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I-Criteriafor assessment of pressure effect on ee: ee variation = Dee

In order to quantify the observed influence of hydrogen pressure on enantiomeric excess, a variation
factor (Dee) is proposed, taking into consideration the enantiomeric excess difference between
maximal and minimal pressure used in the experiment :

Dee = |eemax |' |eemin|

When the enantiomeric excess, whatever the pressure of hydrogen, is close to zero (|eel<+4), this

catalyst is not consider. When the enantiomeric excess is sufficiently important at least for one of

two values (|eg| 2 +4), two cases are considered (Table 1a):

- Case 1: eemin and eenax have the same sign :
The result verifies the condition |eg] > +4. One of the enantiomers is thus majority for all the
pressure range of the study. The evolutions of enantiomeric excess are considered as (1a)
Negligible if -4 £ Dee £ +4, (1b) negative if Dee < -4 and (1c) positive if Dee > +4.

- Case 2: There is change of the majority enantiomer between the minimal and maximal pressure,
i.e. enantiomeric excess sign changes. Two types of behavior are suggested:

o] The results verify the condition |eemax| Or |eemin| 2 +4 (28). The effect of the pressure
is remarkable. For this situation, the tools proposed with case 1 are used.
o] The results verify the condition |eema| and |eemin| 3 +4 (2b). Whatever the value of

Dee, both beneficia and detrimental effects are taken into account.

Table 2sup: Quantification of the hydrogen effect on the enantiomeric excess.

) ) . Effect
Situation Condition Dee on Dee Examples
2 “A
Case 1 la -4< Dee <+4 : 19
€Eemax and
€Emin 1b Dee <-4 ? (19)
have the .
same Slgn RTTILA (1b) H,Pressure
lee*+4 | 1c Dee >+4 ? ” (bar)
= A
|e€mex|
2al  or 3+4 case 1a, 1b, Ic are
used
|eemin| o H,Pressure
Case 2 (bar)
€Eemax and 3
€emin have
different “A
signs |
leemax|
ob| and s+q oralthe oo do |k
value of Dee -
|eemin| /... HQF(’[)ess)ure

€Cmax, min. = ENaNtiomeric excess observed with

NB : Detrimental , Beneficial- , Negligible« . maximal and minimal hydrogen pressures.
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[I-Literature survey on 110 Rh/chiral diphosphine/substrate reaction systems.

