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Abstract – An improved multigram route to key intermediate 26 for macrocyclic 

SIRT1 modulators has been developed. The increasing demand for this key 

intermediate caused the rerouting of the initial discovery route resulted in increase 

of overall yield to 8.3% over 8 steps, with the elimination of some tedious 

chromatographic purifications, and the substitution of critical reaction steps, which 

hindered a feasible scale-up. The key modification was the introduction of the 

microwave assisted intramolecular Suzuki reaction for the macrocyclization step, 

which provided in a reliable and reproducible manner of the targeted product 40. 

This newly developed synthetic access to this first described macrocyclic ring 

system was capable of ensuring the supply of our medicinal chemistry program. 

INTRODUCTION 

SIRT1 is a NAD+-dependent histone deacetylase that catalyses the transfer of acetyl group from the 

side-chain of acetyllysine to the ADP-ribose moiety of NAD+. It has been extensively studied since its 

wide variety of physiological functions and the potential benefits of the modulation of sirtuins in human 

diseases, including cancer, metabolic disorders, and neurodegeneration.1 The development of small 

molecules to regulate SIRT1 activity is of great interest in pharmaceutical research. Therefore, the 

synthesis of chemical modulators (inhibitors and activators) of the sirtuin-catalyzed deacetylation reaction 

have been actively pursued during the past few years.2 

Even simple molecules as resveratrol3 or some 1,4-dihydropyridine derivatives4 exert an interesting 

SIRT1 modulating property and to date two molecules, APL-12025 and SEN-00141966 have been 

reported to be in various phases of clinical studies (Figure 1). 
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Figure 1. Reported SIRT1 modulators 

 

During the early stages of our research project after the review and evaluation of the existing literature on 

active molecules, we decided to synthesize a macrocyclic variation of the SIRT257 molecule. The  

original molecule, that was previously described as the lead compound in an existing patent application,7 

was used as a reference molecule in our studies, and we hoped to achieve improved pharmacokinetic 

properties with our modifications.  

Our exploratory 6+2 steps synthetic pathway to obtain a simple, cyclized analogue of SIRT257 is 

described in Scheme 1. Ethyl 8-bromo-1,6-naphthyridine-2-carboxylate8 (1) was reacted with 

3-chlorophenylboronic acid (2) in the presence of Pd catalyst and the product (3) underwent a consecutive 

Suzuki coupling with 4,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane (4) resulting in the formation of  

styrene derivative 5. The hydrolysed form of 5 was then reacted with the aniline 10 (which was 

previously synthesized in a 2-step reaction from 3-bromo-4-nitrophenol (8)) in the presence of TBTU, 

yielding the amide 11. 

An intramolecular Heck reaction, that is otherwise not widely reported to be used for similar purpose, was 

performed to carry out the macrocyclization step to successfully form the intermediate 12. The robustness 

of the reaction was not completely satisfying as the yields obtained varied between 30 and 54% following 

a tedious purification process. However, the next step, a simple looking double bond reduction turned out 

to be even more troublesome and limiting in the synthetic sequence as several attempts of catalytic 

hydrogenation have failed. A rarely used, old reduction method worked only, using a large excess (30 

equivalents) of tosylhydrazide, yielding the expected product in a yield not higher than 35%. The final, 

pharmacologically active form of the compound (13) was obtained after the salt formation with 

hydrochloric acid. 
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Scheme 1. Reagents and conditions: i. Ph3P, DEAD, THF (66%); ii. NH4Cl, Fe, i-PrOH (95%); iii. 

PdAmphosCl2, KF, dioxane/H2O (66%); iv. PdAmphosCl2, KF, dioxane/H2O (62%); v. NaOH, EtOH 

(81%); vi. HBTU, TEA, DMF (99%); vii. Pd(OAc)2, PPh3, TEA, DMF (30 – 54%); viii. TsNHNH2 (30 eq.), 

Et3N, THF (35%); ix. 1N HCl, MeCN/H2O, Lyoph. 

 

The aim of early scale-up group was to develop a convenient, scalable route that leads to macrocycle 13, 

besides, to add an easily removable protecting group on the phenolic hydroxyl could allowing us for the 

rapid optimization of the side chain in parallel with other pharmacological tests. 

RESULTS AND DISCUSSION 

We envisaged that the two most challenging steps could be avoided if an ethylene linker was set up early 

in the synthesis and we decided to perform a comparison between the widely used intramolecular amide 

formation and the less known intramolecular Suzuki coupling. Both approaches needed a common key 

intermediate aniline 17, which was selected as our first target compound (Scheme 2). 
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Scheme 2. Retrosynthetic analysis of macrocycle 14 

 

Our first set of experiments started with the Knoevenagel type condensation9 of 

4-methoxy-2-methyl-1-nitrobenzene (19) with 3-bromobenzaldehyde in the presence of sodium ethoxide 

to form the nitrostilbene derivative 20 in a moderate yield. 

The next step, a catalytic hydrogenation was once again more difficult than expected. When the reaction 

was carried out in the presence of either Pd/C, PtO2 or Raney Ni catalysts, the desired compound was 

problematic to be separated from the complex mixture formed. The transformation was however 

successfully carried out with in situ generated nickel boride (from nickel chloride and sodium 

borohydride) resulting in the formation of 21 in an acceptable yield.10 The Suzuki-Miyaura reaction of 21 

with bis(pinacolato)diboron worked well under standard conditions and the planned key intermediate 22 

was formed in good yield (Scheme 3). 
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Scheme 3. Reagents and conditions: i. 3-bromobenzaldehyde, NaOEt, DMSO, EtOH (30%); ii. NiCl2, 

NaBH4 THF, MeOH (53%), iii. Pd(dppf)Cl2, bis(pinacolato)diboron, KOAc, dioxane, water (62%). 

 

With an adequate amount of 22 in hand it becomes possible to test the alternative macrocyclization 

pathway in order to avoid the original, unfavourable Heck reaction/reduction sequence.  

