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Scale-up and optimization of the synthesis of dual
CBP/BRD4 inhibitor ISOX-DUAL†
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Graham J. Tizzard,c Simon J. Coles, c Robert Felix, b Hannah J. Maple, b

Graham P. Marsh b and John Spencer *a,d

ISOX-DUAL is a dual inhibitor of CBP/p300 (IC50 = 0.65 μM) and BRD4 (IC50 = 1.5 μM) bromodomains,

and a useful chemical probe for epigenetic research. Aspects of the published synthetic route to this

compound and its analogues are small-scale, poor-yielding or simply unamenable to scale-up without

optimization. Herein we describe the development of a refined synthesis that circumvents the challenges

of the original report, with notable improvements to several of the key synthetic transformations.

Moreover, a general Suzuki Miyaura protocol for the late stage installation of alternative dimethyl-isoxa-

zole acetyl-lysine (KAc) binding motifs is presented.

Introduction

ISOX-DUAL ([3-[4-[2-[5-(dimethyl-1,2-oxazol-4-yl)-1-[2-(morpho-
lin-4-yl)ethyl]-1H-1,3-benzodiazol-2-yl]ethyl]phenoxy]propyl]di-
methylamine) 1 is a dual inhibitor of BRD4 and CBP/p300 bro-
modomains.1 It is structurally related to a series of CBP/p300
and BRD4 bromodomain inhibitors through a benzimidazole
central scaffold with an adjoining 3,5-dimethylisoxazole group,
which acts as an acetylated lysine (KAc) mimic.2,3 In previous
work, differential activity and overall potency were tuned
through structure-based design, yielding compounds with
selectivity for CBP/p300 over BRD4, together with a probe
(ISOX DUAL) possessing balanced potency against both targets
(Fig. 1). ISOX-DUAL is a useful tool compound for exploring
transcriptional regulation.1,2,4

Our interest in functionalised bromodomain inhibitors
necessitated a feasible, scalable route to 1 and its analogues.
However, the reported synthetic strategy (Scheme 1) is, in
places, both small-scale in nature and inviting of optimi-
sation.1 The key transformation is an elegant, albeit low-yield-
ing, one-pot nitro-reduction and in situ cyclisation sequence,

in which exposure of nitroaniline 4 to sodium dithionite in the
presence of aldehyde 5 facilitated the installation of the benz-
imidazole framework in one synthetic operation. Of additional
note, the late-stage alkylation of phenol 7 to furnish 1 was also
of modest yield: these two crucial stages thereby being signifi-
cant contributors to an overall isolated yield of just 1%.

Our modified retrosynthetic analysis identified that inde-
pendent reduction of nitroaniline 4 to bis-aniline 8, followed
by an amide coupling with subsequent acid-catalysed benzimi-
dazole formation, might furnish the target 1 in higher yield
(Scheme 2). Employing carboxylic acid 9 instead of aldehyde 5
offers the prospect of shortening the synthetic route by two
chemical stages in comparison to the original, and further pro-
vides the distinct advantage of enabling an alternative early-
stage phenolic alkylation, the comparative transformation
having been a significant limitation to the output of the pub-
lished synthesis.

The initial stage in both synthetic approaches involves an
SNAr reaction between commercially available 4-bromo-1-
fluoro-nitrobenzene 2 and 4-(2-aminoethyl)morpholine. In our
hands, this transformation, to prepare bromide 3, was readily
replicated on large scale in near-quantitative yield, and
further, was demonstrated to proceed rapidly under microwave
(MW) conditions with commensurate output.

Next, in sequence, we turned to elaboration of 3 to install
the requisite pendant isoxazole functionality. This necessitated
examination of the Suzuki–Miyaura cross-coupling reaction,
where we hypothesised that competing hydrodehalogenation
and protodeboronation could be potential contributory factors
to a drop-off in expected product yield in the original report.5–8

A screen for substrate scope was performed under microwave
conditions using a range of palladium catalysts and bases,
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exploring their effectiveness as boronic acid, boronate ester
and MIDA boronate coupling partners, with selected results
displayed in Table 1. From this screen, we found that employ-

ment of a boronate ester bearing the isoxazole moiety per-
formed the best, with potassium phosphate and
PdCl2(dppf)·DCM acting as base and catalyst, respectively.

Fig. 1 Reported CBP BRD inhibitors including dual binding ISOX-DUAL (1).1

Scheme 1 Published synthetic strategy for the preparation of ISOX-DUAL 1. Reagents & Conditions: [a] 4-(2-aminoethyl)morpholine, TEA, DMSO,
80 °C, 1 h (80%); [b] 3,5-dimethylisoxazole-4-boronic acid, PdCl2(dppf)·DCM, Cs2CO3, dioxane/H2O, 100 °C, 16 h (62%); [c] (i) TBSCl, imidazole,
DCM, rt; (ii) LiAlH4, THF, 30 °C; (iii) DMP, DCM, rt, 18 h (72% over 3 steps); [d] Na2S2O4 (aq), EtOH, 80 °C, 12 h (33%); [e] TBAF, THF, rt, 3 h (62%);
[f ] Br(CH2)3NMe2.HCl, KOtBu, DMA, 60 °C, 2 h (11%).
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This reaction could be conducted on small scale in a micro-
wave and was successfully demonstrated thermally on a
larger scale to give almost 40 g of product, in near quantitative
yield.

