
DUPHOS & BPE LIGANDS:
FROM RHODIUM TO BASE METAL CATALYSIS AND BEYOND!
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Ligand Product code Product name References

SC-2043 (R,R)-Ph-BPE-Rh(acac) [3]

SC-4102 (R,R)-Ph-BPE

[7,14-17]

SC-4103 (S,S)-Ph-BPE

SC-4399 (S,S)-Et-DuPHOS

[4]

SC-4465 (R,R)-Et-DuPHOS

SC-4416 (S,S)-Me-DuPHOS

[12-13]

SC-4415 (R,R)-Me-DuPHOS

SC-2069
Rh(COD)((S,S)-Et- 
DuPHOS)BF4

[8-11]

SC-2068
Rh(COD)((R,R)-Et-
DuPHOS)BF4
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The Advent  
of DuPhos & 
BPE Ligands

DuPhos and BPE are bisphospholane 
ligands which were developed by Burk 
and co-workers in the early 1990’s.1,2  
As shown in Figure 1, both the DuPhos 
and the BPE ligands feature two 
2,5-disubstituted phospholane units that 
are linked with a benzene and an ethylene 
bridge, respectively. The application of 
them in highly efficient enantioselective 
hydrogenation of C=C and C=N double 
bonds was also pioneered by Burk and  
co-workers.1

In the following decades, DuPhos and BPE 
ligands have been playing a significant role 
in various metal-catalyzed asymmetric 
transformations, e.g. asymmetric 
hydrogenation, hydroformylation,3  
hydrosilylation and hydroacylation.4 These  
are all powerful processes for delivering 
enantiomerically pure derivatives of 
pharmaceuticals and other building 
blocks. Even though DuPhos and BPE 
ligands have been applied in an academic 

setting in numerous reaction types, 

which include Rh-catalyzed cycloaddition 
reactions,5 kinetic resolution of 
1,3-disubstituted allene-1,3-dienes6 and Ni-
catalyzed Heck reaction of cycloalkenes,7  
only limited industrial applications 
involving DuPhos and BPE ligands 
have been reported. Nonetheless, the 
combination of robustness, high activity 
and excellent enantioselectivity turns 
these ligands into promising  candidates 

Figure 1  
Structure features 
of DuPhos and BPE
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Scheme 1 Asymmetric hydrogenation to (R)-2-methylsuccinamic acid 2

From precious metal-catalyzed 
asymmetric hydrogenation reactions…

The attempt for large-scale application  
of Rh-based DuPhos complex was  
made as early as in 2004 by process 
chemists from GSK.8 For the asymmetric 
hydrogenation of a diacid derivative, which 
is a key intermediate for the synthesis of 
vitronectin receptor antagonist, Rh-(S,S)-
Et-DuPhos complex was shown to provide 
an efficient catalyst system. However, 
the poor reproducibility of the reaction 
prevented further optimization of the Rh-
Et-DuPhos catalyst system.8 Nonetheless, 
this may have brought the Rh-EtDuPhos 

catalyst to the attention of chemists for 
consideration in other projects. Taking 
advantage of [(S,S)-Et-DuPhosRh(COD)]
BF4 as the precatalyst, chemists at 
Dow  developed an extremely efficient 
asymmetric hydrogenation route to 
gram-scale synthesis of enantiomerically 
enriched succinamic acid derivatives.9  
Under a set of broadly optimized process 
parameters, the substrate-to-catalyst 
ratio (S/C) reached up to 100,000 and the 
crude (R)-2-methylsuccinamic acid 2 was 
produced in 96% ee (Scheme 1). After 
single crystal digestion process, 2 could be 
upgraded to >99.5% ee and contained less 
than 1 ppm Rh.

for industrial applications. There could 
be a number of reasons for their absence 
in the industrial settings. Just to mention 
a couple: IP-related constraints around 
the technology combined with a lack of 
qualified suppliers for larger quantities 
(commercial availability) may have led 
to this family of ligands being eliminated 
from process development projects 
already at an early stage. This Snapshot 
presents the applications of several 
representative DuPhos and BPE ligands in 
both precious and base metal catalyzed 

asymmetric hydrogenation reactions. 
Recent progress involving the application 
of BPE ligand in Heck and dearomative 
alkylation reaction is also described.