To proceed, the Suzuki reaction of 22 with ethyl 8-bromo-1,6-naphthyridine-2-carboxylate (1) was 

performed and after the hydrolysis of ester 23, the intramolecular amidation of 24 was attempted. After 

several attempts with various peptide coupling agents (CDI, TBTU, HATU etc.), 

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) proved to be the most effective for 

this macrocyclization. Adding the diluted solution of 24 in DCM dropwise to a solution of the activating 

agent (EDC) and base at room temperature resulted in the formation of the product 25, however, only in a 

moderate yield (26%). 

Several attempts were performed to prepare the target free phenol 26 by the selective O-demethylation of 

the aryl methyl ether 25. Despite the plethora of methods described in the literature none of them resulted 

in the deprotection of this heterocycle: the use of Brønsted or Lewis acids, like HBr,11 BBr3,
12 BF3· 

Et2O,13 AlCl3,
14 or TMSCl-NaI15 led to a complex mixture of products (only a minor amount of the 

desired product was detected by HPLC-MS), while no reaction occurred with nonacidic, strongly 

nucleophilic reagents (NaSEt16 LiCl-DMF,17 NaCN18). 
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Scheme 4. Reagents and conditions: i. Pd(PPh3)2Cl2, KF, dioxane, water (66%), ii. LiOH, THF, water 

(71%), iii. CDI, DCM, pyridine (26%). 

 

A different synthetic approach was also investigated. This set of reactions started with the introduction of 

the more easily removable methoxymethyl protecting group to 3-methyl-4-nitrophenol to give 28. It soon 

became clear however, that the originally planned selective radical mono-bromination of the methyl 

group of 28 is not scalable, so an alternative pathway was developed. Aldehyde 29 was found to be a 

suitable (and available) starting material. In three simple steps the key intermediate 32 was easily 

obtained on a 50-gram scale. The Arbuzov reaction of 32 with triethyl phosphite gave the expected 

Horner-Wittig reagent 33, with a slightly decreased yield experienced as a result of the removal of the 

benzoxazole by-product 34 formed. The (E)-olefin 36 was synthesized smoothly, and was subsequently 

reduced with hydrogen in the presence of Pd/C. Both the olefinic double bond and the nitro group were 

reduced smoothly in this case, providing our envisaged key intermediate 37 in six steps, in an overall 

yield of 30% (Scheme 5). 
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Scheme 5. Reagents and conditions: i. MOMCl, NaH, DMF, 0 °C (28: 82%, 30: 94%); ii. NBS, CH2Cl2 

(56%); iii. P(OEt)3, toluene (33: 71%, 34: 5%); iv. KOBut, DMF (61%); v. NaBH4, MeOH, THF (98%); vi. 

CBr4, PPh3, DCM (76%) vii. H2, Pd/C, MeOH, THF (99%). 

 

Based on our initial observations on the slow macrocyclization described in Scheme 4 (more than 24 h on 

0.1 g scale) and due to the challenging deadline for the delivery of 26, we decided to prepare the amide 39, 

which was expected to be cyclized to 40 via an intramolecular Suzuki reaction.19 After a short screening 

of conditions for this transformation we concluded that the reaction is best to be performed under 

microwave conditions at elevated temperatures above the boiling point of the selected solvent system, and 

it was indeed resulted in the formation of the expected product with an acceptable profile. With the usage 

of the automatic sample changer of our microwave reactor, all of the prepared final intermediate was 

cyclized overnight in 30 portions. The combined reaction mixtures were combined and purified on 

column chromatography to give the macrocyclic product 40 in a satisfactory overall yield on gram scale. 

The main by-product was the “dimer” 41 which could have been supressed with a higher dilution rate. 

The removal of the protecting group now easily provided us the target molecule 26 in the requested 

quantity (Scheme 6), which was used for the support of our medicinal chemistry program. Due to the 

obtained pharmacological results from the synthesized derivatives, further scale-up of this reaction 

sequence was not requested, so the conditions were not optimized further. 
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Scheme 6. Reagents and conditions: i. EDC.HCl, pyridine (86%); ii. Pd(PPh3)2Cl2, KF, dioxane, water, 

microwawe, 130 °C (40: 32%, 41: 6%), iii. HCl. MeOH, dioxane, water (87%). 

 

In conclusion we have developed a new synthetic route to obtain macrocyclic intermediate 26, supporting 

our medicinal chemistry program at Servier targeting macrocyclic analogues of SIRT 257. The 

microwave-mediated Suzuki-macrocyclization step19 described above, resulted in the formation of a 

13-membered heterocyclic ring, that is rarely exemplified in the chemical literature. The further 

investigation of this chemistry was abandoned due to changes in the project priorities.  

EXPERIMENTAL 

Organic solutions were dried over magnesium sulphate and concentrated under diminished pressure at 

40 °C. Purification by column chromatography was performed using a Teledyne Isco CombiFlash® Rf 

system with RediSep Rf GoldTM columns. The NMR spectra were recorded on Bruker 500 MHz and 400 

MHz spectrometers, 13C-NMR spectra were recorded at 125 MHz and 100 MHz, respectively. Chemical 

shifts (δ) are reported in ppm relative to the residual solvent signal. High-resolution mass spectra 

(HRMS) were determined on an Agilent 6230 TOF LC/MS spectrometer. 

