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1. Asymmetric hydrogenation

1.1. Classical Hydrogenation
1.1.1. Functionalized Ketones

a. /-Ketoesters
0O o R:;ZL* OH O
N N R
R= alkyl, aryl, heteroaryl
OH © OH © OH © OH O

MGMOMQ PhMORZ CIMOEt thOMOMe

SEGPHOS® »99% ee  SEGPHOS® 3 98% ee SEGPHOS®23)98.5% ee  SEGPHOS® 23 99.4% ee
BINAPD:  >99%ee  (R?=Me, S/C=10,000) (S/C =20,000) TOIBINAP23) :  97.4% ee

TolBINAP®) :  87% ee TolBINAP?3) :  95.9% ee
(R% = Et, S/C = 1,000) (S/C = 1,000)

1) Noyori, R. J. Am. Chem. Soc. 1987, 109, 5856. 2) Saito, T. Adv. Synth. Catal. 2001, 343, 264. 3) Sumi, K.

Topics Organomet. Chem. 2004, 6, 63. 4) JP H6-65226A, 1994.

b. a-Ketoesters

Enantioselectivities depend on the additives?.

o Ha OH
2 * 2
o) o)

Rl= alkyl, aryl, heteroaryl

OH OH OH OH
R E
tBu)¢\H/O Ph)’kﬂ/OR Ph/\)Ar(O t Ph\)*\ﬂ/OMe
o) o) o) o]

SEGPHOS® 2 :98.6% ee (R=Et)  BINAP?:89% ee  SEGPHOS® 2 :937% ee  SEGPHOS® ) :95.9% ee

TolBINAP?) 84.0% ee (R = Me) (S/ C =1,500)
BINAP'2) : 90.0% ee
(S/ C = 1,000)

1) Saito, T. Adv. Synth. Catal. 2001, 343, 264. 2) Sumi, K. Topics Organomet. Chem. 2004, 6, 63. 3) Mashima,

K. J. Org. Chem., 1994, 59, 3064.
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c. ~Ketoesters

o H, OH . Q
2 Rull* 2 H i
Rl)lv\H/OR Rl)*\/\H/OR o
*
(e} (6] 1

R
R!= alkyl, aryl
0O
OH Q 0 =
OEt _ 7 ) 7 *
Me)*\/\ﬂ/ (0] . (0] . Me
© Et n-CgHq7

SEGPHOS® 12 : 99.0% ee  BINAP®:98% ee BINAP® :98% ee  BINAPY : 97% ee
ToIBINAP'2) . 97.2% ee

1) Saito, T. Adv. Synth. Catal. 2001, 343, 264. 2) Sumi, K. Topics Organomet. Chem. 2004, 6, 63. 3) Noyori,

R. Tetrahedron Lett., 1990, 31, 5509.

d. Hydroxyacetones and Amino ketones
H>
(0]

Ru/L* OH
RN — A X

OH OH

OH
Me)*\/ oH Me)*\/\OH Ph)*N/ NMe.

L* = SEGPHOS®": 98.5% ee BINAP® : 98% ee BINAP® : 96% ee
MeO-BIPHEP ;  96% ee

BIPHEMP 93% ee
83% ee
BINAP : (92% ee)Z)

1) Saito, T. Adv. Synth. Catal. 2001, 343, 264. 2) Noyori, R. J. Am. Chem. Soc. 1987, 109, 5856. 3) Noyori, R.

J. Am. Chem. Soc. 1988, 110, 629.

e. 1,3-Diketones

Ha
j\/l?\ RU/(R)-BINAP %ﬁi . oH 0
Me Ph Me” Ph Me” > “Ph

89%, 98% ee
(ketol : diol =98 : 2)

Kawano, H. J. Chem. Soc., Chem. Commun, 1988, 87.

H>
O O OH OH
Ru/(R)-BINAP =
Rl)J\/U\ RZ Rl)\/\ RZ

R = R? = Me : 100% ee, 98% de™)
R = Me, R? = Ph : 94% ee, 88% de?

