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Synthesis of MDM2-p53 Inhibitor BI-0282 via a Dipolar
Cycloaddition and Late-Stage Davis—Beirut Reaction
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ABSTRACT: Herein, we report the structure and synthesis of the potent MDM2-p53 inhibitor BI-0282. The complex
spirooxindole scaffold bearing four stereocenters embedded in a rigid polycyclic ring-system was effectively prepared on a multi-gram
scale in only five synthesis steps employing a three-component 1,3-dipolar cycloaddition and a late-stage Davis—Beirut reaction as
key steps.
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Bl INTRODUCTION This work: OH

Evasion of apoptosis is a hallmark of cancer and inactivation of
the tumor protein pS3 (TPS3) is a central mechanism of
tumor cells to promote their survival and maintain
proliferation.' ™ Based on its central role in preventing the
initiation, maintenance, and progression of cancer, TPS3
represents one of the most sought-after drug targets in
oncology. TPS3 is one of the most frequently mutated genes in
cancer.” In TP53 wild-type tumors, the function of TP33 is
very often attenuated by mechanisms other than inactivation
by mutation or deletion of the TPS3 gene, including BI-0282 (1) AA-115 | APG-115
overexpression of its key negative regulator human MDM2,

also known as HDM2, which is the human homologue of

mouse double minute 2 (MDM2). MDM2, an E3 ligase, Oy oH 0
regulates TPS3 function and protein stability."™®

A number of structurally distinct, non-peptide, small-
molecule inhibitors of the MDM2—TPS3 interaction have
recently been designed and advanced into clinical studies as a
novel approach to cancer therapy for patients with TP53 wild-
type tumors.” "

Spirooxindoles have been identified as a privileged structural
class to inhibit the MDM2-pS3 protein—protein interac-
tion.'”"? Pioneering work by Wang and co-workers covers
the discovery of spiro[3H-indole-3,3’-pyrrolidin]-2(1H)-ones
and its optimization to the clinical candidate MI-77301 (SAR-
405838).'* In a later report, they described the epimerization
of this scaffold to four diastereomers in solution by a retro- Figure 1. Structures of selected spirooxindole MDM2-pS3 inhibitors.
Mannich/Mannich mechanism which was also sown by X-ray
crystallography.’®'® Two compounds which solved the
epimerization problem by the addition of an additional spiro
cycle progressed in clinical trials AA-115/APG-11S (Alrizo-
madlin, Figure 1)'7 and DS-3032 (Milademetan).'® We Received: June 14, 2022
identified the spiro[3H-indole-3,2'-pyrrolidin]-2(1H)-one Published: July 7, 2022
core as a stable alternative and reported BI-0282 (1), and
BI-0252 (2) which showed in vivo efficacy in a SJSA-1
xenograft model even when given as a single dose.'”° Herein,
we report the structure and synthesis of compound 1 which
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was prepared on a multi-gram scale using a concise five-step
synthesis.

B RESULTS AND DISCUSSION

Structurally complex three-dimensional compounds with dense
stereochemistry are frequently reported as inhibitors of PPIs
and especially for the interaction of the proteins MDM2 and
p53.>" Complex and lengthy syntheses are typically needed to
get to such compounds which is undesirable for Medicinal
Chemists who typically prepare hundreds to thousands of
compounds during a lead optimization program. For designing
the new spiro-oxindole series, we capitalized on multi-bond
forming transformations to enable rapid generation of
structural complexity. We applied a three component [3 + 2]
cycloaddition for the synthesis of 2 and reported a novel
intramolecular cycloaddition for compounds 3 and 4 (Figure
1).”>** Aiming for further potency and improvement of PK
properties, we found that the rigidified fused-indazole motive
(Scheme 1) had promising properties and optimized this series
to obtain 1.

Scheme 1. Retrosynthetic Analysis
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For the synthesis, we envisioned a sequence including two
multi-bond generating steps, a Davis—Beirut reaction to
construct the annulated indazole and close rings A and B
(Scheme 1), and a [3 + 2] cycloaddition to build up the
spirooxindole core structure. This would enable a concise five-
step process for the racemic target molecule, followed by a
preparative chiral separation of the enantiomers.