2-[(E)-2-(3-Bromophenyl)ethenyl]-4-methoxy-1-nitrobenzene (20): To a solution of 

3-methyl-4-nitroanisole (16.7 g, 0.1 mol) and 3-bromobenzaldehyde (11.7 mL, 0.1 mol) in dry DMSO 
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(700 mL), a solution of freshly prepared sodium ethoxide in dry EtOH solution (0.4 M, 100.0 mL) was 

added dropwise. The mixture was stirred at room temperature for 2 h, poured into ice (3 kg) and was 

stirred overnight. The solid was filtered off and recrystallized from EtOH (310 mL) to give 20 (10.13 g, 

30%). 1H-NMR (500 MHz, DMSOd6): δ 8.08 (d, 1H, J = 9.0 Hz, H-6), 7.84 (br s, 1H, H-2’), 7.66 (d, 1H, 

J = 16.0 Hz, NO2PhCH), 7.63 (d, 1H, J = 7.9 Hz, H-6’), 7.53 (d, 1H, J = 7.9 Hz, H-4’), 7.38 (t, 1H J = 7.9 

Hz, H-5’), 7.35 (d, 1H, J = 3.0 Hz, H-3), 7.29 (d, 1H, J = 16.0 Hz, BrPhCH), 7.09 (dd, 1H J = 9.0 and 3.0 

Hz, H-5), 3.94 (s, 3H, CH3). 
13C-NMR (125 MHz, DMSOd6): δ 163.3 (q), 141.3 (q), 139.5 (q), 135.5 (q), 

132.1 (CH), 131.5 (CH), 131.4 (CH), 130.0 (CH), 128.0 (CH), 126.4 (CH), 126.4 (CH), 122.7 (q), 114.8 

(CH), 113.3 (CH), 56.7 (CH3). GC-MS (m/z): (EI) calcd for C15H12BrNO3 [M]+: 333.0, found 333.1. 

2-[2-(3-Bromophenyl)ethyl]-4-methoxyaniline (21): To a suspension of 

2-[(E)-2-(3-bromophenyl)ethenyl]-4-methoxy-1-nitrobenzene (20, 5.1 g, 15.2 mmol) and nickel chloride 

(2.0 g, 15.5 mmol) in a mixture of THF (25 mL) and MeOH (25 mL), sodium borohydride (1.2 g, 31.9 

mmol) was added portionwise at 0 °C. The reaction mixture was allowed to attain room temperature and 

was stirred for 4 h. It was poured into water (100 mL), extracted with CH2Cl2 (2 x 300 mL), the combined 

organic phases were washed with brine (200 mL), dried and concentrated. The residue was purified by 

column chromatography (heptane → EtOAc) to give the title product (2.50 g, 53%). 1H-NMR (500 MHz, 

DMSOd6): δ 7.53 (br s, 1H, H-2’), 7.37 (d, 1H, J = 7.8 Hz, H-4’), 7.29 (d, 1H, J = 7.8 Hz, H-6’), 7.24 (t, 

1H, J = 7.8 Hz, H-5’), 6.58 (d, 1H, J = 9.0 Hz, H-6), 6.56 (d, 1H, J = 2.9 Hz, H-3), 6.53 (dd, 1H, J = 9.0 

and 2.9 Hz H-5), 4.50 (s, 2H, NH2), 3.60 (s, 3H, CH3), 2.83-2.78 (m, 2H, BrPhCH2), 2.71-2.65 (m, 2H, 

CH2). 
13C-NMR (125 MHz, DMSOd6): δ 151.4 (q), 145.5 (q), 131.8 (CH), 130.8 (CH), 129.1 (CH), 128.2 

(CH), 126.5 (q), 116.2 (CH), 115.5 (CH), 112.6 (CH), 55.7 (CH3), 34.5 (CH2), 33.2 (CH2). HRMS (m/z): 

(ESI) calcd for C15H17BrNO [M+H]+: 306.0494, found 306.0490. 

4-Methoxy-2-{2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]ethyl}aniline (22): A mixture 

of 2-[2-(3-bromophenyl)ethyl]-4-methoxyaniline (21, 1.7 g, 5.5 mmol), bis(pinacolato)diboron (1.5 g,  

6.1 mmol), potassium acetate (1.6 g, 16.5 mmol) and [1,1′- 

bis(diphenylphosphino)ferrocene]dichloropalladium(II) (0.20 g, 0.28 mmol) in degassed 1,4-dioxane (27 

mL) was refluxed overnight. The reaction mixture was cooled to room temperature, filtered through a pad 

of Celite and concentrated. The residue was purified by column chromatography (heptane → 

heptane/EtOAc 4/1) to give 22 (1.2 g, 61%). 1H-NMR (500 MHz, DMSOd6): δ 7.60 (br s, 1H, H-2’), 7.50 

(d, 1H, J = 7.6 Hz, H-4’), 7.43 (d, 1H, J = 7.6 Hz, H-6’), 7.30 (t, 1H, J = 7.6 Hz, H-5’), 6.58 (d, 1H, J = 

3.0 Hz, H-3), 6.57 (d, 1H, J = 8.6 Hz, H-6), 6.52 (dd, 1H, J = 8.6 and 3.0 Hz, H-5), 4.47 (br s, 2H, NH2), 

3.60 (s, 3H, OCH3), 2.84-2.79 (m, 2H, BPhCH2), 2.71-2.65 (m, 2H, CH2), 1.29 (s, 12H 4 x CH3). 

13C-NMR (125 MHz, DMSOd6): δ 151.4 (q), 141.9 (q), 140.2 (q), 135.0 (CH), 132.4 (CH), 132.2 (CH), 

128.7 (q), 128.2 (CH), 126.9 (q), 116.2 (CH), 115.4 (CH), 112.5 (CH), 84.0 (2 x q), 55.6 (CH3), 34.9 
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(CH2), 33.5 (CH2), 25.2 (4 x CH3). HRMS (m/z): (ESI) calcd for C21H29BNO3 [M+H]+: 354.2240, found 

354.2223. 

Ethyl 8-{3-[2-(2-amino-5-methoxyphenyl)ethyl]phenyl}-1,6-naphthyridine-2-carboxylate (23): A 

mixture of 4-methoxy-2-{2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]ethyl}aniline (22, 

1.20 g, 3.4 mmol), ethyl 8-bromo-1,6-naphthyridine-2-carboxylate (1, 1.10 g, 3.7 mmol), potassium 

fluoride (0.59 g, 10.20 mmol) and bis(triphenylphosphine)palladium(II) dichloride (0.12 g, 0.17 mmol) in 

a mixture of degassed 1,4-dioxane (40 mL) and water (10 mL) was refluxed for 6 h under nitrogen. The 

reaction mixture was cooled to room temperature, filtered through a pad of Celite and concentrated. The 

residue was purified by column chromatography (CH2Cl2 → CH2Cl2/MeOH 3/7) to give 23 (0.95 g, 66%). 

