Total Synthesis of (-)-Anisatin

Anisatin

Ogura, A.; Yamada, K.; Yokoshima. S.; Fukuyama, T. Org. Lett.
2012, 14, 1632.

Dimas José da Paz Lima

Wipf's group - Current Literature
March 31, 2012

Dimas Paz @ Wipf Group Page 1 of 12 3/31/2012



Anisatin - Isolation, Structure and Biological Active

*Anisatin was isolated as one of the toxic components of
Japanese star anise (I/licium anisatum)

7

*8 Stereogenic centers
*Oxabicyclo[3.3.1]skeleton
*Spiro B-lactone

Anisatin

* Bioactivity as a strong GABA antagonist

1) Lane, J. F.; Koch, W. T.; Leeds, N. S.; Gorin, 6. J. Am. Chem. Soc. 1952, 74, 3211.
2) Yamada, K.; Takeda, S.; Nakamura, S.; Hirata, Y. Tetrahedron Lett. 1952, 74, 3211.
3) Yamada, K.; Takeda, S.; Nakamura, S.; Hirata, Y. Tetrahedron 1968, 24, 199
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(-)-Anisatin: Niwa's Synthesis (1990)

CO,Et %i

O (7 steps) o o

1. K,CO3, MeOH
40 °C, 92%

2. AcOH-H,0,40°C 5

o)

3. Ac,0, DMAP, Py )<

23°C, 18 h
91% (2 steps)

1. OsO4, THF-Py, 23 °C, 1h

2. Pb(OAc),4, CgHg-MeOH
23 °C, 15 min

3. LIAIH(O-#-Bu)s, THF
0°C,2.5h

51% (3 steps)
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_OAc _OAc
m-CPBA, DCM .
- 0
23°C,10h o o
91%
O o O
-/ /

(PhSe), BN
m-iodylbenzoic acid, py

toluene, reflux, 10 h, 85% o O OAc

1. OsOy4, THF-Py, 23 °C, 1h

2. Pb(OAc),, CgHg-MeOH
23 °C, 15 min

3. LiAlH,, THF, 23 °C,3h

4. Acs0, py, 0°C, 3 h

71% (4 steps) %
5. PCC, DCM. 23 °C, 11h OH OH

6. MeMgl, ether, 23 °C, 1 h
81% (2 steps)
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(-)-Anisatin: Niwa's Synthesis (1990)

1. dimethoxypropane, CSA
CgHg, 23 °C, 50 min

2. RuCl3, NalOQ,4, CCl4-CH3CN OH
O pH =7, phophate buffer, 35 °C, 19 h

87% (2 steps)

1. 0s0O,, THF-Py, 23 °C
20 h, 95%

: o

“"OH 3. MeLi, THF, 23 °C, 1 h

\\‘ O: . S ‘e,
% 4.CSA, 4A MS, CHCl, 2 ooaby DMSO.ELN 570 On
OH OH 23, 10 min, 98% (2 steps) ! Rk )< o. O
1. Ac,0, DMAP, DCM '
23°C, 21 h
2. AcOH-H,0, 35 °C 1. PhSO,CI, Py-toluene
Silica gel, 23 °C 19 h, 56% (2 steps) 23°C, 1 h, 91%
i o } / 2.2 M HCI, DME
11 h, quant, | 3-PDC,DOM, 23°C, 22h > 5"oH 80 °C, 2 h, 99%
4. KMnO,, NaHPO, CO.H
Ko, o +-BUOH-H,0, 23 °C, 20 min X

X 37% (2 steps)

Anisatin

.

5. K5CO3, MeOH, 23 °C, 4 h, 93%
* 35 steps from commercially available material

*1.2% overall yield

Niwa, H.; Nisiwaki, M.; Tsukada, I.; Ishigaki, T.; Ito, S.; Wakamatsu, K.; Mori, T.; Ikagawa, M.;
Yamada, K. J. Am. Chem. Soc. 1990, 112, 9001
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Title paper: Retrosynthesis

Highly substituted
HO ciclohexanone
Cleavage of the ™ HO
3 rings Me| OH
OH Ho | T¥on
Me — Me = OH
"OH HO™ 07>y “OH Me
“—OH ( 0 ©H
OH OH
Anisatin
O
OH  oxidation o-P  Diels-Alder
0O ‘ O —
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Synthesis of Phenol N addtion o
E;[% ¥ 4 [Rh(cod)Cll,, NaOH @o |
/:\

o 0" 0
z THF-H,0, rt
B(OH 2
(OR)e | O 69% Eéo
o) o)

