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A library of 1,4-benzodiazepine-2,5-dione dicarboxylate derivatives containing aryl substituéhtsaat
Ng-positions to mimic the amino acid residues of Try-13, Phe-14, and Asp-18 in endothelin-1 is established
by using the starting materials afamino esters, hydroxybenzaldehydes, nitrobenzoyl chlorides, and benzyl
bromides in a polyethylene resin-bound liquid-phase synthesis. All of the six synthetic steps are conducted
under mild conditions to give the desired products with reasonable yields and purity. The poly(ethylene
glycol) support plays as a part of ester linkage that is released at the final step.

Introduction 3
o N
Endothelins are a group of isopeptides locally produced 0" COoLH
: . : . . N COH _, A s 2
in various cell types under different physiological stimuli. R o)
Human endothelin-1 (ET-1) is a 21 amino acid peptide that NTY
exhibits a potent vasoconstrictor activity, conceivably through
its selective interaction with specific receptor subtypes. :!—Ra

Antagonism on the vasoconstrictor endothelin is a potential
approach to the treatment of a variety of human diseases $B209670 1,4-Benzodiazepine 2,5-dione
including ischemia, hypertension, Congestiye heart failure, Figure 1. 1,4-Benzodiazepine-2,5-dione derivatives bearing car-
pulmonary hypertension, and subarachnoid hemorrhage. poxylic groups are designed to mimic the endothelin receptor
Among numerous endothelin receptor antagoriatsjndan antagonist SB209670, which contains two aryl substituents flanking
derivative SB209670 (Figure 1) possesses two phenyl the nearly planar core of indan ring.

substituents to mimic the amino acid residues of Try-13 and a5 pecome an efficient tool to build small molecule libraries

also mimic the Asp-18 residue and tGeerminus of ET-1, Ellman and co-workers have utilized strategy A to
which I|?ates the Z#i ion on binding with endothelin  construct a library of 1,4-benzodiazepine-2,5-diones from
receptor: three components of anthranilic acidsamino esters, and

In the process of searching for the nonpeptide endothelin alkylating agent§2® Merrifield resin is derivatized by
antagonists, we speculated that 1,4-benzodiazepine-2,5-dionalkylation with the sodium salt of 4-hydroxy-2,6-dimethoxy-
derivatives bearing appropriate substituents might serve forbenzaldehyde, and the resin-bound aldehyx®) (s linked
this purpose. The benzodiazepine core provides a nearlyto o-amino esters via reductive amination. Amidation of these
planar platform as that of the indan ring in SB209670. The resin-bound amino esters with anthranilic acids, followed by
N;- andN,-positions may be implanted with the desired aryl cyclization and alkylation, leads to the polymer-bound 1,4-
substituents. For a better binding affinity with the endothelin benzodiazepine-2,5-dione derivativéd . Treatment oAl
receptors, carboxylic groups and other substituents may bewith CF;CO,H/Me,S/H,O releases the solid support to give
introduced to various sites of the benzodiazepine scaffold. 1,4-benzodiazepine-2,5-diones without substitution ahthe

1,4-Benzodiazepine-2,5-dione and its analogues represenposition. This solid-phase synthesis thus successfully pro-
an important class of bioactive molecufeBhese compounds  Vvides a library of 2508 members. This study does not mention
show remarkable potency in various biological targets, the further alkylation alNs-position, which may cause the
including antithrombotics, antibiotics, and antitumor activi- general problem of regioselectivity in tine or O-alkylations
ties# Many efforts have been exerted on the synthesis of in an amide moiety.
this class of bioactive compounéis The combinatorial or In the strategy devised by Goff and co-work&re-amino
parallel synthetic approaches are especially noted (Figure 2). esters B4) are first reacted with the resin-bound bromo-
Using polymer-bound reagents, the combinatorial chemistry acetate reagerB3 and then subjected to amidation with

2-azidobenzoyl chlorideB@). The azido group is reduced

*To whom correspondence should be addressed. E-mail: jmfang@ PY PHP (Staudinger reaction), and the intermediate is heated
ccms.ntu.edu.tw. to 130°C to effect an aza-Wittig reaction. Hydrolysis of the
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Figure 2. Strategies for combinatorial syntheses of 1,4-benzodiazepine-2,5-dione libraries. Strategy A, see refs 5a,b; strategy B, see ref 5¢c;
strategy C, see ref 5d; strategy D, see refs 5e,f; and strategy E, our present study.

