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Graphical Abstract

A highly potent DPP-4 inhibitor 2h (ICso = 0.31 nM) has been identified by hybrid compound
design on the basis of SAR analysis and binding modes of linagliptin and a ogliptin.
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Abastract

Highly potent DPP-4 inhibitors have been identified hybrid compound design based on linagliptin and
alogliptin. The most promising compouitl (ICso = 0.31 nM) exhibited 8.5-fold and 2.5-fold moretgnt
activity than that of alogliptin (I§3 = 2.63 nM) and linagliptin (163 = 0.77 nM), respectively. Compougdt
had a good inhibition selectivity for DPP-4 over ®BB/9 and thus was selected for further biological
evaluation, including oral glucose tolerance, pladdiP-4 inhibitory activity, pharmacokinetic prefilacute
toxicity and hERG inhibition. The assay resultsvsad that2h displayed significanin vivo glucose-lowering
effect and low risk of toxicity. Further studiesaxpected to confirrgh as a potential drug candidate for the
treatment of type 2 diabetes.
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1. Introduction

Human glucagon-like peptide-1 (GLP-1), an incretiresulted from selective cleavage of
the proglucagon molecule and mainly secreted bgl ilecells, is a potent antihyperglycemic hormotte.
exerts glucose lowering effect via multi-functionstimulating insulin secretion and increasing iimsul
sensitivity, decreasing glucagon release, inhibitacid secretion and gastric emptying, etc [1-3osM
importantly, the ability of GLP-1 to enhance insubecretion is glucose-dependent [4]. Neverthelies,
active forms GLP-1-(7-37) NHand GLP-1-(7-36) NK once existing in the circulation, quickly loseiaity
due to rapid degradation by the enzyme dipeptigyltidase-4 (DPP-4) [5, 6]. Inhibition of DPP-4 mesen
proved to prolong and enhance the activity of Gl.Rsid thus validated as an effective approachetirrent
of type 2 diabetes [7, 8]. To date, seven DPP-dbituts (sitagliptin, vildagliptin, saxagliptin, dagliptin,
anagliptin, teneligliptin and alogliptin) have beapproved for the treatment of diabetes. Yet, thtbusiasm



in developing new DPP-4 inhibitors remains stroimges current drugs still have some undesirable aifigcts
[9, 10].

Among the marketed DPP-4 inhibitors, linagliptindaalogliptin (Figure 1) have the same structure
fragment R)-3-aminopiperidine, which has been identified toyide key hydrogen bonding interactions with
Glu205 and Glu206 of DPP-4 [11, 12]. However, aaystic study on the structure-activity relatiopshf
this fragment still remains to be explored, pattdy, it would be interesting to replace this fnagnt with
other amino groups. In this regard, we designedsgnthesized a series of novel analoglieslj and2b~2d
with diverse amino groups to replace thR)f@minopiperidine moiety (Figure 2). Moreover, veasoned that
hybrid compound design based on the privilegednfiergs of linagliptin and alogliptin might result inore
potent DPP-4 inhibititors. Thus, after careful camgon of the binding modes of linagliptin and diloiin, we
used the quinazolinylmethyl and 2-butynyl groupdimdgliptin to take the places of tidy-methyl andN;-
orthocyanobenzyl groups of alogliptin, respectiyelyhile (3R)-aminopiperidine group was remained or
displaced by other amine2et-2k, Figure 3). Upon screening of compourgds2k, a couple of compounds
were found to be highly potent DPP-4 inhibititeaed encouraged by this finding, more derivativesglthis
line (21~2v, Figure 3) were synthesized and evaluated. Duhiggstudy, very recently Xie et al also reported
their discovery of highly potent DPP-4 inhibitorg this hybrid strategy [13]. Herein, we present study
results.

2. Result and discussion
2.1. Chemistry

Compoundda-1j were prepared according to the procedure depint&¢heme 1 [11]. 8-Bromo-3-methyl-
1H-purine-2,6(8,7H)-dione was selectively alkylated ldt7 by 1-bromo-2-butyne, 3-bromo-1-propyne or 3-
bromo-1-propene to give the correspondiNealkylated purinedionesSa-3c, respectively, which further
reacted with 2-chloromethyl-4-methylquinazolineatiford the purinedioneda-4c. Amination of4a-4c gave
the target compounds-1;.

The synthetic route to compoun@s-2v is outlined in Scheme 2 [12]. In brief, 6-chloracit was
selectively alkylated d\¥l-1 by alkyl halides under mild conditions (DIPEAdant.) to give the corresponding
alkylated uracils5a-5d, which were further alkylated &t-3 by alkyl halides under strong conditions
(NaH/LiBr/80 °C) to afford the dialkylated uraciBa-60. Amination of6a-60 in the presence afA molecule
sieve furnished the target compou2ds?v.

