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Hayashi(1998) Amidomonophoshine Sinol baseddiphoshonites

~OmiOka(1999)
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~e Reetz(2001)

LAAo, .R MeO I ..,; PPh,

<9XyO,P-\ MeO <7 I PPh,
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OMe

Phosphoramidite bipyridine,P-Phos
Miyaura,Ferin9a(2003) Chan(2003)

Books Tamao, K. Compl'ehensive (Jl!lanic Synthesi.s; Pergamon : NewYork, 1991; Vol. 3, Cha". 2.Tsl(ji, j. Palladillm llefl!Jents and
Cflf:a/ysts;john WileyfSons: New York, 1995
L€5 ,Z()[)1-
Handbook of organo"alladium. Chemistry for organic syntheses (2vol) Ed. E. Negishi, j. Wiley N.Y., 2002 3
Reviews:Miyaura, N.; Suzuki, A. Chem. Ilev. 1995, 95, 2'157. T. Hayashi, Synlett 2001,879. (b) T. Hayashi and K. Yamasaki,
Chem.llev. 2003, 103, 2829.

Organometallic cata/ysis in water

! + --+
M = Pd, Rh, Ni...
Lx= chiral & non-chiral water-soluble ligands

x

.fin 'Jj)},:V1'~fitl'Cfl:t:ififliJ:fitdl

Pifi!§dJ~l:r:tf(JI1f1 (Or iB$lt~llniYI8

:V18)./tm.Chem.Soc. 112/1324,1990
Genet,j.P. M.Savignac,E.Blart Synlett 199~ 7l5../. Ol'!llln(Jmet. Chem.1999, 305. IUPAC
Monographs,'l'Ilnsition MetIll CtltIll}'zed Iletlctions. Murahashi, S.-I. ana Oavies S. G., fa.; 1999,55.
Michelet, v.; Savignac, M.; Genet, j.P. Electl'onic Encyclopedill o{ lletl!Jents {or Ol'!lllnic Synthesis. john
Wiley ErSons, 2004, in presso
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SYNTHESIS of 6,6'diamino-(R)-BINAP

H2N

OTf -=
OTf 70% H2N

80%

Optically pure
NC

NBoc
À/'

2.5eq N-Tf BocHN ~
Boc-HN ..À.NH-~OC m' , ~PPh2 HCl3N

CH2Cl2,/':,. ~ ~ PPh2 MeOH
35%

B HN
H
N I #

OC ì( '- e?'
NBoc

CI- +NH2

ÀN
H2N H

H

H2Nì(N
CI- +NH2

AmBINAP

PPh2
~~PPh2

(R)-DigmBINAP

J\iJ.ie7t1V11ireet col1. IFrefJJl:!ì1?)btbefJtt 99025J.fM'et.ietters61J3,2fJOO

For(R)- DigmBlNAPJ.P.G8nel:JP,Gìferf2IroJ'I. ~/idllll,p.fJ2ms Freru:tl ?)!itJ:8fJtt 99152J.7, P.
fiìl£;inEfuY,Yi!i]y/l,P.!)eIU5},p,GeIJJf:t'J:Te'J:. Lett 31}23J20lJl
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RhodiumCata/ysedEnantiose/ectiveAddition of
OrganoboronReagentsto a,f3-unsaturated

Ketones
o

R o
;:I='L 6

Rh (1%)/ (R) D'

'LrB(OHh + I (1.2%)/EG/;Oci!~BINAP

I .'5equiv.1 (

Na CO ~
8) = (CH2)n 2 3 \\ h

-+NH2

H NJ.lN,
2 H

H

H2N)(N

- +NH2 (R)-DigmBINAP

o

C(6

o

B~
ee= 98%
100 % yld

ee= 92%
99% yld

RAmengual, V.MicheletJ.P.GenetSynlett 1791,2002

o

ee= 90%
50% yld
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ASYMME'ffiIC 1,4 ADDITION

+
o

Ò

Low catalytic loading

Rh(acac)(C2H4h 0.005%, (R)-Digm-BINAP 0.01%.
I PhB(OHh 5 éq.,1Na2C03 2 éq., EG, 100°C, 48 h,

o

6 (R)

'/IPh

66%, 88% e.e.
NH

IIq CIHNAN
3 H

4 -PPh2

PPh2
H

CIH3Nì(N
NH

(R}-Digm-BINAP

TON " 13200

(S)-BINAP

TON =1000

The major advantage of this procedure: (ì) a very easy separatìon of the
product from the catalyst. wìth no purifìcatìonstep.
(ii)Low of ~lnd stili

yJeld ee. 7
Drawback:Large excess is necessary

ORGANO BORONR GENTS
BORONIC ACIDS and

R-X +
[Pd] cat.

R'-B(OR'h Bas:

O O' Rh L* tR-B(OHh + I y . y
BINAP

R 'I<

addition.

R-R'

Drawbacks -Large excess of reagentiis necessary
-Boronic acids not always easily available (purification)
-Stabiilitv toward oxvaen and water

POTASSIUM ORGANO TRIFLUROBORATES
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PREPARATION OF POTASSIUM
ARYLTRIFLUOROBORATES

(I J!.96(()

Me3SnCF BF3 gaz3 ~

CCI4

Me3Sn(CF3BF3)

n
KF

K~ CF3BF3
H20

Me3SnF + CF3BF2

'1-1.C. Clark.. C.J. JJ1JiIlis,j.llrll. Cilem S(7r. 19(;(J. DJ!,1.888-1.891. - R. D. CtJarfl1:JErs.H. C, Clarl'.. C.}.
WilIis.. CIJ£!rIl..!tJtl.(lonpJon) 1.~{;(j..16-71.
For a long ti me these reagents rema ined laboral:ory curlosities

PREPARATION OF POTASSIUM
ORGANOTRIFLUOROBORA TES

In situ PREPARATION of

ARYL(K)TRIFLUOROBORATES
ALKENYL I ALKYNYL (K)

TRIFLUOROBORA TES

(t
1) s-BuLi, THF

Ar-Br .. Ar-BF3K
2) B(Oi-Prb
3) KHF2.MeOH/H20

Et3Si == BF3K

88% TBSO~BF3K
) BF3K 66%

85%

BF3K CI

OMe-Q-BF3K O C~BF3K5
85% 95% 95%

1) B(OMeb 1.5 eq.

~MgCI 2) KHF2(6 eq.) .. ~BF3K
0.2 mol 85%

Commercially available
Highly Stable towards water and oxygen
(no degradation after several years l!!!)
Easy to prepare
Chemoselectivity:R3Si,Halogens,CHO,OCOR i

T
e

RMN 1-18
J. .

S,DRrses./.P.Gellet./.LBmye'J.P.Demo~'Tet. !ett(!J:f 1991;. s'DRrses./.P.Genet"G.Mic/ttlIl4Tet.
letters 1998 ill/ti Eli' ./.0I1/.Chem.1!J99 lO

Review:S.Darsesj.P.Genet Eur../. 011/.Chem.2003, 4313

(I 11.995 1)B(ORb KHF2(3.3éq.)
ArLi .. IArB(OHh" .. ArBF3K

2)Hyd. MeOH/H20
Ar

I 48-94%O-B
I \

Ar-B O
\ I
O-B

\ 9Ar

{£!el:(:off.1. ()1f'6,{'/Ie"J. 1. 6fJ. 3!O10.