* %

Entry  Substrate Ligand Conditions Dee Ref.
o-OMeFl S/Rh = 2000 =+92,8
COH v P [Rh] = 2.10* Crmiin o
1 = j i-PrOH 288 % €emax = +92,8 1
Ph NHCOMe Pha p T=25 Dee=0
S1 I Py, : 3,5-27 i
0-OMe-Ph Hy s 3,
(RR)-DIPAMP 2 Negligible
0-OMe-Ph S/Cata ¢ = 200
coH P smL bmiml[BF.]  €€min= +92
. _ [= j 9 TL iPrOH €max = 191 >
PH  NHCOMe Phs p =95 Dee = -1
s1 oMo t=1h e
(o4 e .
(RR)-DIPAMP Pr,: 2575  Negligible
Ph,P, PPh [S]=01 in=*+
COH AN SRh=2002000  oomin _ %8
3 t NHCO N ooy S = +98 3
P NHCOM - =
™ € HCO,CMe; ‘;’ 50 r."LlMggH Dee = O
C2-4 Hy 4 Negligible
CHPh  cH,ph [§ =01 =+
COH - o2 SRh=2002000  Comin . 74,5
- U7 e T3
Ph NHCOMe N o 30-50 mL MeOH Dee = +45
s1 HCO,CMe; . L
c2-11 Pu,: 1-75 Beneficial
Ph
Me [S|=01 =4
COH W R SRh=2002000  Comin _ &4
5 — Ph T=22 eemax — +59,4 3
Ph é\lchovvle N 30-50 mL MeOH Dee = -4,6
ootes Py 1575 petrimental
Me
Ph [S]=01 =+
COM I N SRh=2002000  Comin _ 3.1
6 — Me T=22 eemax - +26,4 3
Ph NHCOMe 30-50 mL MeOH Dee=-7.7
S1 Ncocue, Pu.: 1-75 e
ot Hp - Detrimental
Me
Me [S]=01 = +2
COH ol e SRh-2002000  Comin _ 0,9
7 — Z—S Ph T=22 €Cmax = +4214 3
Ph é\llHCOMe N 30-50 mL MeOH Dee = +21,5
HCO,CMe, Py.: 1-75 ici
o 2 Beneficial
COH T PP, ns=3 €€min = +76
_ S/Rh = 200 ee . = +40
8 PH  NHCOMe Ao T=20-23 De: o -36 4
s1 PPhg Ph,: 0,3-90 .
X3-7 Detrimental
[S] = 0,002 o=
COH P Y Yo S/Rh =100 ©Cmin _ 22
9 — . T=20°C €€max = -68 5
Ph ngOMe Me™ " PPh, CeHe/MeOH=1:1 pDee = +46
PheNOP -1 -
Ph,: 1-40 Beneficial
[R°=2-25.107
SRh=125 L=
CO,H Phy NHPPh, T=25 €€min = -93,8
10 — t =10-40 min €Cmax = -91 6
Ph NHCOMe Ph”=YNHPPh, ¢ =90-100 Dee=-2.8
s1 H EtOH '
X4-4 _ Negligible
Py, 1-5
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Entry  Substrate Ligand Conditions Dee Ref.
Ngy d= 0,01
COH i o= 1 €Emin = +87
(7 b‘/Pth 12 mL EtOH Eemax = +82,3
11 Ph  NHCOMe N T=25 — h' 7
Sl (I:OQIBU t=3-15h Dee _ -417
(S,9-BPPM PHZZ 1-20 Detrimental
pph2 eemin = '13
[S]=01 =+
COH [Rh]¢= 4.10°® eema_x 32
12 = o. .0 10 mL EtOH Dee = +32 8
Ph é\'lHCOMe \( ¢ =100 Beneficial
PP, Pr,: 150 pee=-13
(RR)-DIOXOP Detrimental
Nn = 0,025
CO-H = S/&h =100 eemln = +91
_ 2 pPR 10 mL MeOH €Cmax = +58
13 Ph NHCOMe R: p—Celgi4NH§/Ie2)BF4 Tamo Dee =-33 h 9
s1 c31 ¢ =100 »
Pu,: 1-14 Detrimental
Nn = 0,025
COZH s S/&h =100 eemln = +87
_ 10 mL MeOH e .. = +82
RP PR, o, max
14 P é\lchovvle R: pCaHNMe, P Dee = _gh 9
€22 Pu,: 1-14 Detrimental
0-OMe-Ph [S]=0,15 _
COH \‘; S/Rh°=800 €Emin=-93
_ PIY j MeOH ou EtOH €Cmax = -78
15 PH NHCOPh Phs b T=50 = _15" 10
-~ £ 25mL de liquide Dee—_-
AR DIPAMP Ph,: 3-27 Detrimental
0-OMe-Ph Ngn= 0,01¢ _
COH \\\!, ns=1 €Emin = -64
_ Ph j 12 mL EtOH emax = -31
16 PH NHCOPh Phs p T=2 Dee = -33 7
P < t=3-15h _
(RRDIPAMP Pu,: 1-100  Detrimental
€Emin = +55,2
Ngn= 0,01° =0 -
Rh.— U,
CO,H ol ns= 1l Dee = -55,2'
_ 4 7 PP 12mL EtOH Detrimental
17 Ph  NHCOPh o PPh, T=25 — 7
< H t= 3-15h ee=0
(RR)-DIOP PHZ : 1-50 €Cmax = '_5
Dee = +5'
Beneficial
ns=0,5-1,0 =+
COH Pph 1% mol deRh Crmin _ %
18 = PP 20-30 mL EtOH €Cmax = +7hl 1
Ph SN2HCOPh ] Tomn Dee = - 25
(9-BINAP P, 4-50,7  Detrimental
€Eemin = +84
Ngn= 0,01° €=0
Rh.— U,
COH i ns=1 Dee = -84'
— PPz 12mL EtOH Detrimental
19 Ph NHCOPh N T=25 - 7
-~ osau t=3-15h ee=0
(S.9-BPPM Ph,: 1-100  eemx=-84
Dee = +8,4'
Beneficial
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Entry  Substrate Ligand Conditions Dee Ref.
Ngn= 0,025
o s SIRh = 100 €Emin= +93
20 NHCOMe R PR, #(o) mL MeOH €Cmax = +88 9
amb — h
MeO  OAc R:p-CeHaNMe c=100 Dee - 5
3 €22 Ph,: 1-14 Detrimental
eemin = +95,2
Nngn = 0,01° =0 i
cooH P, nem 1. Dee = -95,2"
bvpphz 12 mL MeOH Detrimental
21 NHCOM e N T=25 _ 7
84 CI:OztBU t=3-15h % - O
(S.9-BPPM Pu,: 1-20 €Cmax = 22
Dee = +22M!
Beneficial
3 mL MeOH: eemin= +98
€emax = 199
Dee=+1"
oo e g Negligible
Ph, 3mL
22 NHCOMe P’?\p (%m)BFA H,0  €Cmin=+99 12
4 hH N @ €Emax = +98
(S9-TANIAPHOS SRNE = 200 Dee=-1"
T=25 iy
Nty Negligible
PHZZ 1-10
3mL MeOH: Cmin = +97
€emax = 196
Dee=+1"
oo ArP - Negligible
“I\-I > 3mL
23 NHCOMe Fe Cpar, OMe (omim)BE4/H,0  ©Emin=+99 12
4 o /C( @ € = +99
b OMe  gpp© =200 Dee :Oh
(R,S) 3,50Me Taniaphos tT_=32E Negllgl ble
PHZZ 1-10
€emin = +97
3mL MeOH:
PCyZ S mL MeOH! eemax — +84
\'Me =.13h
COOH Fe. “PAI CF L Bit?rfmﬁtal
2 3 (omim)BF 4/H.,.0 |
24 NHCOM e @ _ (3/1): N o 12
Ar c_ €Emin= +99
Y1 S/Rh® =200
.IL CF3 T=25 eemax = +92
(R,S)Cy-3,5trifluoroMe  t=3h — _—h
Josiphos Py.: 1-10 Dee - 7
2 Detrimental
[S] = (2-15).10°
S/Rh =100 =
CO,Et O PCy, T=25 . imln —_ 99|75
25 P NHCOMe PCy, f:_ igomm De(r: a;( _oh 13
= or Negligible
(R)-BICHEP PH2 - 15 egiig
Tpr
I 9 le Rh® . =
COMe P':I-'Pr #"i:]o eR im'n ~ 189%
— i t=20h max —
26 Ph NHCOMe JF’:I‘\pr CHCl,/benzéne Dee = +8 14
=0 i Pu,: 10-100  Beneficial

