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Irreversible Inhibition of Dipeptidyl Peptidase 8 known to be capable of interacting irreversibly with the catalytic
by Dipeptide-Derived Diaryl Phosphonates serine alcohol function of serine proteases and to do so with
high selectivity with regard to other groups of proteolytic

Pieter Van der Veken;* Anna Sorokd, Inger Brand: enzymes, including cysteine proteases. The process of enzyme

Yuan-Shou Cheh Marie-Berthe Maes inactivation comprises a nucleophilic substitution reaction during
Anne-Marie Laml:;eiF Xin Chens Achiél Haemers which a covalent bond is formed between the serine alcohol
Simon Scharpé Koeﬁ Augustyng and Ingrid De ,(Aeestér and the phosphonate part of the inhibitor, while one of the two
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Biochemistry, Uniersity of Antwerp (UA), Uniersiteitsplein 1, Hitherto, the number of publications reporting potent DPP8

B-2610 Antwerp, Belgium, and Dion of Biotechnology and  inhibitors is limited to only two examples, both describing
Pharmaceutical Research, National Health Research Institutes, Structures with a dipeptide basic structure and isoindoline at
Zhu Nan, Miaoli, Taiwan ROC350  the P1 position as the most promising compotiBg.retaining
Receied August 13, 2007 this basic structure and introducing a dlaryl phosphor_late moiety
at the P1 position, we wanted to synthesize potent, irreversible

Abstract: Dipeptide-derived compounds, bearing various P2 residues DPP8 Inhlbltors (Figure 1). - . .
and a diaryl pyrrolidin-2-yl phosphonate at the P1 position, were _ EXPecting a comparable structaractivity relationship for

evaluated as dipeptidyl peptidase 8 (DPP8) inhibitors. With these DPP8 inhibition between our target structures and pyrrolidin-
products, irreversible inhibition of DPP8 was observed. To obtain 2-yl phosphonates reported earlier by our groups, we first
inhibitors with an improved activity and selectivity profile, a set of evaluated a small library of these compounds. As such, we
selected analogues containing a diaryl isoindolin-1-ylphosphonate ataimed at identifying useful P2 building blocks for the isoindolin-
P1 was synthesized and evaluated. Within this latter series, compound]-yl phosphonate inhibitors (Figure 2 and Tables 1 and 2,
2e was sh_own to be a potent, irreversible inhibitor of DPP8, compounds3—7).7 Some of these compounds have been used
demonstrating very low affinity for DPP IV and DPP II. in in vivo studies for prolonged inhibition of dipeptidyl peptidase
Proline-selective dipeptidyl peptidases have become thelV.8
subject of intense research since it has become clear that several Table 1 lists three inhibitors (compounds-5) with a
metabolically important peptides, for example, the insulin- common prolylproline-like skeleton and different aryl substit-
releasing incretin hormone glucagon-like peptide 1, are sub- uents. In addition, it contains, as a reference, the evaluation data
strates of dipeptidyl peptidase IV (DPPA\EC 3.4.14.5). Small-  under our assay conditions @lfo-lle-isoindoline (). Evaluation
molecule inhibitors of DPP IV have been selected for of the activity of compounds3, 4, and 5 revealed their
development as antidiabetic drugs, with one compound currently considerable potential to inhibit DPP8. Although less pro-
approved by FDA and EMEA (sitagliptin/Januvia) and several nounced than reported earlier for DPP 1V, higher potency toward
others having reached different stages of clinical investigation. DPP8 was observed for the compounds with a 4-acetamidophe-
Next to the intensively studied DPP IV, a number of DPP IV- nyl| or 4-(ethyl hippuryl) phosphonate functior 4nd5). For
related enzymes have been described, fibroblast activationreasons of chemical stability, however, only the synthesis of
proteina. (FAP), dipeptidyl peptidase Il (DPP Il, EC 3.4.14.2),  diphenyl and bis(4-acetamidophenyl) isoindolin-1-yl phospho-
DPP8, and DPP9. They all belong to clan SC of the peptidasesnate containing inhibitors was considered as feadible.
with a serine-type mechanism and share a remarkable selectivity Taple 2 lists the biochemical evaluation data of a series of

for substrates with an N-terminal penultimate proline residue. giary| pyrrolidin-2-yl phosphonates with varying P2 residues.
For these related enzymes, however, neither in vivo substrate§y this series, the P2 lysyl containing inhibitoég and 7a

nor a physiological role has been firmly established. combine low micromolar 16 values in the DPP8 assay, with
Recently, inhibition of DPP8 has been associated with severe gt |east 10-fold selectivity toward both DPP Il and DPP IV.
toxicity following in vivo studies withallo-lle-isoindoline (), Therefore, a lysine residue was expected to be a useful P2

a potent DPP8-targeting inhibitérTo verify whether this  fragment in the construction of isoindolin-1-yl phosphonate
observed toxicity was caused by inhibition of DPP8 or by off- inhibitors targeting DPP8. Again, on the basis of the, albeit less
target compound-related events and, more general, for theconvincing, activity or selectivity profiles of compouné,
Chal’aCterlzatlon Of the enzyme S phySIO|Oglca| r0|e, Other 6h, and?b, an |So|eucy| or ara_N_benzy'oxycarbony"ysy' (Lys_
structurally or mechanistically distinct inhibitors can be expected (2)) residue was also selected for this purpose. Noteworthy is
to be valuable research tools. Irreversible inhibitors have some that compoundb, a bis(4-acetylamidophenyl) phosphonate, has
advantages for this purpose; (1) it is often favorable to obtain 5 decreased potency toward DPP8 when compared to its
“long-term” inhibition in biological systems, reducing the need diphenyl analoguéh.

