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Nicolaou J. Am. Chem. Soc. 2008, 130, 11114. "Total Synthesis, Revised Structure,
and Biological Evaluation of Biyouyanagin A and Analogues Thereof"
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1. Noyori's Prostaglandin Synthesis

. NI
1 A

TBDMSO

76%

JACS 1988, 110, 4718.

Et,0,-95°C  Lix~_-CeHis
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+

0]

-
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BuszP—Cul
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FILFIE
trans

O,CU<_ PBU3
~_CeH13
TBDMSO
\_J)  OTBDMS
L trans ]
PhsSnCl
EEEH
[ o SnPhs ]
~_-CeH13
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\_J)  OTBDMS

trans




2. Crimmins' Ginkgolide Synthesis JACS 1993, 115, 3146.
CuBr-SMe; (10 mol %)

OTMS  zncl, oj2—2n 0 é/\fo (Me,N)3PO, Me3SiCl
| > | > —
OEt EEZH ) OEt 2

\j

OEt
ZnfkEIT/ L—F

Zn COzEt
Y Q1 H
0) _OEt . Co,Et O
0 0 Dieckmann \ @
Et : F2 hv /
. 242
B B 22 esio 'Bu
Me3SiO 0]

bilobalide

3. Charette's Lepadin B Synthesis JACS 2008, 130, 13873.

O Ph Ph
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% *H hydrozirconation Cul-SMe,
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76%
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3. Pd = Wacker®Ji:

PdCl, (cat.)
CuCl, (cat.) R
R 0,, H,O
\—— 2, M2 . }_
@)
2HCI+0.50,
2 CuCl
R
H,O \—
PdCl,
2 CuCl, R
i3]
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B ITTHIRRE /\( R
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HO
BEEM%

Mukaiyama's Taxol Synthesis
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DMF, 45 °C, 60%

chemoselectivity




4. Cross-Coupling Reactions

Br B & RARE xR
©/ + M/\/R > ©/\/ + MBr

HEARM GRS 1 2L
Br
o (O
1= 7T R R e [:2[d:SIEp

(In)

(I
Pd Pd
S e

R
MBr v xR

M = MgX: Tamao-Kumada-Corriu coupling (Ni cat.)
M = ZnX: Negishi coupling

M = B(OH),: Suzuki-Miyaura coupling

M = SnR'3: Stille coupling

M = Si"X4: Hiyama coupling

M = Cu: Sonogashira coupling (alkyne)



4-1. B FEHER (Suzuki-Miyaura coupling)

HsC
H300—©—C| + (HO),B

HsC
3% Pd cat.
2 el )
KF (34 2)
cat. ljr gz
Pd(PPhs), 0%
Pd(PBuz), 7%
1.5% Pd(PtBus), + 1.5% Pd 91%

4-2. FRBAEMHEHA~DIERA (Negishi coupling)

t-Bu
ClZn /N OTMS
t-Bu cat. Pd
+ - s TMSO
t-Bu
TMSO /A Br
t-Bu

84%

4-3. Carbapenem analog synthesis (Suzuki-Miyaura coupling)

R3SiO R R3SiO R Tr,0  RsSIO R
HoH 0 cat. Rhy(OAc), HoH i-Pr,NEt P
> —_—
NH carbene 0 / OTf
o Ny CO2R" insertion o} p
CO,R" CO,R"
/\/NHBOC R".BH ,
R L}
| 2 3SIO H H R
R",B._~_ NHBoc :

cat. Pd, NaOH aq.

NHBoc

CO,R"

66-85%
Shionogi group, Tetrahedron 1997, 53, 539



4-4. Fostriecin synthesis (Stille coupling)

TBS

0]
NaO._u
P

“OH anti-cancer
Our group, JACS 2005, 127, 17111.

4-5. Ene-diyne natural product synthesis (Sonogashira coupling)

cat. Pd, cat. Cul
BuNH»

calicheamicin
Nicolaou, JACS 1993, 115, 7612.

(0]
NH M
Michael COMe
reaction 0 "
3 “glyco
Bergman

cyclization




5. Heck reaction
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Z
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5-1. IL{k{E=

EtO,C
H_ -COzEt cat. Pd 2 |

I g K2COs

" CHsCN R;SiO™ OSiR
R;SIO" 0 3Si iR
3=l OSiRs 86%

CO,Et
EtOC. H cat. Pd | 2

. K2COs

S CHsCN R5SiO™ OSiR
R3SiO 0 39l IR3
3=l OSiRs 90%



5-2. Synthetic Application

* Overman's Morphine Synthesis

o .y

cat. Pd OBn O oH
amine o S ‘ ) M ~
toluene N N ‘ !
120 °C H H
60% morphine

JACS 1993, 115, 11028.