(S,9-'Pr-CnrPHOS
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Entry  Substrate Ligand Conditions Dee Ref.
CO,Me o, P/_\P Ngd ‘}':fn:]OIeRhe €Cmin — +15
57 = b ):| t=20h €€max = +70 14
PH SN6HCOMe 2 CH2Cl ,/benzéne Dee = +552
cz1 Pr,:10-100  Beneficial
o-OMe-Ph =04
COMe PP [RH°= 4,5.10* €€min = -92,1
= j MeOH €Cmax = - 73,8 1
28 PH ggcovvle Phs p T=05 Dee = -18,3 5
0-OMe-Ph Puy 169 Detrimental
(RR)-DIPAMP
CO,Me ns=1 €Emin = +98
— tBulttP E'”Me Nrn= 0,002 €Cmax = +98
29 PR NHCOMe te tBu e Dee = O 16
S6 (RR)-'Bu-BisP” Ph, ! 2-80 L
Negligible
ns=1 €Emin = +97
_ CO,Me t-Bu*P/\ 'Me nih = 0002 By = +95
30 PH NHCOMe pa g Bu T Dee=-22 16
S6 (RR)-'Bu-MiniPHOS P, 2-80 .
Negligible
XOAC:% o 6,001 €Emin = -61
Rh.— U,
_ oM ONARY 2mL deMeOH €Cmax = -50
31 Ph NHCOMe Py = /(\jf tT=12§ Dee = -11 17
6 - - =
Ty M Pu,:3100  Detrimental
L=+
SRIFL=100111  Comin _ 18
COZMG EtoPy \\\H , ? T=30 eemax - -7hg
_ Me y MeOH =-18M1
32 PH NHCOMe S'QJ\\\*@M(? t=24h Dee = 8 18
6 \_~ H PEt, c 100 % Detrlmengal
(RR-SSETRAP Py, :1-100 Dee= +790]
Beneficial
) S:Rh°:L=100:1:1,1
P(iBu), - T=30 €Cmin = '84
COo,Me W[ Noon ~
— Mev { Me _ eemax - '83
33 Ph NHCOMe R t=24h Dee = -1 18
6 N HpBw), c:100 % —
(RRI(SS-BUTRAP Py 1-100 Negligible
Rh-= 0,01d
Phf 25h= 1 €Cmin = +95
CO,Me PPh,
_ 12 mL EtOH €Cmax = +89,7
34 P NHCOMe N T=25 - _53h 7
6 'COZ‘Bu t=3-15h Dee - -5,
(S,9-BPPM PHZZ 1-20 Detrimental
FPh,
S =01 .=
CO,Me S_\ ER]h] d-4103 €Emin 1
35 = o. O 10 mL EtOH €€max = +33 8
Ph ggcovvle \( ¢ 1 100% Dee = +34
PPh Ph, : 1-50 Beneficial
(R,R)-DIOXOP
[Rh] = 0,025
CO,Me 3_\‘ S/Rh =100 €Enmin=+75
36 — RP PR #9 n:‘ MeOH €Cmax :h+75 9
P SI\(ISHCOMe R p-CeHsNMe3 BFy c:100% Dee=0
c23 Ph,: 1-14 Negligible
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Entry  Substrate Ligand Conditions Dee Ref.
[Rh] = 0,025
- S/Rh =100 €€min = +76
. _ CO,Me \QPR 10 mL MeOH €emax = +38 9
2 2 T ami h
i gIgCOMe R:p-CeHaNMe, c: 150% Dee : -38
€32 Pu,: 1-14 Detrimental
OMe
NS Rh-L]¢=107° =
cOMe \~ ES/Cata]ﬁ =100 ©Chmin ~ +95
— Meo POy2 0,2 mL Acetone €Cmax = +86
38 PW NHCOMe MeO_ e POY2 T=25 Dee = -9 19
=0 N n Detrimental
T e P, : 1-35 imen
(S)-Cy-P-Phos
Nrh = 10e
Ligand/ Rh=1.2 €emin= +99,1
_ CoMe thP%_{ 6 mL THF €mex = +96,8
39 PN NHCOMe NTTE Dee = -2 8" 19
S6 = _ ‘ )
(RS)-BoPhos PHZ: 1-21 Negllglble
S/Cata= 100
PPhy,_ PPh, Li an?i/ Rh°=12  €Emin=+94
CO,Me [e}6) 9
_ —pH 4mL MeOH eemax = +80
40 Pi NHCOMe :——zzish Dee = -14 20
S6 . N .
(R)-SpiroBIP Ph, : 5-50 Detrimental
Ph S/Cata = 100 _
CO,Me O [RA(NBD)]SoFs ~ €Emin = -98
— MeO PPh, CH,Cl, eemax = -97
41 PH NHCOMe MeO O PPhy o Dee=-1" 21
S6 N .
h . _
(S)-oPhMeO-BIPHER [ Hp: 164 Negligible
N S/Cata= 100
e [Rh(L)]PF L= -
COo,Me s~ ) [Rf] = 255 10° im'” _ ,5567
= prR_ PP =-
42 PH NHCOMe Prig, 72 #O;;é THF De:a:X +1 22
S6 C2-7 t=(12-60 min) Nedlicibl
Ph,: 5-60 cgligibie
SCata= 100
Rh (L)"]1PF L=
COMe e ERh](=)2,]5 10° i’“‘” _ 128
43 P NHCOMe CV_P\Cy PPh, i?é ™ De:a;( +6N 23
S6 t=60min .
c2-9
Py, : 5-10 Beneficial
S/Cata= 100
Rh (L)"]PF L=
CO,Me Me ERh](=)2,]5 10° im'” ~ é%
44 P/ NHCOMe tB”_P\IB PPh, s Dgazx __'_1 h 23
* c28 o @en Negligible
Ph,: 510 g9
S/Cata= 100
Rh (L)"]PF L=
CO,Me Me ERh](=)2,]5 10° im'” _ 22%
45 PH  NHCOMe tB”_P\IB PPh, s T Dgazx oh 23
S6 c36 t= (6-12min) Nedlicibl
P, : 510 cgligible
SCata= 100
Rh (L)"]PF L=
CO,Me Me =~ Me ERh](=)2,]5 10° ©Cmin _ 58
46 = i 10 mL THF €€max = -52 3
P NHCOMe PR, PP T=25 Dec = -6
S6 t = (6-12 min) .
C2-10
Py, : 510 Detrimental
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Entry  Substrate Ligand Conditions Dee Ref.
CO,Me ] e ”s?“c}i; 100 €min = +30
= HI Y 1H 15 mL MeOH €Cmax = +36
6 Ph,P 1.3 Dee = +6
ddppm PHZ $1-35 Beneficial
[Rh]®=0,02-0,2.10° _
COLE O S/Rh =100 €Emin = -96
— POy T=25 ey = -92
48 PCy THF e 13
Ph SI\%HCOPh O ? t=10min Dee : -4
Py, 1-5 Detrimental
(R)-BICHEP 2
H [Rh] = 0,025 o = .7
O3~ PR S/Rh =100 min— ~
_[oMe Py KPF: 10 mL MeOH €Cmax = +2,5
49 PH  NHCOFh © 2 Toamb — hi 9
H - 100 % Dee=-9,5
3 R : p-CgHsNMe, S e
Ca-2 Ph,: 1-91 Detrimental
iP[ €Cnmin = -38
Me, COMe ;Lj_ #:/0 mole Rh® €Emax = 180
50 - C[ o t=2on Dee = - +38° 14
- cor j:l\\Pr CH.Clbenzéne  Detrimental
o Ph,,: 10-100  pee = +807
(S,9-'Pr-CnrPHOS Beneficial
Me  COMe O SN Y i% mole Rh* €€min = +32
51 — tlf )P:l t ;‘5‘6 h eemax = +78 14
Ph Schoph 2/ CH,Cl /benzéne Dee = +462
cz1 Pu,: 10-100  Beneficial
S:Rh:L =100:1:1,1°
CO,Me EtPaaH [N C,H4Cl, €Cnmin = +96
Me . T=60 ee = +2
52 NHCOMe [ < me t=24h max 18
s10 N~ H PEt, c? 100 % Dee = -94
(RR-SS-ETRAP Py : 0,5-100 Detrimental
. S:Rh:TRAP=1:0,01:0 _
CO,Me EtoPa T [ 5 ) ,011° €Cnmin = +96
Me - ns = 0,05 ee = +7O
53 NHCOMe ( N e T=60 e 262 24
10 N H P, 1mL CzH4Cl, Dee = -
