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Abstract

A simple and efficient total synthesis of (-)-cladospolide A
is described here, which involves either olefin cross metathesis
or Julia-Kocienski olefination and Yamaguchi macrolactonization
as key steps.


Key words

olefin cross metathesis - Julia-Kocienski
olefination - macrolactonization - cladospolides - total synthesis
        








References and Notes

	
[bookmark: RG20709ST-1][bookmark: RG20709ST-1A]1a 
             Hirota A. 
             Isogai A. 
             Sakai H. 
            Agric. Biol. Chem. 
            1981, 
            45: 
            799 
          




Google Scholar





	
[bookmark: RG20709ST-1][bookmark: RG20709ST-1B]1b 
             Hirota A. 
             Sakai H. 
             Isogai A. 
             Kitano Y. 
             Ashida T. 
             Hirota H. 
             Takahashi T. 
            Agric.
Biol. Chem. 
            1985, 
            49: 
            903 
          




Google Scholar





	
[bookmark: RG20709ST-1][bookmark: RG20709ST-1C]1c 
             Hirota H. 
             Hirota A. 
             Sakai H. 
             Isogai A. 
             Takahashi T. 
            Bull.
Chem. Soc. Jpn. 
            1985, 
            58: 
            2147 
          




Google Scholar





	
[bookmark: RG20709ST-1][bookmark: RG20709ST-1D]1d 
             Hirota A. 
             Sakai H. 
             Isogai A. 
            Agric.
Biol. Chem. 
            1985, 
            49: 
            731 
          




Google Scholar





	[bookmark: RG20709ST-2]2 
             Hirota A. 
             Sakai H. 
             Isogai A. 
            Agric.
Biol. Chem. 
            1985, 
            49: 
            731 
          






CrossrefGoogle Scholar





	
[bookmark: RG20709ST-3][bookmark: RG20709ST-3A]3a 
             Fujii Y. 
             Fukuda A. 
             Hamasaki T. 
             Ichimoto I. 
             Nakajima H. 
            Phytochemistry 
            1995, 
            40: 
            1443 
          




Google Scholar





	
[bookmark: RG20709ST-3][bookmark: RG20709ST-3B]3b 
             Smith 
                CJ. 
             Abbanat D. 
             Bernan VS. 
             Maiese WM. 
             Greenstein M. 
             Jampa J. 
             Tahir A. 
             Ireland CM. 
            J.
Nat. Prod. 
            2000, 
            63: 
            142 
          




Google Scholar





	[bookmark: RG20709ST-4]4 
             Zhang H. 
             Tomoda H. 
             Tabata N. 
             Miura H. 
             Namikoshi M. 
             Yamaguchi Y. 
             Masuma R. 
             Omura S. 
            J. Antibiot. 
            2001, 
            54: 
            635 
          






Google Scholar





	
[bookmark: RG20709ST-5]Synthesis of (-)-cladospolide
A:

	
[bookmark: RG20709ST-5][bookmark: RG20709ST-5A]5a 
             Maemoto S. 
             Mori K. 
            Chem. Lett. 
            1987, 
            109 
          




Google Scholar





	
[bookmark: RG20709ST-5][bookmark: RG20709ST-5B]5b 
             Mori K. 
             Maemoto S. 
            Liebigs Ann. Chem. 
            1987, 
            863 
          




Google Scholar





	
[bookmark: RG20709ST-5][bookmark: RG20709ST-5C]5c 
             Ichimoto I. 
             Sato M. 
             Kirihata M. 
             Ueda H. 
            Chem. Express 
            1987, 
            2: 
            495 
          




Google Scholar





	
[bookmark: RG20709ST-5][bookmark: RG20709ST-5D]5d 
             Solladié G. 
             Antonio A. 
            Pure Appl.
Chem. 
            1994, 
            66: 
            2159 
          




Google Scholar





	
[bookmark: RG20709ST-5][bookmark: RG20709ST-5E]5e 
             Solladié G. 
             Almario A. 
            Tetrahedron:
Asymmetry 
            1995, 
            6: 
            559 
          