1) Noyori, R. J. Am. Chem. Soc. 1988, 110, 629. 3) Kawano, H. J. Chem. Soc., Chem. Commun, 1988, 87.
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f. Keto sulfonates & Keto phosphonates

H2
O Ru/(R)-BINAP OH
i N SOsNa RN SOsNa
T T T T
SO3zNa SO3zNa  Me SO3Na SO3Na
Me/\/ 3 n'C15H31/\/ 3 Y\/ 3 Ph/\/ 3
97% ee 96% ee Me 97% ee 96% ee

Noyori, R. Tetrahedron 1999, 55, 8769.

Ha

O OH
Ru/(R)-BINAP
A royome, RiAN_P(O)(OMe),
Ex) OH
e~ PO)(OMe),

98% ee

Noyori, R. J. Am. Chem. Soc. 1995, 117, 2931.

g. Dynamic Kinetic Resolution

O 0 H, HO [e) HO o)
Ru/L* WL !
OR g R + OR
( ( (
" " anti " syn
OH O OH (ﬁ\ (0] ”\
é “\OMe @ OEt O OFt
(R)-SEGPHOS® (R)-BINAP"  (S)-BINAP? (R)-BINAP?
anti/syn 99/1 99/1 95/5 93/7
% ee 99.4 95 90 93

1) Mashima, K. J. Org. Chem., 1994, 159, 3064. 2) Noyori, R. Tetrahedron: Asymmetry, 1990, 31, 1159.

o) 0 H, OH O
Me%x _Rut Me)\dx
X = NBn X=0
DTBM-SEGPHOS® ") : 98% ee, 98% de DTBM-SEGPHOS® : 99% ee, 99% de
ToIBINAP?) : 88% ce, 99% de  BINAPY: 97% ee, 98% de

1) Sumi, K. Topics Organomet. Chem. 2004, 6, 63. 2) JPH10-204058. 3) Mashima, K. J. Org. Chem., 1994, 159,

3064.
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o

X

o) H, OH O
R1MOR2 _Rulr Rl/\)J\ORz

; ; (/\ﬁ/ﬂ\OMe
Cl NHCOCH,4 NHCOCH;
SEGPHOS®

DTBM-SEGPHOS®

DM-SEGPHOS®
99% ee, 98% de

98% ee, 97.5% de

Sumi, K. Topics Organomet. Chem. 2004, 6, 63.

H, OH
Rl)J\( P(O)OR?), Ru/L*

i~ P(O)ORY,
X

X
Ex) OH
“__P(0)(OM
e PO)OME),
Br  L*=BINAP

84%, 98% ee

Noyori, R. J. Am. Chem. Soc. 1995, 117, 2931.

o

H; OH O
M Ru/L*
Me OMe

—
CH,Cl, Me/'\(”\owm
“NHCOPh

NHCOPhO

BINAP : 90% ee, 74% de SEGPHOS® : 80% de

XyIBINAP :  95% ee, 99% de DM-SEGPHOS® : 98% ee, 94% de

DT-BINAP :  99% ee, 98% de DTBM-SEGPHOS® * : 99% ee, 99% de
(DT = 3,5-di-Bu)

*CH2Cl2/MeOH (7/1) was used as solvent.

Saito, T. Adv. Synth. Catal. 2001, 343, 264.

1.1.2. Imines

R

Rl

N
X,

Mt/L*
—_—

3
NH
Ph Ph

Ph
Ru-(R)-TolBINAPY Ir-(S)-BINAP? Ir-(S)-BINAP®
88.9% ee 85% ee

91% ee
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1) JP 2005-281144A, 2005. 2) JP 2004-256460A, 2004. 3) WO 2006/022020 A1, 2006.

1.1.3. Olefins

a. g,f-Unsaturated carboxylic acids

It r L e
u
R™ “CO,H R™ % "CO,H
Me Me
CO,H WCOZH
NS =
MeO
(S)-BINAPY; 97% ee (S)-H8-BINAP?Y; 9296 ee
(SIC = 5,000)

1) Noyori, R. J. Org. Chem. 1987, 52, 3174. 2) Takaya, H. Synlett 1994, 501. 3) Takaya, H. J. Org. Chem. 1996,

61, 5510.