To demonstrate the synthetic utility and reliability of this
now optimised procedure, a small series of analogues (10–14)
were synthesised employing a variety of heterocyclic boronate
esters (Table 2). This demonstrates the potential for late-stage
KAc bio-isostere modification to these and similar scaffolds,
which is of interest to ongoing work in our laboratory. Yields

tend to be good to excellent and all analogues were further
characterised in the solid state by X-ray studies.

With key precursor nitro-aniline 4 in-hand, we turned our
attention to the reduction of the nitro group, whereupon stan-
dard exposure to palladium on carbon under a balloon of
hydrogen, the desired product 8 was readily obtained in
reasonably high isolated yield. However, analysis of the profile
of the reaction indicated the formation of a minor by-product,
presumed to be generated by cleavage of the labile isoxazole
N–O bond.10,11 This was established by repetition of the hydro-

Scheme 2 Retrosynthetic approach to ISOX-DUAL 1.

Table 1 Optimisation of the Suzuki–Miyaura reaction

Entry Methoda (3) (mmol) Boronate Species Catalyst Base Yieldb,c (%)

1 Thermal 30 Boronic acid PdCl2(dppf)·DCM Cs2CO3 53b

2 MW 0.5 Boronic acid PdCl2(dppf)·DCM Cs2CO3 54c

3 MW 0.5 Boronate ester PdCl2(dppf)·DCM Cs2CO3 74c

4 MW 0.5 Boronate ester PdCl2(dtbpf) Cs2CO3 71c

5 MW 0.5 Boronate ester PdCl2(dppf)·DCM CsF 72c

6 MW 0.5 Boronate ester PdCl2(dtbpf) CsF 47c

7 MW 0.5 Boronate ester PdCl2(dppf)·DCM K3PO4 72c

8 MW 0.5 PdCl2(dppf)·DCM K3PO4 60c

9 MW 0.5 MIDA ester PdCl2(dppf)·DCM K3PO4
d 51c

10 MW 0.5 Boronate ester PdCl2(dppf)·DCM CsF 74c

11 MW 1 Boronate ester PdCl2(dppf)·DCM Cs2CO3 79b

12 MW 1 Boronate ester PdCl2(dppf)·DCM CsF 95b

13 MW 1 Boronate ester PdCl2(dppf)·DCM K3PO4 95b

14 MW 1 Boronate ester PdCl2(dppf)·DCM
e K3PO4 66b

15 Thermal 115 Boronate ester PdCl2(dppf)·DCM K3PO4 94b

a Typical method: 5 mol% Pd-catalyst, 2.6 eq. base (1 M solution in H2O), 1,4-dioxane, MW, 150 °C, 3 h, or reflux, 16 h. b Isolated yield after purifi-
cation. cCrude yield assessed by 1H NMR. d 7.6 eq. base used.9 e 1 mol% catalyst.
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genation reaction under pressure, which, solely delivered the
ring-opened product. Indicative confirmation was obtained by
the changes observed in the 1H NMR spectrum where the
signals corresponding to the two methyl groups moved upfield
from δ = 2.26 and 2.40 ppm to δ = 1.72 and 1.87 ppm respect-
ively. The crude product was then carried forward through an
amide coupling and cyclisation sequence to afford benzimida-
zole 15, whose structure was solved by single crystal X-ray ana-
lysis (Scheme 3).

We opted to replicate and scale-up the reported reduction
which can be induced by employment of sodium dithionite as
the reducing agent2 affording aniline 8 in high yield (81%)
and purity (Scheme 4).

Independent construction of the requisite amide coupling
partner 9 successfully allowed circumvention of the low yield-
ing alkylation step from the original synthesis. As such, after
conventional phenolic alkylation to give methyl ester 16 in
high yield (87%), a subsequent ester hydrolysis gave rise to car-
boxylate 9 in quantitative yield, which proved most convenient
to isolate and manipulate as the lithium salt (Scheme 4). To
complete the synthesis, a HATU-mediated amide coupling
between 8 and 9, followed by acetic acid treatment of the
crude product induced cyclisation to 1 in a one-pot procedure
with good yield (55%) and high purity.

