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Abstract — A new and convergent synthesis of apabetalone (RVX-208) is
developed. The key step is to build the 2-phenylquinazolin-4(3H)-one main ring
from 2-bromo-4,6-dimethoxybenzoic acid (10) and 4-(2-hydroxyethoxy)-3,5-
dimethylbenzamidine hydrochloride (15) in 73% yield. 1-Bromo-3,5-
dimethoxybenzene (8) and 4-hydroxy-3,5-dimethylbenzonitrile (13) are used as the
starting materials, 1 was obtained in 49% yield from 8 over 3 steps, or 48% yield
from 13 over 3 steps, including Vilsmeier-Haack formylation, oxidation, amination,
Pinner amidine synthesis methods. Purification methods of the intermediates and
the final product involved in the route were developed, which make it as a process

of cost effective, environmental friendly, and feasible for scale-up operation.

Apabetalone (1, RVX-208, Scheme 1), developed by Resverlogix, is a potent inhibitor of BET
(bromodomain and extra-terminal) protein bromodomains.t It functions by removing atherosclerotic
plaque via RCT (reverse cholesterol transport).2 Apabetalone has been investigated for the treatment of

diabetes, atherosclerosis, and coronary artery disease, and now in Phase 111 clinical research.2

With regard to the synthesis of apabetalone (1), two methods had been reported so far. The first route was
reported by Wong et al,* as shown in Scheme 1. 3,5-Dimethoxyaniline (2) was chosen as the starting
material, through cyclization, hydrolysis and amination in 23% yield over 3 steps to give the intermediate
2-amino-4,6-dimethoxybenzamide (5). 4-(2-((t-Butyldimethylsilyl)oxy)ethoxy)-3,5-dimethyl-
benzaldehyde (7) was prepared from 4-hydroxy-3,5-dimethylbenzaldehyde (6) in 69% vyield, which was
cyclized with 5, catalyzed by p-toluenesulfonamide (PTSA) and sodium hydrogen sulfite to give 1, in

4.8% vyield over 5 steps. Hydrogen peroxide is adopted in this original synthetic route, which makes the
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reaction have the risk of explosion. In addition, oxalyl chloride and high temperature also make the

reaction dangerous.
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Scheme 1. Reagents and conditions: (a) i) HCI (g), Et20; ii) (COCI)2, 170 °C, 84%; (b) NaOH, H20O,
35%; (c) EDCI, HOBt, N-methylmorpholine, THF, NH3 (g), rt, 77%; (d) BrCH.CH.OTBS, Cs>COs, DMF,
69%; (e) NaHSO3z, PTSA, DMAC, 31%.
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Scheme 2. Reagents and conditions: (a) POCls, DMF, 100 °C, 66%); (b) NaClO,, NaH2POs, t-BuOH, H20,
rt, 78%; (c) EDCI, HOBt, N-methylmorpholine, THF, NH3 (g), rt, 77%; (d) CICH2CH,OH, K>COs3, EtOH,
94%; (e) TBSCI, DMF, 98%; (f) NH4sOH, Cul, Cs,CO3, L-proline, DMSO, 48%.

Another synthetic route 1 was reported by Liu’s group,® as shown in Scheme 2. It was based on the
Vilsmeier-Haack formylation, oxidation and amination of 1-bromo-3,5-dimethoxybenzene (8) to give
2-bromo-4,6-dimethoxybenzamide (11) in 39% yield over 3 steps. Compound 7 was prepared from 6
through two steps, using 2-chloroethanol and t-butylchlorodimethylsilane (TBSCI) successively, in 92%
yield. Under the condition of copper iodide as catalyst and L-proline as ligand, compound 7 and 11 were
condensed to give 1 in 48% vyield. Hydrogen peroxide and oxalyl chloride were not used to make this
procedure more safety than the first one. While the protective group TBS was also used so the atomic

economy was poor.
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Scheme 3. Reagents and conditions: (a) CICH.CH20H, K>COs, MeCN, 80 °C, 8 h, 83%; (b) i) HCI (g),
MeOH, MTBE, 10 h; ii) NHz (g), MeOH, rt, 12 h, 79%; (c) Cul, Cs.CO3, DMSO, 80 °C, 12 h, 73%.