POTASSIUM (ORGANO)TRIFLUROBORATES in TRANSITION METAL
CATALYZEDREACTIONS
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Sca/one
2000,
Roche
patent

O
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',---,' R

rR1 "=:

:r
R1

N I BrA N~

O ~ A IR2

~o N
I

Pd R2
rBF3K

. Ar-R
Mo/ander
2002

Batey
1999

Rh

O
)J

R' -------

~Rh

",,-CU

R20~
R('O'R2

OH

R,A.R

Batey
2003

SJ!Jtlrs(!$',/.l.lJmyer;,tP.lJemoute;Tet lettf!rs 1991;. 5.Dtlrsl!5,/.P.Gmet G.MIChtlud;Tet lettf!rs
IlJldEur,/.OIg.Chem.1999; Keview:S./JafSes..}.P.6enet Eul'.j. DI'!/.Chem. 2DD~ 4313

ASYMMETRIC 1,4 -ADDITIONS with ENONES
@r Rh

Rh(codhPF63% R3 O

+R3-BF3K . ~
(R)-Binap R1 * R2

Toluene/H2O :1
11Qoe

Potassium organotrifluoroborate as versatile reagents for catalytic
enantioselective cottiugate addition to enones.Less equivalents RBF3K
compared to R8(OHJ2andfaster reaction lh vs with PhB(OH)2

S.D4J1rses4Jlndj,'P, Tetl'tlhedollletters Eul'.,/. Olg.

12
2002M.

0-Ar 0-fax:::- Oarses-Genet
X X 1997,1999
Et) e Naso2000

Ar N2 BF4 .Pd (1-10 min)
r6F3K No base

order of reactivity of aryl halides and pseudo-
halides

Ef>

C-N2 > C-I> C-Br> C-OTf > > C-CI

Reaction time 1 h-2h

Temperature below 100°C Racemic product

PCY2 o o

6"'O-J
..,' 6 o

6"0 6"f{
Fe PPh2

bee Ih
Br

I 92%".- 94'%

O
CI OMeO PPh2 S

MeO "<::: PPh2 O Ih 6"ro-I h O" O :::: O -
::: C5H11 C6H13 C6H13

(R)-MeO-Biphep
95% I 95"1"



POTASSIUM (ORGANO)TRIFLUROBORATES in
TRANSITION METAL CATALYZEDREACTIONS

+ o R3-BF3K R3 o
R~l~ R~ R~NR~1 ,~ L 1 i'

RhL*

ee 95%

M.Pucheault, V.Michaut, s.Oarses, ).P.Genet,

+ TetrahedronLetters, 1004o Ar o
~ ~

R1 OR;> Ar-BF3K R1 * OR;>-----
RhL*

L
/'

AI- ce.e = 95%

M. PM[;rJE~luJt ,3-. N>f!JvWife, S.fJt:1ff'Si2S tlif'lf)lAbiishetJ1

+OR

~/C02Me A~ Me~C02Me
Me ~ [Rh] ~

'Ar

LNtMlrre, S.Oarses,).P.Genet, Chem£ommun. 2004,
11O/l

+ Jl Ar'BF3~Ar H

o

Ar~rl
M.Pucheault, S.Oarses, ).P.Genet, submittett

NHP [Rh(l)] cat. R1 NHP
==< + R1-BF3K . ' <

C02Me Dppfor dppp, C02Me
110°C Yld= 90-100%

LN«VtiliffE,S. lJfAfSi2S,iUrlbI).P.Genet ElAif.}!X 2004,69

R'02C'y'NHP ~

~i P''''Rh'''''P R-BF3K
'R l""" 'OR'

R'OH, L --C 'R'OBF3K
(4) (1) \

~
P""'Rh'''''PHayashi ~P

9."" . ""Rh"'"
~NHP Mechants l""" 'R

R'O \

~
'-R(3) m?

;(:
2) .

.
Jl

C;p R'O:,CNHP'Rh'
)t" 'R

R'O,C NHP L

P: Protecting group

New reactions

Me02Cì(NHAC +? Ph-BF3K~

~~À)l.PPh2 MeO'" PPh2

PPh2 MeO "" PPh2

ryy lA

~ (R)-MeO-Biphep(R)-Binap

o-°H

NHAc [Rhcat.] Ph D NHAc

==( + Ph-BF3K . ~
C02Me D20 C02Me

TANDEM 1,4ADDITION /

ENANTIOSELECTIVE PROTONA TION ?13
One example:PhB(OH)2Reetz Org Lett 2001ee72'10

RBF3K 1 TANDEM 1,4 ADDITIO N /
~ ENANTIOSELECTIVE PROTONATION

Rh( codhPF6 30/0

Me02CyNHAC
Ph

.
ligand chiral
Toluène/ H+

J water la .. Disappointing results were obtained using water as
protonating agent enantiomeric excesses were
usually below 28% whatever the chiralligand

carboxylic acids or sulfonic acids were not suitable,
resulting in a blocking of the catalytic cycle no Michael
addition product was observed

NHAc C02Me 0-

o-OH o-OH o-OH

J Acids .........

J Phenols .........

yld = 81% 23 36 89
e.e. = 15% 3 26 89.5

When better complexing ortho substituents such as carbomethoxy or acetamido ~roups
were used significant decrease in enantioselectivity was observed.



TANDEM 1,4 AdditionlENAN TIOSELECTIVE PROTONA TION
NHP

==< +
e02Me

~~ Il NHAc

(R) C02Me

e =89.5%e. .
Yld=89%

R-BFsK
Rh(codhPF63% .. R NHP

'-\*
e02Me

Vld, ee

OH

QOMe

(1
Toluene, 11ooe

~~ Il NHBoc

(R) C02Me

89.5
82

a NHCOCF3

~02Me

15
98

CQ~~ Il H, ~ Il \
NPht. .~NAc

(R) C02Me / (8) C02Me
10 40
91 14

Heterocyclic or functionalized derivatives are accessible using this strategy.Using potassium
alkenyltrifluoroborates alkenyl substituted alanines derivatives are efficiently produced with
good e.e. and yields This represents an interesting feature of this carbometallation since these
products are not easily accessible even using efficient asymmetric hydrogenation processes.

p 15

TANDEM 1,4 AdditionlENANTIOSELECTIVE
PROTONATION

OH

(::tOMe

(8) BINAP

~~
P"" o'P

° i~I:'
~NHP

R10' \....

! R

(R) NHP
P-<

Ar C02tBu

Mechanism ?

Using potassium organotrifluoroborates with more hindered esters substituted alanines
derivatives are efficiently produced with e.e up 9S%(iPrand t-Su esters).

16

Rh(codbPFs 3%
P-BFsK

)lo.+
(S)-Binap ,

(1
Vld, eeToluene, 11oDe

OMe

NHk HBOC

(R) C02iPr (R) C02iPr

e.e.= 91% 93 92
yld :: 87% 76 72

NH' NHBOC

OMe

<tIl NHAc

(R) C02iPr (R)
(R) C02iPr

94 95 e.e.:: 91%
65 60 yld =72%



s lA y
A broad variety of pharmaceuticals, fragrances, agrochemicals contain a
stereogenic center. Very often this center is tertiary, thus the enantioselective
catalytic hydrogenation of C=X double bonds constitutes a powerful tool in
organic synthesis.

X

A
R1 R2

Mt nL

>

X
!
I

R(\"HR2

:~

or H"~R1R2H2

Mt = ,Ru

coordinated to the metal contains the chiral information.The catalyst also
often contains a secondary ligand ,L,spectator?