1H-NMR (500 MHz, DMSOd6): δ 9.53 (s, 1H, H-5), 8.90 (s, 1H, H-7), 8.86 (d, 1H, J = 8.4 Hz, H-4), 8.29 

(d, 1H, J = 8.4 Hz, H-3), 7.83 (s, 1H, H-2’), 7.67 (d, 1H, J = 7.5 Hz, H-6’), 7.45 (t, 1H, J = 7.5 Hz, H-5’), 

7.40 (d, 1H, J = 7.5 Hz, H-4’), 6.61 (d, 1H, J = 3.0 Hz, H-6”), 6.58 (d, 1H, J = 8.4 Hz, H-3”), 6.54 (dd, 

1H, J = 8.4 and 3.0 Hz, H-4”), 4.51 (br s, 2H, NH2), 4.38 (q, 2H, J = 7.1 Hz, CH2CH3), 3.59 (s, 3H, 

OCH3), 2.95-2.90 (m, 2H, CH2), 2.83-2.78 (m, 2H, NH2PhCH2), 1.32 (t, 3H, J = 7.1 Hz, CH2CH3). 

13C-NMR (125 MHz, DMSOd6): δ 164.8 (q), 153.2 (CH), 152.2 (q), 151.4 (q), 147.2 (CH), 147.0 (q), 

142.3 (q), 140.1 (q), 139.0 (CH), 135.2 (q), 133.6 (q), 131.8 (CH), 128.8 (2 x CH), 128.4 (CH), 126.8 (q), 

124.2 (q), 122.7 (CH), 116.2 (CH), 115.4 (CH), 112.5 (CH), 62.3 (CH2), 55.7 (CH3), 35.1 (CH2), 33.7 

(CH2), 14.5 (CH3). HRMS (m/z): (ESI) calcd for C26H26N3O3 [M+H]+: 428.1974, found 428.1963. 

8-{3-[2-(2-Amino-5-methoxyphenyl)ethyl]phenyl}-1,6-naphthyridine-2-carboxylic acid (24): To a 

solution of ethyl 8-{3-[2-(2-amino-5-methoxyphenyl)ethyl]phenyl}-1,6-naphthyridine-2-carboxylate (23, 

0.95 g, 2.23 mmol) in THF (6 mL), a solution of lithium hydroxide monohydrate (0.47 g, 11.15 mmol) in 

water (6 mL) was added and it was stirred for 1 h at room temperature. The reaction mixture was 

concentrated, the residue was dissolved in water (5 mL), the pH was adjusted to 5 with aqueous 1 M 

hydrochloric acid. The precipitated solid was filtered off and dried in vacuo to give the 24 carboxylic acid 

(0.63 g, 71%). 1H-NMR (400 MHz, DMSOd6): δ ppm 9.51 (s, 1H, H-5), 8.86 (s, 1H, H-7), 8.83 (d, 1H, J 

= 8.5 Hz, H-4), 8.27 (d, 1H, J = 8.5 Hz, H-3), 7.78 (br s, 1H, H-2’), 7.66 (d, 1H, J = 7.6 Hz, H-6’), 7.44 (t, 

1H, J = 7.6 Hz, H-5’), 7.38 (d, 1H, J = 7.6 Hz, H-4’), 6.70 (d, 1H, J = 8.7 Hz, H-3”), 6.67 (d, 1H, J = 2.9 

Hz, H-6”), 6.59 (dd, 1H, J = 8.7 and 2.9 Hz, H-4”), 3.62 (s, 3H, CH3), 2.96-2.89 (m, 2H, CH2), 2.86-2.80 

(m, 2H, CH3OPhCH2), CO2H and NH2 not visible. 13C-NMR (100 MHz, DMSOd6): δ 166.9 (q), 153.5 (q), 

153.2 (CH), 152.6 (q), 147.1 (CH), 147.0 (q), 142.3 (q), 138.7 (CH), 135.4 (q), 133.8 (q), 131.6 (CH), 

129.0 (CH), 128.7 (CH), 128.4 (CH), 124.1 (q), 122.8 (CH), 117.6 (CH), 115.6 (CH), 112.6 (CH), 55.7 

(CH3), 35.2 (CH2), 33.6 (CH2), 2 x C (q) not visible. HRMS (m/z): (ESI) calcd for C24H22N3O3 [M+H]+: 

400.1661, found 400.1644. 
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13-Methoxy-11,16-dihydro-1,18-etheno-5,9-(metheno)pyrido[4,3-e][1,4]benzodiazacyclopentadecin-

17(10H)-one (25): To a suspension of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride 

(0.29 g, 1.50 mmol) in a mixture of CH2Cl2 (5 mL) and pyridine (0.61 mL, 7.5 mmol), a solution of 

8-{3-[2-(2-amino-5-methoxyphenyl)ethyl]phenyl}-1,6-naphthyridine-2-carboxylic acid (24, 0.20 g, 0.50 

mmol) in a mixture of CH2Cl2 (5 mL) and pyridine (0.61 mL, 7.5 mmol) was added dropwise at room 

temperature over a period of 10 h, and it was stirred overnight. The reaction mixture was concentrated, 

the residue was purified by column chromatography (CH2Cl2 → CH2Cl2/MeOH 95/5) to give the 

expected macrocycle 25 (0.05 g, 26%). 1H-NMR (500 MHz, DMSOd6): δ 10.72 (s, 1H, NH), 9.56 (s, 1H, 

H-2), 9.19 (s, 1H, H-4), 8.90 (d, 1H, J = 8.0 Hz, H-21), 8.46 (s, 1H, H-22), 8.32 (br s, 2H, H-15, H-20), 

7.60 (d, 1H, J = 7.6 Hz, H-6), 7.47 (t, 1H J = 7.6 Hz, H-7), 7.33 (d, 1H, J = 7.6 Hz, H-8), 6.99 (d, 1H, J = 

3.0 Hz, H-12), 6.89 (d, 1H J = 7.7 Hz, H-14), 3.77 (s, 3H, CH3), 3.07 (br s, 2H, CH2-10), 2.89 (br s, 2H, 

CH2-11). 13C-NMR (125 MHz, DMSOd6): δ 160.5 (q), 156.0 (q), 153.2 (CH), 152.1 (q), 144.9 (q), 144.7 

(CH), 142.1 (q), 139.9 (CH), 134.8 (CH), 134.3 (q), 133.6 (q), 132.8 (q), 131.8 (q), 129.5 (CH), 127.7 

(CH), 127.4 (CH), 124.3 (q), 120.5 (CH), 119.4 (CH), 116.7 (CH), 112.5 (CH), 55.7 (CH3), 36.6 (CH2), 

34.0 (CH2). HRMS (m/z): (ESI) calcd for C24H20N3O2 [M+H]+: 382.1556, found 382.1151. 