2.2. Biological evaluation and prelimilary SAR analysis of 1a-1j and 2a-2d

The DPP-4 inhibitory activity was screened for agakeslb-1i and2b-2d at 10uM and 100 nM, withla
(linagliptin) and2a (alogliptin) as the positive controls. The compadsinvith good inhibition rates at 100 nM
were further selected to determine theigl@alues. As shown in Tables 1~2, all the analogugsout (3R)-
aminopiperidine substituent exhibited poor DPP-dibkitory activity, and the compounds withS){
configuration were generally less active than thegk (R)-configuration €.g. 1h vs 1i; 2c vs 2d), implying
that (R)-aminopiperidine was a predominant fragment fergbtency.

2.3. Comparison of the binding modes of linagliptin and alogliptin

The crystallographic structures of DPP-4 complexét linagliptin and alogliptin (PDB codes: 2RGUdan
3GO0B) were aligned using PyMol [14]. It was reveieat alogliptin structurally overlaped well withe right



part of linagliptin (Figure 4). The uracil ring afogliptin and the purinedione skeleton of linagitiday nearly
in a plane, both forming hydrogen bonding intexatti with Ser630 and-n stacks with Tyr547. The 2-
cyanobenzyl group of alogliptin and the 2-butyngbwp of linagliptin inserted into the S1 pocket lwtheir
distant carbons almost completely overlapping.

Interestingly, although both two primary amino gvsuformed hydrogen bonding interactions with
Glu205/206, it was found that the primary aminougraf alogliptin took an axial conformation, buttno
equatorial like in linagliptin. With computationatudy, Zhanget al explained that the alogliptin molecule
energy with an axial NHwas lower than that with an equatorial Ni#ecause the axial NHould make
intromolecular hydrogen bonding interactions whie tyanobenzyl CN [12]. This speculation seemsodisc
with a very recent crystallography study [15]. histcrystallography study, both axial BENd equatorial NH
were observed in the crystals of alogliptin, intliog that the energy gap between the axial andtegabNH,
is small. Why only axial Nklwas observed in alogliptin binding to DPP-4? Oeaspn might be that the
alogliptin molecule with equatorial NHwas induced to take an axial conformation for rfiti the
Glu205/Glu206 residues of DPP-4. Another possibifitthat it could not interact with Glu205/Glu2@6all.
Taken together, it might be not easy for the afuilimolecule with equatorial NHo interact with DPP-4,
therefore causing alogliptin less potent than lipaig. Moreover, it was clearly disclosed that dpgnazoline
skeleton of linagliptin paralell faced Trp629, iogling that linagliptin had-rn stacks not only with Tyr547 but
also with Trp629. This is probably one main fadéading to that linagliptin is more potent thangdiotin.

2.4. Discovery of highly potent DPP-4 inhibitors 2h and 2i

Based on the preliminary SAR study and the bindimgde analysis, hybrid compoun@s-2k were
designed, synthesized and evaluated for their DRPHBItory activity. As shown in Table 3, compougid
and its §-entiomer2i exhibited highly potent DPP-4 inhibitory activityith 1Csq of 0.31 nM and 0.35 nM,
respectively, while the others exceépt(ICso = 12.7 nM) showed poor or no activity. It seemat th proper
combination of Rand R, substituents had profound effect on potereay Ze vs 2h; 2f vs 2j; 2h vs 2k). For R,
substitution, 3-aminopiperidine was found to bécal for the potency.

To predict the possible interactions2hf and2i binding to DPP-4, molecular docking 2 and2i into the
inhibitor binding site of DPP-4 was performed basadhe DPP-4 co-crystal structure (PDB code: 2R6&YJ)
the genetic algorithm of GOLD 3.0.1. As expecteguhrafrom keeping hydrogen bonding interactionshwit
Glu205 and Glu206, andr stacks with Try5472h and2i probably have additional-n stacks with Trp629
(Figure 5), thus leading to be 7.5-fold and 8.%Hwlore potent than alogliptin, respectively.

2.5. Further compound design and SAR analysis

Based on the discovery @h and2i, compound£l-2v were designed and synthesized, mainly to probe the
effect of diverse substituents of Bromatic groups on th epotency. As shown in Tdblmost of compounds
21-2v displayed DPP-4 inhibitory activity to some degréenong them2l, 2s and 2u showed quite potent
activity with ICsp < 4 nM. Moreover, there was a very clear tendahey the R substituent with electron
withdrawn ability benefited the DPP-4 inhibitorytiatty (21 vs 2m/2n, 20 vs 2p~2s). As for the R substituents,
the allyl group could be an alternative substitUent2-butynyl to keep th epotencgl (vs 2u), while the 2-
propynyl group obviously reduced the activi®y ¥s 2t).