Conclusions

In summary, we detail an optimised synthetic route to
ISOX-DUAL (1) and related analogues, with improved yields at
every stage. By repositioning the phenolic alkylation to earlier
in the plan, and by implementing a redesigned stepwise con-
struction approach to the benzimidazole core, we now report

Table 2 Analogues synthesised using the optimised Suzuki–Miyaura
reaction

Entry R Producta Yield (%)

1 85

2 90

3 80

4 74

5 81

a Solid state structures of products were determined. Some have
>1 molecule in unit cell.

Scheme 3 Forced generation and structural confirmation of open chain side-product. Reagents & Conditions: [a] 10% Pd/C, EtOAc/MeOH (5 : 1),
COware (with Zn and 7 M HCl in 2nd chamber) (quant).; [b] 3-(4-hydroxyphenyl)propanoic acid, HATU, TEA, DMF, rt, 16 h, then AcOH, reflux, 2 h
(51%).
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an improved synthesis, shortened from eight stages to six,
with a significant overall isolated yield increase from 1% to
42%. Additionally, development of the Suzuki coupling invok-
ing a boronate ester establishes prospective in-roads to struc-
tural modification and opportunity to employ late stage Pd
coupling process in the installation of alternative KAc bioiso-
steres in bioactive scaffolds.

Experimental
General methods

All reagents and solvents were purchased from commercial
sources and used without further purification. Nuclear mag-
netic resonance spectra were recorded on a Bruker Avance III
HD spectrometer operating at 400 MHz or a Varian VNMRS
500 or VNMRS 600 spectrometer operating at 500 MHz or
600 MHz for 1H NMR and 126 MHz or 151 MHz for 13C NMR,
respectively. 19F NMR spectra were recorded on a Varian VRMS
400 spectrometer operating at 376 MHz. 1H NMR and 13C
NMR chemical shifts (δ) are reported in parts per million
(ppm) and are referenced to residual protium in solvent and to
the carbon resonances of the residual solvent peak, respect-
ively. DEPT and correlation spectra were run in conjunction to

aid assignment. 19F NMR chemical shifts are reported in ppm
and are uncorrected. Coupling constants ( J) are quoted in
Hertz (Hz), and the following abbreviations were used to
report multiplicity: s = singlet, d = doublet, dd = doublet of
doublets, t = triplet, q = quartet, m = multiplet.

Purification by flash column chromatography was carried
out using Fisher Scientific silica gel 60 Å (35–70 μm), or with
silica gel or C18 columns using a Combi flash RF 75 PSI or 150
PSI, Teledyne ISCO unit. Analytical thin layer chromatography
was performed on glass plates pre-coated with silica gel
(250 μm/UV254), with visualization being achieved using UV
light (254 nm) and/or by staining with alkaline potassium per-
manganate dip. Reaction monitoring LC-MS analyses were
conducted using a Shimadzu LC-MS 2020, on a Gemini 5 m
C18 110 Å column. High resolution mass spectral (HRMS) data
was collected in the laboratories of the University of Sussex
Chemistry Department using a Bruker Daltonics Apex III
(Apollo ESI ion source). Single crystal X-ray measurements
were recorded in the laboratories of the UK National
Crystallography Service at the University of Southampton.

4-Bromo-N-(2-morpholinoethyl)-2-nitroaniline (3)
Microwave method. A CEM Explorer microwave vial was

equipped with a magnetic flea and 4-bromo-1-fluoro-2-nitro-
benzene 2 (3.10 mL, 25 mmol, 1 eq.). Triethylamine (15 mL,

Scheme 4 Scaled-up and optimised ISOX-DUAL (1) synthesis. Reagents & Conditions: [a] 4-(2-aminoethyl)morpholine, TEA, DMSO, 80 °C, 2 h
(quant.); or 4-(2-aminoethyl)morpholine, TEA, 120 °C, MW, 10 mins (quant.); [b] 3,5-dimethylisoxazole-4-boronic acid pinacol ester,
PdCl2(dppf)·DCM, K3PO4, 1,4-dioxane/H2O, reflux, 16 h (94%); [c] (i) 1 M Na2S2O4 (aq.), EtOH, 80 °C, 1 h; (ii) 10% aq. NH3 solution (81%);
[d] Cl(CH2)3NMe2·HCl, Cs2CO3, NaI, MeCN, reflux, 16 h (87%); [e] LiOH·H2O, THF/H2O, rt, 16 h (quant.); [f ] (i) HATU, DMF, rt, 16 h; (ii) AcOH, reflux,
2 h (55%).
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100 mmol, 4 eq.) and 4-(2-aminoethyl)morpholine (3.34 mL,
25.25 mmol, 1.01 eq.) were added successively and the vessel
was sealed and heated using the dynamic heating method,
with max power set to 300 W, max pressure 300 psi, max temp-
erature 120 °C, high stirring throughout and power max
turned off. This method was used to hold the method at
120 °C for 10 min. After cooling, the reaction mixture was par-
titioned between EtOAc (250 mL) and water (300 mL). The
organic layer was collected and the aqueous was extracted with
EtOAc (4 × 150 mL). The combined organic extracts were
washed with NaHCO3 (sat. aq.) and brine, dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure to give the title compound as an orange solid (7.95 g,
24.07 mmol, quant.).