Historical Chiralligands for modified Rh(l) catalysts

R ° ì"\\\'-pPh2
R«O~PPh2

R2 R1
"p'

C
P"

R
R~ 2

DIOP(Kagan) DIPAMP type(Knowles) 17

CH. 'AL Ru(I. CATALYSTS
'J

'I
O#VINWW<I\

\
CI CI

ff CI""~ g\ / / \ .
. -Ru--CI I

, \

~~~ CI

IKARIYA/SABURI

]

Toluene reflux
+ NEt3

n

[RuCI2(Binap )h(NEt3)
Binuclear Complex

(very good catalyst)

tBuOH,16h ,AcONa !
Ar A
Il:R9JJ
p.~ U.:s>

;Ik~r6",\
FlukaPrice 1989

Starting material
for the preparation of ruthenium (Il)

A common limitation of these procedures was the harsh reaction conditions : long
reaction times, high temperature non comptatible with Chiral Phosphines havinfl&lChiral
Phosphorus Atom



GENERALMETHODS FOR THEPREPARATION OF CHIRAL
Ru(II)CATALYSTS

The method was based on the easy availability of mononuclear ruthenium complex

COD.
RuCI3.nH20 EtOH reflux

[

c7?

]

, \ JI_,u-
t;U-CI J
Ct b,

J-M9CI
THF"-

n 98%
~1l~~~'\ ..s;.

Starting material *

for the preparation of ruthenium (Il) **
*

* Commerclally availa/:Jle from Acros

Genet, j.-P.; Mal/art, s.; Pinel, c.; jugé, s.; Laffttte, j.A.Tetrnhedron : Asymmetry1991, 2, 43-46.;Tetrnhedron: Asymmetry.1991, 2,
555-567.;Genet,j.P.; Pinel, c.; Ratovelomanana-Vidal, v.; Mal/art, s.; P(ister, x.; Cano de andrade, c.; Laffttte,jk:trnhedron :Asymmetry.1994,
5, 675-690.: Reviews: a»).P. Genet inHeduction Orgnnic Synthesis, Am. Chem. Soe. Symposium Series 6'1lt/:Jdel F. Magid, Ed., Chapter 2,31,
(1996) ; b) ).P. Genet, V.Ratovelomanana-VidaY. Orgnnomet. Chem,163, (1998). 19

In situ SYNTHETICROUTEto Ru(II) CHIRAL
bis(PHOSPHINE) CATALYSTS

IIO\~- p. * I
111 ~R Ro.."1\ X l P./

/ \.:.J" o, oo,x-- R oo~ 'o-.,

\,., Ru , ,u" -
HX ~ p I x i x

Acetone lvp.\
6

X = CI,Br,1 ' A
RU2X4 (P*Ph (Acetone)

Il

[Rux(p*p)12 (!-l-Xh

nK/U
;1U~ +

............

in situ Ru((P * P)X2)

"

;,

" atRT
;,

Gellet ACCOMmC#lem.Res. 1003
Abdel F. Mtl9ld, Ed., ChatJf;er 2, 31,

Genet 11'1Ileductiolf

. b)J.P. Gellet, V.

Am. Chem. Soc
O;ytmomtft. 163,

Otllers Laoomtories:MJ. BUr/çT.6.P. Horper:, c.s. Kolberg}. Am. Chem.Soc, 117, 4'123,(1995) V.Bloltdilt,}.F. Corpelttier:,A.
MortreUK Tetrohedrolt: Asymmetry, ~ 2765, (199B) Tetrohedrolt: osymmetry, Vol 8, 17, 2BBl, (199 T) Tetrohedrolt letters,
I/o, 4551, (1999);F./lolJilt, F. Merder:, louis /licortl, F. Mothey, M. SfJO!lltol Chem. Eur.)., 3, 8, (199T};PJ. Pye, K. /losselt, /lA.
/leomer:, /l.P. Vololtte, PJ. /leider Tetrohedrolt letters, 3~ 4'11/1, (199B);T. Yomolto, N. T(()Io, M. Kowodo, T. HiJJìng, T.
Imomoto Tetrohedrolt letters, I/o, 2577, (1999);T.ShiorlN.lroko Tetrohedrolt letters, 5793, (1999);/l. ter HaI/e, B. Colossolt,
£ Schulz,M. SfJO!lltolM. lemoire Tetrohedrolt letters, 1/1,61/3,(2000) Tetrohedrolt letters, 1/2,663, (2000)



Large Scale Synthesis of (S)-Candoxatril*An inhibitor of Neutral
Endopeptidase for treatment of Congestive Heart Failure

MeO
o A...°

?;R
[Ru] 0.01 %/H2.4at. 'l oMeO""""" ~Mea ~ . H

tBuo,cA tBuO,C l't O,H 100% yld tBuO,~O,H
ee::: 98%

Me°'l

M" NH

::::::::00-0 o .. 'C\O'H(S)-Candoxatnl

~
~~

~
+ HBr + P * P

~
I

MeO ~ PPh2

MeO -..;: PPh2

I~

s. P;,D(;, VE!!, 5, £j.315,

PPG-SIPSY used this procedure(Ru-MeOBiphep) to prepare tons of a key chiral succinate
intermediate by asymmetric hydrogenation of atri substituted olefin. The succinate was then
transformed for clinical trials to Candoxatril a cardiovascular drug developed by Pfizer in the

mid 1990's. 21

A TROPISOMERIC D HOSPHINES

(R)-BINAP
Takasago 1980

STREM

20Kg/scale:
Commercial/y

(R)-MeO-BIPHEP (R)-tetraMe-BITIANP
Roche 1991 Sannicolo 1994

2001 SYNKEM-SA

Me
(S)- TriMe-

NaPhePHOS

2001 PPG-SIPSY

P. Patent SYKEM-§A FR28302511. 2001 .
. Dellis,

Lett 2002
22



Synthesis of DIFLUORPHOSligond
F °

=y>( I °° ° ° --.:::::: F ~ Il

F --.:::::: F --.:::::: F>( I ° ° PPh2
F><"~B~ F><,,~~ph,- F oV~Ph;-F>tl('Ylth'

I F O~

F O~F>(O I h ~
PPh2

°x;r
PPh2

F'X. I OF ° ~
> 99%ee

F O~F'X.O I ~ ~
PPh2

°x;r
PPh2

F>( I OF ° ~

F>(O~~

F ° h PPh2

F'X.°-(yPPh2
F O~ (R)

F °ìlì

-- F~YPPh2
O~~PPh2

:><O~ (8)

8YNKEM-8A

Commercially available

a) Mg, THF then CIP(O)Ph2, 66%; b) LOA, THF, -78°C, 2 h then 12,-78°C to rt, 87%; c) Cu, OMF, 130°C,
69%; d) Chiral preparative HPLC, 90% e) HSiCI3,BU3N,xylene, 140°C, quantitative.

J\1.
lSSIA£

Cy F>(OlA F A
° PPh2 ° PPh2

(Ox;rPPh2 °x;rPPh2:'X. I° °
(R)-(+)8YNPH08 (R)DIFLURPH08

FX
F ° PPh2

°JC)PPh2:>( I A°
(S)-(-)8YNPH08 (8) DIFLURPH08

24



Synthesis of Unsymmetrica/ Atropisomeric Diphosphine
A New Biary/ Diphosphine

(8)-
MeO-NaPhePHOS

