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Taiwaniadducts

* Taiwaniaquinoids are a class of terpenoids
isolated from the endangered
species Taiwania cryptomerioides.

* Taiwaniadducts possess a characteristic
Diels—Alder cycloadduct scaffold.
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" taiwaniadduct B taiwaniadduct D

http://www.iucnredlist.org/details/31255/0
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Biosynthetic hypothesis
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Regioisomer:
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Previous Work

* Iridium-Catalyzed Enantioselective Polyene Cyclization

Carreira:

X7 e« 9examples
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Me f? 4 mol% [{Ir(cod)Cl,]
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J. Am. Chem. Soc., 2012, 134 (50), pp 20276-20278
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Previous Work

e Total Synthesis of (+)-Asperolide C by Iridium-Catalyzed Enantioselective

Polyene Cyclization

Carreira:
20, O
) \

(R)-L (12.8 mol%)
OPMB
Me

OPMB
Me ~ [{Ir(cod)Cl},] (16 mol%)
SiMe; Zn(OTf), (16 mol%)
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dichloroethane, rt

\

HO
N
d.r.=9:1, e.r. =98:2

73% (1 mmol scale)

Angew. Chem., Int. Ed. 2013, 52, 12166
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Retrosynthetic Analysis

1: taiwaniadduct D
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Starting Material

OMe 1.n-BuLi 780C

OH OMe Me OMe Me OMe
then Br
OMe H2304, Me
MeO
2. MeMgBr Ho, o PAC . MeO = MeO
OMe Me
Me OI\/Ie M OM
n-BuLi PhyP=CH M R
then DMF Me

CHO (EtO),POCH,CO,Et X\ _COOEt DIBALH
/\r > X > X NX-"oH
t-BUOK, THF, 20 °C, 91%

90%

Tetrahedron: Asymmetry, 1997, 8, 913-921
Organic Letters, 2013, 15, 2022-2025
Tetrahedron 1990, 46, 2187-94.

Org. Lett. 2000, 2, 1831
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Starting Material

OH Cp2ZrCly, AlMe; OH Phl(OAc),, TEMPO
///\/\/ > I/\/\/\/ = I/WCHO

then |,, THF, 98% Me CH,Cl,, 83% Me
THF
ZMgBr| 849,
TBSCI, Im,
IW € NP IW
, (s}

J. Am. Chem. Soc., 2005, 127 (48), pp 16778-16779
J. Am. Chem. Soc., 2012, 134 (50), pp 20276-20278
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Synthesis of the Dienophile through Ir-Catalyzed Asymmetric Polyene

Cyclization
1. 9-BBN, THF [Ir(cod)], (4%)
, TAE OMe M 2
OMe Me 22°C, 16 h s N (R)-16 (16%) oo e NS
MeO Me 2.aq.NaOH, 12, i Me  Zn(OTf), (20%) . Me
- > - >
OMe OMe
OMe pa(dppfCl, (10%), CICH,CH,Cl, |
= THE, 22 °C, 16 h 22°C, 24 h, -
15 HO . . E
3. TBAF, THF, 22 °C, Z 69%, >99% ee Z 8
8 h, 73% (3 steps)
1.K,0s0,(0H)4, OMe Me OMe Me OMe Me

NalO4, 2,6-lutidine,

6 h,Acetone/H,0,

Me

N,H,, diethylene

Me CrO;, 3,5-
dimethylpyrazole,

° lycol, 2 h, 160 °C;
_22 c > _gy > OMe ) >
2. t-BuOK, Mel, KOH, diethylene 75 CHOsz, -15°C ,
t-BUOH, 3 h, 22 °C glycol, 4h, 180°C  Mé Me o 83% M
89% (2 steps) 72%
OMe Me hv (Hg, 125 W), IWTBS

Bu,NOH, TrisN, Me MeOH,3h e o
- > oMo 30% (R = |\/|e)>

18t-2lrl<133::-'6, Or BnOH, OO 5 O

24 h 40 °C . O 2,4,6-collidine, Me Me Me ol )

’ Me Me N2 160 °C, 30 min, 56% (R = Bn) R=Bn ;

J. Am. Chem. Soc., 2014, 136 (23), 8185-8188
Org. Lett.2013, 15, 2022
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Synthesis of the Dienophile through Ir-Catalyzed Asymmetric Polyene
Cyclization

MeO  OMe 1. LAH, THF, Meo ~ OMe 1. K,CO,, EtOH,
Me 22°C,8h, 77%;

Me 120 °C, 24 h, 93%;
ve 2 DMP, CHyCl,, Me 2. CAN, MeCN/H,0,
[ - > g
OMe  1h,22°C,97% OMe 51 oec, 77% h
Mé Me CO25En Me Me CHO Me Me CHO
19 4: taiwaniaquinone F

CAN, MeCN/H,0,
2 h,0°C, 82%

J. Am. Chem. Soc., 2014, 136 (23), 8185-8188
Org. Lett.2013, 15, 2022
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Synthesis of the Diene through Ir-Catalyzed Asymmetric Polyene Cyclization

1. TBSCI, Im,
22°C, 2 h; -
OH  2.Sia,BH, THF, Me
/ - >
24 h, 22 °C; |
7 e 3.aq.NaOH, 12, 4
21 Pd(dppf)Cl, (10%). =,

THF, 22 °C, 16 h;
4. TBAF, THF, 10 h,
22 °C, 56% (4 steps)