Google Scholar





	
[bookmark: RG20709ST-5][bookmark: RG20709ST-5F]5f 
             Banwell MG. 
             Jolliffe KA. 
             Loong DTJ. 
             McRae KJ. 
             Vounatsos F. 
            J. Chem. Soc., Perkin Trans.
1 
            2002, 
            22 
          




Google Scholar





	
[bookmark: RG20709ST-5][bookmark: RG20709ST-5G]5g 
             Banwell MG. 
             Loong DTJ. 
            Org.
Biomol. Chem. 
            2004, 
            2: 
            2050 
          




Google Scholar





	
[bookmark: RG20709ST-6][bookmark: RG20709ST-6A]6a 
             Kaliappan KP. 
             Ravikumar V. 
            Synlett 
            2007, 
            977 
          




Google Scholar





	
[bookmark: RG20709ST-6][bookmark: RG20709ST-6B]6b 
             Kaliappan KP. 
             Ravikumar V. 
            J. Org.
Chem. 
            2007, 
            72: 
            6116 
          




Google Scholar





	
[bookmark: RG20709ST-6][bookmark: RG20709ST-6C]6c 
             Kaliappan KP. 
             Gowrisankar P. 
            Synlett 
            2007, 
            1537 
          




Google Scholar





	
[bookmark: RG20709ST-6][bookmark: RG20709ST-6D]6d 
             Kaliappan KP. 
             Gowrisankar P. 
            Tetrahedron Lett. 
            2004, 
            45: 
            8207 
          




Google Scholar





	
[bookmark: RG20709ST-6][bookmark: RG20709ST-6E]6e 
             Kaliappan KP. 
             Kumar N. 
            Tetrahedron
Lett. 
            2003, 
            44: 
            379 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7A]7a 
             Kaliappan KP. 
             Das P. 
            Synlett 
            2008, 
            841 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7B]7b 
             Kaliappan KP. 
             Ravikumar V. 
             Pujari SA. 
            J. Chem. Sci. 
            2008, 
            120: 
            205 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7C]7c 
             Kaliappan KP. 
             Ravikumar V. 
            Org. Lett. 
            2007, 
            9: 
            2417 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7D]7d 
             Kaliappan KP. 
             Subrahmanyam AV. 
            Org.
Lett. 
            2007, 
            9: 
            1121 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7E]7e 
             Kaliappan KP. 
             Nandurdikar RS. 
             Shaikh MM. 
            Tetrahedron 
            2006, 
            62: 
            5064 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7F]7f 
             Kaliappan KP. 
             Ravikumar V. 
             Pujari SA. 
            Tetrahedron Lett. 
            2006, 
            47: 
            981 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7G]7g 
             Kaliappan KP. 
             Nandurdikar RS. 
            Org.
Biomol. Chem. 
            2005, 
            3: 
            3613 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7H]7h 
             Kaliappan KP. 
             Kumar N. 
            Tetrahedron 
            2005, 
            61: 
            7461 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7I]7i 
             Kaliappan KP. 
             Das P. 
             Kumar N. 
            Tetrahedron
Lett. 
            2005, 
            46: 
            3037 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7J]7j 
             Kaliappan KP. 
             Ravikumar V. 
            Org. Biomol.
Chem. 
            2005, 
            3: 
            848 
          




Google Scholar





	
[bookmark: RG20709ST-7][bookmark: RG20709ST-7K]7k 
             Kaliappan KP. 
             Nandurdikar RS. 
            Chem.
Commun. 
            2004, 
            2506 
          




Google Scholar





	[bookmark: RG20709ST-8]8 
             Chatterjee AK. 
             Grubbs RH. 
            Angew. Chem. Int.
Ed. 
            2002, 
            41: 
            3171 
          






CrossrefGoogle Scholar





	
[bookmark: RG20709ST-9][bookmark: RG20709ST-9A]9a 
             Louie J. 
             Grubbs RH. 
            Organometallics 
            2002, 
            21: 
            2153 
          