NaphtylPhenylphosphine

i. Tf2O, pyridine, CH2CI2, rt., 12 h.: 70% yield ; ii. HPPh2, NiCI2(ddpe), DABCO, DMF,
100°C, 3 days: 60% yield

The aryl-aryl bond was formed by applying Lipshutz's
method (Angew.Chem.Jnt.Ed 1994,5567)

C(
x

g
A-I R A-I R

h °""'\ --- h °"'''\

~O-( ~ 0-(
BV.X R B-1- .4 R

~~ OH
--..

MeOyyOH - MeOV
(R)-

Highly modular ligands

i.

ii.
.

Me
(8)- TriMe-

NaPhePHOS

GjllicJ11A!/1tt M. Bu11iOlnU.P.Genet, A. Murineffi Chemistry afr.JOC. 15»3327-Z001;].MQdrec, G.MictlQlJà,J.P.Genftt, A.M'J~ineffi,
lei:mheP1ron: Asymmfttry, 2004, 2253

The dihedra/ ang/e ea key steric parameter in Ru-mediated
asymmetric hydrogenation

o OH

C H .Jl."...S02Ph-c H À..,S02Ph
5 11 5 11

O OH

/l-OH ~OH

[rJ8INAP11M.o-BIPHEt

'

[

~
I

""°'
,

"
,

'""

""",,, ,

X
0flfP\

Ph"'[ " r ,.~Ph
Ph "~' PIÌ~
e :Dihedral angle
~ :chelation angle
or "bite angle"

SfiJif;(J fiJ'iiV1 Cf{J31, Adii. SJll1if:#J. (:cr!f;Cff. 1,1001, 3"'J3;
j.f'.C/e:!Jel!:,V. Vie!CI!ei!:Cl!ret.letl., 39.,
34/3.,1998,,' rei/:Yt7f.1ec!yOJYJlett~ 19!JJ; !J~
2951. iel:J'JI}.Jec!?ON lett., 19!J~!J9. !J4l'!J.
ie.l!:?tJ.J.1et!Yb:l1:r1sYJ71!'llef:;y. 1999., lO.
1369J, ()J'l/t7!'J()i'JJet t:1Jif!711.2fJtJD.- §()!J.
128.

rC

P"'-I~~~~ /P l- +. Ru' Ru . NH2Et2

/' ' c(/ I~
P CI p

The steric effects play a crucial role.The steric consideration is based on the dihedral angle in
the biaryl backbone.A narow dihedral angle directly related to the bite angle angle is a key to
obtain good enantioselectivities in asymmetric hydrogenation. Molecular mechanics
calculation(MM2) using CAChe program proved to be the tool of choice for a rapid and easy
quantificationof the dihedral angle of the biaryl backbone.

freE Li~çfnìJs87" BINIIP87' Me(J-f]l£PflfPX,T1iJ'ìifiJ{)'JOSZIJtfitifJJ.Org.OiE'in.6113,20(J(}
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Steric Profiles of Atropisomeric Diphosphanes

structure B :
ruthenium-
mediated

hydrogenatio
n

intermediate
mode I

oaley~C.). A.;Bergens~S. H.j. Am.
Chem. Soc. 2002. 124. 3680
Stereo-Determining ,(Stability-
Controlled Mechanism)

Diphosphine ligand

BINAP

MeO-NAPH EPHOS

MeO-BIPHEP

SYNPHOS@

SEGPHOS

DIFLUORPHOS,i0

(R)-BINAP (R)-MeO-NAPHEPHOS (R)-MeO-BIPHEP

MeO-NAPHEPHOS MeO-BIPHEP SYNPHOS

Dihedral

Angle

BINAP

86.21 74 1 72.31 70.7

CORR

Dihedral angle, 8 r
structure A structure B

(treediphosphine) (Rucomplex)
86.2 79.5

74 77.2

72.3 75.7

70.7 75.4

67.2 73.3

67.6 73.3

C

g
l (OJ

g
l F'lJ

g
l

o "" PPh, o "" PPh, F o '" PPh,

(
o,r PPh, O,r PPh, F O,r PPh,

'" I < '" I X '" I
O O F O

RI-SYNPHOS'" RI-SEGPHOS RI-DIFLUORPHOS'"

SEGPHOS and DIFLUORPHOS :
Ideai steric properties for
asymmetric hydrogenation

67.6,67.2

N. P. EY,f'l'.
ACtit,lemy of 5cleflce:io 5pEciai FEUi:JAY£

ATION (J/e.e

F'C~CO'E' -;;;'~CO'E'E

E [Ru]L*/H2 ,-1f.
x=< ~ HX...J -'H

> X = C.O R02C
R02C E= C02R

.'

";PLl, /\
.. Ru«P * P)X2)

HX
X CI,Br

~o
PPh2

O O PPh2 Me°'O
(R)-BINAP (S)-MeO-NAPHEPHOS
Takasago PPG-SIPSY

80' 77'

MeO:PPh2
MeO PPh2

O
(R)-MeO-BIPHEP

Roche
76'

8g~:~
(Rn+)SYNPHOS

SYNKEM-SA
75'

the enantioselectivities in the hydrogenation of the selected substrates are influenced
remarkably by the dihedral angle of the ligand.. It can be seen the highest ee values
were always obtained with SYNPHOS ligand which has the lowest dihedral angle.

28
S.Duprat t:tePaule, S. jeulin, V.Ratovelomanana-Vit:tal, j.P. Genet, N. Champion, P. Dellis, Tetral1etlron letters, 2003,
44, 823;Eur.j. Org. Cl1em.,2003,1931,6.Micl1(11JtlJ,Mntlec,A.Mnrinetti unpublisl1etl



STERIC CONSIDERA TIONS based on the DIHEDRAL

ANGLE ~X /~\
fj3\)r Ip\ 0 /32 (f3\

Ph\"~. ~,.~Ph Ph\"~._,~:~Ph
Ph "Q" PIÌ Ph

.

'rffii" Ph~ ~ ~

A~.__3'-R A~_~_?-R
e :Dihedrai
/3:cheiation angle
or "bite angie"

Steric Effects A small dihedral angle which controls directly the asymmetric spedal
environment around the metal enhances interactions between the steric bulk of the
diphenylphosphino group and the the substituents of the substrate giving better
enantioselectivities

Electronic Effects : are also known to dramatically influence the selectivity and the
present model does not consider electronic properties of the complex 29

ECTRONIC6 'ECTS

Electronic donor-acceptor properties of diphosphines can be conveniently evaluated by
measuring the carbonyl stretching frequency of [RhCI(P*P))CO] complexes by infra-red
spectroscopy.

~
P",-- /p

MT

CI/ ~co

*

*p /p"'--M

/ T~OCI

The higher the carbonyl stretching frequency of the CO ,the higher the p-acidity of the
