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We herein report the synthesis of a series of 12 optically pure 3,4-dihydro-1H-pyrido-[1/,2":1,2]-imi-
dazo[4,5-d][1,3]diazepine-2,5-diones, which form a new family of azaheterocycle-fused [1,3]diazepines.
The key step of the synthesis consists in a selective C-acylation of 2-amino-imidazo[1,2-a]pyridine by
various natural amino-acids, followed by an intracarbonylation reaction.

© 2012 Elsevier Ltd. All rights reserved.

The diazepine scaffold is one of the classical examples of privi-
leged structures, which has proved its effectiveness in a number of
pharmaceutical drugs and still continues to attract much interest
today in medicinal chemistry.!? Aryldiazepine ring systems
achieved popularity first in the 1960s with diazepam as the first
orally active benzo[1,4]diazepinone anxiolytic by interaction with
GABA receptor. This scaffold was further shown to interact with
multiple receptor types with high affinity®> and has been used in
the design of enzyme inhibitors*”” and protein-DNA interaction
inhibitors.® Beyond benzo[1,4]diazepines, [1,4]diazepines fused
with various heterocyclic ring systems such as imidazole,®~'# in-
dole,'” pyrrole,'® pyridine,'” pyrazole,'®'® thiophene,?°-23 etc. have
been investigated.

Among the different classes of diazepines, the [1,3]diazepines
have been studied to a minor extent although their representatives
(benzo-, thiazolo-, and imidazo-fused) exhibit various biological
activities including cytotoxic,? anti-HIV,%> AMP deaminase inhibi-
tor,2® anti-HCV,?” lymphocyte-specific kinase (Lck) inhibitors.?
The [1,3]diazepin-2-one scaffold can also be found in natural prod-
ucts?® or in synthetic compounds with pharmacological activities,
like calcitonin gene-related peptide (CGRP) receptor antagonists,>°
dopamine D2 partial agonists®! or HIV protease inhibitors®2
(Fig. 1). Therefore, development of new fused [1,3]diazepin-2-one
scaffolds, incorporating an urea moiety in the diazepine core could
be of interest to access new bioactive compounds.

We recently reported the synthesis of an original series of opti-
cally pure imidazopyrido[1,3]diazepin-5-ones.®> The key step of
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the synthesis is a Friedel-Crafts acylation at the C-3 position of
the easily accessible 2-amino-imidazo[1,2-a]pyridine.3**> In con-
tinuation of this study, we describe herein the synthesis of imi-
dazo[1,2-a]pyridine-based [1,3]diazepin-2,5-diones (target
compounds 1, Fig. 1).

The synthesis of target compounds 1 was envisioned from 2-
amino-imidazo[1,2-a]pyridine 3, according to the strategy de-
picted in Scheme 1. Imidazo[1,2-a]pyridine (IP), an aza analog of
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Figure 1. Representative examples of [1,3]diazepin-2-ones.
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Scheme 1. Retrosynthetic approach for the synthesis of target compounds 1.

indole, is known to be an electron-rich aromatic ring with particu- EtOH (99:1 v/v) as eluent and by HPLC. Each crude 4 was purified
lar reactivity at C-3 position for aromatic substitution.>®3” This C-3 by chromatography on neutral alumina oxide.3® For all used ami-
position can be easily acylated (vs amine acylation) by a selective no-acids, C-3 addition compounds 4a-1 were obtained in good to
Friedel-Crafts acylation, by simple carboxylic acid activation of high yields (64-97%). N-addition side-products were only detected
amino acid derivatives, leading to diamines 2.>> Subsequent intra- as traces by LC-MS in accordance with previous results.>3 After Boc
carbonylation of appropriate diamines 2 could lead to urea deriva- removal by HCl treatment, the resulting hydrochloride salt was
tives 1. neutralized with aqueous ammonia and the solution was extracted

2-Amino-IP 3 was synthesized according to our previously with chloroform. 2-Amino-3-acyl-imidazo[1,2-a]pyridines 2a-1
described procedure.®® Intermediate 3 was selectively acylated at were isolated without further purification.

C-3 position using a set of N-Boc-protected amino acids (Scheme 2). To study the experimental conditions of [1,3]diazepin-
Natural amino acids bearing alkyl (Ala, Val, lle), aromatic (Phe, Trp), 2,5-diones 1 formation, diamine derivative 2a was first reacted
sulfur-containing (Met), alcohol-containing (Thr), acid-containing with 1,1’-carbonyldiimidazole (CDI) in acetonitrile at room tem-
(Asp), base-containing (Lys) side chains, and the cyclic amino acid perature (Scheme 3). Compound 1a was isolated in 64% yield, but
(Pro) were examined. Activation of the N-protected amino acid the LC-MS analysis of the crude revealed the presence of another
was performed using EDCI/HOBT in DCM at room temperature. compound, which was assumed to be the reaction intermediate 5

Reactions were monitored by TLC on alumina oxide with DCM/ (Scheme 3). The electrospray mass spectrum showed a molecular
ion at m/z 375 corresponding to the addition of one imidazo-
carbonyl moiety on compound 2a. However, attempts to isolate

N BocAAOH NH this intermediate failed. In order to identify the site of carbonyl-
C"‘r )—NH, EDCI HOBt / 2 ation, compound 2a was reacted with CDI in acetonitrile. After
NEts, DCM NR,Boc 2 h, 1equiv of benzylamine was added, to trap intermediate 5