(RR)-(S-EtTRAP Pu,: 0,51 Detrimental
Nrh = 10e
Ligand/ Rh=1.2 €emin= +98.5
CO,Me thPQ—{Fe _ 6L THE €61 = +05.2
54 NHCOMe $ T=25 Dee = -3.3" 25
S10 PPh, t=6h =9
(RS-BoPhos Pu,: 0.6-20.6 Negligible
Fh
O S/Cata= 100 _
CO,Me MeO PPh, [CR:(EFD)Z]SbFG €€min = >-99
212 = >-
55 NHCOMe Meo O Pre T=25 eema_x h 99 26
s10 Eh t=24h Dee=0
Pu,: 1,6-4 Negligible
(S)-0-Ph-M eO-BI PHEP
COMe ns=1 €Emin = +85
( V—=( AP P|Me Ngn.= 0,002 ee = +64
56 NHCOMe B tBu Teamb ma_x a 16
si1 RRVBuss Py, 2-80  De=-21
’ 2" Detrimental
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Entry  Substrate Ligand Conditions Dee Ref.
= eemin = +85
COaMe tBu Me ne= 1
= N\ Ny = 0,002 e = +64
57 <:>_<NHCOMe MW “Uh.Bu T°2\mb m_aX 21& 16
S11 RR)-'Bu-MiniPHOS Py : 2-80 Dee=-
(RR-Bu-Min Ha Detrimental
CooMe — { rljli?h;nélolzh =12 €Emin = +98,8
" NHCOMe PP~ e _ 6 rg1L THE €emax = +97,2
58 S N T=25 L an 25
o PP,  t=6h Dee =-1,6
S12 (RS)-BoPhos Ph,: 0.6-20.6 Negligible
= ¢ UiedRh=12  ©8min=+98,1
" NHCOM e PP e 6mL THF e = +97.3
59 &S N\ T=25 mex o 25
MeO PPh, t=6h Dee=-0,8
S13 (RS)-BoPhos Ph,: 0.6-20.6 Negligible
= ¢ R €emin = +97,7
CooMe Ligand/ Rh=1,2 min = )
Mee "~ NHcoM e FroP Fe N— 6mL THF Cmax — +96,7
60 LS ) T=25 T 25
- PPh,  t=6h Dee =-1
(R,S)-BoPhos PH2 1 1-21 Negligible
fn=10°
coome Q_{ rljigand/ Rh=1,2 €Emin = +99,3
= . PhoP 6 mL THF =+97,1
| t=6h - Y,
1! PPh; . _
SIS (RS-BoPhos Pu,: 0.6-20.6 Negligible
cooMe e 1Oeh =12  €emin=+98,1
" NHcome thP’?_{ Iélrgﬁ‘_ngli'/HRF b o = +971 6
62 O @ N— T=25 €Cmax h ’ 25
&) bn,  t=6h Dee =-0,5
S16 (RS)-BoPhos Pu,: 1-21 Negligible
R €emin = +98,6
i Ligand/ Rh=1,2 min-— )
COCH,Ph thp/?_{ 6 mL THF =+96.6
63 - QS N\ T=25 CCmax ho 25
NHCOOtBu | t=6h Dee=-2
S17 (RS-BoPhos Ph,: 1-21 Negligible
0-OMe-Ph [S]=0,15
CouEt Y S/Rh = 100° €Emin = -62
_ PR\ j MeOH ou EtOH €Cmax = -56
64 Al NHC(S)OEt Php T=so Dee = -6" 10
s18 = 25 mL deliquide _ -
(RRDIPAMP Pu,: 3-27 Detrimental
Nrn’= 0,005 _
EO,C  Pr Q X ns=05 Emin = -98,6
65 = Yours  Tes o eS8 g
SlgHCOMe "'VQ t=1h Dee =-30,8
(RR)-Me-DuPHOS sz © 1-90 Detrimental
Nrn®= 0,005 _
EO.C  Pr Oj:fo - ns=05 min = -97,3
66 = P e qeas o =901 oy
SlgHCOMe D t=1h Dee = -7,2
(RR)-Me-MALPHOS sz © 1-90 Detrimental
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Entry  Substrate Ligand Conditions Dee Ref.
Et0,C. Me ji 5h:L:S=0,0l:0,012:l €Cmin = +9213
= TNTONT TCamb eemax = +91,5
67 SZSHCOMe thp\)—{?_PPm MeOH.b Dee = -0,8h 28
(S,5-Me-BDPMI Pr,: 1-7 Negligible
Ngry° = 0,005 _
EtO,C  Ph Q 955= OL5M o €Cmin— '98?,3;
— .S ,oMm eemax e ,
P P =2l
%8 o ‘Qv\) toih Dee = -14,8 2
(RR-MeDuPHOS Py 1 1-90 Detrimental
Ngry° = 0,005
EtO,C Ph Oﬁo nsh= 0,5 €Cnmin = '88,3
69 ~ o p s 15_2“5_ MeoH €Emax = -88,9 27
SzEHCOMe b"'PQ t=1h Dee = +0,6
(RR-MeMALPHOS Py 1 1-90 Negligible
oo g g S0 o DN Ew s
_ o = 08,
70 NHCOMe @t//,ij ':::5=mZL5MeOH Degla:X 0 2h 29
S22 . )
Et Py.: 1-30 ..
(S9-Et-DUPHOS 2 Negligible
MeO,C  Pr Q ER"_C 1 001 €€min = +99
— Et Et s= ee — +99
£ NHCOMe 4(;\5//,6 $5=mzl:r, Meor De:: a:x pah 29
528 & Ph,: 130 Negligible
(S,9-Et-DUPHOS
2Rh_=10,01C €Cmin = _97
MeOC  Me e Q o l; mL MeOH® €Cmax = -96
72 NHCOMe R Etij T=25 Dee =-1 30
S24 5 Ph,t 1-45  Negligible
(S,9-Et-DUPHOS
MeO,C, Me R Q R ERh:lo‘Ol €Cnmin = +98
= 7R R P 15 mL MeOH €Emax = +96
3 NHCOMe C/\//J T=25 = .02 29
24 R ] Dee = -
R:-CH,OMe F)H2 . 1-45 Negllglble
(S.9-Me-BasPHOS
MeO,C Me |i< PPh, ERh-zloch €Cmin = +71
— >< 15 mL MeOH €Emax = +71
4 NHCOMe o T=25 = pah 29
S24 H PPh, ] Dee — -
(RR)-DIOP Ph,: 1-30 Negligible
MeO,C Me 0 Hﬁ‘ PP ERh-zloch eemin = +71
— 15 L MeOH €emax = +70
75 SZL;-\IHCOMe o) 2 erh, To25 Dee = -1 2N 29
OH 1. .
(RR)-HO-DIOP Py 1-30 Negligible
MeO,C Me HO ic PPh, Ezh:lo‘mc €Cmin = +57
76 — ;C 15 mL MeOH €Cmax = +38 29
NHCOMe HO - T=25 Dee = -19 h
S24 " Py, : 1-30 -
C43 Hp Detrimental
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Entry  Substrate Ligand Conditions Dee Ref.
PPh, Rh:L:S=0,01:00121 @@ . = +94.9
MeO,C  Me = e T min '
A O G CCra, = +96,1
77 NHCOMe Z H toluéne Dee=+12 31
S24 /F’th PH - 1-50 L
(RR)-BICP 2" Negligible
Me Q nRh‘= oo €Cmin— '80
— 5 8 Bmiveon  ©0mac=-38
78  Mmeol NHCOBn ’C;\E%U T=25 Dee = -382h 29
S25 : .
Et Pu.: 1-30 i
(RR)-Et-DUPHOS "2 Detrimental
Me Q s oor €€min=-79
— 5 = Brimeon  Gema=-66
79 MeO,C  NHCO,'Bu /C;\Et/,' U T=25 Dee = -132h 29
S26 : o
Et PH . 1—30 i
(RR)-Et-DUPHOS 2 Detrimental
rn® = 0,005
& irs: €8min=-3,6
_ D 7,5mL MeOH €mex = +75,1
80 EtO,C NHCOMe b"'ﬁ‘o tT==12t? Dee = +78,7 27
27 e
(RR)-Me-DuPHOS pH2 - 1-90 Beneficial
rn® = 0,005
o Oﬁfo Eshz 0,5 €Emin = -69,4
_ ={ 3 7,5 mL MeOH €Cmax = -34
P P =25 i
81 EO,C SZ;HCOMe b"'VQ th = Dee = -35,4 27