ligand

30



Steric and Stereoe/ectronic Profiles of
Atropisomeric L"

-.JEvaluation of the Electron donor-acceptor properties of these ligands have been investigated
by studying the carbonyl streching frequencies of RhCI(Diphosphane)CO complexes

SEGPHOS
2016
I

MeO-BIPHEP
BINAP 2014

SYNPHOS
2012

TriMe-NAPhePHOS
: I MeO-NAPhePHOS
, 2009

DIFLUORPHOS

2~23

n-acidity

-.J Evaluation of dihedral angles of (P*P)RuHBr(substrate) by molecular

mechanics (CACheMM2) MeO-NAPhePHOS
TriMe-NAPhePHOS

BINAP

I
I

MeO-BIPHEP SYNPHOS
I
I I

r--
72,1

SEGPHOS

dihedral angle
lilliI °

g(o ~ ' FPiO,

(°, : I PPh,
()

I

d'~o~

I

~
l'f)),2J

I
Y;'L2

DIFLUROPHOS
Electrodeficient
Narrow dihedral

angle
j.-P.Gerle/.:,N.chl'Ampiorl,P.lJellis,Arlgew.Chem.lm. ,320 ;
Issue Ori .4symme/.:ric Cma/ysis, 2004, 101, 16, 579 .).iY!vl1iie",;, (i.

iJ'1;JreS5MeO-ami triMMeNIIPhePHOS)Saitoamt cottoA . '/.2001,

/o

g
I 1
"o ~ 'PPh-

(° : I PPh,°

(R)-SYNPHOS'"

e ,Dihpd,"i anglp
p ochel"'on ,ngle
o, "bil' angle"

°

g
( 0-. I
o PPh,

o >-' , PPh,
< ~ i°

(R)-
SEGPHOS
Takasago

Nmiorlai

Ru(II)-cafa/yzed hydrogenafion using DIFCUORPHOS ligand

o
R~L .

OH

R0L
Ru IL*

H2

OH O

CIJ00Et

OH O
~

C2Fs OEt

100
100 97

81
80

80

~60~60 -
~40

'"'"40

20 20

"BINAP

DMeO-BIPHEP

"SYNPHOS
DDIFLUORPHOS g

°

g
: I C : I F'lJ: I

M,O PPh, O PPh, F O PPh,
M'O,.. PPh, (

O '" PPh, F oJ~PPh'

..,1 0",1 F~Ù

(R)-MeO-BIPHEP (R)-SYNPHOS. (R)-DIFLUORPHOS.(R)-BINAP

v.



Ru(II)-cata/yzed h ogenationof Fluorinated Compounds
using DIFLUORPHOS ligand

~R~H2 OH OH

~ + ?H 9H
F3C CF3 F3C~CF3

O O

F C~CF3 50 bar / 50°C /24 h
3 MeOH

de(anti)

products :

conditions :

D BINAP

D MeO-BIPHEP

II1IISYNPHOS

D SEGPHOS

l1liDIFLUORPHOS

100

90

80

70

60- 50
..
.. 40

30
20
10
o

ee
98

e
g

l C)"c~,

(~ : I ::~: <0",0)1'" I
o

(R)-SYNPHOS@ (R)-DIFLUORPHOS@

The superìority of Dìflurophos on ìts non fluorinated analogue ìs due to the atypical
combination a narrow dihedral angle and a stronger 3t-acìdìtygiving the best ee's on
fluorinated ~-functionnalized ketones.

s. DlApraf:de PalAle.Is. lelAlin.Iv. Ratovelomanana-Vlda'. l.-P. Genef:. N. Champlon. P. 3:Dellls.
Angew.chem.lnt Ed 2003.113,320; Proceedlng of National Academy of Sdence5, Special FeatlAreIsslAeon
Asymmef:ric Catalysis. 2004. 101. 16. 5799.

Dolastatin 10 Dolabelide

~
5

~o 2'5

45 N 2R H S

'~NY--7 o'" o o,~ o N;-<)
I o/,--, ~O

OAc OAc

RO""

30

O~
OHo OH

o O Od OH

N "~~02C

H «J1..
(-)-Balanol OH

Genet et coli Eur.J.Org.Chem. 3903.2000

5YNTHE5E5

using A5YMMETRIC
HYOROGENATION

-:?

ÒH

(+ )-Discodermolide

Me02C

9"'~
o

Paradisone

OMe

fj
C(:t~2I

N o o

(
NMe2

~
~ ~

S03H
OH O

~N 1
H OH

SulfobacineA 34
diltiazem



Dynamic Kinetic Resolution (DKR)
o o

Jl JlOR3R{ Y -

R2

1~
o o

HIl Il Z ..~OR3
P *PRuBr2

R1 ~
R2

Hz
..

P*PRuBr2

OH O

R1YOR3 +
R2

Anti

OH O

7 Il +
~OR3R1 =-

R2

Syn

OH O

R1YOR3
R2

Syn The nature of Rz
is regulating the
selectivity

OH O

~OR3R1 :.
R2

Anti

Dynamic Kinetic Resolution associated to Ru-catalyzed hydrogenation is a
powerfuI tool to control the stereochemistry ot two adjacent stereogenic
centers trom a racemic starting material in one single operation .The product
(syn or antn is produced with a chemical yield up to 100% and high ee.

Early papers: Noyori~ R.; Ikida~ 1.; Ohlcuma~ 1.; Widhalm~ M.; Kitamura~ M.; Talcaya~H.;Alcutagawa~ S.; Sayo~
N.; Saito~ 1.; Talcetomi~ 1.; Kumobayashi~ H..j. Am. Chem. Soc. 1989~ 111~ 9134;

Genet~l.-P.; Mallan. S.;luge~ S. French PQtent 8911159~ 1989. ;Genet~l.-P.; Pinel~ C.; Mallart~ S.;luge, S.;
Thorimbert~S.; Laffttte~ l. A. Tetrl1hedron:Asymmetry 1991~Z 555-567; Reviews:V. Viaal~l.P. Genet Cl1n.j.
Chem., 78, 846~ 2000; l.P. Genet Acc.Chem.Res. 2003~36~908

Reviews:(b) N(Jyori~R.; T(Jkunaga~ lVI.;Kitamum~ M. Bull Chem. Soc.JpfI. 1995~ filJ. 36-55. Ratovelomanana-

Vidal~ v.;Genet:~).-P. CfJl'I.j. Chem. 2000~ 78, 846-851 ~Pelissler Tetmhedl'Ofl2003~ 5~ 8291. pelissie:r:Tetmhedl'On2003~ 5.9, 8291. 5

DynamicKineticResolutionSYN Selectivity
t Synthesis of acetoxy azetidinone

o OH

~COOMe (R)-BinaPRuB;z~OOMeNHCOPh Hz NHCOPh

OTBS

RuCI3 ~/', OAc

RC03H O~

J:.~
-- OJ-~-<SRCOzH

ee=98% de>95% 150 tlyear
(a) Noyori~ R.; I#ceda, 1.; Ohlcuma~ 1.; W;dhalm~ /Iot.;Kitamura~ M.; Talcaya~H.;Alcutagawa, S.; Sayo, N.; Saito, 1.;

Talcetomi~ 1.; Kumobayashi, H., l. Am. Chem. Soc. 1989~ 111, 9134; (b) Murahash;~ E.I.; Nalcota~ 1.;
Kuwabara, 1.;Saito~ 1.;Kumobayash;~ H.;Alcutagawa, S.~l. Am. Chem. Soc. 1990~ 112~ 7820

