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Summary: Peptidyl vicinal tricarbonyls, prepared from
N-protected di- and tripeptides by reaction of the car-
boxylic acid residues with ylides followed by oxidation,
have been shown to be potent inhibitors of serine proteases.

There has been considerable recent interest in small
peptide substrate analogues which incorporate a strongly
electron-deficient group at the site of the scissile amide
unit and thereby act as potent inhibitors of hydrolytic
enzymes such as a-chymotrypsin, human neutrophil
elastase (HNE), and porcine pancreatic elastase (PPE).!
The active carbonyls in groupings such as trifluoromethyl
ketones (TFMK’s),?2 o-diketones,® and a-keto esterst
appear to be excellent acceptors for nucleophilic residues
such as the serine hydroxyl or the thiol group of a cysteine
unit in the enzyme molecule. Inhibition has been asso-
ciated with the formation of a tetrahedral intermediate,
which, in the case of serine, would be a hemiketal.!

Among functional groups in which the electrophilic
reactivity of the carbonyl group is greatly enhanced, the
vicinal tricarbonyl unit stands out as one of the most
powerful acceptors.5 The central (Cs) carbonyl group in
this system is destabilized by dipolar effects in the ground
state and forms a stable monohydrate which, in solution,
is in equilibrium with the parent tricarbonyl group. The
C; carbonyl, adjacent to the strongly electron-attracting
Co—C; a-dicarbonyl array, is also highly activated and
readily forms hemiacetals in suitable environments as in
FK-506f and rapamycin.” Reactions of these species with
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donor molecules take place rapidly to form tetrahedral
intermediates. Inthesetting of asmall peptide aggregate,
which is suitable for binding to the enzyme, one would
expect such tricarbonyl derivatives to behave as potent
enzyme inhibitors analogous to the corresponding TF-
MK’s.2

In our recent studies on the chemistry of vicinal
tricarbonyl compounds, we have developed a mild, efficient
reaction sequence for forming the 1,2,3-tricarbonyl ag-
gregate from carboxylic acid precursors.® This method,
outlined below, has now been applied to the formation of
tricarbonyl esters containing dipeptide and tripeptide
residues.

Scheme I illustrates the general procedure by which the
carboxylic acid (1 equiv)? is coupled with an ylide 1 (1
equiv) in the presence of EDCI (1 equiv)!® and DMAP
(catalytic) to form the keto phosphorane 21! which can
then be subsequently oxidized (1.5 equiv of Oxone in THF/
H;0)!2 to the hydrated tricarbonyl derivative 8. Using
peptidyl carboxylic acids as starting materials in this way,
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Table I. Formation of Peptidyl Tricarbonyls via Intermediate Peptidyl Keto Ylides

P|Ph3
CO,B ®
peptidyl carboxylic acid 1EDC|2 . peptidy! keto ylide Oxane peptidy! tricarbony!
entry peptide keto ylide yield (%) tricarbonyl yield (%)
1 Cbz-HN-Ala-Ala Cbz-HN 4 (50) Cbz- HN/H( OBn 12 (79)
PPh3 0+H,0
H H (o] 0
2 Cbz-HN-Gly-lle Cbz-HN 5 (54) Cbz-HN/\n’ N OBn 13 (67)
PPha o] 0+H,0
W O 0
3 Cbz-HN-Gly-Phe Cbz-HN 6 (62) Cbz-HN/\n’N OBn 14 (67)
PPha e} O+ H0
Ph
H O O
4  Cbz-HN-Ala-Phe Cboz- HN 7 (69) Cbz-HNJ\rf N OBn 15 {51)
PPha o] O+H0
Ph Ph
H o 0
5 Cbz-HN-Phe-Gly Cbz- HN Bn 8 (52) Cbz- HN Bn 16 (58)
PPha O Hzo
6  Cbz-HN-Leu-Ala Coz-H Bn 9 (49) Cbziij\,( Nosn 17 (52)
Pha
H O ©
7 Cbz-HN-lle-Leu Cbz-HN N OBn 10 (58) Cbz-HN N OBn 18 (68)
0 PPh, 0 0+H,0
H (0] PPh;, H (o] O . Hgo
8  Cbz-HN-lle-Gly-Gly Cbz-HN N\)LN’W)H(OB" " 0 cprnn N\/U\N/\[(U\I(OB" 19 (18)
o] H o o o] H o o
: _ Table I1. Peptidyl Tricarbonyls as Inhibitors of HNE,
we have now prepared the tricarbonyl monohydrates 12 PPE, and & Chymotrypsin
19 (Table I).
The tricarbonyl derivatives were generally isolated as H}IfIiE PllgiE Iéin
» . a-Chy
pale green oils, although several soimples have crystallfzed entry peptide tricarbonyls GM) M) M)
invacuo. Theymay bestored at 0 °C for prolonged periods
(>6 months) without observable decomposition. Spec- 1 12 Z-Ala-Ala-(CO)5-OBn-H,0 080 NI 210
. di NMR. IR fi d that th ist i 2 13 Z-Gly-Ile-(CO)3-OBn--H20 5.1 NI 1.6
troscopic studies ( » IR) confirmed that they exist in 3 14 Z-Gly-Phe-(C0)s-OBn-H;0 16 NI o011
the hydrated form. In the IR, peaks at 3600-3300 cm-* 4 15 Z-Ala-Phe-(C0)s-OBn-H;0 14 3 03
are consistent with hydroxyl stretching of the hydrates. g }? %:E:e-gllz-((gg))a-ggn-gzg i&f ﬂo ‘é-g
13 u-Ala- g-UBn-Hy .
Ip the case of 14 _(entry 3, Table I), 18C I\{%VIR shows a 7 18 ZIe-Leu (CO) OBnHO 58 NI
signal at 6 93 ppm, in accord with the known 13C resonance
. " 8 19 Z-Ile-Gly-Gly-(CO)s-OBn-Hz0 069 NI
of related 1,1-diols.’* For each of the products, high- 9 22 240 NI