Thermal method. To a stirred solution of 4-bromo-1-fluoro-2-
nitrobenzene (2) (29.9 g, 136 mmol, 1 eq.) in DMSO (300 mL)
at ambient temperature was added triethylamine (56 mL,
408 mmol, 3 eq.) followed by 4-(2-aminoethyl)morpholine
(18.7 mL, 143 mmol, 1.05 eq.) in a dropwise fashion. The reac-
tion mixture was then heated to 80 °C for 2 hours. Upon com-
pletion of the reaction, the mixture was cooled to ambient
temperature and partitioned between EtOAc (500 mL) and
water (500 mL). The organic layer was collected and the
aqueous was extracted with EtOAc (3 × 750 mL). The combined
organic extracts were washed successively with NaHCO3 (sat.
aq.) and brine (1 L), dried over anhydrous magnesium sulfate
and concentrated under reduced pressure to give the title com-
pound as an orange solid (40.6 g, 123 mmol, quant.). δH
(400 MHz, CDCl3) 2.52 (s, 4H), 2.72 (t, J = 6.3 Hz, 2H), 3.34 (q,
J = 5.8 Hz, 2H), 3.76 (s, 4H), 6.73 (d, J = 9.2 Hz, 1H), 7.49 (dd,
J = 8.6, 1.6 Hz, 1H), 8.33 (d, J = 2.2 Hz, 1H), 8.53 (s, 1H). LC-MS
(5-95 MeCN in 5 min) tR = 3.178, purity = >99%, m/z = 332.1
[M + H+]+. Data in accordance with literature.1

General Suzuki reaction microwave method

A 35 mL microwave vessel was charged with 3 (1 eq,), 3,5-di-
methylisoxazole-4-boronate species (1.12 eq.), and palladium
catalyst (5 mol%) before dissolution in 1,4-dioxane (12 mL
mmol−1). The solution was sealed, degassed with argon (×3)
before the addition of base (2.6 eq.) as a 1 M solution in water.
The vessel was then heated using the dynamic heating method,
with max power set to 300 W, max pressure 300 psi, max temp-
erature 150 °C, high stirring throughout and power max turned
off. This method was used to hold the method at 150 °C for
3 hours. The reaction mixture was cooled and filtered through
Celite™. The filter cake was washed with EtOAc (3 × 50 mL),
and the filtrates were concentrated under reduced pressure.

4-(3,5-Dimethylisoxazol-4-yl)-N-(2-morpholinoethyl)-2-nitro-
aniline (4). The title compound was synthesised following the
General Suzuki Reaction Microwave Method using 1 mmol of
(3). Purification by flash column chromatography, eluting with
0–100% EtOAc in hexane, afforded the title compound as an
orange solid (328.7 mg, 0.95 mmol, 95%). δH (600 MHz,
CDCl3) 2.25 (s, 3H), 2.39 (s, 3H), 2.53 (s, 4H), 2.74 (t, J = 6.1 Hz,
2H), 3.76 (t, J = 4.6 Hz, 4H), 6.90 (d, J = 8.8 Hz, 1H), 7.33 (dd,
J = 8.8, 2.2 Hz, 1H), 8.08 (d, J = 2.1 Hz, 1H), 8.57 (s, 1H).

Thermal method. A stirred solution of 4-bromo-N-(2-morpho-
linoethyl)-2-nitroaniline (3) (38 g, 115 mmol, 1 eq.), potassium
phosphate (63.5 g, 299 mmol, 2.6 eq.) and 3,5-dimethyl-
isoxazole boronic acid pinacol ester (25.6 g, 115 mmol, 1 eq.)
in 1,4-dioxane (1.2 L) and water (120 mL) was degassed with
argon (×3) before the addition of PdCl2(dppf)·DCM (4.7 g,
5.75 mmol, 0.05 eq.). The reaction mixture was then degassed
and refilled with argon once further, heated to reflux and
stirred overnight under a stream of N2. The reaction mixture
was then cooled to ambient temperature and filtered through
a pad of Celite™ before concentrating under reduced pressure
to approximately 300 mL. The residue was then partitioned
between water (600 mL) and EtOAc (600 mL), the organic
phase was collected, and the aqueous phase extracted with
EtOAc (3 × 250 mL). The combined organic extracts were
washed with brine (3 × 400 mL), dried over anhydrous mag-
nesium sulfate and concentrated under reduced pressure.
Purification by flash column chromatography, eluting with
0–80% EtOAc in hexane, afforded the title compound as an
orange solid (37.4 g, 108 mmol, 94%). δH (400 MHz, CDCl3)
2.26 (s, 3H), 2.40 (s, 3H), 2.55 (d, J = 4.6 Hz, 3H), 2.75 (t, J =
6.1 Hz, 2H), 3.38–3.44 (m, 2H), 3.78 (d, J = 4.6 Hz, 4H), 6.91 (d,
J = 8.8 Hz, 1H), 7.34 (dd, J = 8.8, 2.2 Hz, 1H), 8.09 (d, J = 2.2
Hz, 1H), 8.58 (s, 1H). LC-MS (5-95 MeCN in 5 min) tR = 3.266,
purity = >99%, m/z = 347.2 [M + H+]+. Data in accordance with
literature.1