+ Synthesis of the azepane core of Balanol (protein kinase inhibitor)
o o Hz OH

BOCHN~cozMe - BocHNfU,.ll /COzMe . BocHNxvl.-. /COzMe
3 - \ -/3 ì p l OBn (R)-MeO-BIPHEP ~"'73 1p OBn

.N ~ RuBrz .N "" I
H H

O o
racemic d.e. > 95%. ee =90%

o COzH

O~
- r-Z~..~ (U°~nOo~o-Vp~ ~ o OBn.&- ~..J (''''>/ - ..,\N ""IN o

H N o
H

(-}-balanol

7 steps shortest synthesis
of Balanolcore

Phansavath, P.; Duprat de Paule~ S.; Ratovelomanana-Vida', V.; Genet. l.P.~ Eu,.. l. Org. Chem. 2000~ 3903
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~~N

~ I/'.... ~J
bDolastatin 10

Dap Doe

dolaphenine
dolapraline

Isolated fram the Indian Ocean sea hare Do/abella auricularia

ED50= 4,6 x 10-5mg/mL against PS leukemia, is currently under clinical investigation
As new cancer agent phase Il
1000 kg of sea hare Dolabella auricularia < 30 mg of isolated material .

PeCJ;t~ (i.R,; ](Y1WJg{VJo" Y.; }3eml,~" C.L; TJ.uitJmg{V'J"!lA.; Boel;tll'Jer" "r.; Kizu" fI.; Sl:1'JJnia,,, j,M.;

8g{Q}NfJsDcyl,1..; TomiB~ 8(.8.; 80rr/1!:iBlI'iflS"/U,J, Ilr:li. ClJierlJ,S@il:"1981., 1(J~6883,Sy7t6:tJ:esesPebì:t!:
(1989) ma;nly basea on alaol conaenstlt;on of N-protectea (S)-prolinal with various
prop;onylenoltltes. 37

RETROSYNTHETIC ANAL YSIS

~5 ~

O 48 N 2R H s

,;çN07 O: O crNr<N]

I O~ On 2'5 '2R OR
t "dic coupling'~~ Pep I

p O O,PN A 3R

I O, O

JJ

+

JJ

~
p~~OR

100

Asymmetric

AA Hydrogenation
2'5 OR

N

P O O 38

Dov Vai Dil

dolavaline dolaisoleucine

valine



DynamicKinetic Resolution ANTI Selectivi
+ Synthesis of Boc-(2S,3R,3S)-isodaloproine

Ru[(S)-

~ s Ws MeO-BIPHEP]Br2 ~ ~
2S

OH -- --- d;i 3R'
N - N C02Et H 2 H-N C02Et
I I I

H O HCI; H O e H OH
CI

92.5

~ l\ 12s
N . C02Et -- 't;J""'Y'-+ H',: -- I

e H OH Boe O'Me
CI Boe-(2S)-iso-Dap7.5

Dolastatin 10

S

~)
N

O
lett, 3, 12, 1909, 2001.o. L.avergne, C. Momant, V. Raf:ovelomanana-Vielal, J.P. Genet,

DynamicKinetic Resolution SYN Selectivi
I 3mo!"0Ru[(R)-SYNPHOS]Brz I

r;:1 ! DE' IP~{)Qb~O~4<J:~~ r;:1~ ,~ DE'
'v~SY2rr "" 0/ '~'4S'(2S)(

Boe O O ,,,, /" Boe OH O

1- MePBF4'

de= 96"0

.
2- NaOH, EtOH, 6h

36 %yld2steps

39

C.rJlfJr'c/{mT, v. TOfJIs Total , 2004, in pr'e$$

SYNTHESIS of Boc~(2S)-;so-[)OLAPROINE

n 3RI OEt + n 3Rl OH
"~/Y2~ ~~"""'4S-f2~

HCI; H OH O H ;CIH OH O

92.5 7.5

MeOH, 16h

~3R ~ DEt

'~' "(25n +
Boc OH O

chromatographic

Qy!y
separation

3R Et .
~ ~ 25 on silica gel
Boe OH O 70 % yield

~ R ~ Et
N 25
!

Boc OH O

N Ets, Boe20.

MesOBF 4,
proton sponge .. ~ R~ Et

N 25
I

Boe O'MeO

NaOH ~
-

3R - H

~ 45 25

Boc O'MeOdiehloroethane,
R.T.,18h.
63 % yield

.
EtOH / H20
81 % yield

lJlii1l1XiieXi Di3iIi'Je lA::!;'!;,!!!'!) 2[)§Jj



~H ° (çy%H S
N )I..N N IN ! I O ° O, O M'

N
]

lo/' h'
O

iso-Dolaìsoleucine Unit

H~2H,
Boe

1. ImCOIm, THF

O°C-RT., 3h

2. Mg THF /Et zO
6 b -10°C-RT.,5D

O~OEt

. ~8 OEt
HN

I
Boe O O

62 %yld
(209)

~8 OEt
HN

I
Boe O O

1mol% Ru[(R)-SYNPHOSIID]Brz ~P(Hz) 10 bar, 50°C, 66h, EtOH
. 8 38 OEt

HN .
100~o conv. I:

85 %yld Boe OH O
e.d. > 98%

(
O

~
l,...

o' PPh2

(~ ~I PPh2
(R)-SYNPHOS"

~
NaOH, EtOH

8

O°C- T.A. 3 h

38 '
HN OEt .

I ,;
Boe OH O 95 %yld

~
1- MeI, NaH, THF

-5°C->+5°C 2h

8 38 OH ' i
HN .

l': 2- MeI,NaH,THF
Boe OH O +5°C,1h

15 %yld

TOWARDSYNTHESIS of DOLASTATINE lO
ANALOGUE

C02H

d 7 stepsI ~

..& (ref.1)
Phenylacetic

Acid

s~ l\ l
H02CF3C.H2N~N'~""Y'ì(°H ~

(y
- + Boe O'

M O 93%
1'-':: e

..& Boc-(2S)-iso-Dap

l\4S l H ?~
'~3R'(';Sl(N~

Boe ~ O ==
e'o

~ %H O ;:
S 35 OH N l

Me~ .: N f 'N N0N ~ S

BoeOM.O BOClj~~ Pr ?) A ?Xi O, O r<)~ H O, O O, O ~)J

O
via DKR

.

~

ON ~ 'I ~
... 'I ~ -O -

ee = 98% 96% 96% ref(1)
Analogue of Dolastatin 10

a)TFA,CH2CI2,2h ;
b)(EtO)2P(O)CN/NE~,2h.O°C,24h RT

Re( l :Iralco~N.; Hamada~Y.;Sh;ori~ 1. Tetmhedl'On 199~ 4~ 7251

C.Moraant~R.Touat;~v.Vida'~.Reymondunpub';shed
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Dynamic Kine,tic Ruolf1ltiell. (DKR) Acyclic"'-

Chelating group ofruthenium at

a position

o O

RVOMe
NHCOR'

x x
f. p I \ ~ p""",~u

('''!~~ o,..r~~
H \' Me02C

NW°ri's mode!

l'nii I
,

"

,

,;,.,
"

on-chelating g~oup of ruthenium
ppsitio BJi~ n;niOnn nn H Ov,,', ." "" ~, Il

' ---,,~
H OMe H": OMe

,Ii n...,-" ,CI
- , SJq'tthesis200~21j(J5

Me " Me
~!iJ~~"ii '

,

: OEt
"r\I'4-'S i'. 2

O O H'
HCI ---" HCI Of,!O

e'll'!l.~nd,II.Ratovelomanana-

,D.tqvergne,Org.Lett

syn
Non-chelatinggroupat a or'est~r*
group - substituent at y position

-.. ""

Me i Mé
l\ r OEt!\ 'l" OEt
"~~:Y2')( ~ "~i::Y£J(

Boe O 'O. 'i'i""" il!i!~'OH h.O

o O

RYOR'
NH3CI