We hope that this concise presentation 
of selected reactions will highlight the 
advantages that the DuPhos and BPE 
ligands may bring to your R&D projects, 
and inspire them to be more widely 
applied and evaluated in asymmetric 
transformations, even on larger scale.

H02C H02C

0 0

NH2 NH2

[(    )-Et-DuPhosRh(COD)]BF4

S/C = 100,000

2, gram-scale
96%    , >99.5%  

after recrystallization

1

H2
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A few years later, chemists at Chirotech 
developed a multi-step route to 150 kg 
scale synthesis of N-Boc D-phenylalanine 
pharmaceutical intermediate 6 (Scheme 
2).10 Notably, the key step of the route 
involved the asymmetric hydrogenation 
of an N-acetyl dehydroamino acid 3, for 
which the selected catalyst was [((R,R)-
Et-DuPhos)Rh(COD)]BF4. The reaction 

proceeded with sufficiently low catalyst 
loadings and afforded 4 in 95% yield with 
>98% ee. Even though ligand screening 
disclosed the highest enantioselectivity 
was achieved with Ph-BPE (Table 1), Et-
DuPhos was available at a lower cost than 
Ph-BPE and, at the time, more readily 
available on the scale required.10

Scheme 2 Synthesis of 6 via asymmetric hydrogenation of 3

Table 1 Ligand screening for asymmetric hydrogenation of 3 with [(Ligand)Rh(COD)]BF4

ligandligand conversion %conversion % ee (%)ee (%)

(S)-Tol-BINAP(S)-Tol-BINAP >98>98 4.0 (R)4.0 (R)

(R,R)-Et-DuPhos(R,R)-Et-DuPhos >98>98 96.2 (R)96.2 (R)

(R)-(S)-JosiPhos(R)-(S)-JosiPhos >98>98 15.3 (R)15.3 (R)

(R,R)-Me-FerroTANE(R,R)-Me-FerroTANE >98>98 85.9 (R)85.9 (R)

(R,R)-Ph-BPE(R,R)-Ph-BPE >98>98 98.2 (S)98.2 (S)

(S,S,R,R)-TangPhos(S,S,R,R)-TangPhos >98>98 69.3 (R)69.3 (R)

(R,R)-Me-5-Fc(R,R)-Me-5-Fc >98>98 28.3 (R)28.3 (R)

95% yield, >98%    , kg scale  

3 40

0Me
NHAc

[((     )-Et-DuPhos)Rh(COD)]BF4

s/c = 3500 : 1, 7 bar H2, Me0HH0

0

0Me
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6
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In Rh-catalyzed asymmetric hydrogenation 
of the α-aminomethyl acrylate 7, (S,S)-
Et-DuPhos also turned out to be the 
most efficient ligand out of a selection of 
hydrogenation catalysts (Scheme 3). After 

…through base metal catalyzed 
asymmetric hydrogenation reactions…

In addition to precious metal catalyzed 
asymmetric hydrogenation reactions, in 
recent years DuPhos and BPE ligands have 
also been applied in base metal catalyzed 
asymmetric hydrogenation reactions. 
Particularly, the Me-DuPhos ligand has 
been extensively investigated for non-
PGM metal catalysis. As shown in Scheme 
4, taking advantage of the coordination 
chemistry of (S,S)-Me-DuPhos, Chirik and 

careful optimization of the hydrogenation 
conditions (chiral catalyst, H2-pressure, 
temperature, solvent), full conversion to  
β2-amino acid 8, with up to 99% ee, was 
achieved.11

co-workers developed a highly active and 
enantioselective phosphine nickel catalyst 
for the asymmetric hydrogenation of α,β-
unsaturated esters 9.12 Reaction screening 
demonstrated an air stable nickel source 
in combination with Bu4NI additive as well 
as Me-DuPhos being the most effective 
catalytic system in methanol. The reaction 
condition tolerated a range of substrates 
with electron donating and withdrawing 
functional groups, yielding (S)-10 with up 
to 99% isolated yield and 96% ee.