H2 o

Ru-L* o~
R OH R OH

R R?
o o o o
*
MeNHJ\OH EtﬁAOH Phﬁ*)kOH n-C3H7/\|)J\OH
Me Me Me Et

(S)-Hg-BINAP: 97%ee (S) (S)-Hg-BINAP: 96% ee (S)  (S)-Hg-BINAP: 89% ee (S) (S)-Hg-BINAP: 95% ee (S)
(R)-BINAP: 96% ee (R)  (R)-BINAP: 84% ee (R) (R)-BINAP: 30%ee (R)  (R)-BINAP: 88% ee (R)

1) Zhang, X. Synlett 1994, 501. 2) Uemura, T. J. Org. Chem. 1996, 61, 5510. 3) Kumobayashi, H. Synlett 2001,

1055.

b. Itaconic acid delivatives

R H R Ph
L RIz LCO H Iy jy
CO,H
HO,C 2 HO,C ™ * 2 )\/CozH HO,C ™+ CO2H

HOzC *
BINAP BINAP
88% ee 90% ee

1) Ikariya, T. J. Chem. Soc., Chem. Commn. 1985, 922. 2) Kumobayashi, H. J. Chem. Soc., Perkin Trans. 1 1989,
1571. 3) Kumobayashi, H. Tetrahedron, Lett., 1987, 28, 1905. 4) Uchida, Y. J. Chem. Soc., Perkin Trans. 1 1990,

1441.

a8 [AKASAGO

finechemicals@takasago.com
(C) 2019 TAKASAGO INTERNATIONAL CORPORATION - ALL RIGHTS RESERVED.


mailto:finechemicals@takasago.com

Technical Information

c. Allyl alcohols

H>

l\llle l\llle Ru/ (S)-BINAP )M\e/\/l\(l\eﬂ
MEW/\OH Me X OH
99% ee
Ru/ (R)-BINAP
M M Ha M M
e e Ru/ (S)-BINAP /Q\?Aeﬂ
MeM - Me X OH
OH 98% ee
Takaya, H. J. Am. Chem. Soc. 1987, 109, 1596.
d. o,p-Unsaturated lactones & ketones
o) H, o) o) Haz o
Ru/ (S)-BINAP Ru/ (R)-BINAP
(0] Me O — AN
Bu Bu
95% ee 98% ee

1) Ohta, T. J. Org. Chem. 1995, 60, 357. 2) Ohta, T. Tetrahedron Lett., 1992, 33, 635.

e. Diketene & Methylene-y-butyrolactone

H
\\‘—\l\ Ru/L* Ri/(S)-BINAP Me:..
=0 o
o) o}
(S)-SEGPHOS® " g0, oo 94% ee®
(SIC = 12,270)
(S)-BINAP?) 92% ee
(S/ C = 1,000)

1) US 006043380A, 1999. 2) Takaya, H. J. Chem. Soc. Chem. Commun. 1992. 3) Ohta, T. J. Org. Chem. 1995,

60, 357.

f. Enamide
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% | H2/ MeO
R—— Ru/ L* R
S Ne p ——— N. N. MeO
TR R MeO COCHs
NH
R Rl OMe MeO

| X
Me
R =H, aryl =
, aryl OMe
R“ = CHO, Me (S)-BINAP (S)-BINAP
99.5% ee 96% ee

1) Takaya, H. J. Am. Chem. Soc. 1986, 108, 7117.

g. Dehydro amino acids

Ha CO,H
CO,H Mt/ L* CO,H *
= * PH NHCOCH,4
R NHCOCH; R NHCOCH,

RU/ (S)-BINAPY?: 929 ee (S)
Rh/ (S)-BINAPY: 84% ee (R)

1) Ikariya, T. J. Chem. Soc., Chem. Commn. 1 1985, 922. 2) J. Chem. Soc., Perkin Trans. 1 1989, 1571. 3)

Noyori, R. J. Am. Chem. Soc. 1980, 102, 7932.

h. Enamino esters

2 2
R H R

SNH O RS/L* SNH O
I
R?=H, aryl

Cl
Cl
NH, O \Q
)\/[j\ NH O Cl NH O
Me™ * OMe
A e A e

DM-SEGPHOS® SEGPHOS® SEGPHOS®
94.4 % ee 87.8% ee 88.4% ee

1) US 2004/0023344 A1, 2003. 2) US 2006/122225 A1, 2006.