iminoether intermediate and cleavage of the Rink resin are combinatorial syntheses of 1,4-benzodiazepine-2,5-diones.
achieved concomitantly by treatment with an acid {OBH/ In our present study (strategy E), we considered using the
H20) to afford the desired 1,4-benzodiazepine-2,5-diones. liquid-phase synthe$isV as an alternative method to

The a-amino esters derivatized with Wang restvjj are construct a library of 1,4-benzodiazepine-2,5-diones. In
used by Mayer and co-workers to react with 2-nitrobenzoic comparison with solid-phase synthesis, the liquid-phase
acid or Fmoc-protected anthranilic acid, giving ami@®  synthesis is conducted in a homogeneous organic media.
(strategy CP¢ This synthetic strategy has an advantage on Thys. monitoring the progress of poly(ethylene glycol)
the concurrent release of the resin support during the (PEG)-bound liquid-phase reaction and analysis of the
cyclization step to form 1,4-benzodiazepine-2,5-diones. product mixture becomes feasible.

Strategy D shows the synthetic routes carried out by the As the target 1,4-benzodiazepine-2,5-dione requirdsan

research groups of Hulrffeand Kennedy! The Wang resin- i i i o
aryl substituent with a carboxylic group to mimic the Asp-

bound isonitrilesP6) are applied to combine with appropri- X '
ate amines, aldehydes, and anthranilic acids (Ugi four 18 residue of ET-1, we deliberately used the PEG-bound

component reaction), giving diamideé32. The terminal benzaldehydeB3 to couple witha-amino ester&>5. By this
amide group (bound to Wang resin) is selectively activated means, the required carboxylic group can be revealed at the
as imidates, which can be substituted by MeONa to give final step along with removal of the PEG support. We
the corresponding methyl esters for a subsequent lactamizademonstrate herein this strategy by a liquid-phase syn-
tion to give 1,4-benzodiazepine-2,5-diones. thesis of a small library of 1,4-benzodiazepine-2,5-diones

All of the above-mentioned methods reside on using solid (10a—p) using PEGy monomethyl ether as the support
supports (Merrifield, Rink, and Wang resins) to achieve the (Scheme 1).



Synthesis of 1,4-Benzodiazepine-2,5-diones
Scheme 1.Liquid-Phase Synthesis of

1,4-Benzodiazepine-2,5-dione Dimethyl Ester Derivatives in
This Study
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aReagents and conditions: (i) Methyl bromoacetatgC®s, CHs;CN,
reflux 4 h, 98%. (i) 1 N NaOHaq, THF, room temperature, 2 h, 90%. (jii)
Monomethoxy-PEG-Okbog, DCC, DMAP, CHCI,, room temperature, 23
h. (iv) L-Aspartic acid dimethyl ester hydrochloridewswaline methyl ester
hydrochloride, NaBH(OAg) NaOAc, CHCl,, room temperature, 5 h. (v)
2-Nitrobenzoyl chloride or 4,5-dimethoxy-2-nitrobenzoyl chloride 8L,
K2COs, CHyCly, room temperature, 5 h. (vi) Zn, HOAc, room temperature,
2 h. (vii) CRRCOOH, CRECOONa, CHCN, room temperature, 13 h. (viii)
Benzyl bromide or 3-methoxybenzyl bromide, ,C&;, DMF, room
temperature, 2 h. (ix) N&€0s, MeOH, room temperature, 5 min.

Results and Discussion

The substitution reaction of methyl bromoacetate with
m-hydroxybenzaldehydd §) or p-hydroxybenzaldehydé.b)
was realized in the presence of®0O;. After saponification,
the resulting carboxylic acids were reacted with MeO-PEG-
OHsog resin to form the PEG-bound esters by using di-
cyclohexylcarbodiimide (DCC) as the activation and dehy-
dration agent. The PEG-bound benzaldehyigls were sub-
jected to reductive amination witt--amino esters [aspartic
acid dimethyl ester3a) and valine methyl esteBb) in this
study]. According to the elemental analysis of nitrogen
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Table 1. Yields and Purities of the
1,4-Benzodiazepine-2,5-dione Dimethyl Ester Derivatives
Prepared in This Study (Scheme 1)

