Problem Session (2) 2015.5.16 Akinori Yamaguchi

(1) Please provide the reaction mechanism of 3 to 4,5. You do not have to explain the ratios of 4 to 5.
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4 (desired) 5 4 5
4:5=1:1 4:5=1:22
kinetic thermodynamic

(2) Please explain the selectivity of 4 to 6, fill in the blank A, and provide the reaction mechanism of A to 9.

1) 10,, 63% O OMe
2) AcOK, 18-crown-6-ether
94%

3) MeOH, p-TsOH, 81%

12 steps
4) L-Selectride®, 92% P

1) 10 mol % Mg(OTf),
H,0 (solvent) 1,2-diol PCC

not a mixture of epimers - =

2) TESOTHf, 2,6-lutidine A 50%
50% (2 steps)

50% (2 steps)

L-Selectride® 2,6-lutidine PCC



Problem Session (2) Answer 2015.5.16 Akinori Yamaguchi
Total synthesis of phomactin A by Hsung 12)
Introduction

0-1 Isolation

a marine fungus Phoma simplex
Sugano et al. in 1991, 1994, 1995 345)

X-ray
(+)-phomactin A (+)-phomactin B (+)-phomactin B1 (+)-phomactin B2

OHC H © OHC H O HO H O HO H O Q

H

(+)-phomactin C (+)-phomactin D (+)-phomactin E (+)-phomactin F (+)-phomactin G

0-2 Biosynthesis ©

—/ __ cyclization phomactin
N\
PPO
0-1 0-2
geranylgeranyl diphosphate phomactatriene

0-3 Bioactivity %)

a pletelet-activating factor antagonst
The mechanism is unknown but unique relative to other known inhibitors.

0-4 Synthesis Yamada's sysnthesis
OB
SBoM
(+)-phomactin D: Yamada in 1996 7) H -
(+)-phomactin A: Pattenden in 2002 8  PhO,S KHMDS
(+)-phomactin A: Halcomb in 2003 )
(+)-phomactin G: Pattenden in 2004 %)
(+)-phomactin B2: Wulff in 2007 ') cl
0-3
1) Hsung, R. P. et al. Org. Lett. 2003, 5, 4843. 7) Yamada, Y. et al. Tetrahedron. Lett. 1996, 37, 7107.
2) Hsung, R. P. et al. Org. Lett. 2009, 11, 1591. 8) Pattenden, G. et al. Chem. Commun. 2002, 1736.
3) Sugano, M. et al. J. Am. Chem. Soc. 1991, 113, 5463.  9) Halcomb, RL. et al. J. Am. Chem. Soc. 2003, 125, 1712.
4) Sugano, M. et al. J. Org. Chem. 1994, 59, 564. 10) Pattenden, G. et al. Org. Biomol. Chem.. 2004, 2, 466.
5) Sugano, M. et al. J. Antibiot. 1995, 48, 1188. 11) Wulff, WD. et al.J. Am. Chem. Soc. 2007,129, 13366.

6) Oikawa, H. et al. Chem. Commun. 2004, 1324. 1



0-5 Structural furtures and challenges for total synthesis?

0-5 0-6 0-7 0-8
highly sensitive strained and twisted extremely hindered 12-membered ring system
hydrated furan electron-rich quaternary center blocking the bottom face

double bond and axial Me



Ploblem 1

e 2

()
H
ACZO
4:30%
4:5=1:1
3 (racemic) 4 (desired) O o
N
H
ACzO
equilibration
4:5=1:22

1-1 reaction mechanism

3 (racemic) 11

C-1,2-addition /

O NR,

1-3a

B-elimination L ]

0O

7L
R
O:

cis 12-membered ring 1-4b trans 12-membered ring 1

cis 12-membered ring

trans 12-membered ring 1
steric hindrance less steric hindrance steric hindrance less steric hindrance

