Anodic Oxidation reactions
First asymmetric synthesis of (-)-Alliaciol A
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General mechanism for anodic oxidations of enol ethers
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Anodic oxidation setup
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Controlled Potential -- current varies

A \ net e R Anode materials: Carbon or Platinum
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At R . THF, H,0
transfer Electrolytes: Et4NOTs, LiClO4, BusNBF,,
BusNPF
Anode Cathode HalNtre
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Kevin D. Moeller”™ Tetrahedron 56 (2000) 9527-9554



Coupling of enol ethers and O-nucleophiles:

Total synthesis of (+)-Linalool Oxide
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Anodic coupling of silyl enol ethers with furans

RVC anode - 1 .
0.4 M LiCIO4 H workup
)n _ )n )n
- MeO — \
O 20% MeOH/CH,CI, o) e
const. current
R4 R, 11.6 mA/ 2 Fimole X R X R
2 6-lutidine L Ry ° Ry 2
27 i
28
1 27a: Ri=SMe,R;=H, n= 28a: 54% (R, = SMe, X = OMe)
28b: 17% (R; = OMe, X = OMe)
2 27a: Rij=SMe,R;=H,n=1 MeOH solvent 28a: 67% (R; = SMe, X = OMe)
28b: 10% (R; = OMe, X = OMe)
3 27b: Ry, =0Me,R;=H, n=1 28b: 75% (X = OMe)
4 27c: Ri=Ph,R;=H,n=1 28c: 71% (X = OMe)
5 27d: R, =CH;TMS,R;=H, n=1 28d: 49% (no X, R, = CHjy)®
6 27e: Ry =CH,;TMS, R, =CHj3, n=1 28e: 51% (no X, R, = CHy)
7 27f: Ry=CH3, Rz=CHs, n=1 28f: 24% (X = OMe)
28e: 51% (no X, Ry = CH2)
8 27g: Ri=0Me,Rz=H, n=2 28g: 62% (X = OMe)
9 27g: Ry=0Me,R;=H, n=2 MeOH solvent 28g: 58% (X = OMe)
10 27h: Ry=Ph,R;=H, n=2 28h: 41% (X = OMe)?
11 27h: Ry=Ph,R;=H, n=2 MeOH solvent 28h: 48% (X = OMe)?
12 27i: Ry =CH;3, R;=CHj3, n=2 28i:¢ 26% (no X, Ry = CHy)?
28ii: 6% (X = OMe)?
13 27j: Rij=0Me, R, =H,n=3 28j:932% (X = OMe)be

@ The product formed cleanly but was volatile. ® Unoptimized yield. ¢ This reaction also led to an uncyclized product resulting from
oxidation of the furan ring (see text). @ This reaction also led to an uncyclized product resulting from oxidation of the enol ether (see text).
¢ This reaction used n-BusNBF4 as the electrolyte. The yield using LiClO4 was 24%.
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Anodic coupling for the synthesis of cis-fused furans:
Synthesis of the cyanthin core
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iPrOH, CH1iCN, LiCl10y, lut., 65% overall from 4a
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Introduction on alliacene family of antiboitics
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~ ' Alliacol A
Q¢ .i"‘ Q .
o)"‘.;-w, o/)"& Isolation : 1977
from fungus
Alllacolide (1) Alllaco! A (2) . .
Marasmius Alliaceous
0 i
,d:@ Anti-microbial activity
C;)__g.x against Ehrlich carcinoma
0
Alllacol B (3) 12-Noralliacolide (4)

Figure 1. Several sesquiterpene metabolites isolated from
cultures of Marasmius Alliaceus.



First stereoselective synthesis of Alliacol A (racemic)
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Moeller’s retrosynthesis
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Construction of model compound 10
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LDA, DMI

d) TBSOTf, TEA,

THF,0°
TBSO\XfO OTCoRT CHCly, 78%

8 OTBS
2

™8S0” o
\—=/
10



Anodic oxidation of model compound
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2,6-lutidine, 0.4 M LiCIO4

20% MeOH/CH,Cl, 850" o
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Finishing the tricyclic core: Friedel crafts option

O
Iz, PPh3, imidazole
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Finishing the tricyclic core: Anodic oxidation option

o a) Swern-Moffatt
oxidation
~
HO" O T b)Phsp=CHOMe
THF, -78 °C to RT
12a 50% (two steps)
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carbon cathode
LiClOg4
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19.7 mA, 2.1 Fimole
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0
MeO—/ O |

MeO opme 16



Back to the real molecule: Effords towars enone 17
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Alternative strategy and completion of electrolysis substrate 2

a) Bry, MeOH
o 0°C to RT o 0
/j/k b) TBSCI, 2,6-lutidine %P\ (OEt),
HO™ 49 0°CtoRT,18h 1830 20
75% (two steps)
c) P(OEt)s, 130 °C a) NaH, THF, 0 °C
2 hr, 99% b) A%
’ 0 Swern
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Key steps and completion of tricyclic core

TBSO Me a) RVC anode
\ carbon cathode
LICIOg, 2,6-lutidine
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15.3 mA, 2.1 F/imole

2 b) TsOH, 88%
[ o Ve
: AgNO4
0 _
FP;}\\ MeOH/ THF
Q
13Hz a0 92%

MeO 24

COSY, HMQC

l2, PPhs
imidazole
CH,Cl5, PhCH3,

y reflux, 90%



Strategy for the end-game
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1
) 0-0

Dibal-H (4 equiv.)

acetone, 18-crown-6
THF, cyclohexane *

phosphate buffer, PhH,

30 min., 95%
H,0, 5°C - room temp.
22 h, 75%

,4  2)LEtsBH, THF, 2h, 83% 26

3) TsCl, pyridine, CHCl3
83% (11% rec. SM)

4) DBU, DMF, 130°C,

O Moy 1h,85%

23 27
(18% over 13 steps)



Completing the asymmetric synthesis

o S-(+)-Monophos 0 Me
P MezZn, Cu(OTf),
PhMe,
B = TBSO =
SO o -20°C to RT Qe
17 79%, 81% e.e. 28
H TBSOT!, EtsN
CICH,CH,CI, 80 °C

O o) y 18h, 92%
P~NMe; TBSO Me
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TBSO Me

Same as

Schemes 8-11

23*

1) MCPBA, NaHCO3,
CH,Cl,, -78 °C to RT
86%

2) RuCls, NalOg, CCl,
CH4CN, H,0, 22h, 86%

Me
.0

3a) LiTMP, HMPA, THF

b) Eschenmoser's salt
-20 °C to RT, 16h
61%

(-)-Alliacol A



Conclusion

The anodic oxidation of enol ethers 1s a useful umpolong reaction
for making tetrahydrofurans or fused furans

The first asymmetric synthesis of (-)-Alliacol A was accomplished
using stereoselective anodic oxidation and Friedel Crafts reactions
as key steps.
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