In order to develop an efficient and practical method for preparing of apabetalone (1), a new and
convergent synthetic route was developed successfully, as shown in Scheme 3. In given basic condition,
2-bromobenzoic acid and benzimidamide hydrochloride can be cyclized to give the
2-phenylquinazolin-4(3H)-one  structure.®.  This  strategy was adopted to build the
2-phenylquinazolin-4(3H)-one main ring for 1. 4-Hydroxy-3,5-dimethylbenzonitrile (13) was chosen as
the starting material, which was reacted with 2-chloroethanol under K>CO3z/MeCN to give
4-(2-hydroxyethoxy)-3,5-dimethylbenzonitrile  (14) in  83% vyield. 4-(2-Hydroxyethoxy)-3,5-
dimethylbenzimidamide hydrochloride (15) was obtained by the Pinner amidine synthesis method? in
79% yield. Another intermediate 10 was prepared from compound 8 (as shown in Scheme 2) based on
Liu’s method® in 68% isolated yield over 2 steps after modification, which was depicted in the
experimental section. At the last step, 1 was obtained by reaction of compound 15 and 10 under copper
iodide and cesium carbonate in DMSO at 80 °C, in 73% isolated yield, based on Fu’s method.2

In summary, an effective and convergent synthetic route of apabetalone (1) was developed successfully.
The key step is to build the 2-phenylquinazolin-4(3H)-one main ring of 1 from the 2-bromobenzoic acid
10 and the benzimidamide hydrochloride compound 15. 1-Bromo-3,5-dimethoxybenzene (8) and
4-hydroxy-3,5-dimethylbenzonitrile (13) were used as the starting materials, 1 was obtained in 49% yield
from 8 over 3 steps, or 48% yield from 13 over 3 steps, including Vilsmeier-Haack formylation, oxidation,
amination, Pinner amidine synthesis methods. Purification methods of the intermediates and the final
product involved in the route were developed, which make it as a process of cost effective, environmental
friendly, and feasible for scale-up operation.

EXPERIMENTAL

All commercially available chemicals and solvents were used as received without any further purification.
'H NMR and 3C NMR spectra were recorded on a Bruker UltraShield 400 Plus spectrometer using TMS
as an internal standard. Mass spectra were obtained from a Finnigan MAT-95/711 spectrometer. Melting

points were measured on a Shenguang WRS-1B melting point apparatus and uncorrected. The HPLC data
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were acquired using a Waters 2487 UV/Visible Detector and Waters 515 Binary HPLC Pump. The purity
of the compounds was based on the areas of HPLC UV.

2-Bromo-4,6-dimethoxybenzaldehyde (9). POCls (16.9 g, 108 mmol) was added dropwise to a mixture
of 1-bromo-3,5-dimethoxybenzene (8) (20.0 g, 90 mmol) in DMF (35 mL) at 0~5 °C. The mixture was
stirred for 30 min at room temperature, and then heated to 100 °C for 4 h. The reaction was quenched by
addition to ice (100 g), and stirred at 5~20 °C for 2 h. The resulting solid was isolated by suction filtration,
washed with water (20 mL x 2) and 95% EtOH (20 mL x 1), dried at 40 °C for 4 h to give 9 (19.7 g,
87%) as a light yellow solid. *H NMR (400 MHz, CDCls) 6 10.33 (s, 1H), 6.80 (d, J = 2.2 Hz, 1H), 6.45
(d, J=2.2 Hz, 1H), 3.91 (s, 3H), 3.89 (s, 3H). 3C NMR (100 MHz, CDCls): ¢ 189.1, 164.6, 163.6, 127.3,
116.9, 111.6, 98.2, 56.1, 55.8. MS (ESI): m/z = 246.9 [M+H]". HRMS (ESI) calcd for: CoH10BrOsz [M +
H]" 244.9813. Found: 244.9811.

