
What Reactions will Innovate Target-Oriented Syntheses ?

Lit. Seminar D3 part / 2007.10.13 
Kounosuke Oisaki

0. Let's systematize and summrize fundamentals for discussions.
1. The power of fragment coupling with use of common FGs (Jamison & Trost's work)
2. Unsolved problems : Convergent catalytic synthesis of carbocycles
3. Future Prospect: What reactions should be developed ?
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0000....    LLLLeeeetttt''''ssss    ssssuuuummmmmmmmaaaarrrriiiizzzzeeee    aaaannnndddd    ssssyyyysssstttteeeemmmmaaaattttiiiizzzzeeee    ffffuuuunnnnddddaaaammmmeeeennnnttttaaaallllssss    ffffoooorrrr    ddddiiiissssccccuuuussssssssiiiioooonnnnssss....

often involved in final target

additional elements
require preparation steps 
and generate wastes.

(poly)cyclic structure

 "common FG"  "uncommon FG"

(alkane)
alkene
ether
alcohol
ketone
ester
amide
carboxylic acid
(hetero)arenes
amine

aziridine
imine
azide
nitro
cyclopropane
cyclobutane
allene
acetal

 "stable elements" "toxic elements"

"unstable elements"

P, S, B, Si,
Cl, Br, I, etc.

Se, Sn, Hg etc.

Li, Mg, Zn, Al etc.

C, H, N, O

nitrile
epoxide
alkyne
aldehyde

other elements

stable, storable
less reactive
various prep. method

unstable, instorable
more reactive

limited prep. method

carbon chaincarbocylcles heteroatom-containedheterocycles

O

O

O OH

HO

HO
OH

O NH

O

tertiaryquarternary tetrasubstituted > 2 heteroatomstrisubstituted

OH H H

HO

NR2

RO

very labilestereo-llabilestereo-robust

0000----2222....    WWWWhhhhaaaatttt    iiiissss    tttthhhheeee    SSSSyyyynnnntttthhhheeeettttiiiicccc    TTTTaaaarrrrggggeeeetttt    ((((OOOOrrrrggggaaaannnniiiicccc    MMMMoooolllleeeeccccuuuulllleeeessss))))    ????

generated in situ.

later subjection to FG-interconversion
is postulated (ghost FG)

Functional Groups (FGs)

Carbon Skeleton

acyclic structure

low accessibility high accessibility

low accessibility high accessibility

Stereocenters

O
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s
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The worth of bond-formation is
C-H < C-O < C-N < C-C

Microscopic viewpoint

(total synthetic chemists)

# high reactivity, high yield
# high chemoselectivity
# high substrate generality
(# operational easiness)

(# usability of commercial resource)
# high atom economy

1) less redox reaction

2) more C-C formation

3) maximize convergency

5) cascade reaction

6) no protective groups

7) new methodology

8) biomimetic pathways

# Baran's 8 rules (Nature 2007, 446, 404.)

0000----1111....    WWWWhhhhaaaatttt    ddddooooeeeessss    """"eeeeffffffffiiiicccciiiieeeennnnccccyyyy""""    mmmmeeeeaaaannnn    oooonnnn    ((((mmmmuuuullllttttiiiisssstttteeeepppp))))    ttttaaaarrrrggggeeeetttt----oooorrrriiiieeeennnntttteeeedddd    ssssyyyynnnntttthhhheeeesssseeeessss    ????

(developers of reaction, reagent & catalysis)

Microscopic viewpointMacroscopic viewpoint

Not mentioned unequivocally.
Is there any guides ?

High correlations with
use of "common FGs"

# high step economy

# designed reactivity & selectivity

4) linear escalation of [O]

I think this is the most
important factor both 
on efficiency and diversity.
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(# environmental friendness)



IIIIVVVV))))    AAAAccccttttiiiivvvvaaaattttoooorrrr    sssshhhhoooouuuulllldddd    bbbbeeee    ccccaaaattttaaaallllyyyyttttiiiicccc    aaaammmmoooouuuunnnntttt....