crude  purity

compd R R2 R3 R*  yield (% (%)
10a Me CH,COMe H H 88 68
10b Me CH.COMe H OMe 92 53
10c Me CH,COMe OMe H 89 66
10d Me CH,.COMe OMe OMe 86 62
10e Me CHMe H H 99 67
10f Me CHMe, H OMe 82 62
10g Me CHMe& OMe H 99 77
10h Me CHMe OMe OMe 81 64
10i Me CH.COMe H H 95 73
10 Me CH.COMe H OMe 95 61
10k Me CH,COMe OMe H 99 76
101 Me CH,CO,Me OMe OMe 95 65
10m Me CHMe H H 97 76
10n Me CHMe H OMe 80 71
100 Me CHMe OMe H 95 76
10p Me CHMe OMe OMe 80 74

a CompoundslOa—h Belong to themetaseries, whereas com-
poundsl10i—p Belong topara-series? The crude yield oflOa—p
in six step liquid-phase reactions (steps-ix). ¢ The purity of
10a—p after cleavage of the PEG support with J8&s;.

zinc powder (HOAc, room temperature, 2 h), and the
resulting anilines were treated with gFO,H/CF;CO,Na at
room temperature for 13 h to give the PEG-bound 1,4-
benzodiazepine-2,5-dionega—h. For the more reactive
substrates6e—h, reduction of the nitro group and the
subsequent cyclization were conducted in a one pot procedure
(zinc powder, HOAc, room temperature, 2 h) to give the
PEG-bound benzodiazepings—h. Alkylation of 7a—h with
benzyl bromide §a) or 3-methoxybenzyl bromide8b) was
achieved in DMF solution by using €30; as a base, instead
of lithium acetanilide used in strategy®APOn treatment of
9a—p with sodium methoxide in methanol at room temper-
ature for a short period<(56 min), the PEG support was
cleaved in a very efficient manner.

Thus, 16 1,4-benzodiazepine-2,5-dione dimethyl ester
derivativesl0a—p were obtained in 8099% crude yields
by a liquid-phase combinatorial synthesis (Table 1). The
high-performance liquid chromatography (HPLC) analyses
indicated that the purity afOa—p, prepared from the PEG-
bound benzaldehydea,b in six steps, is around 5376%
(corresponding to 8895% average yield in each synthetic
step). This liquid-phase synthesis also showed some notable
features. For example, cyclization 66—h to 1,4-benzo-
diazepine-2,5-dionega—h was facilitated by the presence
of the Ns-substituents, which enhanced the cis/trans ratio
about these tertiary amid@sAll six steps were conducted
under mild conditions (short reaction time at room temper-
ature without harsh acid or base) to minimize any possible
racemerizatio®® In this synthetic sequence, the PEG support
played as not only a capture resin but also a part of ester

content, the loading of amino esters to the PEG support waslinkage that was released at the final steps the PEG

nearly quantitative (9199% of six measurements). The
N-(MeO-PEG-bound) amino acid methyl estées-d reacted
with 2-nitrobenzoyl chloride5a) or 4,5-dimethyl-2-nitro-
benzoyl chloride §b) to afford the PEG-bound amides
6a—h. The nitro groups ifba—d were smoothly reduced by

support was readily cleaved by treatment with MeONa in
MeOH for 10 s, the progress of most reactions (giving
compoundss, 6, 9, and10) was easily monitored by thin-
layer chromatography (TLC) analyses. The final products
10a—p were simply purified by silica gel chromatography
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and fully characterized by physical and spectroscopic
methods.