Our synthesis (Scheme 2) started with a decarboxylative 1,3-
dipolar cycloaddition of commercially available nitrostyrene §
with L-serine and 6-chloroisatin in refluxing MeOH which gave
racemic compound 6a together with regioisomer 6b as the
main products. Especially on large scale effortless separation of
isomers greatly ensures the feasibility of a synthetic route. To
our delight, precipitation from dichloromethane provided
exclusively pure spirooxindole 6a with acceptable 30% yield.
Purification of the mother liquor yielded the regioisomer 6b in
44% vyield and other minor isomers which have not been
separated and analyzed. The mechanism of three-component
cycloadditions using nitrostyrenes, isatins, and amino acids was
the subject of several studies.”*** Following the first key step,
compound 8 was obtained by thereductive amination of
cycloaddition product 6a with commercial cyclopropylcarbox-
aldehyde and subsequent nitro group reduction with Raney
nickel and H, in excellent yield. Amine 8 was reacted with
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commercial 4-formyl-3-nitrobenzoic acid methyl ester (9), in a
second reductive amination reaction in acetic acid using
sodium triacetoxyborohydride as the reducing agent which
gave compound 10 in excellent yields and could be used as the
crude product for the next transformation. The final step of the
sequence incorporates a Davis—Beirut reaction which initially
has been reported by Kurth and Haddadin in 2005.”"*
Gratifyingly, the intra-molecular annulation reaction and
simultaneous saponification of the methyl ester proceeded
smoothly at room temperature in very good yields to give
racemic 1 which could be readily separated in its enantiomers
by chiral SFC. This concise and straight forward five-step
sequence enabled the targeted synthesis of a complex molecule
with four stereocenters and six-annulated rings in a very
efficient and green manner without using complex metal
catalysts, ligands, protecting groups, or special reaction
conditions (dry solvent, low temperature, argon, or nitrogen
atmosphere). Analyzing the sequence according to the
definition of an “ideal synthesis” by Gaich and Baran, it
achieves a high percentage score of 80%.”" The sequence was
successfully scaled up to >25 g of product per batch without
significantly affecting the yield.

B CONCLUSIONS

In summary, we reported the synthesis of MDM2-pS3
inhibitor 1 which was selected for further pharmacological
studies and preclinical development. Noteworthy, the synthesis
was accomplished by the application of two multi-bond
forming reactions, a dipolar cycloaddition, and a Davis—Beirut
reaction and shows the power of such transformation to access
a complex chemical matter in an efficient manner. This concise
five-step sequence enabled the synthesis of racemic 1 on a large

scale (>25 g).

B EXPERIMENTAL SECTION

General. Unless otherwise indicated, all reactions were
carried out in standard commercially available glassware using
standard synthetic chemistry methods. Commercial starting
materials were used without further purification. Solvents used
for reactions were of commercial “dry”- or “extra-dry” or
“analytical” grade. All other solvents used were reagent grade.
Preparative RP-HPLC was carried out on Agilent or Gilson
systems using columns from Waters (Sunfire C18 OBD, § or
10 pgm, 20 X S0 mm, 30 X 50 mm or 50 X 150 mm; X-Bridge
C18 OBD, S or 10 um, 20 X 50, 30 X 50, or S0 X 150 mm) or
YMC (Triart C18, 5 or 10 um, 20 X 50 mm, or 30 X 50 mm).
Unless otherwise indicated, compounds were eluted with
acetonitrile/water gradients using either acidic (0.2% HCOOH
or TFA) or basic water [S mL 2 M NH,HCO; + 2 mL NH;
(32%) made up to 1 L with water]. HRMS data were recorded
using a Thermo Scientific Orbitrap Elite hybrid ion trap/
Orbitrap spectrometer system with an Ultimate 3000 series
LPG-3400XRS pump system. Mass calibration was performed
using the Pierce LTQ Velos ESI positive ion calibration
solution from Thermo Scientific (lot PF200011, product no.
88323). NMR experiments were recorded on Bruker AVANCE
400 and 500 MHz spectrometers at 298 K. Samples were
dissolved in 600 uL of DMSO-ds and TMS was added as an
internal standard. 1D 1H spectra were recorded with 30°
excitation pulses and an interpulse delay of 4.2 s with 64k data
points and 20 ppm sweep width. 1D "3C spectra were recorded
with broadband composite pulse decoupling (WALTZ16) and
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Scheme 2. Synthesis of rac-1
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“Reagents and conditions: (a) MeOH, reflux, 2 h, 6a 30%, 6b 44%; (b) cyclopropyl-carboxaldehyde (2.0 equiv), AcOH (10.0 equiv), 20 min, 25
°C; (CH;C0O0);BHNa (1.1 equiv), 0—25 °C, 16 h; (c) H, (8 bar), Raney nickel (0.05 equiv), MeOH, CH,Cl,, 25 °C, 24 h, 92% over 2 steps; (d)
9 (1.6 equiv), AcOH, 1 h, 25 °C; (CH;COO);BHNa (3.1 equiv), 0 °C, 1 h; 25 °C, 16 h, 85%; and (e) KOH (15.5 equiv), i-PrOH, H,0, 70%.