IIII))))    DDDDeeeevvvveeeelllloooopppp    IIIInnnntttteeeerrrrmmmmoooolllleeeeccccuuuullllaaaarrrr    CCCC----CCCC    bbbboooonnnndddd----ffffoooorrrrmmmmiiiinnnngggg    rrrreeeeaaaaccccttttiiiioooonnnnssss....

to achieve less waste, easy-workup, cheaper reaction

IIIIIIIIIIII))))    UUUUsssseeee    mmmmiiiinnnniiiimmmmaaaallll    ccccoooo----rrrreeeeddddooooxxxx    aaaaggggeeeennnntttt    aaaassss    ffffaaaarrrr    aaaassss    yyyyoooouuuu    ccccaaaannnn....

Stoichiometric co-oxidant/reductant directly become wastes.

VVVV))))    UUUUsssseeee    ccccoooommmmmmmmoooonnnn    FFFFGGGG....

ex.) present fragment-coupling rections

Carbonyl olefination (Horner-Emmons / Julia etc.)

Carbonyl addition to organometallics (lithium enolate etc.)

I, II, (III)

I, II, (VI)

Nozaki-Hiyama-Kishi reaction I, II, IV, (VI)

Cross coupling (Suzuki, Stille, Negishi etc) I, II, III, IV

Olefin cross metathesis I, III, IV, V

Direct cross aldol, Baylis-Hillman etc. I, II, III, IV, V, VI

requires strong
(highly basic) conditions

sometimes requires
toxic reagents, uncommon FGs

Jamison's (Ni) system

It is much better that equimolar amount of donar & acceptor is principly enough.

VVVVIIII))))    CCCCrrrreeeeaaaatttteeee    nnnneeeewwww    sssstttteeeerrrreeeeooooggggeeeennnniiiicccc    cccceeeennnntttteeeerrrrssss....

I, II, III, IV, V

I, II, IV, V, VI

Trost's (Ru, Pd) system

high potential, but little applied yet
to large molecules

requires excess partners

0000----3333....    WWWWhhhhyyyy    """"uuuunnnnccccoooommmmmmmmoooonnnn    FFFFGGGGssss""""    hhhhaaaavvvveeee    bbbbeeeeeeeennnn    uuuusssseeeedddd    ????

0000----4444....    PPPPRRRROOOOPPPPOOOOSSSSAAAALLLL::::    """"SSSSiiiixxxx    CCCCrrrriiiitttteeeerrrriiiiaaaa""""    ttttoooo    ddddeeeessssiiiiggggnnnn    ssssyyyynnnntttthhhheeeettttiiiiccccaaaallllllllyyyy    uuuusssseeeeffffuuuullll    rrrreeeeaaaaccccttttiiiioooonnnnssss

IIIIIIII))))    DDDDeeeevvvveeeelllloooopppp    ccccrrrroooossssssss    rrrreeeeaaaaccccttttiiiioooonnnnssss....

O O

OHOR

OR

+
inter
C-O

intra
C-C

cf.

O

X
+

inter
C-C O High convergency can be

achieved in less steps !!

+

cf.

excess

cross metathesis

waste
(if not reused)

+

inter C-C

ex. Cross aldol

O

R'

1) LDA
    TMSCl

O

R'

TMS
2) Lewis acid cat.*
    RCHO
3) desilylation

O

R'

OH

R

3-step cross aldol

O

R'

O

R'

OH

R

1-step cross aldol

bifunctional cat.*

iPr2NH-LiCl
waste waste

TMS-X

RCHO

selective activation
is diffficult

reguired for 
selective activation

PROBLEM: difficult to achieve presice chemoselectivity

uncommon FG reguires longer steps for attachment / removal (less step economy)
and causes more generation of wastes (less atom economy)
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minimal co-redox reagent = O2/H2O2 or H2

C-C forming-reaction between two common FGs always afford common FG !!



H

O

+

R

Ni(cod)2 (cat.)

(+)-NMDPP (cat.), Et3B, rt OL 2000, 2, 4221
JACS 2003, 125, 3442.

O

R

Et2B

+

R

Ni(cod)2 (cat.)

Bu3P (cat.), Et3B, rt

RO O
Et2B

JACS 2003, 125, 8076.

Review: Chem Commun. 2007, Advance articles.