r:.mti nrni'rlD-

C!ddS cmd

CdCDho/5
C.Mordant, Il.Vidal,J.P.Genet,D.Lavergne,,5ymposìum-ìn-
prìnt "Catalytìc Tools'Enab(ing Total SyntheS.is', 2.Q04,if1
press 61rrH?.Y ,

The nature o( groùpa.t t~e ~;P'ìsition o( the ester and remote functional groups
are regulating the selectì'Vi(y'" . 43

o o

RVORO
NH3CI

Synthesis of anti a-amino-8-hydroxyesters via DKR
with hydrocloride salts

qH o
À2SJL

w 3S1 -OR' ANTI
NHCOPh

O O

RVOR' 1-[Ru]*- H2 ...
NH3CI 2- Reprotection

Conditions: 2% mol Ru[(S)-SYNPHOS~Brz
CHzClz + {;R'OH

P(Hz) 12 bar, 50DC,24h

Ru

100% conv.

(~: PPh,

(
O '" PPh,

lA
O

(S)-(.)SYNPHOS

O O

RVORI
NH3CI

Ru[(R)-SYNPHOS@]BrzH2
.

2%mol.

(
°

1{OH O I A° PPh, 2R Il ANTI
C

O

x;r
PPh:

R~OR' I
: R ° ""

NHCOPh U (R)-(+)SYNPHOS44
C.Montont; P.Diil1kelmnl1/t Y.Kt:ll:OJIelomol1ol1o-Vitlol J.-P.6eI1el Chem.com. Z(J(}fl1Z96; ibid EurJOC Z(}(J.lJ, 301?

K.Mal<ino,T.Goto,Y.Hirol<i,Y. Hamaaa Angew.Chem.1m. ea. 2004, 43, 882 Binap Ru100 at, 50°C,48 h.

Yield e.d. anti e.e.
e.d. anti e.e.Yield

Substrate
(%) (%) (%)

Substrate
(%) (%) (%)o o

92 o °
96OEt 90 86

(25,35) C,sH3,VOMe 83 96
(25,35)

H,CI
NH;,CI

o o
92 o o

97BnoMe 94 92
ftOB 90 99

(25,35)(25,35)H,CI NH,CI
o o

93 Determinationby HPLCOMe 85 93
(25,35)H,CI

11-+ excellents e.d. et e.e.



Marine bivalve Cristaria
plicata (Ishikary Bay -Japan)

Soil Sample
(Iriomote lIand -Japan)

Antithrombotic activity1 (inhibition of the binding of von Willebrand Factor to
the glycoprotein GPlb/IX)

J. Antibiotics 1995, 48, 924-936

Inhibitor activity against DNA polymerase a

Tetrahedron 1995,51, 10487-10490

2 total syntheses were published in 1998 by Shioiri (21 steps) and by Mori (24
steps). They are based on a coupling reaction between west and east fragments,
the latter is synthesized from the "chiral pool". 45

Sulfobacin A
Our synthetic approach relies on a common intermediate for the synthesis of the
two fragments and is entirely based on stereoselective reactions. The common
intermediate would be prepared using catalytic asymmetric hydrogenation.

S03H I ~H ~

Wh
H o ~ " 1> ~OMe 11N 11

11 H OH West part

Asymmetr~c .t. [Ru*]

HYdrogenatlon~~~J\.

I ~H ~
~OMe

NHBoc+

East fragment

Electrophilic
Amination

or Dynamic Kinetic
Resolution

Common Intermediate

Zn

Electrophiliù Amination 01 b - U
E~O~ REtO ~ R

/NC02t-Bu
t-Bu02C, -:.N, t-Bu02CHN

N C02t-Bu anti
O.Labeeuw, P. Phansavath andJ-P. Genét Tetrahedron Letters 2003,41#,6383
fjl'l2iCI4;,C.Lawertl§'l~KJ.,(ieflij~, J"., Mo!$rem Amin,1J!t'()ir1 Mef:Z,IOdls, !fIliley-Vr:13, If.fiCd, IEd., ZOfOiO,v5-10;£
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Shloiri 21 steps Imko~ N.;Sh;o;rl~1. Tetmhedl'On lett. 1998. .19.5793-5796.
Sh;o;rl~1.;Imko~ N. Tetmhedl'On 2000~ 56. 9129-9142.

1. TiCI(OEth OH
0:..OH ~o ~ OH ~n I C02Et
'. N"""C02Et 2. I 11 '. N~ 1.1Naq. HCI~ 3. NEt3(92%) ~.: 11 2. BOC20,NEt3(87%) BOCHNA.~/~ ... ~ C02Et .. AH 11T

4 steps

SCOMe

BoeHN~ OTBS

S03H1.4NHCI.dioxane

~ H O ~2 I ~H~
~OH N 11
DEPC,NEt3(82:.) 11 H OH

3.30%aq. H202'TFA(32%) Sulfobacin A

..
----

Morn 24 steps Mori, K. et al.Tetmhedl'On lett 1998~ .19. 6931-6934.
Mor;~K. et alj. Chem. Sol:~ Pel"kin TmIlS. .11999. 2467-2477.

HS"'yC02H

NH2.HCI

6 steps
..

~ ~ H
O ~ 0-

\1 CHO 1. 9 Il'

O~S~ BuLi, HMPA (65%) O~S 11

+NBOC 2. H2. Pt02 (97%) .. +NBOC
1850 O

1.~OH
DCC (71%)

2. TBAF (85%) ..

OH O

,çv
S03H

~N 11

H OH
Sulfobacin A

O,
:II"SW6 M HCI (80%).. 11

NH2
3.aqNH3
4. aq H202 (98%)

Synthesis of Sulfobacin A

H°'H"Br
10

3steps.. I ~ ~
--- ~OMe

70% 11

RuCI3/ (R)-MeO-BIPHEP (1%)

M.OH, H, (6 bar), 80 .C, ~3 h ~
96 % (e.e. >99 %) 11

c,d

~- . C02Me
11 NBoc

! a

Wo
OMe11

NH2CI

~~ OH
Il ':'Boc

b OH O.~OMe
11 -

CINH2 Anti/syn 96/4
ee=92 %

(a) BuNOether then H2S04 98%,Pd/C,H2 (1 atm),HCI; b Ru-(R-SYNPHOS H2,12 bar 50°C,30h;c) BOC20,NaHC03, (d)
Me2C(OMe)2'Et2O.BF3,CH2CI2,rt, 1 h, 93%; (e)Ca(BH4h. THF, EtOH, -15°C to rt, 22 h, 94%;
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Sulfobacin A via OKR

~BOC

~ \~/11 l OH

CH3COSH
iPrOCON=NCO:1iPr

PPh3.THF
O°C, 1 h,rt., 16 h

..
95% ~ ~ F3CJlOOH ~ H

NBoc rt., 1h
.. SO -

11 11; 3- +

SCOCH3 NH3

I ~H~ +~ -
~OH 11: S03

11 NH3+

1) HOBN / DCC
THF / dioxane S03H

NaHC~ I <j>H <a ,çyrt.,20h~
2)IR-120B(H+j 11 ~ 11

OH
20 % (2 steps)

Sulfobacin A

Sulfobacin A synthesized in 14 steps, (Shioiri : 21 steps and Mori: 24 steps). acrr;e'E5S

49

O.l.abeeuw" P. Phansavath Tetmhedron:Asymmetry 2004" 15" 1899

Jasmonates
..'-C02R

~°
R=Me(-) trans methyl jasmonate