an interpulse delay of 3.3 s with 64k data points and a sweep
width of 240 ppm. Processing and analysis of 1D spectra were
performed with Bruker Topspin 3.0 software. No zero filling
was performed and spectra were manually integrated after
automatic baseline correction.

Synthesis. Compounds 6a and 6b. 6-Chloroisatin (10.2 g,
53.97 mmol), 1-Chloro-2-fluoro-3-[(E)-2-nitrovinyl]benzene]
(10.9 g 107.9 mmol), and L-serine (5.7 g, 107.9 mmol) are
dissolved in methanol (140 mL) and heated to reflux for 16 h
using a DrySyn aluminum heating block. After removing the
solvent under reduced pressure, the residue is dissolved in
dichloromethane. Partial evaporation of dichloromethane leads
to the precipitation of a crude solid, which is removed by
filtration and further purified by normal phase column
chromatography using cyclohexane and ethyl acetate as
solvents to yield compound 6a (6.82 g, 16.00 mmol) in 30%
yield as an amorphous beige solid. The filtrate was purified by
normal phase column chromatography using cyclohexane and
ethyl acetate as solvents to obtain isomer 6b (10.2 g, 29.93
mmol, 44%) as an amorphous beige solid. Scale-up: 6-
chloroisatin (40 g, 220.3 mmol), 1-chloro-2-fluoro-3-[(E)-2-
nitrovinyl|benzene] (48.9 g, 242.323 mmol, 1.1 equiv), and L-
serine (23.2 g, 220.293 mmol) are dissolved in methanol (500
mL) and heated to reflux for 16 h. Work-up and purification as
above. 6a (25.4 g, 59.593 mmol, 27%), 6b not isolated.

6a: '"H NMR (400 MHz, DMSO-d,): & 10.34 (s, 1H), 7.60
(d,] = 8.11 Hz, 1H), 7.40—7.49 (m, 3H), 7.17 (t, ] = 7.98 Hz,
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1H), 7.11 (dd, J = 1.77, 8.11 Hz, 1H), 6.64 (d, ] = 1.77 Hz,
1H), 6.16 (t, ] = 9.89 Hz, 1H), 4.95 (t, ] = 5.32 Hz, 1H), 4.73
(d, J = 10.65 Hz, 1H), 4.32—4.44 (m, 1H), 4.06 (d, ] = 6.59
Hz, 1H), 3.56 (t, ] = 5.07 Hz, 3H).

BC{'H} NMR (101 MHz, DMSO-d,): 6 179.4, 156.1 (d,
Yer = 2494 Hz), 1439, 134.1, 130.8, 128.0, 127.5, 1267,
1259 (d, Jcr = 44 Hz), 122.8 (d, *Jcr = 13.2 Hz), 1222,
120.0 (d, ¥Jcy = 19.1 Hz), 109.9, 87.5, 70.9, 62.3, 58.7, 48.3.

HRMS (ESI) m/z: [M + H]" caled for C;gH,;CLFN;0,,
426.0418; found, 426.0429.