The interaction of ET-1 with endothelin receptor is coupled
to the increase of intracellular €aconcentration ([C&];),
a consequence of multistep biological events initiated by
G-protein? According to our preliminary examination, some
dicarboxylic acid analogues derived from the dimethyl esters
(10a—p) showed significant inhibition against the ET-1

Cheng and Fang

(3-formylphenoxy)acetic acid [or (4-formylphenoxy)acetic
acid, 1.6 g, 9.0 mmol] in CECN (75 mL) at room
temperature for 23 h. The mixture was filtered through Celite,
and the filtrate was concentrated to about 15 mL. The residue
was cooled in an ice bath and triturated with@{105 mL)

to give precipitates, which were filtered and washed suc-
cessively with E{O/2-propanol (1:1, 60 mL). White powders

of PEG-bound esteta (or 2b) were obtained by drying under

induced [C&"]; increase in the transfected Chinese hamster reduced pressure.

ovary cells. We are currently engaged in the biological

N-(PEG-Bound) Amino Acid Methyl Esters (4a—d). A

evaluation of various 1,4-benzodiazepine-2,5-diones as themixture ofL-aspartic acid dimethyl ester hydrochloriday

endothelin receptor antagonists.

Experimental Section

Melting points are uncorrectedH NMR spectra were
recorded at 300 or 400 MHZC NMR spectra were recorded
at 75 or 100 MHz. CDGl(dy = 7.24 anddc = 77.0 (central
line of triplet)) was used as an internal standardHinand

553.3 mg, 2.8 mmol) [or-valine methyl ester hydrochloride
(3b, 469.4 mg, 2.8 mmol)] and PEG-bound es2ar(or 2b)
(7.0 g, 1.4 mmol) in CKCl, (40 mL) was treated with
sodium triacetoxyborohydride (918 mg, 4.2 mmol) and
NaOAc (230 mg, 2.8 mmol) at C. The suspension was
allowed to warm to room temperature and stirred for 5 h.
The progress of reaction was monitored by TLC analysis

13C NMR spectra, unless otherwise stated. Mass spectra werd EtOAc/hexane, 3:2) of aliquots, which were treated with
recorded at an ionizing voltage of 70 or 20 eV. HPLC NaOMe/MeOH for 10 s before analysis. After the reaction

(Hewlett-Packard 1100) analysis was performed on a vp250/was completed, brine (30 mL) was added, and the mixture

10 Nucleosil 100-7 column (25 cm 1 cm i.d.) with UV
detection afl = 254 nm using the eluents of EtOAc/hexane
(3:2 or 4:1) at a flow rate of 1 mL/min. Merck silica gel
60F sheets were used for analytical TLC. Merck silica gel
60F glass plates (20 ctxa 20 cm with 2 mm thickness) were
used for preparative TLC. Column chromatography was
performed on silica gel (70230 mesh) using gradients of
EtOAc/hexane as eluents. Tetrahydrofuran (THF) was dis-
tilled from sodium benzophenone ketyl undes. Wono-
methoxy-PEG-OH was dried by azeotropical removal of
water with refluxing acetonitrile.

Methyl (3-Formylphenoxy)acetate and Methyl (4-
Formylphenoxy)acetate. A mixture of 3-hydroxybenzalde-
hyde (or 4-hydroxybenzaldehyde, 10.0 g, 81.9 mmol) and
K2,CO; (34.0 g, 245.7 mmol) in CECN was stirred under
reflux. After 1 h, methyl bromoacetate was added, and the
mixture was allowed to stir under reflux for another 3 h.
After the reaction was finished, GBN was removed, and
the residue was extracted with EtOAc (40 mL3). The
organic layer was dried over MgQ@nd evaporated to give
methyl (3-formylphenoxy)acetate [or methyl (4-formyl-
phenoxy)acetate] (15.6 g, 80.3 mmol, 98%) as a yellow oil
without purification.

(3-Formylphenoxy)acetic Acid and (4-Formylphenoxy)-
acetic Acid. To a solution of (3-formylphenoxy)acetate [or
methyl (4-formylphenoxy)acetate] (14.9 g, 76.8 mmol) in
THF (75 mL) was addé 1 N NaOHaq) (45 mL) at 0°C for
30 min. The reaction mixture was allowed to stir at room
temperature for 1.5 h. After the reaction was completed, 1
N NHClag (65 mL) was added, and the mixture was
extracted with EtOAc (40 mlx 5). The organic layer was
dried over NaSQ, and purification by recrystallization from
EtOAc to give (3-formylphenoxy)acetic acid [or (4-formyl-
phenoxy)acetic acid] (12.4 g, 69.1 mmol) as colorless solids.

