
             Koranne PS. 
             Deshpande VH. 
             Borate HB. 
            Tetrahedron 
            2007, 
            63: 
            166 
          






CrossrefGoogle Scholar





	[bookmark: RD16308ST-14]14 
             Tan NPH. 
             Donner CD. 
            Tetrahedron
Lett. 
            2008, 
            4160 
          






CrossrefGoogle Scholar





	[bookmark: RD16308ST-15]15 
             Chiarello J. 
             Jouillé MM. 
            Tetrahedron 
            1988, 
            44: 
            4148 
          






Google Scholar






[bookmark: RD16308ST-16]16  Compound 7:
yield: 89 mg, 0.26 mmol, 91%; orange solid; mp 127-128 ˚C; [α]D
            ²4 +102.2
(c = 0.09, CH2Cl2).
IR (neat): 2976, 1654, 1590, 1555, 1431, 1305, 1275, 1164, 1104, 1038,
908, 843, 724 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 1.33-1.46
(m, 15 H, 2 × CHMe
            2 + 3-Me),
2.19-2.27 (m, 1 H, Hax-4), 2.62-2.67
(dt, J = 2.6, 18.6 Hz, 1 H,
Heq-4), 3.60-3.65 (m, 1 H, H-3), 4.43-4.50
(dt, J = 3.4, 19.0 Hz, 1 H,
Hax-1), 4.57-4.63 (m, 1 H, CHMe2),
4.70-4.76 (m, 1 H, CHMe2), 4.80-4.86
(dd, J = 2.0, 18.9 Hz, 1 H,
Heq-1), 6.65 (d, J = 2.3 Hz,
1 H, ArH), 7.20 (d, J = 2.3
Hz, 1 H, ArH). ¹³C NMR (100 MHz, CDCl3): δ = 21.2
(Me), 21.9 (2 × CHMe
            2),
29.1 (CH2), 63.8 (CH2), 69.5 (CH), 70.7 (CH),
71.2 (CH), 104.9 (CH), 107.7 (CH), 114.4 (CH), 135.9 (C), 138.7
(C), 144.3 (C), 160.6 (C), 162.9 (C), 181.5 (C=O), 184.1
(C=O). MS (EI+): m/z = 344 (72) [M]+,
329 (12), 302 (30), 260 (90), 242 (20), 231 (25), 216 (100), 188
(15), 43 (49). HRMS (EI+): m/z [M]+ calcd
for C20H24O5: 344.1624; found:
344.1624.
[bookmark: RD16308ST-17]17  Compound 8:
yield: 31 mg, 0.12 mmol, 95%; orange solid; mp 176-178 ˚C
(Lit.5 mp 171-173 ˚C); [α]D
            ²4 +149.2
(c = 0.15, MeOH) {Lit5 [α]D +160.0
(c = 0.28, MeOH)}.
IR (neat): 3416, 2925, 2852, 1643, 1615, 1401, 1320, 1241, 1153,
1125, 1039, 773 cm-¹. ¹H
NMR (400 MHz, acetone-d
            6): δ = 1.30
(d, J = 6.0 Hz, 3 H, 3-Me),
2.19-2.27 (m, 1 H, Hax-4), 2.59-2.69
(m, 1 H, Heq-4), 3.68 (m, 1 H, H-3), 4.42-4.47
(dd, J = 3.2, 18.9 Hz, 1 H,
Hax-1), 4.69-4.74 (m, 1 H, Heq-1),
6.57 (d, J = 2.6 Hz, 1 H, ArH),
7.06 (m, J = 2.6 Hz, 1 H, ArH),
9.96 (br s, 1 H, OH), 12.09 (s, 1 H, OH). ¹³C NMR
(100 MHz, acetone-d
            6): δ = 20.7
(3-Me), 62.5 (CH2), 69.5 (CH2), 107.3 (CH),
108.8 (CH), 112.9 (CH), 134.1 (C), 142.3 (C), 142.6 (C), 164.3 (C),
164.6 (C), 182.5 (C=O), 187.1 (C=O); 1 CH2 obscured
by acetone-d
            6. MS (EI+): 
              m/z =  60
(100) [M]+, 245 (10), 231
(22), 216 (60), 188 (30), 108 (22), 41 (45). HRMS (EI+): m/z [M]+ calcd
for C14H12O5: 260.0685; found:
260.0685 (data consistent with literature).5
          

[bookmark: RD16308ST-18]18  Compound 1 [(-)-thysanone]:
yield: 7 mg, 0.027 mmol, 89%; orange solid; mp 201-202 ˚C
(Lit. isolation4 mp 205-206 ˚C, Lit.
synthesis5b mp 197-198 ˚C); [α]D
            ²4 -21.2
(c = 0.003, MeOH) {Lit.
 isolation4 [α]D +29
(c = 1.62, MeOH); Lit. synthesis5b [α]D -29.7
(c = 0.002, MeOH)}.
IR (neat): 3368, 2925, 1648, 1615, 1412, 1327, 1279, 1174, 1011
cm-¹. ¹H NMR (300
MHz, acetone-d
            6): δ = 1.30
(d, J = 6.5 Hz, 3 H, 3-Me),
2.11-2.17 (dd, J = 11.1,
18.8 Hz, 1 H, Hax-4), 2.73-2.66 (dd, J = 3.5, 19.4 Hz, 1 H, Heq-4),
4.30-4.36 (m, 1 H, H-3), 5.93 (s, 1 H, H-1), 6.62 (d, J = 2.3 Hz, 1 H, ArH), 7.07
(d, J = 2.3 Hz, 1 H, ArH), 9.73-10.31
(br s, 1 H, OH), 12.26 (s, 1 H, OH). ¹³C
NMR (75 MHz, acetone-d
            6): δ = 21.6 (Me),
62.2 (CH2), 86.8 (CH), 108.5 (CH), 108.8 (CH), 109.5 (C),
135.1 (C), 142.0 (C), 144.5 (C), 165.4 (C), 165.8 (C), 184.2 (C=O),
187.6 (C=O); 1 CH2 obscured by acetone-d
            6. MS (EI+): m/z = 276
(4%) [M]+, 258 (50),
229 (10), 129 (10), 97 (40), 83 (50), 55 (100). HRMS (EI): m/z [M]+ calcd for
C14H12O6: 276.0634; found: 276.0634
(data consistent with literature).4,5
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