6b: 'H NMR (500 MHz, DMSO-dj): § 7.59—7.50 (m, 2H),
7.30—7.24 (m, 2H), 7.08 (dd, ] = 1.9, 7.9 Hz, 1H), 6.87 (d, ] =
1.9 Hz, 1H), 5.62 (d, J = 10.1 Hz, 1H), 4.87 (t, ] = 5.5 Hz,
1H), 4.43 (t, ] = 9.8 Hz, 1H), 3.85—3.74 (m, 2H), 3.53—3.45
(m, 1H).

BC{'H} NMR (126 MHz, DMSO-dy): 6 179.24, 156.37 (d,
Yer = 248.0 Hz), 144.42, 135.04, 130.31, 129.29 (d, Y = 3.6
Hz), 126.95, 126.37, 126.28 (d, }Jc; = 12.7 Hz), 126.24 (d,
e = 4.5 Hz), 12231, 12047 (d, ¥ = 18.2 Hz), 110.44,
96.17, 69.18, 64.08, 61.31, 44.37.

HRMS (ESI) m/z: [M + H]* caled for C,gH,,CLFN;0,,
426.0418; found, 426.0429.

Compound 7. Compound 6a (19 g, 44.6 mmol) is dissolved
in acidic acid (51 mL, 891.5 mmol) and treated with
cyclopropanecarboxaldehyde (6.65 mL, 89.2 mmol). After 20
min, the resulting mixture is cooled with an ice/water bath and
sodium triacetoxyborohydride (21.9 g, 95% purity, 98.1 mmol)

https://doi.org/10.1021/acs.oprd.2c00192
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is slowly added. The cooling bath is removed, and the mixture
is stirred for 16 h. The reaction mixture is carefully quenched
with water and diluted dichloromethane. The aqueous layer is
extracted with dichloromethane and the organic layers are
combined. The solvents are removed under reduced pressure
and the residue is dissolved in diethyl ether and washed with
saturated sodium hydrogen carbonate solution. The organic
layer is dried with sodium sulfate and the solvent evaporated to
yield 21.6 g of crude product 7, which is used without further
purification in the next step.

'H NMR (400 MHz, DMSO-d,): § 10.44 (br s, 1H), 7.65
(d, J = 7.86 Hz, 1H), 7.40—7.46 (m, 1H), 7.37 (t, ] = 7.10 Hz,
1H), 7.06—7.19 (m, 2H), 6.61 (d, ] = 1.77 Hz, 1H), 6.28 (dd, |
= 9.89, 11.66 Hz, 1H), 4.94 (t, ] = 5.58 Hz, 1H), 4.78 (d, ] =
11.66 Hz, 1H), 3.90—3.98 (m, 1H), 3.75—3.86 (m, 1H), 3.66—
3.74 (m, 1H), 2.17-2.30 (m, 2H), 0.47—0.64 (m, 1H), 0.26—
036 (m, 1H), 0.13-0.23 (m, 1H), —0.03 to 0.05 (m, 1H),
—0.25 to 0.15 (m, 1H).

BC{'H} NMR (101 MHz, DMSO-d,): 6 177.8, 156.2 (d,
Uer = 2487 Hz), 1438, 1342, 130.8, 1277, 127.1, 126.6,
125.8 (d, *Jcr = S.1 Hz), 122.6, 122.3 (d, }Jcr = 13.2 Hz),
120.1 (d, Yo = 19.1 Hz), 110.1, 83.7, 74.9, 638, 61.3, 55.1,
46.7, 11.3, 5.4, 4.4.

HRMS (ESI) m/z: [M + H]* caled for C,,H,,CLEN,O,,
480.0888; found, 480.0874.

Compound 8. Crude intermediate 7 (21.6 g) is dissolved in
methanol (192 mL) and dichloromethane (128 mL) and
treated with a catalytic amount of Raney nickel (slurry in
water). The reaction vessel is pressurized with dihydrogen (8
bar) and the reaction mixture stirred for 24 h. Solids are
removed by filtration and the solvent of the filtrate removed
under reduced pressure. The residue is redissolved in ethyl
acetate and water and treated with diluted aqueous HCI. After
extraction of the aqueous layer with ethyl acetate, the
combined organic layers are dried with sodium sulfate and
the solvent evaporated to yield crude intermediate 8 (20.8 g,
90% purity, 41.6 mmol) in 92% yield over two steps, which is
used without further purification in the next step.