(RR)-Me-MALPHOS |:>H2 © 1-90 Detrimental
M S/Cata= 100
N Vie t [Rh(COD):]BF, €enmin = -92
p-aitgy [S]=02 10 e = 66
= { 2,5mL EtOA max — ~
82 EO,C SZgHCOMe Np—tBy ::Eg; ‘ ¢ Dee = -26 32
= min .
hy Py,: 0434 Derimentd
Ccl-1
Me )‘i RhL:5=00100121°  €€min = +94,6
— ~N" N~ Teamb €Emax = 91,3
83 E0,C  NHCOMe J—/N MeOH" e 33" 28
8 Py “—PPh, Pu,: 1-7 Dee = -3,
(S,9-Me-BDPMI 2 Negligible
Et Q oo €Emin = -68
84 = B N pH E?nlL MeOH €max = -28 29
MeO,C SZgNHCOMe C/\Et///\j T=25 Dee = -4Q"
(R,R)-Eﬁ)uPHos Ph,: 1-30 Detrimental
€emin=+31
O wr emen
— B B 15mL MeoH Dee = -31°%'
85 MeO,C  NHCOMe C;\Et/,,ij T :;5 Detrimental 29
S30 Py, : 1-30 i
Et Hy» 47 Dee = +72%'
RR)-Et-DuPHOS .
(RR)-ELDY Beneficial
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Entry  Substrate Ligand Conditions Dee Ref.
Me Q ERh_zlo'OIC €Emin = -86,7
_ B, Et o= e = -35
86 MeO,C 83;HCOMe C}ip #ig;MeOH De:azx 517 30
= 1. .
(RR)-Et-DUPHOS Py 1-45 Detrimental
Me R, QP R ﬂ?:lo'mc imin :_ -:_6577
= —RR 15 mL MeOH =
87 MeO,C - ;HCOMe Q‘R«j - :;5 De: a:x -10° 29
R: -CH,OMe Ph,: 1-45 Detrimental
(S,9-Me-BASPHOS
Me |\\Me Me Te €Cmin = +67
88 = P~ MEOH €max = +25 33
MeO,C SS;HCOMe Me M§ PH2 1_30 DEE__-42ah
(S,9-MeBPE Detrimental
ngn = 0,005
Me oﬁfo ne= 05 €Emin = -83
= N s eOl = _
89 Meo,C NHCOMe b P 15;2'5— Meor €€max = -61,3 27
“© T O I Dee = -21,7
(RR)-MeMALPHOS PH2: 1-90 Detrimental
l\'/le
Me P IAd ns=1 , €Cnmin = '52,4
_ Nen = 2.10° €max = -70,5
90 Meo,C  NHCOMe 2 mL MeOH max 34
31 g=en Pu,: 345  De=+131
(S)_thsp* 2 Beneficial
Me >< %(Pth 2:h==10,01° imin :_ ':;76
= 15 mL MeOH max —
91 MeO,C 83;HCOMe O ppn, T =n;5oc Deea:X +gah 29
(RR)-DIOP PHZ: 1-30 Beneficial
" ( ol eon  Emac= 432
= 15mL M max —
92 MeO,C S3;HCOM6 [ o A PPh, T :;5 Dee = -4 ah 29
(R,R)-HO-DIOP PHZ' 1-30 Detrimental
RI =0,01C .=
Me HO%( PPh, 25h= 1 imln - 1?37
= 15 mL MeOH max —
93  wmeod Ssjl_\lHCOMe HO AN gy, Too Dee a:X _op2h 29
C4-3 P, 1-30 Detrimental
Me S/Cata= 100
v h(CO 2 4 S —
Me p-'Bu Eg] (=072Diol-sBF imln ~ ':-993
94 Meo,C  NHCOMe T’IBU $5=r2|5_ T Dar:a:x -5 32
S31 By t=15min Detri tal
c11 Ph,: 0.4-3.4 rimen
Me [Rh(COD)]OTF =4
E‘°2C> ( & - (4-10 mL) MeOH ©Cmin ~ 35
95 — Cpf Pg T=25 eemax - ";149 35
83SHCOME Y e t=(72-96 h) Dee:+l4
(PQA,%)-Me-BPE Pu,: 1-5 Beneficial
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Entry  Substrate Ligand Conditions Dee Ref.
Me
Rh(COD),]OTF =
EtO,C DMe E4_1(0 mL))I\}IeOH €Emin=+5
96 = (e T=25 GCmax = +1 35
SngCOMe @ t=72h Dee=+9
M Pr,: 1-5 Beneficial
(S,S)-Me-DUPHOS
Ph €€min = +32
ns=1 min
97 =<’\O " gﬁ EghnjLo'I\atOH OCmax = :30 36
(R,R)-bdpch Puo: 1-50 Dee = '_2
S32 Negligible
Ph ﬂ = eemin = +39
= O~ PP, e 0,01
rh=0, = +
98 '\O ><O£ PPh 15mL MeOH eemaf h 32 36
H ' py:150 D=t
S32 (RR)-DIOP 2 Detrimental
S:Rh:L=1:0,02:0,02¢
Ph n oot ns=0,25 €Eemin = +98,8
' o T €max = +97,2
99 X T max : 37
S’\:IB%COMe R 3mL MeOH Dee = '_1,6
(RS;SR)-DIOP® Ph,: 1-50 Negligible
S/RA = 10 o
:Ph Of1,~ ¥ PPh, tT-aTE) A im'” ~ :-9988
100 NHCOMe ><O W PP, (é:i 1(();) 0/122C 5 De;na:X Oh 38
S33 H-Cl2 (2m ..
(RS,SR)-DIOP Pr2: 1-5 Negligible
SRWL=1:0,01:0,011
o = +80,2
Ph H = ns =05 €Cmin )
b T’an €Emax = +86,3
101 NHCOMe Z H t=24h mex +6.1" 39
833 ’/pphz c:100 % Dee_ ) .1
(RR)-BICP 4 mL toluéne Beneficial
PHZ: 1-3
S/Rh =500 ee..=+708
COMe [Rh(NBD) »Cl,] min '
= = +
102 come \‘p/phz\—pfhz MeOH nac=+631 45
= Dee =-10,7
S34 (SS-BDPP t=5-10 min Detri 1ta|
Py, : 1-20 etrimen
PPh R =1°¢ . =
CoMe Q ?  §Caa=100 €Crin = -41
103 Co,Me HI—{ TH 15mL MeOH ©Cmax = _3% 41
2 0 T=25 =
S34 Ph,P P, : 1-20 Dee . 10
ddppm Hy - Detrimental
PPh =1t e
CO,H O 2 nS/hCaé: 100 €Cmin = -64
104 COH HI—{ IH 15mL MeOH €Cmax = -?9 a1
2 (o) T=25 =-
S35 PhyP P 135 D= S
ddppm Hy - J Detrimental
[Rh]¢ = (0,02-0,2).10°° .=
CO,H O POy [S] = (2-20).10° ©Cmin _+93
105 PCy2 EtOH eemax - +85 13
CO,H O 2 t=5min Dee = -8
S35 PH 1 1-5 H
(R)-BICHEP 2 Detrimental
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Entry  Substrate Ligand Conditions Dee” Ref.
Rh-= 0,01d
of Y B ST
12 mL MeOH €emax = -85,3
106 CO,H N T=25 Dee = -6 1
835 COztBU t=3-15h _ -
(S,9-BPPM PHZZ 1-20 Detrimental
S/Cata= 100
(o] —
H [Rh(NBD),]SoFs  Emin = +96
3 EtOAC =+
107 e ”:,:(j D Cera =t p
o Bu TBu t=18h Dee=+2
S36 (RS)-TangPhos Pu,: 10-30  Negligible
H S/Cata= 100 B
Ph. % [Rh(NBD),]SoFs  €€min=-93
NH O P o imL THF Cmax = -13
108 )\/U\OMG tBu Bu T=25 Dee = _20 43
37 t=18-24h =
(R,9-TangPhos PH2 1 6-95 Detrimental
Me,, S/Cata= 100 B
Ac Ph Q Ligand/ Rh°=11  €€min = +97
Nz @Ae/ e 4mL MeOH Cmax = +94
w oy O EET amm
: 2- Negligible
(R,R)-l{\AAZ-DuPHOS PHZ 214 g9
Meo— S/Rh = 2500° o = 109
u " MeOH max —
110 B %4 0 CO,Ne >\ /@ T= 20. Dee = Oa 45
(RR)-Me-DUPHOS P, 540 Negligible