Scheme 3 Initial screening of Rh-catalyzed asymmetric hydrogenation of E-7

ligandligand conversion %conversion % ee (%)ee (%)

(S,S)-Me-BPE(S,S)-Me-BPE >99>99 45(R)45(R)

(S)-(R)-Josiphos(S)-(R)-Josiphos >99>99 27(S)27(S)

(S)-BINAP(S)-BINAP >99>99 17(S)17(S)

(S,S)-Me-DuPhos(S,S)-Me-DuPhos >99>99 72(R)72(R)

(S,S)-iPr-DuPhos(S,S)-iPr-DuPhos >99>99 23(S)23(S)

(S,S)-Et-DuPhos(S,S)-Et-DuPhos >99>99 84(R)84(R)

(S,S)-Et-FerroTANE(S,S)-Et-FerroTANE >99>99 24(S)24(S)

8

C02Me*

NH

7

C02Me

NH

[Rh(Ligand)(COD)]BF4

H2 (6 MPa), Me0H
40ºC, 20 hrs
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An alternative asymmetric hydrogenation 
of α,β-unsaturated esters 11 to 12 
was realized by a combination of the 
commonly used nickel source NiBr2·DME 
and ligand (R,R)-Me-DuPhos (Scheme 5). 

Interestingly, the reaction employed DMF 
as the hydride source instead of H2. A 
series of saturated esters were formed in 
moderate to high yield with up to 93% ee.12

Scheme 4 Asymmetric hydrogenation of α,β-unsaturated esters 9

Scheme 5 Ni-catalyzed asymmetric hydrogenation of α,β-unsaturated esters 11 to 12

9

Ni(0Ac)2

(    )-Me-DuPhos
Bu4Ni (1:1:1)

Me0H, 0.5 M
500 psi H2, 50ºC, 18 hrs

R

C02Et

10
up to 96%     

R

C02Et

1% Ni, 99%, 93.0%     

C02Et

1% Ni, 97%, 94.7%     

C02Et

Me0

2% Ni, 87%, 95.5%     2% Ni, 87%, 94.6%

C02Et

F3C

C02EtCl

96%, 83%

121 1

NiBr2
•DME 4 mol%

(     )-Me-DuPhos 4 mol%

DMF/H20 3:1, AlCl3 (2x)
110ºC, 24 hrs

Me

Ph
C02Et

1 1

Me

Ph

94%, 91%

C02Et

Et

Ph
C02Et

C02Et

0 Me

N

C02Et

92%, 89%

other examples

92%, 93% 97%, 92%

Me

0

0 C02Et

Accelerate to the next phase
To get started visit: en.sinocompound.com  
or email: sales@sinocompound.com



BPE ligand has also shown great 
potential in Co-catalyzed asymmetric 
hydrogenations. One representative 
example reported by Chirik et al. involves 
the asymmetric hydrogenation of α,β-
unsaturated carboxylic acids 13 and 14 
that was catalyzed by a readily prepared 
Co(0)-((R,R)-Ph-BPE)(COD) precatalyst A 
(Scheme 6).14  Using this methodology, 

di-, tri-, and tetrasubstituted acrylic acid 
derivatives with various substitution 
patterns as well as dehydro-α-amino acid 
derivatives were hydrogenated with high 
yields and enantioselectivities, affording 
chiral carboxylic acids Naproxen and (S)-
Flurbiprofen with moderate yield and up 
to 99% ee (Scheme 6).