[(cod)RhClI], + R'-B(OH),

lBase 07\/_010R*
Proposed BN (
Base R'-Rh
Mechanism

Rh'-OH =
Rh-. R /A[l
0= g~ ~OR*
"N \l
OILOR*
O H,0 Gl
ol
Rh'O>5~~OR*

Navarro, C.; Moreno, A.; Csaky, A. G. J. Org. Chem. 2009, 74, 466
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O—\ O—\ Aminolysis
NaBH,, KOH @/’ N @O Me,NH, Et,0
/\ MeOH, 0 °C QO 40 °C, 89%
(2 steps)
O o)
>99% ee ~99% ee

07\
O

@)

OH

NM,
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Synthesis of Phenol

1) /\Br

NaH, TBAI, THF-DMF
60 °C, 88%

)
_\o Oxidation
Pb(OAC)4, CGHG
S -

reflux, evaporation

2) BHs’NH3, n'BULi )
Reductive
THF, 0 °C, 80% cleavage
3) MsCl, EtsN
DCM, 0 °C, 89%

OH
o— o
@) K>CO3, MeOH
, rt, 80% J|
//CO S Methanolysis o

OMs and
Sn2 reaction
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Construction of the Quaternary Stereogenic Centers

Oxidation o) O'Me Diels-Alder
Phi( OAc) O Toluene, reflux N CSA, MeOH
| MeOH, rt r ’ dr=1:1 50 °C, 76%
o @)
O 7 0 Epimerization
CI)Me

1) O O HWE reaction
I
P<
EtoJ\/ e
N
KHMDS, toluene
reflux, 94%

BusSnCH,l, KH

THF, 0 °C to rt BnBr, NaH, TBAI X

f

Y

2) LiAlH,, THF, 0 °C HMPA, ':"eLi THF-DMF, rt
-78 °C 71% (3 steps)
[2,3]-Wittig
rearrangement
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Construction of the Carbon Core of Anisatin

Ozonolysis @)
05, DCM-MeOH .
’ 1) LiAIH,4, THF, 0 °
Me,S ) LIAIH,, THF, 0 c;
K,COg, 0 °C CHO 2) TIPSCI, imidazole

— DMF, 0 °C to rt
OBn 44% (3 steps)

1) CS,, Mel, NaH

@
THF-DMF 1) AcOH, H,0
0°Cto rt, 99% THF. 30 °C
= OTIPS >

2) BHT, Ph,O 2) I, imidazol

230 OC, 85% Ph.. THF

OBn e >
Chugaev elimination O°Ctort

90% (2 steps)

Barbier-type
cyclization

1) +-BuLi, THF, -78 °C

OTIPS
2) Burgess reagent

THF, 50 °C
62% (2 steps)
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Introduction of the Oxygen Functionalities

O. OH
Oxidation
1) m-CPBA, DCM, 0 °C TEMPO, NCS, TBACI
> OTIPS -~
2) ag NaOH, MeOH, rt . buffer, DCM, rt
OBn 88%, (3 steps)
Sharple_ss
1) MOMCI, NaH epoxidation
THE-DME 1) VO(acac),, TBHP
0 °C, 83% DCM, MS 4A, rt
2) TBAF, THF 2) l,, imidazole, PhsP
, quant THF, 0 °C to rt

76% (2 steps)

NaBH3CN

\

| THF-HMPA, 66 °C
62%
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Completion of the Synthesis

Sn2 reaction
.+OMOM

aq NH3, MeOH, 65 °C

SMe  ad HCl, EtOAc, 0 °C
= 85%

1) MOMCI, Nal, -Pr,NEt  MOMO
DME, reflux, 91% Me

2) O3, CI,CHCHg4
-95 °C, Me,S
3) NaClO,, NaH,PO,4
2-methyl-2-butene
t-BuOH-H,0, rt
73% (2 steps)

Ozonolysis

Pinnick
oxidation

Radical-deoxiganation

1) CIC(S)OPh, Pyridine
MeCN, 0 °C, 89%

2) BugSnH, AIBN
Toluene, 100 °C, quant.

Hydrogenolysys
1) Hy, Pd(OH),/C
NaHCO3;, MeOH, rt, 97%

P

Lactonization
2) MNBA, DMAP

Toluene, rt, 90%

1) aq HCI, THF, 40 °C, 91%

Dihydroxylation
2) OsOy, pyridine, rt, 58%

L

3) aq HCI, MeOH, 70 °C, 80%
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Summary and Outlook

*Anisatin was synthesized in 40 steps in 0.23% overall yield
*Key transformations include:

-Intramolecular Diels-Alder reaction

-Stereosective [2,3]-Wittig rearragement

-Regioselective cleavage of the trisubstitued double bond

-Construction of the oxabicyclo[3.3.1] skeleton via cleavage by
primary amide
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