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1. furan, 1 mol% [Rh2(OOct)4], 
hexane, reflux, 
59% (94:6 dr)

2. NaOMe, MeOH,
    then LiOH, MeOH:H2O (2:1)
3. DPPA, NEt3, toluene, CH3CN (2:1), 
    then H2O reflux
4. L-selectride, THF, -78 °C to rt (dr=10:1)
5. H2C=CHCH(OMe)2, PPTS, toluene 45 °C, 
    16% over four steps

6. Grubbs II (3 mol%),               
    H2C=CH2, toluene, rt, 
   then ethylvinylether, 71%

7. Sia2BH, THF, 
then NaBO3, H2O, 73 %

8. Jones reagent, acetone, 
    then TMSCHN2, 
    MeOH, toluene (1:3)
    68%

9. OsO4, NMO, t-BuOH:acetone:H2O
10. TBSOTf, 2,6-lutidine, DCM, -78 °C to rt, 
      58% over two steps

11. Cp2TiMe2, THF-toluene, 65 °C, 2 days, 71%
12. BH3 (THF), THF, then H2O, THF, 48 %

13. DMP, DCM, 99%
14. vinyl-iodide,1 mol% NiCl2/CrCl2, 
      THF, 40 °C, 85% (dr=7:1)
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1. [(S)-BINAPRuBr2], EtOH, 
    50 °C, H2, 62%
2. allyl etyhlcarbonate, 
    2.5 mol% Pd2dba3, 
    dppb, THF, 60 °C, 80%

3. LiOH, MeOH/THF (2:3), 
    99%
4. (COCl)2, DMF, THF
5. CH2N2, NEt3, Et2O, 
    60% over two steps
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6. [Cu(acac)2], THF, reflux, 91%

7. MePPh3Br, tBuOK,
    THF, rt, 99%
8. Sia2BH, THF, 
    then NaOH, H2O2, 84%
9. DMP, NaHCO3, DCM, 99%

10. 2 eq. 1, 0.5 eq. 2, 
      Co-phthalocyanine, Mn,
      HNEt3Cl, LiCl, TMSCl, 
      DME, rt, 
      then TBAF, 52% (dr=6:1)

11. PvCl, DMAP, pyridine, DCM, 87%
12. Ms2O, NEt3, DMAP, DCM, 99% I
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O
O 1. (-)-Ipc2-(E)-crotylborane,

    then H2O2, NaOH, 71%
OTBS

2. tBuOOH, [VO(acac)2], DCM, 
    then Et3SiH, TFA, DCM, 
    -40 °C, 86%

3. TFA, H2O, DCM, -37 °C
4. Jones reagent, acetone, 0 °C       
     to rt, 63 % over two steps5. NaBH4, MeOH, -10 °C, 83%

6. 1M LiOH, THF/tBuOH, 
    then TMSCHN2, benzene/MeOH
7. TBSOTf, NEt3, DCM, 0 °C,
    78% over two steps

8. 9-BBN, THF, 0 °C to rt
9. DMP, DCM, rt, 
    82% over two steps

10. 3, tBuLi, Et2O, -78 °C
11. DMP, DCM, rt,  
      62% over two steps
12. O3, MeOH, pyridine, then Me2S     
      quant.

1. (-)-Ipc2-(Z)-crotylborane,
    then H2O2, NaOH, 75%

2. tBuOOH, [VO(acac)2], DCM, 
    then Et3SiH, TFA, DCM, 
    -40 °C, 90%

3. TFA, DCM, H2O, -37 °C
4. Jones reagent, acetone, 
    0 °C to rt, 63% over two steps
5. NaBH4, MeOH, -10 °C, 80%

6. LiBH4, THF, rt
7. 2,2-DMP, PPTS, DCM
8. TESCl, imidazole, DMF, 
    75% over three steps
9. O3, then Me2S, 95%

10. methyl-β-iodoacrylate (trans),
      0.22 mol% 4, CrCl2, proton sponge,
      LiCl, Mn0, [NiCl2(dppp)] , 2,6-lutidine, 
      Cp2ZrCl2, MeCN, rt, 75%
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11. PMBOC(=NH)CCl3, BF3/OEt2, 
12. TBAF, MeOAc, THF, 
      50% over two steps

13. PPTS, MeOH
14. TBSOTf, NEt3, DCM, 
      87% over two steps

15. LAH, Et2O, 0 °C
16. DMP, DCM, 
      90% over two steps
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1. 1.1% NiCl2/CrCl2, THF/DMF (4:1), rt, 
2. KHMDS, THF, 0 °C, 59%, (dr=3.7:1)

3. LAH, Et2O, 0 °C 
4. DMP, NaHCO3, DCM, rt
5. H2C=CHMgBr, THF, 0 °C, 
6. DMP, NaHCO3, DCM, rt, 
    70 % over four steps

7. 2 eq. H, 20 mol%        
  Grubbs II, toluene, 
   80 °C, 62%

8. TBAF, AcOH, THF, rt
9. CaCO3, DOWEX 50WX8-400,
    MeOH as workup, 
    62% over two steps
10. TBSOTf, NEt3, DCM, 78%
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11. DDQ, DCM, PH 7 phosphate buffer, 65%
12. 1M LiOH, THF, rt, quant. 
13. 2,4,6-Trichlorobenzoylchloride, 
      NEt3, THF, rt, them DMAP, 
      toluene reflux, 92%

14. PPTS, MeOH, 97% brsm 
      (45% conversion, 
      selective monodeprotection)
15. DMP, NaHCO3, DCM, rt, 89%

16. dimethyl(diazomethyl)-
      phosphonate (20 eq.), 
      SnCl2, DCM, rt, 74%
17. N (1eq.), K2CO3, 18-crown-6,           
   toluene, 60 °C, 83%
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18. TBAF, AcOH, MeOAc/THF (2:1), rt
19. DDQ, DCM/MeOH (10:1), 
      65% over two steps
20. LiOH, THF/H2O (3:1), 60 %

norhalichondrin B

AD AE

AF