1.2. Direct Reductive Amination of g-ketoesters

Ha

Ru/DM-SEGPHOS®
o o ACOH-H,N O

ACONH,4, AcOH
RJ\/U\OMe RMOMe

R = alkyl, aryl, heteroaryl
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- Product List as AcOH salt -

H,N O H,N O H,N O Me NH, O
Me)\/u\owle Et)\/U\OMe i-Pr/'\/U\OMe Me OMe
92.9% ee 98% ee 99% ee 98% ee
Y Q ’;\IH2 O anti/ syn = 86/ 14
OMe OMe  99% ee (anti)
99% e OBn 95% ee (syn)

1) WO 2005/028419 A3, 2004. 2) Acc. Chem. Res.: 2007,40, 1385.
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1.3. RuClz(diphosphine)(diamine) catalyzed
hydrogenation

a. Aryl alkyl ketones & heteroaryl alkyl ketones

H
0) 2 OH
Ru-L*/diamine
Rl)J\RZ Rl)*\RZ
Rl= aryl, heteroaryl
R? = alkyl
OH OH

R= R=

R Xy . H: 99% ee * R Et: 99% ee
- 2-Cl: % ee cyclo-C3Hs: 99.7% ee

4-OMe: > 99.9% ee CF3: 96% ee
4-CF3: 99.6% ee

(S)-XyIBINAP/ (S)-DAIPEN

OH OH OH <'3H (')H
NS Me N™™ Me s Me g” Me o) ~Me
| | \ — -
= ~

96% ee 99.6% ee 99% ee 99.7% ee 99% ee

(R)-XyIBINAP/ (R)-DAIPEN

1) Noyori, R. J. Am. Chem. Soc. 1998, 120, 13529. 2) Noyori, R. Org. Lett. 2000, 2, 1749.

b. Aryl aryl ketones

R O H,

R OH
i JI§ I Ru-L*/diamine

(S)-XyIBINAP/ (S)-DAIPEN

OH CI C:)H Br (:)H CHj Br (:)H
97% ee 96% ee 93% ee 98% ee

Noyori, R. Org. Lett., 2000, 2, 659.

c. Others
OH OH
: OH
©/\/LMG ©/\Me @{
N
97% ee >99% ee DM-SEGPHOS® / DAIPEN?); 90 5% ee

2).
(S)-XyIBINAP/ (S)-DAIPEN") XylBINAP/ DAIPEN®; 74.5% ee

1) Noyori, R. J. Am. Chem. Soc. 1998, 120, 13529. 2) US 2006041722, 2006.
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d. Dynamic Kinetic Resolution
OH

ﬁ Ru L*/DPEN R
OH C')H
o8 Ok

99% ee 93% ee
99% de 99.6% de
(S)-XyIBINAP/ (S)-XyIBINAP/

(S,S)-DPEN (S,S)-DPEN

1) Matsumoto, T. Tetrahedron Lett. 1999, 40, 5043. 2) Noyori, R. J. Org. Chem. 1996, 61, 4872.

2. Asymmetric Isomerization
RZ

Rh/ L*
Rl)\/\NFﬁ2 — )\A

L*; BINAP or TolBINAP

Me Me Me
MCHO MGMCHO _cHo
* * Ph™ «
>98% ee > 98% ee 95% ee
(S/C = 400,000)

in I-Menthol process

Akutagawa, S. Tetrahedron Lett. 1985, 26, 5153.