resolution mass spectrometry (CI) gave parent molecular
ions in exact agreement with the tricarbonyl forms.!4
All of the tricarbonyl monohydrates listed in Table I
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have now been tested for activity as enzyme inhibitors in
standard assay procedures!'® with the collaboration of
Zeneca Pharmaceuticals. The results of these studies are
summarized in Table II. The compounds were tested
against two closely related serine proteases, HNE and PPE.
Moderately high potency was achieved against HNE, and
some degree of selectivity between the elastases was
demonstrated. Although the same peptides with other
electrophilic termini (e.g., TFMK's2, a-diketones3, a-keto
esters?) were not available for comparison, the overall
potency of the tricarbonyl compounds appears to be
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Figure 1. Covalent bond-forming reaction between the peptidyl
tricarbonyl substrate and the hydroxyl group of the active site
serine leading to formation of the tetrahedral adduct.

comparable to that observed with these types of inhibi-
tors.l5 It is interesting to note that tricarbonyls 14 and
15 (TableIl, entries 3 and 4) which possess a phenylalanine
residue in the P; position!® adjacent to the tricarbonyl
array showed potent inhibitory activity toward a-chy-
motrypsin, an enzyme known to demand a hydrophobic
aromatic residue on the carbonyl side of the scissile amide
bond.

Serine proteases HNE and PPE differ from a-chymo-
trypsin in that the binding area is far more extended, and
thus, they are more specific for longer chain peptides.!
Tripeptidyl tricarbonyl (19) (Table II, entry 8) was the
most potent HNE inhibitor of our synthetic peptido
tricarbonyls, in accord with the expected effect of the
extended binding site.

By analogy with peptidyl aldehydes, a-keto esters, and
TFMK’s, we presume that the mechanism for inhibition
of serine proteases by the peptidyl tricarbonyls involves
formation of a stable hemiketal adduct resulting from
attack by the active site serine, either at the central (Cs)
carbonyl or at the C; carbonyl of the tricarbonyl moiety
(Figure 1). In the latter circumstance, the reacting
carbonyl might be more favorably positioned relative to
the scissile amide bond of the corresponding peptide
substrate.

Current work in our laboratories is now directed toward
the structural modification of the most active dipeptidyl
tricarbonyls in an attempt to improve upon the inhibitory
properties. Along the lines of our earlier studies related
to FK506% and bicyclomycin,l” we are also exploring the

(15) Examples of K; values for related serine protease inhibitors include
the following: (1) Ac-Ala-Phe-CF;, K;(a-chymotrypsin) = 11.0 uM (Brady,
K.; Abeles, R. H. Biochemistry 1990, 29, 7608-7617); (2) Ac-Gly-Phe-
CF;, K (a-chymotrypsin) = 18 uM (Ibid.); (3) Cbz-Pro-Val-CF;, K; (HNE)
= 1.8 uM (ref 1d); (4) Cbz-Val-Phe-CO;Me, K; (a-chymotrypsin) = 0.06
uM (ref 3a); (5) Boc-D-Phe-Pro-Val-CF;y, K; (HNE) = 0.16 uM, K; (PPE)
= 1.8 uM (ref 4a).

(16) The terminology used to describe residues was originally proposed
by Schecter and Berger (1967). The amino acid residues of substrates
(or inhibitors) are designated P,, P;, etc. numbering from the carbonyl
of the scissile amide bond in the direction of the amino terminal.
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coupling of amido ylides (20) with activated carboxylates
(21) as a route to the generation of a tricarbonyl residue
introduced at the N-terminus of a peptide chain (Scheme
ID).

Inour preliminary work in this direction, tricarbonyl 22
has been prepared by BSA-mediated coupling®!8 of amido
phosphoranylidene 23% and N-Fmoc-protected glycyl acid
chloride,'® followed by standard oxidative cleavage (Scheme
ITI). Product 22 was assayed against several serine
proteases and exhibited moderate inhibition of HNE
(Table II, entry 9).

In conclusion, we have shown that peptido carboxylic
acids are readily converted into peptidyl tricarbonyls in
two mild steps: (1) EDCI-promoted coupling with ylide
1 and (2) oxidation.?0 Of the tricarbonyl derivatives thus
formed, several products exhibit potent inhibition of
hydrolytic enzymes.
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