Google Scholar





	
[bookmark: RG20709ST-9][bookmark: RG20709ST-9B]9b 
             Schou M. 
             Ding S. 
             Lee CN. 
             Grubbs RH. 
            Org. Lett. 
            1999, 
            1: 
            953 
          




Google Scholar





	
[bookmark: RG20709ST-10][bookmark: RG20709ST-10A]10a 
             Kocienski PJ. 
             Lythgoe B. 
             Ruston SJ. 
            J. Chem. Soc., Perkin
Trans. 1 
            1978, 
            829 
          




Google Scholar





	
[bookmark: RG20709ST-10][bookmark: RG20709ST-10B]10b 
             Kocienski PJ. 
             Lythgoe B. 
             Roberts DA. 
            J. Chem. Soc., Perkin Trans. 1 
            1978, 
            834 
          




Google Scholar





	
[bookmark: RG20709ST-10][bookmark: RG20709ST-10C]10c 
             Kocienski PJ. 
             Lythgoe B. 
             Ruston SJ. 
            J. Chem. Soc., Perkin Trans. 1 
            1979, 
            1290 
          




Google Scholar





	
[bookmark: RG20709ST-10][bookmark: RG20709ST-10D]10d 
             Kocienski PJ. 
             Lythgoe B. 
             Waterhouse IJ. 
            J. Chem. Soc., Perkin Trans. 1 
            1980, 
            1045 
          




Google Scholar





	
[bookmark: RG20709ST-10][bookmark: RG20709ST-10E]10e 
             Blackmore PR. 
             Cole WJ. 
             Kocienski PJ. 
             Merley A. 
            Synlett 
            1998, 
            26 
          




Google Scholar





	
[bookmark: RG20709ST-10][bookmark: RG20709ST-10F]10f 
             Blackmore PR. 
            J. Chem. Soc., Perkin Trans. 1 
            2002, 
            2563 
          




Google Scholar





	[bookmark: RG20709ST-11]11 
             Leiber E. 
             Ramachandran J. 
            Can. J. Chem. 
            1959, 
            37: 
            101 
          






CrossrefGoogle Scholar





	[bookmark: RG20709ST-12]12 
             Zhong YL. 
             Shing TKM. 
            J. Org. Chem. 
            1997, 
            62: 
            2622 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RG20709ST-13]13 
             Blanchette MA. 
             Chey W. 
             Davis JT. 
             Essenfeld AP. 
             Masamune S. 
             Roush WR. 
             Sakai T. 
            Tetrahedron
Lett. 
            1984, 
            25: 
            2183 
          






CrossrefGoogle Scholar





	[bookmark: RG20709ST-14]14 
             Inanaga J. 
             Hirata K. 
             Saeki H. 
             Katsuki T. 
             Yamaguchi M. 
            Bull.
Chem. Soc. Jpn. 
            1979, 
            52: 
            1989 
          






Google Scholar





	[bookmark: RG20709ST-15]15 
             Pandey SK. 
             Kumar P. 
            Tetrahedron Lett. 
            2005, 
            46: 
            6625 
          






CrossrefGoogle Scholar






[bookmark: RG20709ST-16]16  
            
Spectral Data
for Selected Compounds
            

Compound 22: R
            
              f
             = 0.28
(2% EtOAc in hexane); [α]D
            ²0 

-27.6
(c 0.50, CHCl3). IR (neat):
3020, 2931, 1657, 1216, 1045, 669 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 5.45-5.42 (2
H, m), 4.09-4.05 (3 H, m), 3.80-3.74 (1 H, m),
3.66 (1 H, dd, J = 11.3,
4.8 Hz), 2.13-2.03 (4 H, m), 1.63-1.53 (2 H, m),
1.40 (3 H, s), 1.31 (3 H, s), 1.10 (3 H, d, J = 6.1
Hz), 0.90 (9 H, s), 0.88 (9 H, s), 0.86 (9 H, s), 0.11 (3 H, s),
0.08 (3 H, s), 0.06 (6 H, s), 0.04 (3 H, s), 0.03 (3 H, s). ¹³C
NMR (100 MHz, CDCl3): δ = 132.0,
127.2, 107.8, 77.4, 76.4, 72.6, 68.8, 65.3, 43.0, 30.1, 29.1, 28.4,
26.0, 25.96, 25.90, 23.3, 18.4, 18.1, -3.5, -4.5, -4.6, -4.7, -5.3, -5.4.
Compound 23: R
            