'H NMR (500 MHz, DMSO-d,): 5 10.30 (br s, 1H), 7.54
(d,] = 7.9 Hz, 1H), 7.40—7.46 (m, 1H), 7.35 (t, ] = 6.6 Hz,
1H), 7.17-7.23 (m, 1H), 7.11 (dd, J = 7.9, 1.9 Hz, 1H), 6.60
(d, J = 1.6 Hz, 1H), 5.24—5.68 (m, 2H), 4.66 (dd, J = 11.2,9.3
Hz, 1H), 4.06 (d, ] = 11.7 Hz, 1H), 3.86—3.93 (m, 1H), 3.79—
3.84 (m, 1H), 3.46 (dt, J = 5.8, 2.8 Hz, 1H), 2.26 (qd, ] = 13.3,
6.5 Hz, 2H), 0.52—0.68 (m, 1H), 0.29—0.37 (m, 1H), 0.14—
024 (m, 1H), 0.00 (m, 1H), —0.17 ppm (m, 1H).

BC{'H} NMR (101 MHz, DMSO-d,): 6 178.6, 157.1 (d,
Yok = 245.8 Hz), 1437, 133.1, 129.6, 1292, 128.4, 1265,
1254 (d, YJcp = 44 Hz), 125.1 (d, *Jcr = 13.9 Hz), 1220,
119.6 (d, JJeg = 19.1 Hz), 109.4, 75.3, 65.1, 62.4, 55.6, 53.8,
52.5, 11.8, 8.5, 4.3.

HRMS (ESI) m/z: [M + H]* caled for C,,H,;CLFN;0,,
450.1146; found, 450.1149.

Compound 10. Crude intermediate 8 (20.8 g, 90% purity,
38.8 mmol) is dissolved in acidic acid (59.5 mL) and treated
with 4-formyl-3-nitrobenzoic acid methyl ester (13.5 g, 62.4
mmol, 9). After 1 h, the resulting mixture is cooled with a
water bath and sodium triacetoxyborohydride (26.9 g, 120.6
mmol) is slowly added in portions. The cooling bath is
removed, and the mixture is stirred for 16 h. The reaction
mixture is carefully quenched with water and diluted
dichloromethane. The aqueous layer is extracted with
dichloromethane and the organic layers are combined. The
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solvents are removed under reduced pressure and the residue is
dissolved in diethyl ether and washed with saturated sodium
hydrogen carbonate solution. The organic layer is dried with
sodium sulfate and the solvent evaporated to yield crude
intermediate 10 (32.4 g, 70% purity, 35.3 mmol) in 85% yield,
which is used directly in the next step.

Scale-up: intermediate 8 (30.0 g 98.3% purity, 65.485
mmol), 112 mL of acetic acid, 4-formyl-3-nitrobenzoic acid
methyl ester (16.944 g, 78.582 mmol, 9). Using the procedure
and work-up as described above gave intermediate 10 (46.46 g,
purity 75%, 54.353 mmol) in 83% yield.

'H NMR (400 MHz, DMSO-d,): & 10.18 (s, 1H), 8.26 (d, ]
= 1.52 Hz, 1H), 8.12 (dd, J = 1.52, 8.11 Hz, 1H), 7.69 (d, ] =
8.11 Hz, 1H), 7.56 (d, ] = 7.86 Hz, 1H), 7.32—7.39 (m, 1H),
7.02—7.13 (m, 2H), 6.94—7.01 (m, 1H), 6.55 (d, J = 1.77 Hz,
1H), 4.85 (br t, J = 5.58 Hz, 1H), 4.26—4.41 (m, 1H), 4.17
(dd, J = 6.59, 15.72 Hz, 1H), 3.86—3.99 (m, 7H), 3.69—3.79
(m, J = 7.00, 9.50 Hz, 1H), 2.68—2.77 (m, 1H), 2.17—2.32 (m,
2H), 0.54—0.67 (m, 1H), 0.27—0.38 (m, 1H), 0.13—0.24 (m,
1H), —0.04 to 0.05 (m, 1H), —0.24 to 0.14 (m, 1H).