4-(Methoxymethoxy)-2-methyl-1-nitrobenzene (28): To a suspension of 60% sodium hydride (6.0 g, 

150.0 mmol) in anhydrous DMF (200 mL), 3-methyl-4-nitrophenol (27, 15.1 g, 100.0 mmol) was added 

portionwise at 0 °C. After the mixture was stirred for 2 h, chloromethyl methyl ether (34.2 mL, 450.0 

mmol) was added dropwise at 0 °C. The reaction mixture was allowed to warm to room temperature and 

stirred for 1 h. It was poured into water (600 mL), extracted with Et2O (3 x 200 mL). The combined 

organic phases were washed with brine (150 mL), dried and concentrated. The residue was purified by 

column chromatography (heptane/EtOAc 9/1) to give the title product (28, 16.2 g, 82%). 1H-NMR (500 

MHz, DMSOd6): δ ppm 8.05 (d, 1H, J = 9.0 Hz, H-6), 7.09 (d, 1H, J = 3.0 Hz, H-3), 7.05 (dd, 1H, J = 9.0 

and 3.0 Hz, H-5), 5.31 (s, 2H, CH2), 3.39 (s, 3H, OCH3), 2.54 (s, 3H, CH3). 
13C-NMR (125 MHz, 

DMSOd6): δ 160.8 (q), 142.9 (q), 136.7 (q), 127.7 (CH), 119.7 (CH), 114.6 (CH), 94.2 (CH2), 56.5 

(OCH3), 21.1 (CH3). HRMS (m/z): (ESI) calcd for C9H12NO4 [M+H]+: 198.0766, found 198.0761. 

5-(Methoxymethoxy)-2-nitrobenzaldehyde (30): To a suspension of 5-hydroxy-2-nitrobenzaldehyde 

(29, 50.1 g, 0.3 mol), potassium carbonate (165.8 g, 1.2 mol) in anhydrous DMF (500 mL), chloromethyl 

methyl ether (34.2 mL, 450.0 mmol) was added dropwise at 0 °C. The reaction mixture was stirred for 3 h 

at 0 °C. It was poured into water (1500 mL), after 30 min stirring the solid was filtered off, washed with 

water (500 mL) and dried in vacuo to give the expected product (59.8 g, 94%). 1H-NMR (500 MHz, 

DMSOd6): δ 10.28 (s, 1H, CHO), 8.19 (d, 1H, J = 9.0 Hz, H-3), 7.43 (dd, 1H, J = 9.0 and 2.5 Hz, H-4), 

7.36 (d, 1H, J = 2.5 Hz, H-6), 5.40 (s, 2H, CH2), 3.41 (s, 3H, CH3). 
13C-NMR (125 MHz, DMSOd6): δ 

190.3 (CH), 161.4 (q), 143.1 (q), 134.4 (q), 127.7 (CH), 120.5 (CH), 115.9 (CH), 94.7 (CH2), 56.6 (CH3). 
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HRMS (m/z): (EI) calcd for C9H9NO5 [M]+: 211.0481, found 211.0489. 

5-(Methoxymethoxy)-2-nitrophenyl]methanol (31): To a solution of 

5-(methoxymethoxy)-2-nitrobenzaldehyde (30, 59.8 g, 0.28 mol) in anhydrous MeOH (400 mL) and 

anhydrous THF (200 mL), sodium borohydride (13.4 g, 0.35 mol) was added portionwise at 0 °C. The 

reaction mixture was stirred for 4 h at 0 °C and concentrated. The residue was dissolved in CH2Cl2 (1000 

mL), washed with saturated aqueous NaHCO3 (300 mL) and brine (300 mL). The organic phase was 

dried and concentrated to give the title product (59.3 g, 98%). 1H-NMR (500 MHz, DMSOd6): δ 8.12 (d, 

1H, J = 9.0 Hz, H-3), 7.45 (d, 1H, J = 2.5 Hz, H-6), 7.10 (dd, 1H, J = 9.0 and 2.5 Hz, H-4), 5.60 (s, 1H, 

OH), 5.33 (s, 2H, OCH2O), 4.84 (s, 2H, CH2), 3.40 (s, 3H, CH3). 
13C-NMR (125 MHz, DMSOd6): δ 161.6 

(q), 142.7 (q), 140.5 (q), 127.8 (CH), 115.0 (CH), 114.7 (CH), 94.3 (CH2), 60.6 (CH2), 56.5 (CH3). 

HRMS (m/z): (ESI) calcd for C9H12NO5 [M+H]+: 214.0715, found 214.0715. 