1. [Ir(cod)], (4%)
(R)-16 (16%)
Zn(OTf), (20%)

CICH,CH,Cl, 0,, CH,Cl,,
>
22°C, 24 h; !
2. BF3'OEt2,CH2C|2, é H -78 OC, 93%
0 2
2.5h,22°C 10

79% (2 steps)
>99% ee, 10:1 dr

F-BuOK, BOMC, N,H,, diethylene RuCl;-3H,0, Nalo,,
t-BuGH, 15 min, glycol, 2 h, 160 °C; pH 7 buffer
22°C, 70% Me . S '>
5 KOH, diethylene 2h,22°C, 81%
OHC 7 glycol, 4 h, 180 °C
BnO 23 81%
O Me\N,OMe
1. SOCI,, py,
O  MeNHOMe-HC, w0 CH,CL,-78°C, 1h,
Me iPrMgCl, THF, ~OH 2. DIBALH, THF, —
7 ] e Me =~ _ . > 17N
ud 5 78100°C,79% -78°C,1h, o «
BzG g Mé ;H 58% (2 steps) 12
HO 27

J. Am. Chem. Soc., 2014, 136 (23), 8185—-8188
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Synthesis of the Diene through Ir-Catalyzed Asymmetric Polyene Cyclization

1. 28, toluene,

120 °C, 22 h;

2. Ph;P=CH,, THF,
- >

0°C,1h,
54% (2 steps)

J. Am. Chem. Soc., 2014, 136 (23), 8185—-8188
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1. AZADO (5%),
NaClO2, pH 4.6 buffer
CH,CI,, 22 °C, 24 h, 70%;

2. TMSCHN,, M
0 °C, 10 min, 96%
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Unexpected Reactions of 7-epi-Taiwaniaquinones A and F under
Acidic Conditions

* Conventional conditions, such as thermal, acidic, neat, and high-pressure
conditions, failed to effect the cycloaddition.

o) OMe

Sc(OTf),, CH,Cl,,

o 40°C, 2 h, 83% ;7
ud ifd CHO Mé Me CHO

20: 7-epi-taiwaniaquinone F —, 31: taiwaniaquinol D
HO OMe

OH
© Me
Me Sc(OTf),, CH,CL,,
- > A
o 0 .
md Me CHO 40 C, 2 h, 83% Me Me CHO
33: 7-epi-taiwaniaquinone A 34: taiwaniaquinone D

J. Am. Chem. Soc., 2014, 136 (23), 8185—-8188
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Intermolecular Diels—Alder Reaction and Completion of
the Total Synthesis of Taiwaniadducts B, C, and D

OR? Me

1. K,CO,, EtOH,
MeO OMeMe 120 °C, 24 h, 93%;

2. NaBH,, MeOH,
Me

>

- 15 min, 0 °C; e
©  3.CAN, MeCN/H,0, ud e R s
mé Me CHO 2 h, 0°C, 63% (3 steps) 35 TO,R?

19 p1= 2 - Mea-
Er(fod); _37:R'=CH;OH, R = Me; 21% — o 5o 11,

- . > 39: R" = CHO, R* = Me; 95% . L

120°C,24h "¢ 1 cHO RZ=H _|Lil, 2,6-lutidine,

taiwaniadduct C; 83% 80°C,3h

+

(H - ERAIC, CH,C, 1 ,
~Me 7 36:R"=CH,0H, R? = Me; 52% .
Co,H 7810-40°C, 1h, 38 R'=CHO, R2 = Me; 93% ~{DMP,22°C, 1

92% 2R'=CHO. R2=H :‘ Lll, 2,6‘|Utidine,

taiwaniadduct B; 77% 80°C,3h
1: taiwaniadduct D

J. Am. Chem. Soc., 2014, 136 (23), 8185—-8188
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Conclusion

* The first total synthesis of taiwaniadducts B, C, and D have
been accomplished.

* Ir-catalyzed asymmetric polyene cyclization was exploited to
construct the scaffolds of both the diene and dienenophile.

* Er(fod)3 promoted intermolecular Diels—Alder and Me,AlICl

mediated carbonyl-ene reactions forged the core of
taiwaniadducts D.

J. Am. Chem. Soc., 2014, 136 (23), 8185—-8188
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Wolff Rearrangement

O N2  heat, hvor Ag*(cat) R NuH R 0
H >¥=c=0 ——>»
R R' R R’ Nu
Stepwise:
| O O 1 0O
R . g R + 2 a R - R
N=N~ 7~N=N (,') ')=C=O
i Rl R' | R' R
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R ') + - -N>
= — c=0
R' \' R'

J. Org. Chem. 2002, 67, 1574-1579
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Iridium-Catalyzed Enantioselective Polyene Cyclization

Carreira: 43% yield
>99.5% ee
—
OMe 4 mol%
[{Ir(cod)Cl},]
Me| Me 16 mol% (R)-L TFA, DCE, | 75% yield
OMe 20 mol% 24 h, 60 °C | >99.5% ee
o Zn(OTf),, OMe
P DCE, 24h,
. 25 °C
1i o
30% vyield
7
O, & ~
O
selly
(R)-L

J. Am. Chem. Soc., 2012, 134 (50), pp 20276-20278
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Oxoammonium salt/NaClO,: an expedient, catalytic system for one-pot

oxidation of primary alcohols to carboxylic acids

. @\
NE X

‘\O O

NaClO, R OH
MeCN-buffer, 25 °C

Chem. Commun., 2009, 1739-1741
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