BC{'H} NMR (101 MHz, DMSO-dy): 6 178.6, 165.0, 156.6
(d, Yer = 247.2 Hz), 149.0, 143.6, 141.9, 133.3, 133.2, 1315,
129.7, 129.6, 129.0, 128.0, 126.6, 125.3, 1252 (d, Y = 132
Hz), 125.0, 122.0, 119.6 (d, J¢ = 19.1 Hz), 109.5, 74.9, 64.0,
61.9, 59.9, 55.6, 53.2, 51.0, 49.2, 11.7, 5.4, 4.4.

HRMS (ESI) m/z: [M + H]" caled for C;,H;,CLFN,Oq,
643.1521; found, 643.1523.

Compound 1. Intermediate 10 (28.8 g 44.8 mmol) is
dissolved in isopropanol (300 mL) and a solution of potassium
hydroxide (39.0 g, 694.9 mmol) in water (95 mL) is slowly
added. After stirring for 16 h at ambient temperature, the
solvents are partially removed under reduced pressure. The
residue is diluted with ethyl acetate and treated with a diluted
aqueous solution of citric acid. After extraction of the aqueous
layer with ethyl acetate, the organic layers are combined, dried
with sodium sulfate, and the solvent is removed under reduced
pressure. Purification by normal phase column chromatog-
raphy using dichloromethane and methanol as solvents yields
rac-1 (25.8 g, 43.5 mmol) in 70% yield as an amorphous white
solid.

Chiral SFC and subsequent purification by reversed phase
column chromatography using acetonitrile and methanol as
solvents furnishes 1 (BI-0282).

Rac-1 (60 g, 93,3 mmol) was separated by chiral SFC and
reversed phase column chromatography to obtain 1 (24.4 g,
40,0 mmol, 43%) as an amorphous white solid.

Chiral HPLC (CHIRALPAK, heptane/isopropanol/tri-
fluoroacetic acid = 70/30/0.1, flow rate 1.0 mL/min, I =
240 mM) t; = 7.8 min (1), and 11.1 min (ent-1). Preparative
SFC (CHIRALPAK, carbon dioxide/(isopropanol + 1%
diethylamine) = 70/30, flow rate 300 g/min, I = 290 nM).

'H NMR (500 MHz, DMSO-d;): 5 12.64 (br s, 1H), 10.29
(s, 1H), 7.67 (s, 1H), 7.47 (d, ] = 8.83 Hz, 2H), 7.29—7.36 (m,
1H), 7.26 (d, J = 7.88 Hz, 1H), 7.21 (dd, J = 1.26, 8.83 Hz,
1H), 7.12 (t, ] = 8.04 Hz, 1H), 6.92 (dd, J = 1.89, 7.88 Hz,
1H), 6.48 (d, ] = 1.89 Hz, 1H), 5.86 (t, ] = 9.14 Hz, 1H),
4.59—4.68 (m, 1H), 4.52 (dd, J = 7.88, 11.35 Hz, 1H), 4.23—
4.32 (m, 1H), 4.20 (d, ] = 10.09 Hz, 1H), 2.27 (dd, ] = 7.57,
13.08 Hz, 1H), 2.13 (dd, J = 5.83, 13.08 Hz, 1H), 0.47—0.62
(m, 1H), 0.26—0.37 (m, 1H), 0.11-0.20 (m, 1H), —0.04 to
0.04 (m, 1H), —0.25 (s, 1H).

BC{'H} NMR (125 MHz, DMSO-d,): 6 177.5, 168.1, 156.1
(d, Jor = 248.7 Hz), 146.3, 145.3, 144.0, 134.1, 130.3, 129.7,
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129.5, 126.8, 126.7, 125.4 (d, *Jcr = 44 Hz), 123.5 (d, *Jc =
13.2 Hz), 122.5, 120.0, 119.9, 119.7 (d, *Jc = 18.3 Hz), 118.7,
110.0, 107.3, 76.4, 69.2, 57.5, 56.8, 54.2, 51.2, 11.6, 5.5, 4.1.

HRMS (ESI) m/z: [M + H]* caled for C;H,,CLFN,O,,
593.1153; found, 593.1165.
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