4-(3,5-Dimethylisoxazol-4-yl)-N1-(2-morpholinoethyl)benzene-
1,2-diamine (8). To a stirred suspension of 4-(3,5-dimethyl-
isoxazol-4-yl)-N-(2-morpholinoethyl)-2-nitroaniline (4) (17.4 g,
50 mmol, 1 eq.) in EtOH (800 mL) was added 1 M aqueous
sodium dithionite solution (800 mL), and the resulting
mixture was heated at 80 °C for 1 hour. The reaction mixture
was then cooled and partitioned between 10% aqueous
ammonia solution (800 mL), and EtOAc (400 mL). The organic
phase was separated, and the aqueous phase was extracted
with EtOAc (4 × 400 mL). The combined organic extracts were
washed with brine (2 × 500 mL), dried over anhydrous mag-
nesium sulfate and concentrated under reduced pressure to
afford the title compound as beige solid (12.70 g, 40.14 mmol,
81%). δH (400 MHz, CDCl3) 2.25 (s, 3H), 2.38 (s, 3H), 2.50 (s,
4H), 2.71 (t, J = 5.9 Hz, 2H), 3.21 (d, J = 5.8 Hz, 2H), 3.45 (s,
2H), 3.69–3.76 (m, 4H), 4.08 (s, 1H), 6.59 (s, 1H), 6.68 (s, 2H).
LC-MS (5-95 MeCN in 5 min) tR = 2.364, purity = >99%, m/z =
317.2 [M + H+]+. Data in accordance with literature.2

4-(1-Methyl-1H-pyrazol-4-yl)-N-(2-morpholinoethyl)-2-nitro-
aniline (10). Compound (10) was synthesised following the
General Microwave Method on a 0.5 mmol scale. Purification
by flash column chromatography, eluting with 0–10% MeOH
in EtOAc, afforded the title compound as a red solid (113 mg,
0.414 mmol, 85%). δH (600 MHz, CDCl3) 2.53 (s, 4H), 2.74 (t,
J = 6.1 Hz, 2H), 3.40 (q, J = 5.8 Hz, 2H), 3.79–3.74 (m, 4H), 3.94
(s, 3H), 6.85 (d, J = 8.9 Hz, 1H), 7.57 (dd, J = 8.8, 2.1 Hz, 1H),
7.71 (s, 1H), 7.58 (s, 1H), 8.27 (d, J = 2.1 Hz, 1H), 8.50 (s, 1H).
δC (151 MHz, CDCl3) 39.3, 39.7, 53.4, 56.3, 67.2, 77.2, 114.7,
120.8, 121.7, 122.9, 126.6, 132.2, 134. 1, 136.4, 144.1 LC-MS
(30-95 MeCN in 20 min) tR = 3.29 min, purity = >99%, m/z =
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332.00 [M + H+]+. HR-MS (m/z): [M + H+]+calculated for
C16H22N5O3, 332.1723; found, 332.1714.

N-(2-Morpholinoethyl)-2-nitro-4-(thiophen-2-yl)aniline (11).
Compound (11) was synthesised following the General
Microwave Method on a 0.5 mmol scale. Purification by flash
column chromatography, eluting with 0–100% EtOAc in
hexane, afforded the title compound as an orange solid
(150 mg, 0.450 mmol, 90%). δH (600 MHz, CDCl3) 2.56 (t, J =
4.5 Hz, 4H), 2.76 (t, J = 6.1 Hz, 2H), 3.42 (q, J = 5.6 Hz, 2H),
3.79 (s, 4H), 6.88 (d, J = 8.9 Hz, 1H), 7.07–7.10 (m, 1H), 7.25
(m, 2H), 7.71 (d, J = 10.4 Hz, 1H), 8.44 (d, J = 1.7 Hz, 1H), 8.60
(s, 1H). δC (151 MHz, CDCl3) 25.1, 53. 4, 56.2, 67.2, 114.7,
122.4, 122.5, 123.5, 124.3, 128.2, 132.0, 134.2, 142.7, 144.5.
LC-MS (30-95 MeCN in 20 min) tR = 5.52 min, purity = 95%,
m/z = 334.35[M + H+]+. HR-MS (m/z): [M + H+]+ calculated for
C16H20N3O3S, 334.1225; found, 334.1214.

