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Enigmazole A
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Total synthesis
1. Skepper, C. K.; Quach, T.; Molinski, T. F. J. Am. Chem. Soc.
2010, 132, 10286

2. Ai, Y.; Kozytska, M. V.; Zou, Y.; Khartulyari, A. S.; Smith, A. B.
J. Am. Chem. Soc. 2015, 137, 15426

3. Ahlers, A.; Haro, T.; Gabor, B.; Fürstner, A. Angew. Chem. Int. Ed.
2016, 55, 1406. (Main paper)
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R1 = R2 = H (Enigmazole A)
R1 = Me, R2 = H
R1 = Me, R2 = OH

Isolation1
genus of Cinahyrella enigmata

1. Oku, N.; Takada, K.; Fuller, R. W.; Wilson, J. A.; Peach, M. L.; Pannell, L. K.; McMahon, J. B.; Gustafson, K. R.
J. Am. Chem. Soc. 2010, 132, 10278

Structural features
18 membered ring, 6 membered ether ring
8 or 9 stereocenters
phosphorylated macrolide

Biological activity1
strong cytotoxicity against the NCI 60
(human tumor cell lines)
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Brief summary of Molinski’s synthesis (1)
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Brief summary of Molinski’s synthesis (2)
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Brief summary of Smith’s synthesis (1)
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2) Cp2TiMe2,toluene, THF
MW 100 °C, 87%
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OTBDPSMe2AlCl, CH2Cl2,-78 °C;
Ph3P=CH2,84% (dr >20:1)

Petasis-Ferrierunion/rearrangement

Ai, Y.; Kozytska, M. V.; Zou, Y.; Khartulyari, A. S.; Smith, A. B. J. Am. Chem. Soc. 2015, 137, 15426
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1) HMDS, THF;
A, TMSOTf, H2O,CH2Cl2, -78 °C95% (dr >20:1)



Brief summary of Smith’s synthesis (2)
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Yamaguchi
macrolactonization

enigmazole A



Approach by Fürstner
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Ai, Y.; Kozytska, M. V.; Zou, Y.; Khartulyari, A. S.; Smith, A. B. J. Am. Chem. Soc. 2015, 137, 15426
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Ring-closing alkyne metathesis (RCAM)
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1. Lehr, K.; Mariz, R.; Leseurre, L.; Gabor, B.; Fürstner, A. Angew. Chem. Int. Ed. 2011, 50, 11373
2. Fürstner, A.; Stelzer, F.; Rumbo, A.; Kraus, H. Chem. Eur. J. 2002, 8, 1856
3. Brewitz, L.; Llaveria, J.; Yada, A.; Fürstner, A. Chem. Eur. J. 2013, 19, 4532
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General mechanism of Alkyne metathesis
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Katz, T. J.; McGinnis, J. J. Am. Chem. Soc. 1975, 97, 1592-1594.
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Catalysts used in alkyne metathesis
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Ar3SiO group as a ligand
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Air stable High yielding

Mo
OSiPh3

OSiPh3Ph3SiO

Ph

Heppekausen, J.; Stade, R.; Kondoh, A.; Seidei, G.; Goddard, R.; Fürstner, A. Chem. Eur. J. 2012, 18, 10281
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Comparison of yield (Homodimerization)
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Ar

tBu

Ar
Ar =

OMe OMe

MeO

68%

0%

Substrate

Mo
Ph3SiO

OSiPh3Ph3SiO
Pha. b. c.

aa

97%

88%

bb

X toluene, 80 °C

cat. a (10 mol%) orcat. b (2 mol%) or
cat. c (5 mol%)

a. The catalyst was activated by CH2Cl2. b. 5 Å MS was added. c. MnCl2 (5 mol%) was added.

X X

97%

87%

cb,c

1. Fürstner, A.; Mathes, C.; Lehmann, C. W. Chem. Eur. J. 2001, 7, 5299
2. Heppekausen, J.; Stade, R.; Kondoh, A.; Seidei, G.; Goddard, R.; Fürstner, A. Chem. Eur. J. 2012, 18, 10281
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Application to RCAM
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1. Fürstner, A.; Mathes, C.; Lehmann, C. W. Chem. Eur. J. 2001, 7, 5299
2. Heppekausen, J.; Stade, R.; Kondoh, A.; Seidei, G.; Goddard, R.; Fürstner, A. Chem. Eur. J. 2012, 18, 10281



Application to propargyl alcohol derivatives
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Model experiment
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OSiPh3Ph3SiO

C6H4OMe

Persich, P.; Llaveria, J.; Lhermet, R.; de Haro, T.; Stade, R.; Kondoh, A.; Fürstner, A. Chem. Eur. J. 2013, 19, 13047
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Retrosynthesis by Fürstner (1)
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Retrosynthesis by Fürstner (2)
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Synthesis of fragment A(1)
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Synthesis of fragment A (2)
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Synthesis of fragment B
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Cl Cl
OLDA, Bu3SnH,THF/pentane, 0 °C

Ti(OiPr)4, (S)-Binol,4 Å MS, CH2Cl2, -20 °C84% (>95% ee)

1) Ac2O, Et3N, DMAP,CH2Cl2, 93%
2) NaI, acetone, 70 °C,
88%3) (Bu3Sn)2, [Pd2(dba)3],THF, 55 °C, 73%

Bu3Sn Cl
49%

SnBu3
OAc

Cl
OH
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Synthesis of fragment C

25



Fragments Connection (1)
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Keck allylation

1. Corey, E. J.; Yu, C. M.; Kim, S. S. J. Am. Chem. Soc. 1989, 111, 5495

R1 = H, R2 = TBS 1) TrocCl, DMAP,
pyridine, CH2Cl2,0 °C to rt, quant.

2) CSA,CH2Cl2/MeOH (3:1),
0 °C to rt, 61%R1 = Troc, R2 = H

AB



Fragments Connection (2)
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Ring-Closing Alkyne metathesis (RCAM)
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Attempt at [3,3]-sigmatropic rearrangement
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Effect on stereochemical pairing (1)
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Mechanism of producing A and B
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Effect on stereochemical pairing (2)
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Completion of total synthesis
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Summary
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23 steps for the longest linear route,3.3% overall yield
Molinski: 24 steps, 0.41%

Smith: 22 steps, 4.4%



Appendix
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Stereoselectivity at Hetero DA
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Stereoselectivity at Keck allylation
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X-ray crystal Structure of Mo catalyst
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