2-(Bromomethyl)-4-(methoxymethoxy)-1-nitrobenzene (32): To a solution of 

5-(methoxymethoxy)-2-nitrophenyl]methanol (31, 59.3 g, 0.28 mol) and CBr4 (101.5 g, 0.31 mol) in 

anhydrous CH2Cl2 (1000 mL), triphenylphosphine (80.3 g, 0.31 mol) was added portionwise at 0 °C. The 

reaction mixture was stirred for 4 h at 0 °C and concentrated. The residue was dissolved in Et2O (1000 

mL) and it was stirred for 30 min at 0 °C. The formed solid triphenylphosphine oxide (85.0 g) was 

filtered off. The filtrate was concentrated and the residue was purified by column chromatography 

(heptane/EtOAc 95/5 → 9/1) to give 32 (58.4 g, 76%). 1H-NMR (500 MHz, DMSOd6): δ 8.14 (d, 1H, J = 

9.0 Hz, H-6), 7.37 (d, 1H, J = 2.5 Hz, H-3), 7.20 (dd, 1H, J = 9.0 and 2.5 Hz, H-5), 5.34 (s, 2H, OCH2O), 

4.94 (s, 2H, CH2Br), 3.40 (s, 3H, CH3). 
13C-NMR (125 MHz, DMSOd6): δ 161.0 (q), 141.7 (q), 135.9 (q), 

128.7 (CH), 120.0 (CH), 116.8 (CH), 94.5 (CH2), 56.6 (CH3), 30.8 (CH2). HRMS (m/z): (ESI) calcd for 

C9H14BrN2O4 [M+NH4]
+: 293.0137, found 293.0129. 

Diethyl {5-(methoxymethoxy)-2-nitrophenyl]methyl}phosphonate (33): A solution of 

2-(bromomethyl)-4-(methoxymethoxy)-1-nitrobenzene (32, 19.6 g, 71.0 mmol) and triethyl phosphite 

(13.4 mL, 78.2 mmol) in anhydrous toluene (300 mL) was refluxed overnight. The reaction mixture was 

concentrated, the residue was purified by column chromatography (heptane/EtOAc 4/1 → /EtOAc) to 

give 33 (17.0 g, 71%) and 34 (0.6 g, 5%) as a by-product. 33: 1H-NMR (500 MHz, DMSOd6): δ 8.03 (d, 

1H, J = 9.0 Hz, H-3), 7.14-7.10 (m, 2H, H-4, H-6), 5.31 (s, 2H, OCH2O), 3.96-3.89 (m, 4H, 2 x P-OCH2), 

3.75 (d, 2H, J = 22.5 Hz, CH2P), 3.39 (s, 3H, OCH3), 1.14 (t, 6H, J = 7.0 Hz, 2 x CH3). 
13C-NMR (125 

MHz, DMSOd6): δ 160.3 (q), 143.3 (q), 130.6 (q), 128.1 (CH), 120.6 (CH), 115.1 (CH), 94.4 (CH2), 62.2 

(CH2), 56.5 (CH3), 30.3 (CH2), 16.6 (CH3). HRMS (m/z): (ESI) calcd for C13H21NO7P [M+H]+: 334.1056, 

found 334.1051. 

5-(Methoxymethoxy)-2,1-benzoxazole (34): 1H-NMR (500 MHz, DMSOd6): δ 9.58 (d, 1H, J = 0.5 Hz, 

H-3), 7.64 (d, 1H, J = 9.5 Hz, H-7), 7.16 (dd, 1H, J = 0.5 and 9.5 Hz, H-6), 7.07 (dd, 1H, J = 0.5 and 9.5 
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Hz, H-4), 5.24 (s, 2H, OCH2), 3.40 (s, 3H, OCH3); 
13C-NMR (125 MHz, DMSOd6): δ 155.6 (CH), 154.1 

(q), 152.9(q), 128.6 (CH), 118.3 (q), 116.6 (CH), 98.6 (CH), 94.5 (CH2), 56.3 (CH3); HRMS (m/z): (ESI) 

calcd for C9H9NO3 [M+H]+: 180.0652, found 180.0655.  

2-(3-{(E)-2-[5-(Methoxymethoxy)-2-nitrophenyl]ethenyl}phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxa- 

borolane (36): To a solution of diethyl {5-(methoxymethoxy)-2-nitrophenyl]methyl}phosphonate (33, 

20.0 g, 60.0 mmol) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzaldehyde (35, 13.9 g, 60.0 

mmol) in anhydrous DMF (200 mL), potassium tert-butoxide (20.2 g, 180.0 mmol) was added at 0 °C. 

The reaction mixture was allowed to attain room temperature and stirred overnight, it was poured into 

water (600 mL) and extracted with Et2O (3 x 300 mL). The combined organic phases were washed with 

brine (2 x 150 mL), dried and concentrated. The resulting solid was suspended in EtOH (80 mL) and it 

was stirred for 30 min at 0 °C, then the solid was filtered off and dried in vacuo to give 36 (15.1 g, 61%). 

1H-NMR (500 MHz, DMSOd6): δ 8.06 (d, 1H, J = 9.1 Hz, H-3’), 7.90 (br s, 1H, H-2), 7.76 (d, 1H, J = 7.5 

Hz, H-4), 7.63 (d, 1H, J = 7.5 Hz, H-6), 7.59 (d, 1H, J = 16.0 Hz, NO2PhCH), 7.48 (d, 1H, J = 2.7 Hz, 

H-6’), 7.44 (t, 1H, J = 7.5 Hz, H-5), 7.37 (d, 1H, J = 16.0 Hz, BPhCH), 7.13 (dd, 1H, J = 9.1 and 2.7 Hz, 

H-4’), 5.40 (s, 2H, OCH2O), 3.43 (s, 3H, OCH3), 1.31 (s, 12H, CCH3). 
13C-NMR (125 MHz, DMSOd6): δ 

160.8 (q), 141.9 (q), 136.3 (q), 135.6 (q), 135.1 (CH), 133.8 (CH), 133.7 (CH), 130.2 (CH), 129.0 (CH), 

127.8 (CH), 124.4 (CH), 116.1 (CH), 115.0 (CH), 94.4 (CH2), 84.3 (2 x q), 56.6 (CH3), 25.2 (4 x CH3), 

C-B not visible. HRMS (m/z): (ESI) calcd for C22H27BNO6 [M+H]+: 412.1931, found 412.1910. 