2-Bromo-4,6-dimethoxybenzoic acid (10). A mixture of compound 9 (5.0 g, 20.4 mmol) and sulfamic
acid (6.9 g, 71.4 mmol) in THF (50 mL) was stirred at room temperature. A solution of sodium chlorite
(6.5 g, 71.4 mmol) in water (25 mL) was added dropwise to the reaction mixture over 1 h and stirred at
room temperature for another 1 h. The reaction solution was extracted with EtOAc (50 mL x 2), the
combined organic solution was washed with brine (75 mL x 2). The organic solvents were concentrated
under vacuum to give a yellow solid, which was dried at 40 °C for 4 h to yield 10 (4.3 g, 80%) as a light
yellow solid. *H NMR (400 MHz, DMSO-dg) ¢ 13.08 (s, 1H), 6.79 (d, J = 2.1 Hz, 1H), 6.65 (d, J = 2.1
Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H). 3C NMR (100 MHz, DMSO-ds): 6 166.4, 156.5, 155.6, 121.1, 119.4,
113.5, 97.2, 57.0, 56.7. MS (ESI): m/z = 261.0 [M+H]*. HRMS (ESI) calcd for: CoH1oBrOs [M + H]*
260.9762. Found: 260.9760.

HPLC Conditions: Column: Acclaim C18 (150 mm x 2.1 mm x 5 um); Detection: 254 nm; Flow rate: 0.8
mL/min; Temperature: 45 °C; Injection load: 1 uL; Solvent: MeOH; Concentration: 0.2 mg/mL; Run
time: 20 min; Mobile phase: MeOH (0.1% HCO.H)/water = 90/10, tr: 3.76 min, purity: 98.8%.

4-(2-Hydroxyethoxy)-3,5-dimethylbenzonitrile (14). A mixture of 4-hydroxy-3,5-dimethylbenzonitrile
(13) (5.0 g, 34 mmol) and K>CO3 (14.2 g, 102 mmol) in MeCN (80 mL) was stirred at room temperature
for 30 min. 2-Chloroethanol (5.5 g, 68 mmol) was added dropwise to the reaction mixture and stirred at
80 °C for 8 h. After cooled to room temperature, the solid was filtered to removed. The filtrate was
extracted with EtOAc (50 mL x 2). The organic extracts were combined, washed with 1 M aqueous
NaOH (50 mL x 2) and brine (50 mL x 2) respectively. The organic solvents were concentrated under

vacuum to yield a light brown solid, which was crystallized from hexane (25 mL) to yield 14 (5.4 g, 83%)
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as a white solid. *H NMR (400 MHz, DMSO-ds) 6 7.36 (s, 2H), 4.01-3.99 (m, 2H), 3.96-3.94 (m, 2H),
2.34 (s, 6H). 3C NMR (100 MHz, DMSO-ds): 6 159.8, 132.6, 118.9, 106.1, 74.2, 60.4, 15.8. MS (ESI):
m/z = 192.1 [M+H]*. HRMS (ESI) calcd for: C11H14NO2 [M + H]* 192.1025. Found: 192.1019.