2.6. Sdectivity for DPP-4 over DPP-8 and DPP-9



Inhibition selectivity for DPP-4 over DPP-8 and DPIPL6] was tested for 8 compounds with DPP-4KC
12 nM. The DPP-8/9 inhibition rates of 8 compouat00uM and 25uM are listed in Table 5, witha
(linagliptin) and 2a (alogliptin) as the controls. As shown in TableeXcept thatlh and 2t at 100puM
exhibited DPP-8 inhibtion rates >33% and >27%, dtieer 6 compounds were proved to be highly selectiv
for DPP-4 over DPP-8 and DPP-9.

2.7. Further in vitro and in vivo evaluation of 2h

The effect of2h on glucose tolerance was testedillivdb diabetic mice, witHa (linagliptin) as the positive
control (Figures 6, 7). As shown in Figure 7, bygé oral administration ath 45 min prior to glucose load,
the plasma glucose excursion was remarkably redirceddose-dependent manner from 0.1 mg/kg to 1.0
mg/kg. Compared wita (Figure 6), the improvement effect 2 on glucose tolerance was observed. For
example, the plasma glucose level 30 min afteragfedoadwas suppressed to below 24 mM by only 0.1
mg/kg doseof 2h (Figure 7), while it was almost not affected bg #ame dosef la (Figure 6). In addition,
the inhibition rates of plasma glucose AlGomin by 0.1 mg/kgand0.3 mg/kgdoses oRh were much higher
than that by the same doseslaf(Figure 8). However, at a 1.0 mg/kg dose, thebition rate of AUG_120 min
by 2h was equal to that bja. Moreover, the improvement of glucose toleranc@lbyas proved to correlate
with decreased DPP-4 activity (Figure 9).

Preliminary pharmacokinetic profile @ was studied in SD rats. The selected parametehsding half
life (t12), time to the maximum plasma concentration,gf maximum plasma concentration{f), area
under the plasma concentration time cumed,.,), mean residence time (MRT) and oral bioavailabilF),
are listed in Table 6. The results showed Bmatvas orally available.

The safety of2h was evaluated by acute toxicity study and hERGnrlk inhibitory activity test.
Compound2h was proved to have wide safety margin {.B 1.63 g/kg) and low risk of hERG channel
inhibition (ICso > 100uM).

3. Conclusion

Several highly potent selective DPP-4 inhibitorsvehabeen discovered based on structure activity
relationship study and hybrid compound design, lita marketed drugs linagliptin and alogliptin aad
compounds. Among then2h (ICso = 0.31 nM) and?i (ICsq = 0.35 nM) showed the best DPP-4 inhibitory
activity, with more potent activity than both lidguin (ICso = 0.77 nM) and alogliptin (I§ = 2.63 nM).
Preliminary efficacy, pharmacokinetics and safatydies identified2h as a potential drug candidate for the
treatment of type 2 diabetes.

4. Experiments
4.1, Chemistry
4.1.1. General

All commercially available solvents and reagentsemesed without further purificationtd NMR and**C
NMR spectra were recorded at 300/500 and 75/125 kédpectively on an ACF * 300Q Bruker or ACF*
500Q Bruker spectrometer with ly& as the internal reference. Low-resolution anghhiesolution mass
spectra (LRMS and HRMS) were given with electrorpamt mode. The mass analyzer type used for the
HRMS measurements was TOF. Reactions were monitayeflLC on silica gel 60 F254 plates (Qingdao



Ocean Chemical Company, China). Column chromatdgragas carried out on silica gel (26800 mesh,
Qingdao Ocean Chemical Company, China). Opticaliar datas were recorded on Jasco p-1020 Polatimet
The optical purity of the key compounds were deteeah by analytical HPLC (Equipment: Agilent 1100
system with a VWD G1314A UV detector; Column; Chpek IC 4.6 mm x 250 mm).

4.1.2. 8-Bromo-3-methyl-7-(prop-2-ynyl)-1H-purine-2,6(3H,7H)-dione (3b)

To a mixture of 8-bromo-3-methyHtpurine-2,6(8,7H)-dione (244 mg, 1 mmol) and DIPEA (24l 1.3
mmol) in DMF (4 mL) was added 3-bromo-1-butyne (@31.2 mmol). The reaction mixture was stirred
overnight at r. t. The precipitate was collectediligation, washed with water and EtOH, and driedjive 3b
as a white solid (212 mg, 75%). mp: 275-206 IR (KBr, cm'): 3447, 3263, 3154, 3017, 2833, 2129, 1685,
1598, 1531, 1436, 1366, 1288, 1204, 878, 748, 566IMR (300 MHz, DMSOd): 6 11.33 (s, 1H), 5.10 (d,

J = 2.1 Hz, 2H), 3.52 (s, 1H), 3.32 (s, 3HC NMR (75 MHz, DMSOsdg): § 153.8, 150.4, 149.2, 127.8,
108.1, 76.8, 76.6, 36.1, 28.5. HRMS (ESI) calcddgtsN,O.Br [M+H]* 282.9831, found 282.9834.