1-4a -4c -4d



6m-electron
electrocyclic
ring-closure

ent-5b

1-2 discussion

1-2-1 equilibration

6m-electron
electrocyclic
ring-closure

1-3b

1-2-2 competing reaction pathways

®
O  NHR,

C-1,4-addition

strained

0O-1,4-addition

1-3a
intermediate of C-1,2-addition 4




Ploblem 2

1) '0,, 63%
2) AcOK, 18-crown-6-ether 12)
94%

3) MeOH, p-TsOH, 81%
4) L-Selectride®, 92%

2-1 reaction mechanism

AcOK
18-crown-6-ether MeOH
oxidative clevage p-TsOH

L-Selectride®

_ =

2-2 discussion
2-2-1 the reason for using '0,
+ erectrophilic epoxidation at 3'-orefin

12) Kornblm, N. et al. J. Am. Chem. Soc. 1951, 73, 880.



2-2-2 the reason for using AcOK in the presence of 18-crown-6-ether

* acidic condition

AcOH

———— > complex mixture

or:BFy OEt, | = I

21 2-7

* other conditions

Lindlar [H]
or: thiourea

or: PPhj
or: EtSH with
piperidium
acetate

hetero
Diels-Alder

2-10 2-11 - 212
50%
(in the use of thiourea)
- the comparison of the equilibration in 2-8 with that in 2-2

hetero
Diels-Alder

highly electron-deficient
o) /
3a

hetero
Diels-Alder




2-2-3 the redioselectivity in the solvolysis by MeOH

214: 7%

MeOH
TSOH trisubstituted olefin
p-Ts

O OMe

2-4: 81%
tetrasubstituted olefin
favored
2-2-4 the selectivitiy in the reduction of 2-5

* possible directions

2-5 2-5b 2-5a 2-5a
That axial p-Me is shielding the top face of A ring.

\\ Bulky H Bulky H

That axial OMe is shielding the top face of B ring.



blem 3

OTES 1) 10 mol % Mg(OTf),

H,O (solvent) 1,2-diol
> single isomer
2) TESOTH, 2,6-lutidine A

50% (2 steps)

reaction mechanism

OTES
Mg(OTf),

in the process

TESOH

TESOTf

—_—

2,6-lutidine

1,2-diol
single isomer

2 discussion
3-2-1 S\2' vs S\ 2

Mg(OTf),

H,O




S\2' by H,O is slower than intramorecular Sy2 probably because insufficient nucleophilicity of H,0.

* I"reacts via Sp2'.
* nucleophilicity: I" > H,O

* 3-2-2 consideration of Sy1

H,O
-------- >
- d i
Priael Sn1 at C5
3-9
primary carbocation
@OTf JOTf
3-8
H,0O
_—
S
Sy1 at C8a

3-11
tertiary carbocation

If iodine ion cannot access the C8b just because of its bulkiness in the above-mentioned reaction,
this tertiary carbocation 3-11 can explain the redioserectivity.

Ploblem 4

e N

\




4-2 discussion
4-2-1 epoxidation vs oxidation of the alcohol

* typical PCC oxidation

&)
RN Q .0
On_ 1N cera
OH O-CrV'Cl (O I o] O
I (@) T
)\ © )Q )J\ + CI’IV
R™ 'H R™ 'H slow R™"H HO™~"OH
4-7 4-8 A\‘@C| 4-9 4-10

rate-determining step

* highly-shielded hydrogen at C5

—> The oxidation of the alcohol could be slow.

— Good orbital lapping for electrophilic epoxidation

10



Ploblem 5

1) PhsP, 1, 13
2) NaBH,4
CeCI3

50% (2 steps)

5-1 reaction mechanism

5-2 discussion
5-2-1 chemoserectivity of I

* highly-shielded C-Oc* at C5 (neopentyl, D ring)

X-ray of 9

—— S\2 at C5 (Appel reaction) could not occur.

13)Paryzek, Z. et al. Tetrahedron. Lett. 1984, 25, 2601.
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