Scheme 6 Synthesis of Naproxen, (S)-Flurbiprofen via Co-catalyzed asymmetric hydrogenation
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Another promising synthetic utility of Co-
catalyzed asymmetric hydrogenation of 
α,β-unsaturated carboxylic acids 17 and 19 
was highlighted by Zhang and co-workers 
very recently.15 By taking advantage of a 
cobalt catalyst bearing electron-donating 

In 2018, Chirik and co-workers described 
a Zn-activation method to prepare 
hundreds of grams of epilepsy medication 
levetiracetam.16  As shown in Scheme 8, 
the combination of CoCl2·6H2O and (R,R)-
Ph-BPE exhibited high catalytic activity 
and enantioselectivity in MeOH for the 
asymmetric hydrogenation of dehydro-
levetiracetam 21, affording levetiracetam 

ligand Ph-BPE series, the gram-scale 
syntheses of key intermediates 18 and 19 
for chiral drugs Sacubitril and Artemisinin, 
respectively, with high activity (up to 1860 
TON) and excellent enantioselectivity (up 
to >99% ee) were achieved (Scheme 7). 

in 97% isolated yield and 98.2% ee. More 
importantly, the catalyst loading in this 
catalytic system could be lowered to ~0.08 
mol%. Stoichiometric studies established 
the Co(II) catalyst precursor (R,R)-Ph-
BPECoCl2 underwent ligand displacement 
by methanol, and zinc promoted facile one-
electron reduction to Co(I), which bound 
the phosphine in a more stable fashion.

Scheme 7 Synthesis of chiral drug Sacubitril and Artemisinin intermediate 18 and 20
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…miscellaneous reactions…

Besides the most extensively investigated 
metal-catalyzed hydrogenation reactions, 
DuPhos and BPE ligands have also been 
applied in an academic setting in other 
reaction types. Chi et al. reported a recent 
Ni-catalyzed Heck reaction between aryl 
electrophiles and cycloalkenes. Ligand 
screening implied Ni(0) catalysts ligated 
by chelating (R,R)-Ph-BPE, among the 

generally used diphosphine ligands, 
affected the most efficient Heck reaction 
of aryl triflates 22 and cycloalkenes 23 
(Scheme 9). As a key feature, the external 
bases were intentionally omitted so that 
nickel hydride species formed in this 
reaction can live long enough to allow 
extensive olefin isomerization of the initial 
Heck isomers.7

Scheme 8 Scale-up synthesis of epilepsy medication levetiracetam

Scheme 9 Ligand screening for Ni-catalyzed Heck reaction of cycloalkenes 22 and aryl triflates 23 
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Moreover, Harutyunyan and co-
workers also described a general 
Cu(I) catalytic methodology for the 
enantioselective dearomative alkylation 
of pyridine derivatives (Scheme 10).17  The 
methodology involves dearomatization 
of in situ-formed N-acylpyridinium salts 

25, employing alkyl organomagnesium 
reagents 26 as nucleophiles and a chiral 
Cu(I)-(R,R)-Ph-BPE complex as the catalyst. 
The methodology allows direct access 
to nearly enantiopure chiral dihydro-4-
pyridones 27 with yields up to 98%.

…and finally the Beyond!

Since their seminal development in the 
1990s, members of the DuPhos and BPE 
family of ligands have been applied in 
a wide range of highly enantioselective 
catalytic reactions. Starting with more 
traditional rhodium based catalysis, in 
some cases providing extremely high 
turnover numbers, they have also been 
shown to be promising candidates for 
exploring the base metal catalysis area. 
However, reports involving larger scale 
industrial application of these ligands 

are still limited. We speculate that a lack 
of commercial availability of the DuPhos 
and BPE ligands on sufficient scale might 
be the main reason for these ligands 
to stay mainly in small-scale academic 
applications, and not to be chosen for 
scale-up projects. If this is consistent 
with your experience, we are pleased to 
announce that Sinocompound can now 
support you to progress your projects 
using DuPhos or BPE based ligands or 
catalysts, from the early development 
work through to large scale production 
and beyond!

