
A

C. A. Quesnelle et al. LetterSyn  lett

SYNLETT0 9 3 6 - 5 2 1 4 1 4 3 7 - 2 0 9 6
© Georg Thieme Verlag  Stuttgart · New York
2016, 27, A–E
letter

ng
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.
A Practical Approach for Enantio- and Diastereocontrol in the Syn-
thesis of 2,3-Disubstituted Succinic Acid Esters: Synthesis of the 
pan-Notch Inhibitor BMS-906024
Claude A. Quesnelle*a 
Patrice Gilla 
Soong-Hoon Kima 
Libing Chena 
Yufen Zhaoa 
Brian E. Finka 
Mark Saulniera 
David Frennessona 
Michael P. DeMartinob 
Phil S. Baranb 
Ashvinikumar V. Gavaib

a Bristol-Myers Squibb Research and Development, P. O. Box 
4000, Princeton, NJ 08543, USA
Claude.Quesnelle@BMS.com

b Department of Chemistry, The Scripps Research Institute, 
10550 North Torrey Pines Road, La Jolla, CA 92037, USA

N

N

N
H

NH2

O

CF3

CF3

OO
MeO

O N

O

OtBu

O

O

HO
OtBu

O

CF3

CF3

CF3

CF3

+

BMS-906024

(R)

(S)
(S)
D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f W

ol
lo

ng
o

Received: 22.12.2015
Accepted after revision: 13.04.2016
Published online: 18.05.2016
DOI: 10.1055/s-0035-1561636; Art ID: st-2015-r0992-l

Abstract An oxidative intermolecular enolate heterocoupling reaction
was employed for the synthesis of anti-2,3-disubstituted succinic acid
mono- and differentially protected diesters. Tactical approaches to ac-
cess all the diastereomers are discussed. The method was applied to the
synthesis of a potent anticancer agent, BMS-906024.

Key words oxidative enolate coupling, chiral succinic acid, pan-Notch
Inhibitor BMS-906024

2,3-Disubstituted succinic acids and derivatives are
found in many drugs and drug candidates and as a sub-
structure of natural products.1,2 In recent work aimed at the
discovery of novel anticancer agents, BMS-654 (Figure 1)
was identified as a potent pan-Notch inhibitor.3 Develop-
ment of further structure–activity relationships (SAR) re-
quired rapid access to either mono-protected or orthogo-
nally di-protected succinic acid esters with anti-configura-
tion in the succinamide portion of the molecule as shown
in BMS-654.

Figure 1  BMS-654 (Notch1/2/3/4 IC50 = 2/1/3/2 nM)

Although several methods are known to give disubsti-
tuted succinic acids, few exhibited the desired broad scope
and diastereoselectivity. For example, Deccico4 showed that
either syn or anti selectivity may be obtained depending on
the choice of chiral oxazolidinone 3 and chiral secondary
triflate 4 (Scheme 1). However, low yields of the desired
anti-succinate precluded the application of this method for
our needs. McClure5a and others5b showed that anti-selec-
tive products can be obtained through decarboxylation of 5,
but the generality of this method has not been established.
Martin6 showed that an Ireland–Claisen route (6 to 2) can
provide anti-selective products, but this method is limited
to functionalities that can be derived from an allyl group.
Crimmin7 showed that only syn-selective products could be
obtained upon alkylation of ester 7. Recently, Baran8a re-
ported an efficient method for generation of 2,3-disubsti-
tuted succinic acids via a copper-mediated oxidative eno-

N

N

N
H

NH2

O

OO
Me

1

3
2

Scheme 1  Strategies to synthesize 2,3-disubstituted succinic acids
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late coupling (e.g., 8 + 9 to 2). It is the aim of this Letter to
expand the scope of the oxidative enolate coupling reaction
and the strategy for separation of the resulting diastereo-
mers for rapid access to enantio- and diastereomerically
pure 2,3-disubstituted succinic acid mono- and differen-
tially diprotected esters. The method was optimized for the
synthesis of BMS-906024, a highly potent pan-Notch inhib-
itor currently undergoing phase 1 clinical evaluation.3

Scheme 2 depicts the oxidative intermolecular enolate
heterocoupling route employed for the synthesis of 2,3-
disubstituted succinic acid esters. The efficiency of the cop-
per(II) 2-ethylhexanoate mediated heterocoupling process
was optimized by employing a modest excess (1.75 equiv)
of the ester coupling partner 9 and by carrying out enolate
formations in separate reaction vessels. A detailed proce-
dure for a representative enolate coupling reaction (Table 1,
entry 2) is provided.9 As illustrated in Table 1, a variety of
lipophilic moieties were tolerated in this reaction. Lower
yields for the coupling reaction with trifluorobutyl amide
(Table 1, entry 8) may be attributed to the reduced reactivi-
ty of the corresponding enolate. As noted before,8 there was
complete stereocontrol at the oxazolidinone α-carbon and
modest diastereoselectivities were observed in favor of the
desired anti diastereomer at the carbon atom situated β to
the oxazolidinone moiety. Chemoselective removal of the
chiral auxiliary with lithium peroxide10 provided the corre-
sponding succinic acid monoester 11 in excellent yield
while retaining the diastereomeric ratio as determined by
1H NMR spectroscopy.