4-(Methoxymethoxy)-2-{2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]ethyl}aniline (37): 

A suspension of 2-(3-{(E)-2-[5-(methoxymethoxy)-2-nitrophenyl]ethenyl}phenyl)-4,4,5,5- 

tetramethyl-1,3,2-dioxaborolane (36, 15.0 g, 36.5 mmol) and 10% palladium on carbon (1.0 g) in a 

mixture of MeOH (150 mL) and THF (75 mL), was stirred under 4 bar of hydrogen for 2 h at room 

temperature. The reaction mixture was filtered through a pad of Celite and concentrated to give 37 (13.9 g, 

99%). 1H-NMR (500 MHz, DMSOd6): δ 7.59 (t, 1H, J = 1.4 Hz, H-2’), 7.50 (dt, 1H, J = 7.5 and 1.4 Hz , 

H-4’), 7.42 (dt, 1H, J = 7.5 and 1.4 Hz, H-6’), 7.30 (t, 1H, J = 7.5 Hz , H-5’), 6.66 (d, 1H, J = 2.5 Hz, 

H-3), 6.61 (dd, 1H, J = 9.0 and 2.5 Hz, H-5), 6.56 (d, 1H, J = 9.0 Hz, H-6), 4.97 (s, 2H, OCH2O), 4.58 (br 

s, 2H, NH2), 3.33 (s, 3H, OCH3), 2.83-2.78 (m, 2H, PhCH2), 2.69-2.64 (m, 2H, BPhCH2), 1.29 (s, 12H, 

CCH3). 
13C-NMR (125 MHz, DMSOd6): δ 148.6 (q), 141.9 (q), 141.5 (q), 135.0 (CH), 132.4 (CH), 132.2 

(CH), 128.8 (q), 128.2 (CH), 126.6 (q), 118.5 (CH), 115.9 (CH), 115.7 (CH), 95.5 (CH2), 84.0 (2 x q), 

55.7 (CH3), 34.8 (CH2), 33.4 (CH2), 25.2 (4 x CH3). HRMS (m/z): (ESI) calcd for C22H31BNO4 [M+H]+: 

384.2346, found 384.2383. 

8-Bromo-1,6-naphthyridine-2-carboxylic acid (38): To a solution of ethyl 

8-bromo-1,6-naphthyridine-2-carboxylate (1, 20.0 g, 71.1 mmol) in THF (200 mL), a solution of lithium 

hydroxide monohydrate (14.9 g, 355.5 mmol) in water (200 mL) was added and it was stirred for 1 h at 
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room temperature. The reaction mixture was concentrated, the residue was dissolved in water (100 mL), 

the pH was adjusted to 5 with aqueous 1 M hydrochloric acid. The precipitated solid was filtered off and 

dried in vacuo to give 38 (15.6 g, 87%). 1H-NMR (500 MHz, DMSOd6): δ 13.97 (br s, 1H, CO2H), 9.50 (s, 

1H, H-5), 9.10 (s, 1H, H-7), 8.84 (d, 1H, J = 8.5 Hz, H-4), 8.32 (d, 1H, J = 8.5 Hz, H-3). 13C-NMR (125 

MHz, DMSOd6): δ 166.2 (q), 154.6 (q), 153.7 (CH), 149.1 (CH), 146.9 (q), 139.3 (CH), 126.0 (q), 124.0 

(CH), 121.6 (q). HRMS (m/z): (ESI) calcd for C9H6BrN2O2 [M+H]+: 252.9613, found 252.9607. 

8-Bromo-N-[4-(methoxymethoxy)-2-[2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]- 

ethyl]phenyl]-1,6-naphthyridine-2-carboxamide (39): A solution of 

4-(methoxymethoxy)-2-{2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]ethyl}aniline (37, 13.9 

g, 36.3 mmol), 8-bromo-1,6-naphthyridine-2-carboxylic acid (38, 9.64 g, 38.1 mmol) and 

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (14.6 g, 76.2 mmol) in anhydrous 

pyridine (250 mL) was stirred at room temperature overnight. The reaction mixture was concentrated, the 

residue was dissolved in CH2Cl2 (500 mL), washed with brine (150 mL), dried and concentrated. The 

resulting solid was suspended in Et2O (150 mL), filtered off and dried in vacuo to give 39 (19.4 g, 86%). 

1H-NMR (500 MHz, DMSOd6): δ 10.32 (s, 1H, NH), 9.49 (s, 1H, H-5), 9.05 (s, 1H, H-7), 8.90 (d, 1H, J = 

8.4 Hz, H-4), 8.43 (d, 1H, J = 8.4 Hz, H-3), 8.03 (d, 1H, J = 8.7 Hz, H-6’), 7.55 (br s, 1H, H-2”), 7.45 (d, 

1H, J = 7.4 Hz, H-4”), 7.33 (d, 1H, J = 7.4 Hz, H-6”), 7.20 (t, 1H, J = 7.4 Hz, H-5”), 7.00 (d, 1H, J = 2.8 

Hz, H-3’), 6.96 (dd, 1H, J = 8.7 and 2.8 Hz, H-5’), 5.18 (s, 2H, OCH2O), 3.39 (s, 3H, OCH3), 3.06-3.01 

(m, 2H, MOMPhCH2), 3.00-2.95 (m, 2H, BPhCH2), 1.22 (s, 12H, CCH3). 
13C-NMR (125 MHz, 

DMSOd6): δ 161.0 (q), 154.6 (q), 154.4 (q), 153.7 (CH), 149.2 (CH), 145.6 (q), 140.9 (q), 140.3 (CH), 

135.0 (CH), 134.6 (q), 132.6 (CH), 132.1 (CH), 129.6 (q), 128.2 (CH), 126.0 (q), 123.4 (CH), 121.6 (CH), 

120.9 (q), 117.7 (CH), 114.6 (CH), 94.5 (CH2), 84.0 (2 x q), 56.0 (CH3), 35.4 (CH2), 33.1 (CH2), 25.1 (4 

x CH3), C (q) not visible. HRMS (m/z): (ESI) calcd for C31H34BBrN3O5 [M+H]+: 618.1775, found 

618.1775.  