" : [concentration] (kmol.m™®), T : temperature (°C), t : reaction time, Py, : hydrogen pressure (Bar),
n : quantity (mmol), ?: substrate conversion (%). S : substrate.

- ee; : initial enantiomeric excess (at low hydrogen pressure), ee; : final enantiomeric excess (at
high hydrogen pressure).

2 the configuration of the major enantiomer is not indicated. ” : solvent effect. ©: BF,, °: ClOy",
¢ OTf, 1 PFe’, 9: SbFs’, ": only two pressures were investigated. ' : inversion of major
enantiomer.

Other genera operating conditions : solvents are generally acohols, the Rh/L ratio is unity.
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[11-Sign of derivative of ee with hydrogen concentration

Reaction scheme: Mac+H, ® R (R
Mac+H, ® S S
Mechanism: kir
Mac + Rh* o—> IR (1R)
k-lR
Kis
Mac + Rh* =<—* g ()
Ks

K
gk + Hp —=» Rh* + R (2R

K
s + Ho —=» Rh* + S (29

P o= KirKor [Mac][Rh] [H],
R -
(k-lR + kZR[HZ]L) ai+ Kr[Mac] + k,s[Mac] 9
ki tker[HolL ks tKys[HL] g

Rate laws:

r. = lekZS [Mac][Rh]tot[HZ]L

D kistkslHal ), keMad | kg[Mad]
k-lR +k2R[H2]L k-lS +kZS[H2]L B

+

. . . L r.  kKgk,, &K ,c +k,<[H,], 0
The instantaneous enantiosel ectivity ratio is given by: Tr _ Kigkon 815 +KoolH, ], T
s lekZS k-lR + sz[Hz]L 1]

Knowing that the mass balances for species R and S in a batch reactor with no limitations by mass
transfer are:

It follows, & = KirKor 815 +Kys[H,], O_ d[R]
rs KKy gk_lR +K,n[H,], 5 d[S]

Under constant hydrogen concentration (or constant hydrogen pressure in a mass transfer free
reactor), thisratio is constant and can be integrated to give the integral enantioselectivity ratio :