Methoxy-PEG (3-Formylphenoxy)acetate (2a) and Meth-
oxy-PEG (4-Formylphenoxy)acetate (2b)A solution of
methoxy-PEG-Olshoo (15.0 g, 3.0 mmol) was treated with
DCC (1.9 g, 9.0 mmol), DMAP (367 mg, 3.0 mmol), and

was extracted with CkCl, (40 mL x 3). The organic layer
was dried over MgS@and concentrated to about 7 mL. The
residue was triturated with gD (50 mL) to give precipitates.
The mixture was cooled in an ice bath; the precipitates were
filtered and washed successively with,®@2-propanol (1:

1, 30 mL) to giveda—d. Elemental analysis (six measure-
ments) showed a nitrogen content of G-2427%, equivalent

to a loading of 0.182 mmol/g on average {H9%).

Linkage of N-(PEG-Bound) Amino Acid Methyl Esters
4a—d with 2-Nitrobenzoyl Chloride or 4,5-Dimethyl-2-
nitrobenzoyl Chloride, Giving Amides 6a—h. To a solution
of N-(PEG-bound) amino acid methyl est (or 4c¢,d) (3.0
g, 0.6 mmol) in CHCI, (20 mL) was added ¥CO; (312
mg, 2.4 mmol) and BiNI (111 mg, 0.3 mmol). 2-Nitro-
benzoyl chloride%a, 0.17 mL, 1.2 mmol) [or 4,5-dimethyl-
2-nitrobenzoyl chlorideJb, 295 mg, 1.2 mmol)] was then
added dropwise into the mixture. The mixture was stirred at
room temperature, and the progress of reaction was moni-
tored by TLC analysis (EtOAc/hexane, 3:2) of aliquots,
which were treated with NaOMe/MeOH for 10 s before
analysis. After 5 h, the mixture was filtered through Celite,
and the filtrate was concentrated to about 5 mL. The residue
was cooled in an ice bath and triturated with@&{30 mL)
to give precipitates, which were filtered and washed suc-
cessively with EfO/2-propanol (1:1, 25 mL). Yellow pow-
ders of PEG-bound amidga (or 6b—h) were obtained by
drying under reduced pressure.

PEG-Bound Benzodiazepines 7ah. PEG-bound amide
6a (or 6b—d) (3.0 g, 0.6 mmol) was dissolved in HOAc (20
mL) and treated with zinc powder (392 mg, 6 mmol) at room
temperature for 2 h. The suspension was filtered through
Celite, and the filtrate was evaporated under reduced pressure
to give a thick mass of PEG-bound anilines without further
purification.

To a solution of the PEG-bound anilines (3.0 g, 0.6 mmol)
in CH3CN (60 mL) was added trifluoroacetic acid (1.5 mL)
and its sodium salt (600 mg) at room temperature. The
mixture was stirred for 13 h, after which GEN was
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removed under reduced pressure. After addition of brine (25 (C), 139.5 (C), 136.6 (C), 132.5 (CH), 130.9 (CH), 129.9
mL), the mixture was extracted with GEI, (25 mL x 3). (CH), 129.3 (C), 128.8 (% CH), 127.3 (CH), 126.5 (%«
The organic layer was dried over Mggs@nd concentrated  CH), 126.2 (CH), 121.4 (CH), 120.5 (CH), 113.7 (CH), 113.3
to about 5 mL. The residue was cooled in an ice bath and (CH), 65.3 (CH), 53.0 (CH), 52.3 (Ch), 52.1 (CH), 51.7
triturated with EfO (30 mL) to give precipitates. The (CH,), 47.0 (CH), 31.9 (CH). HRMS calcd for GgH,gN,O-
precipitates were filtered and washed successively wgd/Et (M + HT), 517.1975; found, 517.1978.
2-propanol (1:1, 30 mL) to give light yellow solids of the ) )
PEG-bound benzodiazepin@a (or 7b—d). For the more _Ackn_owled_gment. We thank the National Science Coun-
reactive substrate8e—h, reduction of the nitro group and il for financial support.
the subsequent cyclization were conducted in a one pot
procedure (zinc powder, HOAc, room temperature, 2 h) to
give the PEG-bound benzodiazepings-h.

Alkylation of PEG-Bound Benzodiazepines 7ah, Giv-
ing Benzodiazepines 9ap. To a mixture of PEG-bound  References and Notes
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