MECHANISM

SYNTHETIC APPLICATIONS

O

R

Et3B

Ni0

PR3

O NiII
Et2B

R

PR3Et

O
NiII

Et2B

R

PR3Et

O
NiII

Et2B

R

PR3H

CH2H2C

Ni0

PR3 H

O

R
Ni0

PR3

Et3B

R

O

R

Et2B
H

Amphidinolide T1

O

OO

HO

O

JACS 2004, 126, 998; JACS 2005, 127, 4297.

OH
TBSO

Ph

O

TBSO

Ph
Ni(cod)2 (10 mol %)

Bu3P (20 mol %)

Et3B (2 eq), neat

rt, 14h

y. 81%

C5C5

required for regioselectivity

(+)-Terpestacin

O

O
H

H

OH

O

OTMS
H

H

OH

OTBS
O

OTMS
H

H

O

OTBS

Ni(cod)2
 (10 mol %)

(R)-FerroP* (10 mol %)

Et3B (2 eq)

AcOEt, 0oC, 16 h

JACS 2003, 125, 11514; JACS 2004, 126, 10682.

+

O

O

HO

O

Ph

Ph

O

O

O

O

Ph

Ph

Ni(cod)2 (10 mol %)

Bu3P (20 mol %)

Et2B (2 eq)

toluene (0.05M)

60oC, 14 h

y. 44%, >10:1 dr

C10

C10

C14

Olefin, ester, ether is tolerant.

(6.7 eq)

O

O
H

H

O

O

O
H

H

OH
undesired regioselectivity

Ni(cod)2-Bu3P

Et3B, tol

45%, >10:1 dr

cf.

C12

C12

+

C24

Fe

P

Ph

Me

(R)-FerroP*(2 eq)

y. 85%
2.6 : 1 regio
2.1 : 1 dr

* Krische improved similar reactions with use of Rh cat. and H2 gas as co-reductant.  Acc. Chem. Res. 2007, ASAP.

C24

C25

chemoselective
methylenation + C1

C24

1111----1111....    JJJJaaaammmmiiiissssoooonnnn''''ssss    NNNNiiii    ssssyyyysssstttteeeemmmm    aaaannnndddd    aaaapppppppplllliiiiccccaaaattttiiiioooonnnnssss

enantio-induction

substrate control

catalyst control

1111....    TTTThhhheeee    ppppoooowwwweeeerrrr    ooooffff    ffffrrrraaaaggggmmmmeeeennnntttt    ccccoooouuuupppplllliiiinnnngggg    wwwwiiiitttthhhh    uuuusssseeee    ooooffff    ccccoooommmmmmmmoooonnnn    FFFFGGGGssss
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Review of Ru: ACIE 2005, 44, 6630; Chem. Rev. 2001, 101, 2067.

JACS 1993, 115, 10402.

R

Ru

PF6

MeCN

MeCN NCMe
(cat.)

+

rt
R

MECHANISM

R

RuII
Cp

RuIV
H

Cp

RuIV H
Cp

R

RR

H
R

MECHANISM

1111----2222....    TTTTrrrroooosssstttt''''ssss    RRRRuuuu////PPPPdddd    ssssyyyysssstttteeeemmmm    aaaannnndddd    aaaapppppppplllliiiiccccaaaattttiiiioooonnnnssss

RuII

JACS 1997, 119, 698.

+
benzene, rt

H EWG

Pd(OAc)2-TDMPP (cat.)

EWG

OMe

OMe

P

3

TDMPP =

JACS 1987, 109, 3486.

~ 1 : 1 ratio

H
L2Pd

IV

EWG

EWGL2Pd
IV

H

L2Pd
II(OAc)2

EWG

PdII(OAc)2+ PAr3

H They proposed PdII-PdIV cycle.

SYNTHETIC APPLICATIONS

OH

TMS

O OMe

JACS 2004, 126, 48.

CpRu(MeCN)3PF6 (10mol%)

acetone, rt, 3.5 h

OH

TMS

O OMe

y. 63%O
MeO

(−−−−)-Mycalamide A

OH

O

H
N

O O

O

OH

OH

OMe

C4

C6

+

C10

free alcohol & ester are torelant.

(1 eq)

chemoselective
oxidationC10

required for regioselectivity

JACS 2004, 126, 13618.