for frequent dosing of the compound, and (2) the extent of in 14 555655 whether DPP8 inactivation mediated by these

vivo inhibition is easier to estimate. The aim of the present study phosphonates indeed has an irreversible character, a dilution

was to develop dipeptide-based diaryl phosphonates as irre"ers'experiment was performed. The enzyme was incubated with

ible inhibitors for DPP8. The diaryl phosphonate moiety is iha inhibitor (15 min, 37C), and then, the enzymenhibitor

Towh g hould be add 4 PhoBa.3 820 27 complex was diluted 100 times in the assay mixture. In the
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10.1021/jm701005a CCC: $37.00 © 2007 American Chemical Society
Published on Web 10/24/2007



Letters Journal of Medicinal Chemistry, 2007, Vol. 50, No. Z%569

oo A 0.002 t B
(“)/OAI' 0.0016 E
N N P\ g i = 00012 .
Xaa O Ar=aryl 5 o] I
o Xaa= amino acid < = 00008 |
NH, 1 2 E
Figure 1. Example of a reported DPP8 inhibitailo-lle-isoindoline ]
(1), and the template structure of target irreversible inhibitors synthe- 1 i : . , o 3
sized in the framework of this projec2)( 0 1200 2400 o 2 4 6 8 o1 oW 1 1
Time (s) 1 (uM)
Figure 3. Kinetic analysis of compounda binding to DPP8. (A)
¢ = henyl, Ph : - .
O\'F',/OA’ 3, Ar @ (phenyl, Ph) Progress curves gknitroaniline release from the chromogenic substrate
HoN “oAr ) Ala-Projp-nitroanilide in the absence or presence of different concentra-
N o 4, Ar= ONHAC (4-acetamidophenyl,Pct) tions (5, 7.5, 10, 12.5, 15, and 17:8/) of 7a. (B) The observed
HN pseudo-first-order rate constants show a linear dependency upon
35 5, Are @ <>—0Et (4-(ethyl hippury)) |nr1|1b|t5)1r ([, 7a) concentration. Thékp, was found to be 106 4
0 O M-tst
o Scheme 1.Synthesis of Diaryl Isoindol-1-yl Phosphonate
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Figure 2. Overview of diaryl pyrrolidin-2-yl phosphonates evaluated H NH ©
as DPP8 inhibitors. N NH, X
N 8 raa  9.a-d
Table 1. ICso Values for Compound. and Pyrrolidin-2-yl Phosphonates Boc
3-5
ICs0 (uM) 4 5
— Q OAr 0 oAr
compound DPP8 DPP IV DPP I N~ OH N R N 7
\
1 0.122+0.011 901+ 4 28.7+ 1.2 Xaa Xaa OMf Yo OAT
3 71+5 55+ 13 >1000 Boc Boc -TFA
4 56+ 18 5.6+ 2.7 >1000 10.a-d 11.a-h 2.a-h
5 0.53+ 0.03 0.014+ 0.001 >100

a Reagents and conditions: (1) (i) LIABHTHF, 0°C, 1 h, 88%, (ii) aq.
NaOH; (2) (i)N-Boc-Xaa-OH, DCC, HONSu, Ci€l,, 1 h, (ii) 8, CHxCly,
Table 2. ICsp Values for Pyrrolidin-2-yl Phosphonatés-72 74—96%; (3) PCC, CKLCly, 2 h, 4781%; (4) P(OAr}, Cu(OTf), CHxCly,
2 h, 43-89% TFA; (5) TFA, CHCl,, 0.5 h, 88-99%."Xaa= Lys, Lys(Z),

ICs0 (M) lle, allo-lle. In the case of Xaa Lys, thee-NH; is protected with a Boc
compound Xaa Ar DPP8 DPP IV DPP I group, that is, simultaneously cleaved with tireéN-Boc functionality in
6a Gly Ph— 25+14 16+ 1.6 79+ 48 step 5.°Ar = phenyl (Ph) or 4-acetamidophenyl (Pct).
> . . . .
22 \F/,ﬁle PPT izl%j&)m Eiaifle >1888 using LiAlH,4, and 2-aminomethylbenzyl alcohd)(obtained
6d Asp Ph >1000 >1000 >1000 from this reaction was coupled to tiNehydroxysuccinimidates
6e Asn Ph >1000 >128 of selected\-a-Boc-protected P2 amino acids. After oxidation
gf Eef PP;‘ >8512£0 o ﬁ);i gi iiggg of the alcohol group present in intermediat®a—d using
s Lzz(z) Bh 86104 48502 =500 pyridinium chlorochromate (PCC), resulting hemiamirffds—d
6i His Ph >1000 326£40 60+ 75 were subjected to a modified Birun®Dleksyszyn protocol using
6j Dab Ph 86+ 3 261455 20+1 either triphenyl phosphite or tris(4-acetamidophenyl) phosphate
gk :_'e ';h Z)l;c ]::035 ;1335 22104 and a Lewis acid cataly8tFinal products were obtained as
a ys ct ) . . . . . . . . . _
7 lys@) Pct 43+5 42403 TIta trifluoroacetic acid salts after acidolytic deprotection of inter

mediateslla—h.