* Overman's Scopadulcic Acid Synthesis (GE#tHeck &) JACS 1999, 121, 5467.
Pd(OAc), (10 mol %) 7 N
Ph3P (20 mol %) R 2 Pd R
> H _—

A92CO3, THF, 65 OC

(0]
—_—
—_—
OTBS HOC™ %" OBz scopadulcic acid
90% HO
* Roche's Tamiflu Synthesis (HJLR=JLIERE (COHEA) )

o)

OH

Br—N
MeO OMe OM
KOt-Bu, DMSO
Pd cat. \)fo Ru cat. \)f \/(O

CO, EtOH H, O Me3Sil
—_— MeO OMe —> MeO OMe —— HO OH
KOAc 82% 96%
0,
85% (3 steps) EtO,C CO,Et EtO,C CO,Et EtO,C CO,Et
meso meso
ig liver ester \)fo \/(O
pig live esease: HO OH = ~NHAc
—_—
96%, 98% ee
EtO,C COH EtO,C NH;H3PO,4

Tamiflu



6. n-F )L/

— O
(it —TrostR i)
Pd cat.
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Nuc + AN X —————» Nuc
X
OSSN Pd(0) i
+xC
ER{ERafthn
Nuc@
REZEBRRIG
/\/Pd‘x
Rt
Pd\x
=71 }l//\}Z*“)rbL\
el Pd
X ~
Rt
NO cat. Pd
ACO\/Z\/O OEt + 2 _ > AcO X NOZ
\g/ COzEt CO,Et
+ NaH NG,
> W
CO,Et
81%
6-2. Tamiflu Synthesis by Our Group
OTMS OTMS OH O
AEE R F I
_ JI/COZMe Diels-Alder & Jit: O:COgMe ”\N3 Curtiusgzfiz
+ B >
X Meo,C

o
N3
COo,Me Q(
97% ee

o

-
¥

t-BuOH, 80 °C



T 'S

N
-

e

v
NAc Pd (4 mol %) @NHAC
O e -
/u\ /Li [::]\ NC._ _OAc Nc>r&
© NC

Z
L)

NHBoc
N NHBoc Y OAC
H , CN
Boc
Angew. Chem. Int. Ed. 2009, 48, 1070. o
Tamiflu: Kim JACS 1997, 119, 681. > ~NHAC
e
EtOZC NH2 b H3PO4
Tamiflu

6-3. Hyperforin Synthesis by Our Group

szdbag'CHC|3 (10 mol %)
(S)-tol-BINAP (20 mol %)
THF; Ac,0, pyridine

\j

50%
hyperforin
6-4. White's 6-Deoxyerythronolide B Synthesis
O,/ \.0O
,S S
h Ph
Pd(OAc),
(30 mol %) _
o~ Yo
56% (two cycles)
M. C. White et al. Nat. Chem. 2009, 1, 547

diastereoselectivity >40:1
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7-1. Ring Opening Metathesis Polymerization (ROMP)

Ph Ph
CH» CHa
cl.,, ?c_ya/Ph n n
A2 o o o o Kiessling, L. L. JACS 1997, 119, 9931.

o 3 o 4 o 10000+
OH OH OH ]
O" X "on WH WH f 1
1 |.....d---en il
OH H OH OH OH OH 1000 /)3- S
Table 1. Varying the Monomer:Catalyst Ratio Alters the Average '§ ?/
Number of Repeat Units (DP) in Neoglycopolymer Series 3 ® 100
entry m/c conditions? av n (DP) yield/%? %
1 71 a 10 80 (98) 10 - .3
2 25/1 a 25 68 (87)
3 5071 a 52 68 (91) o o
4 100/1 b 143 67 (98) 0 20 40 60 8 100 120 140

average n

7-2. Ring Closing Metathesis (RCM)

' Grubbsfih g
_Si'Prs (B
O O\“v ", Me 0, B
O/\O’ 94%
(@]
NaO. 1
P< = OH
Our group, JACS 2005, 127, 17111. —_—

. fostriecin
"OH (anti-cancer)

7-3. Cross Metathesis

34%

Our group, Angew. Chem. Int. Ed. 2010, 49, 1103.