              f
             = 0.26
(2% EtOAc in hexanes); [α]D
            ²0 

-29.7
(c 0.66, CHCl3). IR (neat):
3021, 2930, 2858, 2640, 1380, 1216, 1044, 669 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 4.08-4.04
(2 H, m), 3.79-3.73 (3 H, m), 3.68-3.64 (1 H, m),
1.65-1.24 (10 H, complex m), 1.39 (3 H, s), 1.30 (3 H, s),
1.09 (3 H, d, J = 6.1
Hz), 0.90 (9 H, s), 0.87 (9 H, s), 0.85 (9 H, s), 0.10 (3 H, s),
0.07 (3 H, s), 0.05 (6 H, s), 0.037 (3 H, s), 0.033 (3 H, s). ¹³C
NMR (100 MHz, CDCl3): δ = 107.7,
76.6, 72.6, 68.5, 65.3, 39.6, 30.0, 29.8, 28.4, 26.1, 26.0, 25.96,
25.90, 23.8, 18.4, 18.2, 18.1, -3.5, -4.4, -4.7, 
-4.8, -5.3, -5.4.
HRMS (EI): m/z calcd for [C32H70O5Si3 + Na]+ :
641.4429; found: 641.4412.
Compound 6: R
            
              f
             = 0.34
(10% EtOAc in hexanes); [α]D
            ²0 

-12.7
(c 0.83, CHCl3). IR (neat):
3020, 2937, 2401, 1712, 1382, 1216, 1023, 669 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 6.96
(1 H, dd, J = 15.7,
9.1 Hz), 6.05 (1 H, d, J = 15.8 Hz),
5.08-5.15 (1 H, m), 4.68 (1 H, dd, J = 8.8,
6.4 Hz), 4.10 (1 H, ddd, J = 7.9,
6.1, 1.8 Hz), 1.73-1.61 (2 H, m), 1.54-1.20 (7
H, m), 1.48 (3 H, s), 1.34 (3 H, s), 1.27 (3 H, d, J = 6.4
Hz), 0.98-0.92 (1 H, m). ¹³C
NMR (100 MHz, CDCl3): δ = 166.9,
145.1, 124.3, 109.4, 79.5, 76.4, 72.7, 33.3, 30.7, 28.1, 27.9, 25.4,
21.8, 20.0, 18.3.
(-)-Cladospolide A
(1): R
            
              f
             = 0.19
(50% EtOAc in hexanes); mp 90-92 ˚C; [α]D
            ²0 -40.4
(c 0.50, CHCl3). IR (KBr):
3437, 2927, 2870, 1713, 1651, 1462, 1377, 1269, 1165, 1021, 880 cm-¹. ¹H
NMR (400 MHz, CDCl3): δ = 6.80
(1 H, dd, J = 16.0,
5.5 Hz), 6.20 (1 H, dd, J = 16.0,
1.5 Hz), 5.15-5.08 (1 H, m), 4.55-4.53 (1 H, m),
3.65 (1 H, ddd, J = 9.1,
1.8, 1.2 Hz), 1.81-1.11 (9 H, complex m), 1.27 (3 H, d, J = 6.4 Hz), 0.90-0.84
(1 H, m). ¹³C NMR (100 MHz, CDCl3): δ = 167.9, 145.5,
122.2, 74.6, 72.9, 72.8, 32.3, 30.6, 28.1, 25.0, 22.5, 18.9.
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