Epimerization11 at the β-carbon (bearing the R2 group)
was carried out by subsequent treatment with LDA and di-
ethylaluminum chloride followed by kinetic quench with
methanol to afford 13 as a mixture enriched, in many in-
stances significantly, in the desired anti diastereomer. A
representative example of the exact procedure followed for
the epimerization is given.12 Several factors may influence
the outcome of this transformation. One potentially key
factor driving the selectivity is the kinetic quench of a pos-
tulated seven-membered aluminum enolate 12. Molecular
modelling suggests that the R1 group and one of the ethyl
groups on the aluminum assume a pseudo-axial conforma-
tion, thereby partially blocking one face of the enolate
during the transfer of the proton, resulting in the addition
of the proton from the more open face. Additionally, com-
paring models of aluminum enolates for Table 1, entries 2
and 12, it also appears that the extra bulk of the R2 group in
entry 12 (Table 1) may cause a rotation of the t-Bu group
such that one of the methyl groups of the t-Bu may now en-
croach upon the open face. This may explain the observed
reduction in diastereoselectivity (Table 1, entries 11 and

12). The selectivity may also be dependent on the efficiency
of formation and equilibration of the aluminum enolate. For
sterically encumbered enolates (e.g. Table 1, entries 11 and
12), additional amounts of LDA (3.4 equiv) and Et2AlCl (3.5
equiv) provided a marginal improvement in diastereoselec-
tivity while the use of the standard procedure (ref. 12) re-
sulted in no enrichment.

At this stage, the mixture of the two diastereomers
could be carried forward and subsequent products separat-
ed by chiral chromatography. Alternatively, 13 was convert-
ed into the corresponding benzyl ester under standard con-
ditions and the desired anti diester 14 was separated by sil-
ica gel column chromatography.13 Selective ester
deprotection conditions provided enantio- and  diastereo-
merically pure anti-monoesters 15 and 16 in excellent
yields.

Following the initial lead BMS-654 (1, Figure 1), avail-
ability of these 2,3-disubstituted succinic acid monoesters
greatly aided in rapid generation of SAR for pan-Notch in-
hibitors culminating in the identification of 18 (BMS-
906024) as the clinical candidate.3 Table 2 highlights the

Scheme 2  Oxidative enolate coupling route to 2,3-disubstituted suc-
cinic acid esters. * Indicates a mixture of isomers at this center. Reagents 
and conditions: (a) (1) 8, LDA, toluene, THF, –78 °C to 0 °C to –78 °C; (2) 
9, LDA, toluene, THF, –78°C; (3) Cu(2-ethylhexanoate)2, –78 °C to 40 °C; 
(b) LiOH, H2O, H2O2, 0 °C; (c) LDA, THF, Et2AlCl, hexane, –78 °C to 0 °C; 
(d) BnBr, K2CO3, DMF; (e) H2, 10% Pd/C, EtOAc; (f) TFA, CH2Cl2, r.t.
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importance of S,R,S absolute configuration in this series for
achieving high level of pan-Notch potency. As illustrated in
Scheme 3, (3S)-amino-1,4-benzodiazepin-2-one 1714 was
coupled with 15 in the presence of TBTU and triethylamine
to give the corresponding amide. Ester hydrolysis with tri-

fluoroacetic acid was followed by amide formation with
ammonium chloride under standard conditions to produce
18 in good yield. The absolute configuration of 18 was con-
firmed by X-ray diffraction studies.

Table 1  Synthesis of 2,3-Dialkyl Succinic Acid Esters

Entry R1 R2 Yield (%),a drb

10 11 12 13

 1 n-Pr CF3(CH2)2
48
(1.5:1.0)  47 99

(7.6:1.0) 81

 2 CF3(CH2)2 CF3(CH2)2
66
(1.6:1.0)  91 96

(9.0:1.0) 67

 3 CF3(CH2)2
31
(1.5:1.0)  80 87

(2.5:1.0) 53

 4 CF3(CH2)2
63
(1.2:1.0)  96 99

(14.0:1.0) 56

 5 CF3(CH2)2
47
(1.4:1.0)  97 99

(12.3:1.0) 65

 6 Me2CHCH2 CF3(CH2)2
50
(1.3:1.0)  88 >99

(9.9:1.0) –c

 7 Me3CCH2 CF3(CH2)2
60
(1.2:1.0)  17 –d

 8 CF3CH2 CF3(CH2)2
28
(1.0:1.0)  76 97

(4.6:1.0) –c

 9 CF3(CH2)2 CF3CH2
49
(1.2:1.0)  64 83

(1.4:1.0) –c

10 CF3(CH2)2
51
(nd)e >99 91

(9.0:1.0) –c

11 CF3(CH2)2
31
(2.1:1.0)  55 97f

(3.3:1.0) 53

12 CF3(CH2)2
54
(1.3:1.0)  49 95f

(2.2:1.0) –c

13 CF3(CH2)3
27
(1.5:1.0)  37 –d –c

a Isolated yield.
b Diastereomeric ratios determined by 1H NMR integration.
c Benzyl esters not prepared.
d Epimerization not performed.
e Not determined.
f LDA (3.4 equiv) and Et2AlCl (3.5 equiv) were used.
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Scheme 3  Synthesis of BMS-906024. Reagents and conditions: (a) TBTU, 
Et3N, DMF (89%); (b) TFA, CH2Cl2 (75%); (c) NH4Cl, EDC, HOBt, Et3N, 
DMF (79%).

In conclusion, the oxidative intermolecular enolate het-
erocoupling reaction and subsequent epimerization proto-
col afforded a rapid and efficient entry to enantio- and dia-
stereomerically pure anti-2,3-disubstituted succinic acid
esters in acceptable yields. Differential protection of these
succinic acid esters provided access to each individual dia-
stereomer. This synthetic methodology led to rapid SAR
generation and the identification of BMS-906024 as a po-
tent pan-Notch inhibitor currently undergoing phase 1 clin-
ical evaluation for the treatment of cancer.
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