Uasminium
grandiflorum )

."'-C02R

9"'~
O

R = H; (+)cis jasmonic acid
R =Me; (+) cis methyl jasmonate Jasmin sambac

isolated trom jasmine absolute,annual production 12t

~02Me ,:1'-C02Me

y""~~
O O ~

O
Hedione (r3cemic)

The olfactive properties of ali four stereoisomers have been investigated. Evaluation
by perfumers have established that (+) cis is the only stereoisomer that has the
fragrance, its odor is caracteristic and intense.The presence of the other three
stereoisomers affects the performance of the perfume in which the mixture is
used.V.Rautestrauch,J.J.Riedhauser 50
(Firmenich)EP 715615



Synthesis of Cis-Dihydrojasmonates

Mo
Ru-catalyst

p x p

( "'-/,\/ )* Ru, Ru */ 'x" "'-
p p

H2/Ru-catalyst
(1 to 3mol%).

k+
O

.:--C02Me

9'''~
O<:::J}

Highly substituted olefin
Epimerisation leads to the useless trans dihydrojasmonate

.--J:.CY2
~"

Fe PPh2

Q
(R,S)-JOSIPHOS

.""

C(~.
P""

(R,R)-Me-CnrPHOS

No reaction even high pressure 120 bar ,50°C several days

51

PREPARATION of Ru-HYDRIDECATALYST and
IDENTIFICA TION of (Ru(R,R-MeDuPHOS)(H)r,6-COT)BF4

J ~

~
' /\ HBF4

f
P/,...f:i E) ]BF

G
Ru * .,Ru- - 4

I / 4' dihloromethane p ~ b

This transformation requires a weakly coordinating reaction medium such as CH2CI2

n EiJ
""'1 >- --,

PH O
",I

~ ",-, ~ e~ Ru- BF4~/ ~ #p

-(l""

65%
isolated
Bright
yellow
Cristalli ne

EPp

(S)-BINAP

c2cs
)j

(R,R)-Me-DuPHOS

Precatalyst stable several months at -25°C glove
bag
Indentity of the precatalyst was acertained fram
multinuclear

one and two dimentional NMR spectrascopy ,Mass
spectrascopy
and X- Ray diffraction

J.P. GENET.J. Y. LENOIR, V. RAUTENSTRAUCH,IC.VANHESSCHE- FIRMENICH iintematlonal PUbllctlon 97(188894,52
29{05(1997RAUTENSTRAUCH,IC.P.M.VANHESSCHE,E.BRAZIj.WILES;S.H.BERGENSJ.Y.LENOIRj.P.GENff

Angew. Chem.Inf: ElI. 39,11.1992,2000



Synthesis of (+) Cis-Dihydrojasmonate

~ 02Me H2/20-30 bar.':---C02Me ~ 02Me ..,:--C02Me
~ . n...,/ì + +~~

RuL* y" y-- ~
o 0.5t02% 0(+) O O

=t (f) cis dihydrojasmonates trans
p e HE)

e
(. -R~-- BF4
'p' ~ u

L*

(R)_BINAP ~) O PPh2
PPh2

aOi

(+)cis ee% trans

80 40 20

\

~...~
(R,R)-(X ,'-

Et-DuPHOS(J"

) ~
(5,5)- ex !

iPr-DuPHOS~""'l....

jX, IUENNJIR>IENSCP1991J.-1.995; V.IMUTo,JSrRIJUaUO'.MJ/ANHIESSCHIE.J.1.LIENOIR.J.P.GIENU;
IE,Plit!tent O B10 903 B11 W09111BB9i#/PCfIlB96101163V.IMU'l'ENS'flMUCfUC.P.M. VIJNHIESSCrllE"JE.B1UtlIJ}.}/lL!£S;SJl.
.8JETU:ifNS}.y.lENmR,J.p.GIENU Atlgew. Chem.lltl; Ea. 39,,1.1.,,1992.2000

Electron-rich C2 Symmetric
Phospholanes

93 40 7

97 46 3

IndustriaI Synthesis of (+) Cis-Dihydrojasmonate

M02Me H2/20-30bar /-C02Me
~ .. n

RuL* Y"'f~

o 0.5to 2% ° (+)

:IEt>

P E0 Ho e
(* -~-- BF4
\: p' ~ Q

0:1
):)

~~Y2
FePPh

~2

(R,R)-Me-DuPHOS (R,S)-JOSIPHOS

.-I\. Optimization :Solvents Ireactions conditions
Y Cis I Trans > 99:1 , ee up to 90%

Since 1998 Firmenich: lar~ scale production under the
trade name of Paradison~
First discovery ,1995,in our group ofthe catalyst

).Y. LENOIR,ENSCP1994 -1995; V.RAUTENSTRAUCH,K.P.M.VANHESSCHEj.Y. LENOIRj.P.GENET;
E. patent o 810 903 B1( WO 97(18894 (pCT(1B96(01263V.RAUTENSTRAUCH,K.P.M.VANHESSCHE,E.BRAZIj.WIL ES;SYI:
BERGENS).Y. LENOIRj.P.GENETAngew. Chem.Int Ea. 39,11,1992,2000



Recent use of this Procedure for challenging substrates

MECHANISM of HYDROGENATION of TETRASUBSTITUTED
CYCLOPENTENONEwith (R,R)DUPHOSRu(II) CATALYST

]9
6

"I <t> o
ul e 'I

I~F e t,. "R? BF4
~', ut 4 \.p," -:J

Vi ) ~ catalym .O Highly unsaturated
Procatalyst species

DII/XIII~C.Bl'Illletl~P.DiKllellf AdII.5ynth.Cl1t«l2001 ~343
Ul.TtllI£5. WIi~htlll/l.l.Am.Chem.soc. !J51'~2003.

HYDROGENOLYSIS\ rH2

OMeJ~

o~
1-1,. '.

Dolce Vita
(Christian Dior)

Me02C

9~'''~
o

Paradisone
Genet-Firmenich 1995-2000

Romance
(Ralph Lauren)

f.p__@/HO
e

\ Ru- - BF4P ~ #

OMe

!
OMe

55

Eau de Dolce Vita
(ChristianDior)
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CONCLUSIONS

!\JEJ;VPERSPECrIVEs in ORGANOBORO!\J CI-IEMISTRY
Nu~b~r o~ Public_tlons,..

~ ~ ~ i§

RBF3K ,
HighlyStab/e
~

C§V USEFULTE(;'HNOLOGYIN FINE ORGANIC SYNTI-IESIS (D/(R)

EBH

E)
e

*P-, /I- - BF4
NEW fiEJ\JERAT£OJ\J01 Pu-G'JITALY5i:S E p,.-RU ~ #
NE'W EFFICIENT A Tf?OPI50/vJEP.IG' LlfiANf)5

Ollpall p'C.Brunetl~P.OiKnellf Adrl.Synth.Cntnl2001 ,3/13W.Ttll1!h5. WII-K.zhtlng JAm.Chem.Soc. 9570.2003

INDU5TPIAL APPLICATION Me02C

Cj...~
o
Paradisone

Second largest production (Firmenich) since 1999
First discovery of the catalyst in our laboratory 1995
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