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Abstract—A simple and versatile method for the synthesis of (S) 3-fert-butoxycarbonylamino-2-oxo-2,3,4,5-tetrahydro-1,5-benzo-
diazepine-1-acetic acid methyl ester (4), a dipeptide mimetic, has been developed. The regioselective functionalization of the N1 and
N5 ring nitrogens and the C3 amino group is demonstrated in the synthesis of an interleukin-1B converting enzyme inhibitor 13.
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The development of small molecule inhibitors of caspases
as therapeutics has been a target of intense research.
Interleukin-1B converting enzyme (ICE, caspase-1) a
member of the caspase! family activates interleukin-1p
(IL-1B) and IL-18, important mediators of inflamma-
tion and infectious diseases.> The tetra-peptide 1,> a
potent ICE inhibitor, blocks the release of mature IL-1f3
from human whole blood stimulated with heat-killed
Staphylococcus aureus with an ICs, of 4 pM.* Recently,
we reported that prophylactic intravenous (iv) treatment
with peptide-based irreversible ICE inhibitors in a
collagen-induced mouse model of arthritis significantly
delayed the onset of inflammation and reduced its
severity.> Compound 1 was found to be poorly suited for
therapeutic uses, as is the case with many peptide derived
agents. We and others have directed our efforts towards
overcoming these shortcomings.*!' For instance,
pyridazinodiazepine ICE inhibitors (2) show good oral
bioavailability in rodents and dogs’-!! and were reported
to be efficacious when orally dosed in a collagen-
induced arthritis model in mice.!! An ICE inhibitor
has been reported containing a benzoxazepine scaffold
(3).7 In this paper, we report the synthesis of (S) 3-zert-
butoxycarbonylamino - 2 - oxo - 2,3,4,5 - tetrahydro - 1,5 -
benzodiazepine- 1 -acetic acid methyl ester (4), a novel
dipeptide mimetic of the Val-Ala moiety in the tetra-
peptide ICE inhibitor 1. The key design criteria of 4
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were: (1) preservation of the key interactions of the
inhibitor 1 with ICE, particularly the hydrogen bonding
pattern observed in the crystal structure of ICE/1,! (2)
ease of synthesis of the optically active scaffold, and (3)
synthetic versatility of the scaffold, specifically for
access to P3 of the ICE inhibitor binding site via the N5
ring nitrogen of the benzodiazepine ring.
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The syntheses of related enantiomerically pure benzaze-
pinones,!? 1,5-benzoxazepinones,'* and 1,5-benzothia-
zepinones'> have been reported and utilized as dipeptide
mimetics.'® However, reported syntheses of enantio-
merically pure 3-amino-1, 5-benzodiazepinones are
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impractical and lengthy and require a late stage resolu-
tion.!” Herein, we describe a short, high yielding, and
versatile synthesis 4 from BOC-(L)-2,3-diaminopro-
pionic acid (Scheme 1). The utility of 4 as a versatile
dipeptidomimetic is demonstrated in the synthesis of 13,
a potent ICE inhibitor (Scheme 2).

The aromatic nucleophilic substitution reaction of
1-fluoro-2-nitrobenzene (6) and BOC-(1)-2,3-diamino-
proprionic acid (5) in the presence of NaHCO; in DMF
afforded product 7.'® Reduction of the nitro group by
catalytic hydrogenolysis followed by water-soluble car-
bodiimide mediated cyclization gave 9 in good yield.!®
Regioselective alkylation of the lactam nitrogen in the
presence of bis(trimethylsilyl)amide afforded the desired
intermediate 4.2°

Deprotection of the N-tert-butoxycarbonyl group was
achieved via anhydrous HCI to afford the amine
hydrochloride salt that was coupled with benzoic acid to
afford the N-benzoyl derivative 10. Acylation with
3-phenylpropionyl chloride followed by base hydrolysis
of the methyl ester gave the acetic acid derivative 11.
Reaction of semicarbazone 12 with the acid 11 followed
by deprotection?! afforded the desired aldehyde 13
(Scheme 2). Proton NMR of the penultimate hydrazone
indicated the presence of only one diastereomer and
confirmed by the synthesis of the R isomer of 4 from
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Scheme 1. Reagents and conditions: (i) NaHCO;, DMF, 70°C, 83%;
(ii) 10% Pd/C, H, (1 atm.); (iii) EDC, DMF, 5-20°C, 71% for steps
(ii) and (iii); (iv) LHMDS (1.1 equiv), BrCH,CO,CH3, THF, 90%.
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Scheme 2. Reagents and conditions: (v) HCI (g), EtOAc; (vi) benzoic
acid, HOBT, EDC, 65% for steps (v) and (vi); (vii) 3-phenylpropionyl
chloride, Et;N, CH,Cl,, 83%; (viii)) 2N NaOH, quant; (ix) HOBT,
EDC; (x) (a) 25% TFA, CH,Cl,; (b) MeOH/AcOH/37% aq formal-
dehyde (5:1:1), 20°C.

BOC-(R)-2,3-diaminopropionic acid. The K;’s of 13 and
its C(3) amino group diastereomer are 90 and 850 nM,
respectively.??

In conclusion, we have described an efficient four-step
synthesis of (S) 3-tert-butoxycarbonylamino-2-0x0-2,3,
4,5-tetrahydro-1,5-benzodiazepine-1-acetic acid methyl
ester (4), from BOC-(L)-2,3-diaminopropionic acid (5)
in >50% overall yield. We have demonstrated the
regioselective functionalization of N(1), N(5), and the
C(3) nitrogens and utilized this dipeptide mimetic in 13,
a potent ICE inhibitor. The advantage of scaffold 4 over
previously reported scaffolds is that it allows for the
broad exploration of the P3, thus providing an oppor-
tunity to improve potency and physical properties of
compounds in this class.
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