Total Synthesis of (-)-
Chamobtusin A
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Introduction

» |solated from Chamaecyparis obtusa cv. tetragon in 2007 by
Tan and co-workers.

-3 ., ShowYour Plant. com

> Itis a diterpene

» Structure was established mainly on the basis of 2D NMR

» Confirmed by single-crystal X-ray diffraction analysis



Watanabe’s approach for the total synthesis of chamobtusin A

Presumed biosynthesis:
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Retrosynthetic analysis:

CO,Me
\\\

COzMe
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First stage of the synthesis:

1. TCDI, CH,ClI,
reflux, 21 h (94%)
2.n-BuzSnH, AIBN, toluene
80 °C, 15 min (quant)

3. DIBAL-H, THF, 0 °C
15 min (98%)

1. TBSCI, imidazole, DMF
0°Ctort, 15 min (97%)

2. m-CPBA, CH,Cl,, 0 °C, 24h
(a:62%,PB:30%)

1. TPAP, NMO, MS4A, CH,Cl,

rt, 3.5 h
>

+ -
2. Ph3PCH,OMe.Cl, n-BulLi N
THF, 0 °C, 10 min Me Ve
(60% in two steps)
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Completion of the synthesis:

OMe oTBS
1. -IéBhA(gé;;)l?F, OoCtort Re, (EtO),P(0) CO,Et
o CHO >
2. Dess- Martin periodinane N n-BuLi, THF
CHCly, rt, 4h Me MeH 0°Ctort, 1h
(48% in two steps
a:f=4:1)
OMe
MeLi, THF
o .
0 °C, 10 min >
0 . - .
OTBS 2%,E:Z =4:1
O\/&OTBS
OTBS NHj3, cat. AcOH, t-BuOH
rt, overnight . C
65% from (E) { “NH
60% from (2) \_7

TBAF, THF, rt, 1.5h
89%

> (Chamobtusin A)




Aoyagi’s strategy for the total synthesis of chamobtusin A

Retrosynthetic Analysis:

CO,Me =" NHBn

[ i fo —— [ i T/ CN
I n me'l H
Me Me Me

Chem. Commun. 2011, 47, 7878-7879



Synthesis of perhydrobenzoindole:

1. (CH,OH
(TI\/IZSCI & 1. TsCl
CH,Cls, reflux Pyridine, 0°C
> >
2. LiAlH,, Et,0 2. KCN
rt, 92% (2 steps) 18-crown-6
MeCN, reflux
76% (2 steps)
_NHNs
0 e 1. 5% HCI, THF
/> 1. LAH, Etzo, OOC /> 0 OC tort
@) > @)
2. 0-NsCl, EtgN R 2. PhCH,OH
CH,Cl, 0°Ctort  Me o H DEAD, PPhj

96% (2 steps) ;(;I;e(r;e, 0 0C)to rt
0 (2 steps
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Bn

_/N—Ns
(EtO),P(O)CH,CN PhSH, KOH ~
n-BuLi, THF, 0 °C to rt e MS%I)I, rt
92% Me\\ H 0
Me
E|’>n
_NH

" "CN  Hunig's base

EtOH, reflux
80%

'
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Construction of the C-8 side chain:

1. CAN
MeCN-H,O (4:1)

NNs
0 °C to rt, 85% CN DIBAL-H
? ol
2. 0-NsCl, EtgN CH,Cl,, -78 °C
CHxCl, 0°Ctort M€ o 85%
83%

PPh;CHMesl, n-BulLi

'
THF, 0 °C to rt

70%

1. OsOy4, NMO
MeCN, rt

2. TPAP, NMO
MS4A
MeCN, rt
72% (2 steps)

Chem. Commun. 2011, 47, 7878-7879



Synthesis of chamobtusin

Na,WO,, 30% H,O,

PhSH, KOH
>

»
MeCN, 0 °C to rt
75%

MeOH, 0 °Ctort
86%

PhCOCI

(*¥)- chamobtusin A.
pyridine, reflux
54%

Chem. Commun. 2011, 47, 7878-7879



Aoyagi’s strategy for the total synthesis of (-)- chamobtusin A

Retrosynthetic Analysis for Chamobtusin A

Org. Lett. 2012, 14, 6374-6376



Preparation of 1,2-Oxazine

1. TMSCI, LHMDS OH 1. DMP o
THE, 0 OC, 5 min CH2C|2, 0°Cto rt, 2h
> ?
2. 65% m-CPBA, DCM 2 TBSCI. LHMDS
0 °C, 20 min THF, 0 °C, 5 min
3. TBAF, THF, rt, 10 min
93% (3 steps)
1. vinylMgBr Chx,BH
(3 equiv) (2 equiv)
20 min 2h
» ?
2. TBAF, THF, rt then H,0,
5 min NaOH
77% (4 steps) 30 min
65%
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Phth NOH
DEAD, PPhg

THF, 0 °C to rt
1h
100%

1. NH,NH, H,0O
CHCl3, rt, 20 min
>

2. CH3CO2H, EtOH
reflux, 12 h
3. TMSOTF, 2, 6-lutidine
CH2CI2,0 0C, 5im
84%

Org. Lett. 2012, 14, 6374-6376



Formation of Vinylaziridine Derivative

allylMgCl
(4 equiv)

0-NsCl (4 equiv), pyridine

»
CH2C|2, 0°Cto rt, 24h
85%

ONs
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Crystal structure for Vinylaziridine Derivative

Org. Lett. 2012, 14, 6374-6376



Synthesis of Perhydrobenzoindole

ONs

Pd,(dba);CHCI; (0.04 equiv)
PPhs; (0.1 equiv), HCO,H (4 equiv)
>

EtsN, THF, rt, 20 h

92%

Org. Lett. 2012, 14, 6374-6376




Synthesis of (-)-Chamobtusin A

1. OsO4 (0.15 equiv)
NMO (2 equiv)

MeCN, rt, 17h
'
2. NalO,, THF-H,0
rt, 2h
PPhsCHMesl TMSQ 1. TBAF, THF, rt
(4 equiv) T e 5min

n- BuLi (3.9 equiv)

»
THF,0oC to rt 3 Me 2. Burge_ss reagent
10h Me" X (3 equiv)
86% Me M THF, reflux, 15 min
€ 92%
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1. OsO,4(0.15 equiv)
NMO (2 equiv)
MeCN, rt
24h

2. TPAP (0.1 equiv)
NMO (2 equiv)
MS4A
MeCN, rt, 2h

72%

1. PhSH, CSZCO3
MeCN, 0 °C to rt, 14h

'

2. lodosobenzene
(2.5 equiv)
CH2C|2, rt, 1h

78%

(-)- Chamobtusin A
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Key features:
1. Novel aziridine formation from the corresponding 1,2- oxazine
derivative

2. Palladium-mediated annulations of the vinylaziridine derivative

Conclusion:

1.Watanabe synthesized chamobtusin A in 13 steps with 5.3% overall
yield

2. Aoyagi synthesized this molecule both optically active and racemic
forms