O O

OH
O

O

Amphidionolide P

OH

O

O

TIPSO
OH

O

O

TIPSO

CpRu(MeCN)3PF6 (10mol%)

acetone(0.05M), rt

y. 75%

(3.5 eq)

amenable to
chemoselective
epoxidation

+

C12
C22

C10C22

olefin is also torelant.intramolecular
protection
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JACS 2007, 129, 2206.

O O

O O

MeO2C

OH

O

OH

CO2Me

O

O

OH OHH

Bryostatin 1

OAc

O O

O OH

MeO2C

OH

OH

CO2Me

O

OH OHH

OAc

CO2H

X

northern part

southern part

X

R

C20

C15

O

H

H
+

Zn(OTf)2-MeEphedrine (cat.)

or InBr3-BINOL (cat.)

amine base (cat.)

OH

Carreira, E. M. et al. JACS 2001, 123, 9687.
Takita, Shibasaki JACS 2005, 127, 13760.

R

+

OH
Rh(PPh3)3Cl (cat.)

BF3-OEt2 (2.5 eq)

 BuBr (0.5 eq)
toluene, 55 oC

R OH

Tu, Y.-Q. et al  JACS 2005, 127, 10836.

Direct Alkynylation

C-H activation forming sp3-sp3 bond

H
N
Me

R
+

Ta(NMe2)5 (4 mol %)

toluene, 160 oC

H
N

Me
R

Hartwig, J. F. et al. JACS 2007, 129, 6691.

C5

O

O

O

OTBS

OTBDPS

OH

OPMB

TMS

+

CpRu(MeCN)3PF6
 (10 mol %)

acetone(0.5M)

 rt, 40 h y. 56%

C14

(2.2 eq)

OH O

TMS

OTBDPS

OTBS

OPMB

O

O

dr = 9 : 1

O O

TMS

OTBDPS

OTBS

OPMB

O

O

C19

sequential
diastereoselective
oxi-Michael add.
OL 2005, 7, 4761.

Synth. of northern part

intramolecular
protection

+ C1
(CO-Stille)

Synth. of southern part

HO

OTBS

CO2Me

O

OHO

OTBS

O

O

MeO2C

Pd(OAc)2-TDMPP

 (4 mol %)

benzene, rt, 40 h

y. 89%
C6

C9
C15OMe

OMe

P

3

TDMPP =

PdCl2(MeCN)2 

(5 mol %)

TDMPP (3 mol %)

THF, rt

y. 49%
+ isomers

O

CO2Me

H

TBSO

O

O

(1.3 eq)

+

C15

1111----3333....    RRRReeeecccceeeennnntttt    IIIImmmmppppoooorrrrttttaaaannnntttt    FFFFiiiinnnnddddiiiinnnnggggssss    aaaabbbboooouuuutttt    CCCCaaaattttaaaallllyyyyttttiiiicccc    CCCC----CCCC    FFFFoooorrrrmmmmaaaattttiiiioooonnnnssss    wwwwiiiitttthhhh    CCCCoooommmmmmmmoooonnnn    FFFFGGGGssss

Intermolecular C-C bond reorganization Enyne metathesis (C=C bond reorganization)

Nakao, Y.; Hiyama, T. et al. JACS 2004, 126, 13904; JACS 2006, 128, 7420
 JACS 2006, 128, 7116; JACS 2007, 129, 2428.

CN

R

+

Ni(cod)2 (cat.)

PPh2
tBu or PMesCy2 (cat.)

Lewis acid (cat.)

toluene, 80 oC

CN

R

R

+
Grubbs' catalyst

R

Review: Chem. Rev. 2004, 104, 1317.

Cross coupling of unmodified substrates

N

H

R'
O

H

Pd(TFA)2 (cat.)

Cu(OAc)2
pivalic acid, 110 oC

H
Pd(TFA)2 (cat.)

AgOAc

pivalic acid, 110 oC

+

N

R'
O

Ar

N

R'
O

Ar

Fagnou, K. et al. Science 2007, 316, 1172; JACS 2007, 129, 12702

excess
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2222....    UUUUnnnnssssoooollllvvvveeeedddd    PPPPrrrroooobbbblllleeeemmmm::::    CCCCoooonnnnvvvveeeerrrrggggeeeennnntttt    CCCCaaaattttaaaallllyyyyttttiiiicccc    SSSSyyyynnnntttthhhheeeessssiiiissss    ooooffff    CCCCaaaarrrrbbbbooooccccyyyycccclllleeeessss

Present synthetic strategies for polycyclic structures are substrate-dependent and require linear route.

intermolecular (more than) two C-C formation at once

Intermolecular synthetic methodologies of 5-/6- membered rings are highly demanded.