[R] _ kirkor &K. 15 +kps[Ho]1 O
[S]  kiskos gk- 1R T Kor[H2]L g

The derivative of thisratio with hydrogen concentration writes :

qIRl
[S] _ kirkorKisk. 15 A 1R kor O
d[Ha)l  (kisk 1 * kiskor[Ho], 2 8K-15  kes
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Because kinetic constants and concentrations are always positive, the sign of this derivative, which
indicates the increase or decrease of enantioselectivity with hydrogen concentration is given by :

24R 9

R

Similarly for the enantiomeric excess ee: By definition: ee= S
s

_ kirkarkK- 15 - K. 1Rkiskos + (kirkorkas - kiskoskor)H2],
kirkork. 15 * K_ 1rKiskos + (kirkorkas + kiskoskor [ Hol,

It follows:

The derivative of ee with hydrogen concentration writes :

dee _ 2kirkoRrK2skS
d[Hz], (klesz- 15 + kiskask. 1r + (kirkarkas + kiskoskor [H z]L )2

(k. 1rK2s - k. 15K2R)

Because kinetic constants and concentrations are always positive, the sign of this derivative, which

indicates the increase or decrease of enantioselectivity with hydrogen concentration is given by :

. & dee 9 . . a(_lR kZR'-O.
sign "= signlk. 1rKos - K. 15k =dggn - ==
ggdeLE gn(k. 1rKzs - k- 15K2R) gérls kos &
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IV -Influence on the threshold on conclusions

The influence of the threshold of Dee fixed for the statistical analysis has been checked.

Thus, different threshold values, i.e. 2, 4 and 6, have been investigated. The results are reported in
the figures and table below:

Threshold =2

Threshold = 4 Threshold =6

Detrimental
32%

Detrimental
25 % Negligeable
47 %

Negligeable
35 %

Negligeable
58 %

Beneficial

- 21 %

Beneficial
28 %

Beneficial

34 %

Threshold Dee % Number
Not taken (Jee| <5 %) 12
Negligeable (-6 < Dee|< 6) 58,1 90

6 Beneficial (Dee > 6) 21,3 33
Detrimental (Dee < -6) 20,6 32
Negligeable (-5 < Dee|< 5) 47,1 73

4 Beneficial (Dee > 4 27,7 43
Detrimental (Dee < -4 25,2 39
Negligeable (-2 < Dee|< 2) 34,8 54

2 Beneficial (Dee > 2 33,5 52
Detrimental (Dee < -2 31,6 49

It is clear that the level of the threshold does not have an influence on the conclusion about the
equal repartition of detrimental and beneficial pressure effect on ee. In the main text, a threshold
value of 4 has been used.
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V-List of the chiral diphosphines used in this work.