13-(Methoxymethoxy)-11,16-dihydro-1,18-etheno-5,9-(metheno)pyrido[4,3-e][1,4]benzodiaza- 

cyclopentadecin-17(10H)-one (40): In a 25 mL microwaveable vial, a mixture of 39 (0.62 g, 1.00 mmol), 

potassium fluoride (0.17 g, 3.00 mmol) and bis(triphenylphosphine)palladium(II) dichloride (0.07 g, 0.10 

mmol) in a mixture of degassed 1,4-dioxane (15 mL) and water (3 mL) was sealed and heated in the 

microwave to 130 °C for 20 min. The reaction was repeated 30 times with the help of the automatic 

sample changer. The reaction mixtures were merged and filtered through a pad of Celite, the filtrate was 

concentrated, the residue was dissolved in CH2Cl2 (50 mL), washed with brine (10 mL), dried and 

concentrated. The obtained thick oil was purified by column chromatography (CH2Cl2 → CH2Cl2/MeOH 

95/5) to give 40 (3.90 g, 32%) and 41 (0.73 g, 6%). Macrocycle 40: 1H-NMR (500 MHz, DMSOd6): δ 

10.75 (s, 1H, NH), 9.57 (s, 1H, H-2), 9.20 (s, 1H, H-4), 8.92 (d, 1H, J = 8.0 Hz, H-21), 8.47 (s, 1H, H-22), 
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8.33 (d, 1H, J = 8.0 Hz, H-20), 8.33 (d, 1H, J = 8.0 Hz, H-15), 7.60 (d, 1H, J = 7.5 Hz, H-6), 7.48 (t, 1H, 

J = 7.5 Hz, H-7), 7.34 (d, 1H, J = 7.5 Hz, H-8), 7.08 (d, 1H, J = 2.5 Hz, H-12), 6.98 (br s, 1H, H-14), 5.20 

(s, 2H, OCH2O), 3.40 (s, 3H, CH3), 3.08 (br s, 2H, CH2-10), 2.90 (br s, 2H, CH2-11). 13C-NMR (125 

MHz, DMSOd6): δ 160.6 (q), 153.5 (q), 153.2 (CH), 152.1 (q), 144.9 (q), 144.7 (CH), 142.0 (q), 140.0 

(CH), 134.9 (CH), 134.3 (q), 133.4 (q), 130.5 (q), 131.8 (q), 129.5 (CH), 127.8 (CH), 127.4 (CH), 124.4 

(q), 120.5 (CH), 119.4 (CH), 119.0 (CH), 115.0 (CH), 94.6 (CH2), 56.1 (CH3), 36.6 (CH2), 34.0 (CH2). 

HRMS (m/z): (ESI) calcd for C25H22N3O3 [M+H]+: 412.1661, found 412.1657.  

Macrocycle 41: 1H-NMR (500 MHz, DMSOd6): δ 9.69 (s, 2H, NHCO), 9.18 (s, 2H, PyH), 8.73 (d, 2H, 

PyH), 8.36 (d, 2H, PyH), 7.75 (d, 2H, PhH), 7.74 (s, 2H, PyH), 7.21 (t, 2H, PhH), 7.21 (m, 2H, PhH), 

7.12 (d, 2H, PhH), 6.94 (dd, 2H, PhH), 6.90 (m, 2H, PhH), 6.81 (t, 2H, PhH), 5.23 (s, 4H, OCH2O), 3.42 

(s, 6H, OCH3), 2.75 (t, 4H, CH2CH2), 2.67 (t, 4H, CH2CH2). 
13C-NMR (125 MHz, DMSOd6): δ 161.4 (q), 

154.7 (CH), 152.7 (CH), 146.2 (CH), 139.9 (CH), 130.6 (CH), 129.0 (CH), 128.6 (CH), 128.5 (CH), 

124.5 (CH), 120.0 (CH), 118.0 (CH), 114.9 (CH), 94.5 (CH2), 56.1 (CH3), 37.3 (CH2), 34.4 (CH2). 

HRMS (m/z): (ESI) calcd for C50H42N6O6 [M+H]+: 823.3213, found 823.3211.  

13-Hydroxy-11,16-dihydro-1,18-etheno-5,9-(metheno)pyrido[4,3-e][1,4]benzodiazacyclopentadecin-

17(10H)-one (26, hydrogen chloride salt): To a suspension of 40 (47 mg, 0.11mmol) in a mixture of 

MeOH (2.0 mL) 1,4-dioxane (2.0 mL) and water (2.0 mL), hydrochloric acid (1.0 mL) was added. The 

reaction mixture was refluxed for 1 h and concentrated. The resulting solid was suspended in Et2O (3 mL), 

filtered off and dried in vacuo to give the title product (40 mg, 87%). 1H-NMR (500 MHz, DMSOd6): δ 

10.64 (s, 1H, NH), 9.69 (s, 1H, H-2), 9.24 (s, 1H, H-4), 8.98 (d, 1H, J = 8.5 Hz, H-21), 8.46 (s, 1H, H-22), 

8.38 (d, 1H, J = 8.5 Hz, H-20), 8.19 (d, 1H, J = 9.0 Hz, H-15), 7.61 (d, 1H, J = 7.5 Hz, H-6), 7.49 (t, 1H. 

J = 7.5 Hz, H-7), 7.36 (d, 1H, J = 7.5 Hz, H-8), 6.80 (d, 1H, J = 2.0 Hz, H-12), 6.71 (dd, 1H, J = 9.0 and 

2.0 Hz, H-14), 3.07 (br s, 2H, CH2-10), 2.86 (br s, 2H, CH2-11), OH not visible. 13C-NMR (125 MHz, 

DMSOd6): δ 160.0 (q), 154.3 (q), 153.1 (q), 152.1 (CH), 145.4 (q), 142.3 (CH), 142.2 (q), 140.5 (CH), 

134.8 (CH), 133.7 (q), 133.4 (q), 132.9 (q), 129.5 (CH), 128.1 (CH), 127.9 (q), 127.6 (CH), 124.4 (q), 

120.8 (CH), 119.9 (CH), 117.8 (CH), 114.0 (CH), 36.6 (CH2), 33.8 (CH2). HRMS (m/z): (ESI) calcd for 

C23H18N3O2 [M+H]+: 368.1399, found 368.1395. 
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