Compound 6 was isolated in 34% yield after purification by chro-
matography on neutral alumina oxide (Scheme 3). The 'H-'3C
HMBC analysis of 6 showed a correlation between the CH,, of the

N ; . .
1. HCI Z /N/ NH, ol = // NH phenylalanine residue (5.20 ppm) and the urea carbonyl signal
2. NH,OH N —— > XN 7;0 (158.9 ppm), which unambiguously proved the N-activation posi-
NR,H ACN.60°C NH tion. This result confirmed that the aromatic amine in position 2
0 R o R of the IP nucleus still remained moderately reactive, as it was al-
22 1a-l ready observed for the Friedel-Crafts acylation reaction.
a: R,=H, Ry = (L)-CH,CgHs g: Ry=H, R; = (L)-(CH,)4JNHCbz . To optimize the cyclization reaction, compounq 2a was 'reacted
b: Ry=H, Ry = (L)-CH; h:Ry;=H, Ry = (L)-CH,CO,Bn with CDI at 60 °C for 2 h and compound 1a was isolated in good
¢ Ry=H, Ry = (L)-CH(CH3), i- Rp=H, Ry = (L)-CH(CH3)CH,CH yield (78%). Under these conditions, no trace of compound 5 was
:_- Sz::y? = ((B-(Cé:HHzc;Hs(gl'ja)z lk _Fézz"_':i '—";11"_(5’_)) %E((gé%))%':ffm detected by the LC-MS analysis. Thus, the scope of the reaction
:Rp=H, Ry = (L)-(CH,),SCH, :Ry= = . C L
f:R,=H, Ry = (L)-CHo-indole I: Ry,Ry = [(CHa)sle was 3L;xtended .to othgr 2.—am1no—3—acy11m1dazp[1:2—a]pyr1d1nes
2b-1.°>° Conversion of diamines 2b-1 was quantitative as proved
Scheme 2. Synthesis of 3,4-dihydro-1H-pyrido[1’,2:1,2]imidazo-[4,5-d][1,3]diaze- by HPLC monitoring and the urea derivatives 1b-1 were easily iso-
pine-2,5-diones 1a-1 lated by filtration in 40-99% yields (Table 1).
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Scheme 3. Cyclization study at room temperature.
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Table 1
Synthesized compounds 1a-1
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Table 1 (continued)
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In summary, we have developed a practical sequence for the

synthesis of the IP-fused [1,3]diazepine-2,5-dione heterocyclic
scaffold. From an initial C-3 acylation of 2-aminolP by Boc-amino
acids and after removal of the amino protecting group, the dia-
mines were engaged in an intramolecular carbonylation to access
a library of 12 urea compounds in 40—99% overall yields. In light
of the remarkable biological activities of diazepine derivatives,
these unusual heterocycle fused [1,3]diazepines are currently un-
der investigation for their pharmacological potentialities.

Supplementary data

Supplementary data (including 'H and '3C NMR data for all new

derivatives) associated with this article can be found, in the online
version, at http://dx.doi.org/10.1016/j.tetlet.2012.12.087.
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General procedure for the synthesis of 2-amino-3-acyl-imidazo[1,2-aJpyridines
4a-1: To a suspension of 0.5g of trifluoro-N-imidazo[1,2-a]pyridin-2-yl-
acetamide®® (2.18 mmol) in 9 mL of aqueous 5 N sodium hydroxide solution
was added 0.5 mL of THF. The solution was stirred at 40 °C for 2 h. The solution
was extracted with dichloromethane (3 x 20 mL). The organic layer was dried
over Na,SOy,, filtered, and the solvent was removed in vacuo. The residue was
dissolved in 20 mL of dichloromethane and 2.4 mmol of BocAAOH (1.1 equiv),
325 mg (2.4 mmol, 1.1 equiv) of HOBt, 460 mg (2.4 mmol, 1.1 equiv) of EDCI,
and 334 pL of triethylamine (243 mg, 2.4 mmol, 1.1 equiv) were added at 0 °C.
The solution was stirred at rt for 4 h. The solution was then washed with
saturated NaHCO; solution (2 x 50 mL). The organic layer was dried over
Na,S0,, filtered, and the solvent was concentrated in vacuo. The residue was
purified by chromatography (Al,03, DCM/EtOH 99/1 v/v) to offer 4a-1.
General procedure for the synthesis of 1,3-diazepine-2,5-diones 1a-lI. A solution of
150 mg of compound 4a-1in 3 mL of 12 N hydrochloric acid was stirred a room
temperature for 1 h. The solution was treated with 28% aqueous ammonia
solution and then extracted with chloroform (3 x 20 mL). The organic layer
was dried over Na,SO,, filtered, and the solvent was concentrated in vacuo to
lead compounds 2a-1, which were used in the next step without further
purification. To a solution of the appropriate diamine 2a-1 in 5mL of
acetonitrile was added 1.1 equiv of carbonyldiimidazole (CDI). The solution
was stirred at 60 °C until completion of the reaction (HPLC monitoring). After
cooling to rt, the precipitate was collected by filtration, washed with
diethylether, and dried in vacuo to give 1a-1.
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