4-(5-Methylfuran-2-yl)-N-(2-morpholinoethyl)-2-nitroaniline (12).
Compound (12) was synthesised following the General
Microwave Method on a 0.5 mmol scale. The crude material
was then purified by flash chromatography using a C18 reverse
phase column, eluting with 5–95% MeCN in water with 0.5%
formic acid over 20 min, to afford the title compound as a red
solid (132 mg, 0.400 mmol, 80%). δH (600 MHz, CDCl3) 2.36 (s,
3H), 2.53 (s, 4H), 2.73 (t, J = 6.0 Hz, 2H), 3.39 (q, J = 5.4 Hz,
2H), 3.76 (s, 4H), 6.03 (s, 1H), 6.42 (s, 1H), 6.83 (d, J = 8.9 Hz,
1H), 7.69 (d, J = 8.8 Hz, 1H), 8.42 (s, 1H), 8.56 (s, 1H). δC
(151 MHz, CDCl3) 13.8, 39.6, 53.3, 56.2, 67.1, 104.9, 107.8,
114.5, 119.6, 121.0, 131.9, 132.0, 144.2, 150.7, 151.8. LC-MS
(30–95 MeCN in 20 min) tR = 5.86 min, purity = >99%, m/z =
332.05 [M + H+]+. HR-MS (m/z): [M + H+]+ calculated for
C17H22N3O4, 332.1610; found, 332.1605.

4-(6-Chloropyridin-3-yl)-N-(2-morpholinoethyl)-2-nitroaniline
(13). Compound (13) was synthesised following the General
Microwave Method on a 0.5 mmol scale. Purification by flash
column chromatography, eluting with 0–10% MeOH in EtOAc,
afforded the title compound as an orange solid (134.2 mg,
0.370 mmol, 74%). δH (600 MHz, CDCl3) 2.54 (s, 4H), 2.75 (t,
J = 6.1 Hz, 2H), 3.42 (q, J = 5.6 Hz, 2H), 3.77 (t, J = 4.6 Hz, 4H),
6.95 (d, J = 8.9 Hz, 1H), 7.38 (d, J = 8.3 Hz, 1H), 7.66 (dd, J =
8.9, 2.2 Hz, 1H), 7.81 (dd, J = 8.3, 2.6 Hz, 1H), 8.41 (d, J =
2.2 Hz, 1H), 8.57 (d, J = 2.5 Hz, 1H), 8.64 (t, J = 4.5 Hz, 1H). δC
(151 MHz, CDCl3) 39.6, 53.3, 56.1, 67.1, 115.3, 123.5, 124.5,
125.0, 132.4, 133.7, 134.7, 136.4, 136.3, 145.1, 147.2, 150.2.
LC-MS (30-95 MeCN in 20 min) tR = 4.08 min, purity = 94%,
m/z = 363.25 [M + H+]+. HR-MS (m/z): [M + H+]+ calculated for
C17H20ClN4O3, 363.1224; found, 363.1221.

4-(6-Fluoropyridin-3-yl)-N-(2-morpholinoethyl)-2-nitroaniline
(14). Compound (14) was synthesised following the General
Microwave Method on a 0.5 mmol scale. Purification by flash
column chromatography, eluting with 0–100% EtOAc in
hexane, afforded the title compound as an orange oil (138 mg,
0.398 mmol, 81%). δH (600 MHz, CDCl3) 2.55 (s, 4H), 2.76 (t,
J = 6.1 Hz, 2H), 3.43 (q, J = 5.7 Hz, 2H), 3.77 (t, J = 4.6 Hz, 4H),
6.95 (d, J = 8.8 Hz, 1H), 7.00 (dd, J = 8.5, 2.9 Hz, 1H), 7.65 (d,
J = 8.8 Hz, 1H), 7.94 (td, J = 8.0, 2.5 Hz, 1H), 8.39 (s, 2H), 8.61
(s, 1H). δC (151 MHz, CDCl3) 39.6, 53.3, 56.1, 67.1, 109.8 (d, J =

37.6 Hz), 115.3, 123.8, 125.0, 132.4, 132.9 (d, J = 4.4 Hz), 134.6,
139.0 (d, J = 7.9 Hz), 144.9, 145.2 (d, J = 15.3 Hz), 162.3, 163.9.
LC-MS (30-95 MeCN in 20 min) tR = 6.98 min, purity = 96%,
m/z = 347.20 [M + H+]+. HR-MS (m/z): [M + H+]+ calculated for
C17H20FN4O3, 347.1519; found, 347.1501.