2222----1111....    MMMMaaaasssstttteeeerrrrppppiiiieeeecccceeeessss    ooooffff    CCCCoooonnnnvvvveeeerrrrggggeeeennnntttt    RRRRoooouuuutttteeee    ttttoooowwwwaaaarrrrdddd    PPPPoooollllyyyyccccyyyycccclllliiiicccc    SSSSttttrrrruuuuccccttttuuuurrrreeeessss    uuuussssiiiinnnngggg    CCCCoooommmmmmmmoooonnnn    FFFFGGGGssss

catalyst
A

B

C

+
A

B

C

A

B

C

regioselectivity control

Myers, A. G. et al. Science 2005, 308, 395; JACS 2005, 127, 8292.

Y

R

OPh

O O

N

O

OBnO
OTBS

H
X NMe2

1) Intermolecular
    Diels-Alder
2) deprotection

+E D AB

OH O
HO

H
X NMe2

AB

Y

E D

O

R
H

OH

O

NH2
C

Tetracycline & analogues
(7 examples)

diversity

C18~23

C11C7~12

Shair, M. D. et al. JACS 2002, 124, 773.

CHO

MeO

OMeTBSO

OTBS

OHC

MeO

OMeTBSO

OTBS
H

+

Me2AlCl

DCM, -20 oC

y. 70%
dr = 1: 1.4

C21

C21

C42

H

OHCH

OO

OO

Longithrone A

2 steps

C42

O

H

X
C12

N
H

Y

C8

+

LHMDS;
Cu(II)

O

H

X

C20N
H

Y H

y. 50-60%

Baran, P. S. et al. JACS 2004, 126, 7450; JACS 2005, 127, 15394; Nature 2007, 446, 404.

H

N
H

H
NCS

Hapalindol Q

C20

H

N
H

H
NC

Hapalindole U

C20

CN
H

Cl

C20
N
H

(ent-)Fischerindole I

oxidative
rearr.

CN
H

Cl

N
H

Welwitindolinone A

O

C20

tBuOCl

H

N
H

H
NC

Ambiguine H C25

+ C52 steps

masterpieces of non-D-A convergent approaches toward polycylclic skeletons with common FGs

CN
H

Cl

C20
N
H

(ent-)Fischerindole G

H

2 steps
bond-formation
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To maximize the convergency...

C7 + C7

Intramolecular D-A approach

C6 + C8

less step-economical
more step-economical

substrate control
reagent (catalyst) control

C14

easy-preparation of SM

relatively
unexplored

route !

2222----2222....    SSSSttttaaaatttteeee----ooooffff----tttthhhheeee----AAAArrrrtttt::::    CCCCaaaattttaaaallllyyyyttttiiiicccc    ((((CCCCoooonnnnvvvveeeerrrrggggeeeennnntttt))))    SSSSyyyynnnntttthhhheeeessssiiiissss    ooooffff    6666----mmmmeeeemmmmbbbbeeeerrrreeeedddd    CCCCaaaarrrrbbbbooooccccyyyycccclllleeeessss

Jacobsen, E. N. et al. Science 2007, 317, 1737.

Me

Me O

O

N B

O

Ph
Ph

H

H

F

cat.

toluene or DCM, rt

(S)-CBS cat.

O

O

Me

H

Me

H

H

H

O

O

Me

H

Me

H

H

H
+

cat. endo yield exo yield

MeAlCl2 (80 mol %) 50 50

none, 120 oC (thermal) 45 55

(S)-CBS (20 mol %) 3 97
(R)-CBS (20 mol %) 78 22

NTf2

OHC

Me

MacMillan, D. W. C. et al. JACS 2005, 127, 11616.