@Ph= phenyl; Pct= 4-acetamidophenyl. Upon biochemical evaluation, these isoindoline-derived in-
of 7aare also indicative for an active-site-directed inactivation hibitors were found to be (1) slightly more potent, irreversible
of the enzyme. The observed pseudo-first-order rate constantdDPP8 inhibitors than their pyrrolidine-based counterparts and,
show a linear dependency upon inhibitor concentration, with most importantly, (2) to generally exhibit pronounced selectivity
an intercept very close to zero. (Figure 3B). for the target enzyme (Table 3). In this series again, the

Summarizing, results obtained from evaluating these pyrro- combined presence of a dibasic P2 lysine residue and a bis(4-
lidin-2-yl phosphonates inspired us to synthesize both diphenyl acetamidophenyl) phosphonate grog) @ives rise to the most
and bis(4-acetamidophenyl) isoindolin-1-yl phosphonates having favorable activity/selectivity profile. Second, DPP8’s preference
either a Lys, Lysf), or an lle residue at the P2 position. In  for compounds containing a R&lo-isoleucine residue found
addition, inhibitors with a P2allo-lle residue (present in  with other dipeptide-based inhibitors was not observed for the
compoundl) were deemed equally interesting target structures. diaryl phosphonates.

The general synthetic route followed for these compounds is A comparative kinetic analysis of DPP8 inactivation by
outlined in Scheme 1 and contains, similar to the procedure selected pyrrolidine and isoindoline phosphonates is summarized
applied for the preparation of pyrrolidin-2-yl phosphonate in Table 4. Progress curve analysis revealed a hyperbolic
containing inhibitors, a BirumOleksyszyn phosphonylation relationship between the observed first-order rate constant and
reaction on a cyclic hemiaminal as a key transformation. the inhibitor concentration indicating saturation kinetics. This
Commercially available 2-cyanobenzaldehyde was first reducedallows calculation of the equilibrium constant of the initial
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Table 3. ICsq Values of Diaryl Isoindolin-2-yl Phosphonate®a(-h)2

ICs0 (M)
compound ~ Xaa  Ar DPP8 DPPIV  DPPII
2a Lys Ph- 211+02% >500  n.a
2b Lys@ Ph- 7.8+1%  >50 2.240.12
2c lle Ph 36+ 2 >250  >250
2d allo-lle  Ph  16.0+1.0  >1000 >250
2e Lys Pct  053:0.1F >500  >1000
2f Lys@ Pct 125+25  >250  >250
29 lle Pct 48+ 3 >1000  >1000
2h allo-lle  Pct 175602  >250  >100

apPh = phenyl; Pct= 4-acetamidophenyP. Mean of two independent

measurements$.Mean of three to four independent measuremehtsa=
not analyzed.

Table 4. Kinetic Analysis of DPP8 Inhibition by Selected Compounds

compound Ka(uM) Kinact (571 Kapp(M~1s7%)
7a 7.3+1.12 0.005+ 0.0008 680
2e 0.77+0.26 0.0029t 0.0004 3800
2d 39+ 6 0.0017+ 0.0001 40
2h 9.1+13 0.0013+ 0.000046 149

aMean of two measurementsCalculated value (fac/ Ka).
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Figure 4. Kinetic analysis of compounge inhibition of DPP8. The
observed pseudo-first-order rate constakiss (s™)) exhibit a hyper-

bolic relationship with the inhibitor concentration. The dissociation

constantKq was determined to be 0.7#M, and thekinact was 0.0029
=+ 0.0004 s*.

enzyme-inhibitor complex as well as the first-order rate

constant for the irreversible inactivation of the enzyme.

Figure 4 shows a typical hyperbolic relation between the
observed first-order rate constant and the inhibitor concentration

(as exemplified with data for compourgs).

In conclusion, we developed a series of irreversible DPP8
inhibitors. Potent inhibition of DPP8 could be obtained with
bis(4-acetamidophenyl) pyrrolidin-2-yl and isoindolin-1-yl phos-
phonate derivative3a and 2e, both containing a dibasic P2
lysine residue. Compourk proved to combine a good affinity
(Kg) and pronounced selectivity for DPP8 with regard to DPP
V and DPP Il. This molecule promises to be a useful tool in
the study of the non-DPP II/non-DPP IV members of the
proline-selective dipeptidyl peptidases (DPP8 and DPP9). The
compounds’ inhibitory potential with respect to the latter enzyme

will be determined?
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