Scheme 10 Enantioselective dearomative alkylation of pyridine derivatives 

0Me

RMgBr+

0

Cl 0R3

in situ
R2

R1

N

+

27
up to 98% yield

and >99%   

25 26

0

0R30

RR2

R1

N

Cu(l)-(     )-Ph-BPE

Accelerate to the next phase
To get started visit: en.sinocompound.com  
or email: sales@sinocompound.com



References

1. a) M. J. Burk, J. Am. Chem. Soc. 1991, 113, 8518-8519; b) R. L. Harlow, W. A. Nugent, J. 
E. Feaster, M. J. Burk, , J. Am. Chem. Soc. 1993, 115, 10125-10138; c) W. A. Nugent, T. V. 
Rajanbabu, M. J. Burk, Science 1993, 259, 479-483.

2.  M. J. Burk, Acc. Chem. Res. 2000, 33, 363-372.
3. A.T. Axtell, C.J. Cobley, J. Klosin, G.T. Whiteker, A. Zanotti-Gerosa, K.A. Abboud,  

Angew. Chem. Int. Ed. 2005, 44, 5834-5838.
4. Zhang, W. and Zhang, X. (2011). Bisphosphacycles-From DuPhos and BPE to a Diverse Set 

of Broadly Applied Ligands. In Privileged Chiral Ligands and Catalysts, Q.-L. Zhou (Ed.).
5. M. Murakami, K. Itami, and Y. Ito, J. Am. Chem. Soc. 1999, 121, 4130-4135.
6. A Qin, Q Zhang, H. Qian, Y. Han, and S. Ma, Chin. J. Chem. 2021, 39, 559-565.
7. J. S. Zhou, X. Huang, S. Teng, and Y. R. Chi, Chem. Commun., 2021, 57, 3933-3936.
8. M. D. Wallace, M. A. McGuire, M. S. Yu, L. Goldfinger, L. Liu, W. Dai, and S. Shilcrat,  

Org. Proc. Res. Dev. 2004, 8, 738-743.
9. C. J. Cobley, I. C. Lennon, C. Praquin, A. Zanotti-Gerosa, Org. Proc. Res. Dev. 2003,  

7, 407-411.
10. M. E. Fox, M. Jackson, G. Meek, and M. Willets, Org. Process Res. Dev. 2011, 15, 1163-1171.
11. S. Lühr, J. Holz, O. Zayas, V. Wendisch, A. Börner, Tetrahedron Asymmetry, 2012,  

23, 1301-1319.
12. M. Shevlin, M. R. Friedfeld, H. Sheng, N. A. Pierson, J. M. Hoyt, L. C. Campeau, and P. J. 

Chirik, J. Am. Chem. Soc. 2016, 138, 3562-3569.
13. S. Guo and J. Zhou, Org. Lett. 2016, 18, 5344-5347.
14. H. Zhong, M. Shevlin, P. J. Chirik, J. Am. Chem. Soc. 2020, 142, 5272-5281.
15. X. Du, Y. Xiao, J. M. Huang, Y. Zhang, Y. N. Duan, H. Wang, C. Shi, G. Q. Chen, X. Zhang,  

Nat. Commun., 2020, 11, 3239.
16. M. R. Friedfeld, H. Zhong, R. T. Ruck, M. Shevlin, P. J. Chirik, Science 2018, 360, 888-893.
17. Y. Guo, M. C. Reis, J. Kootstra, and S. R. Harutyunyan, ACS Catal. 2021, 11, 8476-8483.

Accelerate to the next phase
To get started visit: en.sinocompound.com  
or email: sales@sinocompound.com