3. Monophosphine Ligands for Pd Catalyzed Coupling
Reactions

3.1. Buchwald-Hartwig Reaction
Q Pd(OACc), (1 mol%) Q
@ Cy-vBRIDP® (2 mol%) @
NH + CI N
NaO'Bu
toluene, 100 °C @

95%

Suzuki, K.; Hori, Y.; Nishikawa, T.; Kobayashi, T. Adv. Synth. Catal. 2007, 349, 2089.
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3.2. Suzuki-Miyaura Reaction

Pd(OAc) (1 mol%)

vBRIDP® (2 mol%)
HaC B(OH), + CI CN e HiC CN

toluene, 80 °C, 3 h

Suzuki, K.; Hori, Y.; Kobayashi, T. Synkett. 2007 20, 3206.

4. Other Reactions

4.1. Cyanomethylation

CuO'Bu (10 mol%)

(o] L* (15 mol9%b) OH
+ MeCN
CN
R = n-Hex
®
R)-DTBM-SEGPHOS™ : 9 9 O
= (R)- . 84%, 58% ee MeO PAr,
(R)-DTBM-SEGPHOS® (atrt) : 72%, 74% ee MeO PAr,
(S)-TolBINAP : 21%, 16% ee O
( ) Ph-BPE : 32‘%, 0% ee (R)-Tuned-BIPHEP
(R,S)-Josiphos : 18%, 6% ee  Ar=4-PrO-3,5-(Pr),-CgH,
®
(R)-SEGPHOS™ : 18%, 8% ee
(R)-Tuned-BIPHEP : 40%, 75% ee

Shibasaki, M. Org. Lett. 2005, 7, 3757.

4.2. Vinylation & Phenylation

1. CuF,-2H,0 (10 mol%)

8 OH
1 j\ - R:Si(OMe)Z L* (20 mol%) . 4{ i
RY SR Y 2. TBAF R7gs R
OH OH
’ jone
BOA®
L* = (R)-DTBM-SEGPHOS® : 99%, 94%'ce (R)-DTBM-SEGPHOS®
(R)-ToIBINAP : 47%, 61% ee 92% ee
(R,R)-CHIRAPHOS : 24%, 7% ee
(R,R)-Et-DUPHOS : 51%, 38% ee
(S,S)-i-Pr-DUPHOS : 87%, 64% ee

* CUF,-2H,0 (3 mol%), DTBM-SEGPHOS® (6 mol%)

Shibasaki, M. J. Am. Chem. Soc. 2005, 127, 4138.
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4.3. Fluorination

®

o Pd/DTBM-SEGPHOS o

x” \—CO,Bu NFSI «” CO,Bu X =0, NH, NR
F n= 1, 2
)n In
o} o o} j\ 1
co,B
é(COZlBU o&COZIBu BnNJ\/co;Bu HN S 2 0
* A< F
F F /F

93%, 92%ee” 74%, 97%ee? 89%, 98%ee? 74%, 94%ee?

1) Sodeoka, M. J. Am. Chem. Soc. 2002, 124, 14530. 2) Sodeoka, M. J. Org. Chem. 2007, 72, 246.

4.4. Aza-Michael addition

@/NHZ-HOH [Pd(-OH){(S)-binap)},(0TH, MEO~~ |
. 10
MeO” N+ o o a—— MW
MeA\/u\ NJ\O Me/\)J\NJ(O
(- ~

98%, 96% ee

Sodeoka, M. Org. Lett. 2004, 6, 1861.

4.5. Asymmetric alcoholysis of azlactones

j o
. Meo '%J\O(CHZ)ZOMe
NH

(0] Ph
99% ee 74% ee

O o0  Cu/(R)-DTBM-SEGPHOS® 0 o

MeOMO MeO(CH,),0H MeO)\\\K‘//(

N:< 57% conv. ‘.N :<:h

Ph

Tokunaga, M. J. Am. Chem. Soc. 2006, 128, 4481.

4.6. Cyclotrimerization of terminal alkynes

R R
® R
Rh/ (R)-DTBM-SEGPHOS
3 R—= +
91% R R

R = CyoH21 R

83 : 17

1) Tanaka, K. Org. Lett. 2003, 5, 4697. 2) Tanaka, K. Chem. Eur. J. 2005, 11, 1145.
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doi: 10.1002/047084289X.rn00766

(9) "Eliminating Barriers in Large-Scale Asymmetric Synthesis.”
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