(Z)-4-Hydroxy-3-(2-(4-hydroxyphenethyl)-1-(2-morpholinoethyl)-
1H-benzo[d]imidazol-5-yl)pent-3-en-2-one (15). Part A: COware™
vessel was equipped with a magnetic flea in one chamber
and flushed with argon. 10 wt% Pd/C (5.02 g, 4.72 mmol,
0.2 eq.), and 4-(3,5-dimethylisoxazol-4-yl)-N-(2-morpholi-
noethyl)-2-nitroaniline (4) (8.17 g, 23.6 mmol, 1 eq.) were
added to the same chamber in EtOAc : MeOH (5 : 1, 20 mL).
Zinc (10 g) was added to the other chamber and the vessel was
flushed with argon for a further 5 mins before sealing. 7 M
HCl (aq.) (14.22 mL, 99.5 mmol) was then added to the zinc
chamber. The reaction mixture was left to stir at room temp-
erature overnight behind a blast shield, with the addition of
more 7 M HCl (aq.) after 16 h (14.2 mL, 99.5 mmol). The reac-
tion vessel was carefully vented, and the organic component
was filtered over Celite, washing with EtOAc (3 × 50 mL) and
the filtrate was concentrated under reduced pressure to afford
the crude product as a brown oil (7.5 g, 23.6 mmol, 99%)
which was used directly in the next stage without further puri-
fication. δH (600 MHz, CDCl3) 1.72 (s, 3H), 1.87 (s, 3H), 2.51 (s,
4H), 2.70 (t, J = 5.7 Hz, 2H), 3.19 (t, J = 5.7 Hz, 2H), 6.51 (s,
1H), 3.73 (s, 4H), 6.62–6.53 (m, 2H), 10.45 (s, 1H). LC-MS (30-
95 MeCN in 20 min) tR = 3.05 min, purity = 90%, m/z = 319.00
[M + H+]+.

Part B: To a stirred solution of 4-hydroxyphenyl propionic
acid (914 mg, 5.05 mmol, 1.01 eq.) and HATU (2.465 g,
6.5 mmol, 1.3 eq.) in DMF (15 mL) at ambient temperature
was added triethylamine (1.4 mL, 10 mmol, 2 eq.) followed by
a solution of the crude di-aniline (1.732 g, 5 mmol, 1 eq.) in
DMF (15 mL). After stirring overnight at ambient temperature,
the reaction mixture was partitioned between DCM (50 mL)
and water (50 mL) and the organic phase was separated. The
aqueous phase was extracted with DCM (3 × 25 mL). The com-
bined organic extracts were washed with saturated aqueous
NaHCO3 (100 mL) and brine (100 mL), dried over anhydrous
magnesium sulfate and concentrated under reduced pressure.
The residue was dissolved in AcOH (50 mL) and heated to
reflux for 2 hours. The reaction mixture was then cooled to
ambient temperature and concentrated under reduced
pressure. The residue was treated with DCM (50 mL) followed
by neutralisation with saturated aqueous NaHCO3. The
organic phase was collected, and the aqueous phase was
extracted with DCM (4 × 50 mL). The combined organic
extracts were washed with brine (250 mL), dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure. Purification by flash column chromatography,
eluting with 0–15% MeOH in DCM with 0.5% NH4OH,
afforded the title compound as a yellow oil (1.14 g, 2.50 mmol,
51%). δH (600 MHz, CDCl3) 1.87 (s, 6H). 2.50 (s, 4H), 2.67 (t, J =
7.1 Hz, 2H), 3.21−3.11 (m, 5H), 3.69 (s, 4H), 4.18 (t, J = 7.1 Hz,
2H), 6.74 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.1 Hz, 2H), 7.05 (d, J =
8.2 Hz, 1H), 7.32 (d, J = 8.2 Hz, 1H), 7.51 (s, 1H). δC (151 MHz,

Organic & Biomolecular Chemistry Paper

This journal is © The Royal Society of Chemistry 2022 Org. Biomol. Chem., 2022, 20, 4021–4029 | 4027

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
A

pr
il 

20
22

. D
ow

nl
oa

de
d 

on
 2

/9
/2

02
6 

6:
05

:0
8 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ob00609j


CDCl3) 24.3, 29.7, 33.1, 41.5, 54.0, 57.6, 66.7, 109.5, 115.3,
115.8, 121.4, 125.5, 129.3, 131.0, 131.5, 134.0, 142.4, 155.3,
155.4, 191.20. LC-MS (30–95 MeCN in 20 min) tR = 3.36 min,
purity = 99%, m/z = 450.10. [M + H+]+. HR-MS (m/z): [M + H+]+

calculated for C26H32N3O4, 450.2393; found, 450.2397.
Methyl 3-(4-(3-(dimethylamino)propoxy)phenyl)propanoate