4-(2-Hydroxyethoxy)-3,5-dimethylbenzamidine hydrochloride (15). A solution of compound 14 (4.0 g,
21 mmol) in methyl t-butyl ether (MTBE) (20 mL) and MeOH (1.35 g, 42 mmol) was stirred and cooled
to 0~5 °C. Hydrogen chloride gas was burbled into the solution at 0~5 °C for 2 h, and stirred at 0~5 °C
for another 8 h. The resulting solid was isolated by suction filtration, washed by MTBE (10 mL x 2) to
give a white solid (4.4 g), which was dissolved directly in MeOH (20 mL) and stirred at 0~5 °C. A
solution of 7 M ammonia in MeOH (4.0 mL, 28 mmol) was added to the mixture. The reaction mixture
was stirred at room temperature for 12 h. The solvent was removed under vacuum to give 15 (4.06 g,
79%) as a white solid. *H NMR (400 MHz, DMSO-ds) 6 9.29 (brs, 2H), 9.19 (brs, 2H), 7.60 (s, 2H), 4.98
(t, J = 5.3 Hz, 1H), 3.87 (t, J = 4.9 Hz, 2H), 3.72 (dd, J = 9.6, 4.8 Hz, 2H), 2.31 (s, 6H). 3C NMR (100
MHz, DMSO-ds): ¢ 165.2, 160.3, 131.5, 128.8, 122.6, 74.2, 60.4, 16.2. MS (ESI): m/z = 209.1 [M+H]".
HRMS (ESI) calcd for: C11H17N202 [M + H]" 209.1290. Found: 209.1287.

HPLC Conditions: Column: Acclaim C18 (150 mm x 2.1 mm x 5 um); Detection: 220 nm; Flow rate: 0.8
mL/min; Temperature: 45 °C; Injection load: 1 uL; Solvent: MeOH; Concentration: 0.2 mg/mL; Run
time: 17.5 min; Mobile phase: MeOH (0.1% TEA)/water = 70/30, tr: 2.23 min, purity: 98.8%.

Apabetalone (1). A mixture of compound 10 (1.95 g, 7.4 mmol), 15 (2 g, 8.2 mmol), Cul (0.14 g, 0.75
mmol) and Cs.COz (4.89 g,14.8 mmol) in DMSO (15 mL) was heated and stirred at 80 °C for 12 h under
nitrogen. After cooled to room temperature, the reaction mixture was quenched by the addition of 20%
aqueous NH4CI (50 mL). The resulting solution was extracted with EtOAc (50 mL x 2), the combined
organic solution was washed with brine (50 mL x 2). The organic solution was separated and removed in
vacuo to give a light brown solid (2.8 g). The crude product and active carbon (0.2 g) were suspended in
MeOH (12 mL), heated to reflux for 30 min. The insoluble solid was filtered through a celite pad in hot.
Water 2 mL was added to the filtrate and the solution was stirred at room temperature for 2 h and at
0~5 °C for 1 h. The resulting solid was isolated by filtration, washed with 80% MeOH-H>0 (2 mL x 2),
dried at 40 °C for 4 h to give 1 (2.01 g, 73%) as a white solid. *H NMR (400 MHz, DMSO-ds) § 11.82 (s,
1H), 7.90 (s, 2H), 6.74 (d, J = 2.3 Hz, 1H), 6.52 (d, J = 2.2 Hz, 1H), 4.90 (brs, 1H), 3.90 (s, 3H), 3.88-
3.83 (m, 5H), 3.74 (m, 2H), 2.32 (s, 6H). 3C NMR (100 MHz, DMSO-de): J 164.2, 160.1, 159.8, 158.4,
153.1, 152.5, 130.8, 128.2, 127.2, 104.6, 101.1, 97.5, 74.0, 60.4, 55.9, 55.6, 16.1. MS (ESI): m/z = 371.1
[M+H]*. HRMS (ESI) calcd for: C20H23N20s [M + H]* 371.1607. Found: 371.1605.
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HPLC Conditions: Column: Acclaim C18 (150 mm x 2.1 mm x 5 um); Detection: 254 nm; Flow rate: 0.8
mL/min; Temperature: 45 °C; Injection load: 1 xL; Solvent: MeOH; Concentration: 0.2 mg/mL; Run time:
20 min; Mobile phase: MeOH/H20 = 80/20, tr: 8.15 min, purity: 99.0%.
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