Entry| Name Full name CASN° |Ref
1 |(R-BINAP (R)-(+)-2,2'-bis(diphénylphosphino)-1,1'-binaphthyl 76189-55-4 |STREM
2 |(R)-5,5-Br,-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-5,5’ -dibromo-1,1'-binaphthyl 1
3  |(R)-55-CN,-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-5,5’ -dicyano-1,1'-binaphthyl 2
4  |(R)-5,5-(CH2NH;),-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-5,5' -diaminométhyl -1,1'-binaphthy! 2
5 |(R)-5,5-(CgFi7)2-BINAP (R)-(+)-2,2'-bis(diphénylphosphino)-5,5' -diperfluorooctyl-1,1'-binaphthyl 3
6 |(R-55-Me;-BINAP (R)-(+)-2,2'-bis(diphénylphosphino)-5,5' -dimétyl-1,1"-binaphthy! 1
7 |(R)-5,5-Ph,-BINAP (R)-(+)-2,2'-bis(diphénylphosphino)-5,5' -diphényl-1,1'-binaphthyl 1
8 |[(R)-5,5-(COCH),-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-5,5’ -dicarbonyl-1,1'-binaphthyl 1
9 |(R-4,4'-Br,-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-4,4’ -dibromo-1,1'-binaphthyl 4
10 |(R)-4,4'-CN,-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-4,4’ -dicyano-1,1'-binaphthyl 2
11 |(R)-4,4'-(CH2NH2).-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-4,4’ -diaminométhyl -1,1"-binaphthy! 2
12 |(R)-4,4 -(C1oF21)2-BINAP (R)-(+)-2,2'-bis(diphényl phosphino)-4,4’ -diperfluorodécyl-1,1'-binaphthy! 3
13 |(R)-4,4'-Me,-BINAP (R)-(+)-2,2'-bis(diphénylphosphino)-4,4’ -dimétyl -1,1"-binaphthy! 4
14 |(R)-4,4'-Ph,-BINAP (R)-(+)-2,2'-bis(diphénylphosphino)-4,4’ -diphényl-1,1'-binaphthyl 4
15 |(R)-Tol-BINAP (R)-(+)-2,2'-bis(di-p-tolylphosphino)-1,1'-binaphthy! 99646-28-3 |STREM
16 |(R)-p-OMe-BINAP (R)-(+)-2,2'-bi s(di (p-méthoxyphényl) phosphino)-1,1'-binaphthy! 5
17 |(R)-p-OH-BINAP (R)-(+)-2,2'-bi s(di (p-hydroxyphényl) phosphino)-1,1'-binaphthy| 6
18 |(R)-p-NMe,-BINAP (R)-(+)-2,2'-bi s(di (p-diméthyl aniline) phosphino)-1,1'-binaphthyl 6
19 |(R)-p-O’-BINAP (R)-(+)-2,2'-bi s(di (p-al cool atephényl) phosphino)-1,1'-binaphthyl 6
20 |(R)-p-"NMes-BINAP (R)-(+)-2,2'-bi s(di (p-triméthyl aniline) phosphino)-1,1'-binaphthy! 6
21 |(R)-6,6'-(C12H2s)2-p-OH-BINAP ((R)-(+)-2,2'-bis(di (p-hydroxyphényl)phosphino)-6,6’ dodécyl-1,1'-binaphthyl 6
22 |(R)-6,6'-(C12H2s)2-p-O’-BINAP |(R)-(+)-2,2'-bis(di(p-al cool atephényl) phosphino)-6,6' dodécyl-1,1'-binaphthyl 6
23 |(R)-3,5-Xylyl-BINAP (R)-(+)-2,2'-bis(di(3,5-Xylyl)phosphino)-1,1'-binaphthyl 137219-86-4 |STREM
24 |(R)-Cy-SONIPHOS (R)-(+)-6,6' -Bis(di phényl phosphino)-1,1 -biphényl-2,2’ -diylbis(cyclohexyl carboxyl ate) 398128-03-5 |STREM
25 |(R)-C3-TUNEPHOS (R)-(-)-1,13-Bis(diphényl phosphino)-7,8-di hydro-6H-dibenzo[f,h] [ 1,5] dioxonin 301847-89-2 (STREM
26 |(R)-DifluoroPHOS (R)-(-)-5,5' -Bis(diphénylphosphino)-2,2,2',2' -Tetrafluoro-4,4’ -bi-1,3-benzodioxole 503538-69-0 |STREM
27 |(R-SYNPHOS (R)-(+)-6,6' -Bis(diphényl phosphino)-2,2’,3,3 -tetrahydro-5,5' -bi-1,4-benzodioxin STREM
28 |(R)-Cl-OMe-BIPHEP (R)-(+)-5,5'-Dichloro-6,6' -diméthoxy-2,2’ -bis(di phényl phosphino)-1,1’ -biphényl 185913-97-7 |STREM
29 |(R9-Xyl-Ph-JOSIPHOS (R)-(-)-1-[(9)-2-(Dicyclohexyl phosphino)-ferrocényl]éthyldi(3,5-diméthyl phényl)phosphine | 184095-69-0 |STREM
30 |(R)-(9-'Bu-Ph-JOSIPHOS (R)-(-)-1-[(9)-2-(Dicyclohexyl phosphino)-ferrocényl] éthyl -di-t-buthyl phosphine 155830-69-6 |STREM
31 |(R-(9-JOSIPHOS (R)-(-)-1-[(9)-2-(diphényl phosphino)-ferrocényl] éthyl di-cycl ohexyl phosphine 155806-35-2 |STREM
O e e somao 54 st
33 |(R-(9)-Ph-Cy-JOSIPHOS (R)-(-)-1-[(9)-2-(Dicyclohexyl phosphino)-ferrocényl] éthyl diphényl phosphine 158923-09-2 |STREM
34 |(R)-(9)-Cy-Cy-JOSIPHOS (R)-(-)-1-[(9)-2-(Dicyclohexyl phosphino)-ferrocényl] éthyl dicycl ohexyl phosphine 167416-28-6 |STREM
35 |(R)-(9-'Bu-Cy-JOSIPHOS (R)-(-)-1-[(9)-2-(Diphényl phosphino) -ferrocényl] éthyl di -t-butyl phosphine 158923-11-6 |STREM
36 |(R)-Ph-CTH-P-PHOS (R)-(+)-2,2',6,6' -tetraméthoxy-4,4’ -bis(di phényl phosphino)-3,3' -bipyridine 221012-82-4 |STREM
37 |(R)-Xylyl-CTH-P-PHOS (R)-(+)-2,2',6,6' -tetraméthoxy-4,4’ -bis(di (3,3’ xylyl)phosphino)-3,3' -bipyridine 442905-33-1 [STREM
38 |(R-PHANPHOS (R)-(-)-4,12-Bis(diphényl phosphino)-[ 2,2] -paracyclophane 192463-40-4 |STREM
39 |CTH-(9-3,5Xyl-PHANPHOS (9-(+)-4,12-Bis(di(3,5-Xylyl)phosphino)-[2,2] -p-cyclophane STREM
40 |(RR)-Me-DUPHOS (-)-1,2-bis((2R,5R)-2,5-diméthyl phosphol ano)benzeéne 147253-67-6 |STREM
41 |(RR)-Et-DUPHOS (-)-1,2-bis((2R,5R)-2,5-di éthyl phosphol ano)benzéne 136705-64-1 |STREM
42 |(S9-'Pr-DUPHOS (-)-1,2-Bis((2S,59)-2,5-di-i-propyl phosphol ano)benzéne 147253-69-8 |STREM
43 |(RR)-Me-BPE (+)-1,2-bis((2R,5R)-2,5-diméthyl phosphol ano)éthane 129648-07-3 |STREM
44 |(RR)-Et-BPE (+)-1,2-bis((2R,5R)-2,5-diéthyl phosphol ano)éthane 136705-62-9 |STREM
45 |(SS)-BDPP (2549)-(-)-2,4-bis-(diphénylphosphino) pentane 77876-39-2 |STREM
46 |(S9-CHIRAPHOS (25,39)-(-)-bis(diphényl phosphino)butane 64896-28-2 |STREM
47 |(R-PROPHOS R-(+)-1,2-bis(diphényl phosphino)propane 67884-32-6 |STREM
48 |(RR)-DIOP (4R,5R)-(-)-O-I sopropylidéne-2,3-dihydroxy-1,4-bis(diphénylphosphino)butane 32305-98-9 [STREM
49 |(S9-BPPM (-)-(2549)-2-diphényl phosphinométhyl-4-diphényl phosphino-1-t-butoxycarbonylpyrrolidine | 61478-28-2 |STREM
50 [(SSRR)-TANGPHOS (1S1'S2R 2'R)-(+)-1,1' -Di-t-buthyl-[2,2']-diphosphol ane 470480-32-1 |STREM
51 |CARBOPHOS Methyl a-D-glucopyranoside-2,6-dibenzoate-3,4-di(bis(3,5-diméthyl phényl)phosphinite) 158214-06-3 |STREM
52 |(RR)-NORPHOS (2R,3R)-(-)-2,3-bis(diphényl phosphino)-bicycl o[ 2.2.1] hept-5-ene 71042-54-1 |STREM
53 |(R)-BINAPHANE (RR)-(-)-1,2-Bis{ (R)-4,5-dihydro-3H-binaphto[ 1,2-c:2’,1’ -] phosphepino} benzéne 253311-88-5 |STREM
54 |(9-BINAPINE (353 5454 Sllbs,l;’ bs)-(+)-4,4' Di-t-butyl-4,4' 5,5 -tetrahydro-3,3' -bi-3H-dinaphtho 610304-81-9 |STREM
[2,1-c:1’,2"-e]phosphine
55 |(S9)-Et-FERROTANE (-)-1,1-Bis((2S,49)-2,4-diéthyl -phosphonato)ferrocéne, min95% 290347-66-9 |STREM
56 |(R.S)-35-trifluoro-o-PPh,-Ph-L (R)-(-)-1-[(R)-2-(2’ Diphényl phosphinophényl)-ferrocényl] éthyl di(bis-3,5- 387868-06-6 | STREM

trifluorométhylphényl)phosphine
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