(16). To a stirred solution of methyl 3-(4-hydroxyphenyl)pro-
panoate (9.00 g, 50 mmol, 1 eq.) in acetonitrile (200 mL) at
ambient temperature was added cesium carbonate (48.9 g,
150 mmol, 3 eq.), followed by sodium iodide (3.75 g, 25 mmol
0.5 eq.) and 3-chloro-N,N-dimethylpropan-1-amine hydro-
chloride (9.3 g, 60 mmol 1.2 eq.). The reaction mixture was
placed under argon and heated to reflux for 48 h. Upon reac-
tion cooling, the mixture was concentrated under reduced
pressure, and the residue was partitioned between DCM
(300 mL) and water (300 mL). The organic phase was washed
with 1 M NaOH (300 mL) and brine (300 mL), dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure, affording the title compound as a colourless oil
(11.6 g, 43 mmol, 87%), which was used directly in the next
step without further purification. δH (600 MHz, CDCl3) 1.93 (p,
J = 6.4 Hz, 2H), 2.24 (s, 6H), 2.43 (t, J = 7.3 Hz, 2H), 2.59 (t, J =
7.8 Hz, 2H), 2.88 (t, J = 7.8 Hz, 2H), 3.66 (s, 3H), 3.98 (t, J = 6.4
Hz, 2H), 6.82 (d, J = 8.7 Hz, 4H), 7.09 (d, J = 8.3 Hz, 4H).

Lithium 3-(4-(3-(dimethylamino)propoxy)phenyl)propanoate
(9). To a stirred solution of methyl 3-(4-(3-(dimethylamino)
propoxy)phenyl)propanoate (16) (11.6 g, 43 mmol, 1 eq.) in a
mixture of THF: water (5:1, 250 mL) at ambient temperature
was added lithium hydroxide monohydrate (2.22 g, 52.8 mmol,
1.1 eq.), and the resulting solution was stirred overnight. The
reaction mixture was concentrated under reduced pressure,
and then sequentially reconcentrated from THF (5 × 50 mL) to
afford the title compound as a white solid which was used
directly in the next stage without further purification (11.06 g,
43 mmol, quant.).

3-(4-(2-(5-(3,5-Dimethylisoxazol-4-yl)-1-(2-morpholinoethyl)-
1H-benzo[d]imidazol-2-yl)ethyl)phenoxy)-N,N-dimethylpropan-
1-amine, ISOX-DUAL (1). To a stirred suspension of lithium 3-
(4-(3-(dimethylamino)propoxy)phenyl)propanoate (9) (283 mg,
1.1 mmol, 1.1 eq.) in DMF (5 mL) at ambient temperature was
added HATU (494.3 mg, 1.3 mmol, 1.3 eq.) and DIPEA (179 µL,
1.5 mmol, 1.5 eq.). After stirring at ambient temperature for
1 hour, a solution of 4-(3,5-dimethylisoxazol-4-yl)-N1-(2-mor-
pholinoethyl)benzene-1,2-diamine (8) (316.4 mg, 1.0 mmol,
1 eq.) in DMF (3 mL) was added, and the reaction mixture was
left to stir overnight before being partitioned between DCM
(50 mL) and water (50 mL). The organic phase was separated,
and the aqueous phase was extracted with DCM (3 × 25 mL).
The combined organic extracts were washed with saturated
aqueous NaHCO3 (100 mL) and brine (100 mL), dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was dissolved in AcOH (50 mL)
and heated to reflux for 2 hours. The reaction mixture was
then cooled to ambient temperature and concentrated under
reduced pressure. The residue was treated with DCM (50 mL)
followed by neutralisation with saturated aqueous NaHCO3.

The organic phase was collected, and the aqueous phase was
extracted with DCM (4 × 50 mL). The combined organic
extracts were washed with brine (250 mL), dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure. Purification by flash column chromatography,
eluting with 0–10% MeOH in DCM with 0.5% NH4OH,
afforded the title compound as a yellow oil (292.7 mg,
0.55 mmol, 55%). δH (600 MHz, CDCl3) 1.98 (p, J = 6.6 Hz,
2H). 2.29 (s, 9H), 2.42 (s, 3H), 2.45 (s, 4H), 2.50 (t, J = 7.0 Hz,
2H), 2.59 (t, J = 6.8 Hz, 2H), 3.19−3.14 (m, 2H), 3.25−3.20 (m,
2H), 3.67 (s, 4H), 3.99 (t, J = 6.3 Hz, 2H), 4.11 (t, J = 6.8 Hz,
2H), 6.84 (d, J = 8.1 Hz, 2H), 7.12 (t, J = 8.3 Hz, 3H), 7.34 (d, J =
8.2 Hz, 1H), 7.62 (s, 1H). δC (151 MHz, CDCl3) 11.0, 11.7, 27.5,
30.1, 33.2, 41.6, 45.5, 54.2, 57.8, 66.3, 67.0, 109.5, 114.8, 117.3,
120.1, 123.5, 124.3, 129.4, 133.0, 134.4, 143.2, 155.6, 157.8, 159.2,
165.2, LCMS (5-95 MeCN in 20 mins) tR = 3.09 min, purity =
98%, m/z = 532.30 [M + H+]+. Data in accordance with literature.1
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