MacMillan's cat.
Me

OHC
H

H

y. 71%, 90% ee
single diastereomer

Me
H

H

O

O

CHO

OMe

Solanapyrone D

Me
H

H

O

N

O

O

OH O

H

UCS1025A
Danishesfsky, S. J. et al.
 JACS 2006, 128, 426.

(20 mol %)

Usuda, Shibasaki OL 2004, 6, 4387; Shimizu's research report

ON

O
O

OTIPS

C3

OTIPS

+

PyBOX-Fe(III) (cat.)
MS5A, DCM

OTIPS

OTIPS

OOXC12

y. 96%, 93% ee

C15

C35

O

Hyperforin

O
HO O

+ C20

linear
sequence

requires
uncommon FGs

enantiomers

Biomimetic approach
resulted in unselective.

Hoye, T. R. et al.
 JACS 2006, 128, 2550.

Few methodologies are present.

R

O

XOAcTMS

Pd2(dba)3-2 ligand (cat.)

toluene, <rt
+

R

O

X
NP

O

O

Ph

Ph
ligand

58-92% ee

Trost, B. M. et al. JACS 2006, 128, 13328.

Montogomery, J. et al. JACS 2006, 128, 14030.

H

O

R

+

Ni(cod)2-2Bu3P (cat.)

Et3B (4 eq)

MeOH-THF

OH

R

Cheng, C.-H. et al. JACS 2007, 129, 4166.

・

O

+

CoI2(dppe) (5 mol %)

ZnI2 (5 mol %)

Zn (2.75 eq)

MeCN-H2O, 80 
oC

(1.2 eq)

HO

Nucl, size limitation
uncommon FG required

2222----3333....    CCCCaaaattttaaaallllyyyyttttiiiicccc    CCCCoooonnnnvvvveeeerrrrggggeeeennnntttt    SSSSyyyynnnntttthhhheeeessssiiiissss    ooooffff    5555----mmmmeeeemmmmbbbbeeeerrrreeeedddd    CCCCaaaarrrrbbbbooooccccyyyycccclllleeeessss
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intermolecular D-A approach



A) Multicomponent C-C bond-formation (with common FGs)

B) Multiple (more than triple) FG-interconversion & introduction at once

O

O

O

Ph
Ph

H

O SiMe2Ph

Zn
CO2Me

2

cf. Feringa, B. L. et al. JACS 2001, 123, 5841.

C7

C5
C8

+

Cu(OTf)2 (3 mol %)

ligand (6 mol %)

toluene, -40oC, 18h

y. 60%
dr = 83 : 17
94% ee

NP
O

O

Ph

Ph
ligand

Me

Me

O

O

O

Ph
Ph

C20

OH SiMe2Ph

CO2Me

OH

CO2Me

OH

O

PGE1 methyl ester

C20

6 steps

A

B

C

M (catalyst)

C A
BX

AB

C
M

H

multi-activespecies catalyst

high-resolution catalyst

for multiple bond-formations

for precise chemoselectivity
on common FGs

no practical concepts are present.

3333....    FFFFuuuuttttuuuurrrreeee    PPPPrrrroooossssppppeeeecccctttt::::    WWWWhhhhaaaatttt    rrrreeeeaaaaccccttttiiiioooonnnnssss    sssshhhhoooouuuulllldddd    bbbbeeee    ddddeeeevvvveeeellllooooppppeeeedddd    ????

C) Pursuit for far efficient "Absolute Synthesis"

substrate
control

auxilirary
control

reagent
control

catalyst
control

sure
specific

(strong bond dependent) (weak bond dependent)

absolute
control

less sure
general

Control of Chemoselectivities

cf. domino rxn = intramolecular multiple bond-formation (substrate control) = specific

see Vijay's lit. seminar (2003)

imaginary...
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Richard P. Feynman

"What I cannot create, I do not understand."

OH
OH

OH
OH

OH
OH

spacer

3

R

R

R

R

Self-Assembly

R

R

n

n n

external
chiral stimuli

one enantiomer of 
helicate is amplified ?

circular polarized light
one-directionlal stirring

etc.

n

dynamic mixture of 
M/P-helicate

"absolute catalytic asymmetric synthesis"

enantioselective reaction ?

not reported yet (?)

La(OiPr)3
3 nBuLi

cf. Oisaki's Lit. Seminar D2 part

unstable FG