4.1.3. 8-Bromo-7-(but-2-ynyl)-3-methyl-1H-purine-2,6(3H,7H)-dione (3a)

Following a similar procedure for the preparatidr8b, 3a was prepared starting from 8-bromo-3-methyl-
1H-purine-2,6(34,7H)-dione and 1-bromo-2-butyne. White solids (5 ¢/$5mp: 256-260C. IR (KBr, cm):
3480, 3160, 3028, 2836, 1723, 1685, 1531, 13622,1263, 746, 553'H NMR (300 MHz, DMSOd): ¢
11.32 (s, 1H), 5.06 (s, 2H), 3.32 (s, 3H), 1.808()."*C NMR (75 MHz, DMSOd): 6 153.8, 150.5, 149.2,
127.7, 108.1, 81.8, 72.3, 36.5, 28.5, 3.0. HRMSIYESlcd for GoHigN4O:Br [M+H]" 296.9987, found
296.99809.

4.1.4. 7-Allyl-8-bromo-3-methyl-1H-purine-2,6(3H,7H)-dione (3c)

Following a similar procedure for the preparatidr8b, 3c was prepared starting from 8-bromo-3-methyl-
1H-purine-2,6(3,7H)-dione and 3-bromo-1-butene. White solids (420 8696). mp: 238~246C. 'H NMR
(300 MHz, CDC}): 6 9.04 (br s, 1H), 5.95 (ddi,= 22.3, 10.7, 5.6 Hz, 1H), 5.29 @= 10.2 Hz, 1H), 5.22 (d,
J=17.1 Hz, 1H), 4.94 (d] = 5.3 Hz, 2H), 3.52 (s, 3H}°C NMR (75 MHz, CDC}): 6 153.6, 152.4, 150.7,
130.6, 127.7, 119.4, 114.4, 49.2, 29.1. MS (E$1)285.0 [M+1].

4.1.5.  8-Bromo-3-methyl-1-[ (4-methyl quinazolin-2-yl)methyl] - 7-(prop-2-ynyl )- 1H-purine-2,6(3H, 7H)-dione
(4b)

To a suspension @b (849 mg, 3 mmol) and N&O; (382 mg, 3.6 mmol) in DMF (36 mL) was added 2-
chloromethyl-4-methylquinazoline (636 mg, 3.3 mmdlhe reaction mixture was stirred at D for 12 h.
After cooling to r. t., the reaction mixture wasutitd with DCM, washed with water and brine, driwmcer
anhydrous N850, and concentrated in vacuo. The resulting residas purified by flash chromatography
(petroleum ether/ethyl acetate, 1:1) to ghzeas a white solid (1.05 g, 80%). mp: 228-282 IR (KBr, cm'):
3455, 3264, 3196, 1709, 1670, 1614, 1567, 15347,14399, 1362, 1205, 1189, 949, 764. NMR (500
MHz, CDCkL): ¢ 8.02 (d,J = 8.3 Hz, 1H), 7.86 (d] = 8.4 Hz, 1H), 7.77 () = 7.5 Hz, 1H), 7.53 (] = 7.5 Hz,
1H), 5.56 (s, 2H), 5.19 (dl = 2.1 Hz, 2H), 3.60 (s, 3H), 2.89 (s, 3H), 2.421H).**C NMR (125 MHz,
CDCly): ¢ 168.7, 160.4, 154.2, 151.3, 149.9, 148.6, 1328,8, 127.6, 126.8, 124.8, 123.2, 108.7, 75.6,,74.3
46.4, 36.5, 29.9, 21.7. HRMS (ESI) calcd fqeGiNgO-Br [M+H] * 439.0518, found 439.0522.

4.1.6. 8-Bromo-7-(but-2-ynyl)-3-methyl - 1-[ (4-methyl quinazolin-2-yl)methyl] - 1H-purine-2,6(3H,7H)-dione (4a)



Following a similar procedure for the preparatioh 4b, 4a was prepared starting frorBa and 2-
chloromethyl-4-methylquinazoline. White solids (y185%). mp: 229-231C. IR (KBr, cni'): 3447, 3162,
1704, 1672, 1566, 1540, 1400, 1367, 763NMR (500 MHz, CDC}): 6 8.03 (d,J = 8.2 Hz, 1H), 7.88 (d] =
8.4 Hz, 1H), 7.78 (t) = 7.2 Hz, 1H), 7.54 (t) = 7.5 Hz, 1H), 5.58 (s, 2H), 5.14 @= 2.3 Hz, 2H), 3.60 (s,
3H), 2.90 (s, 3H), 1.80 (fl = 2.1 Hz, 3H)**C NMR (125 MHz, CDG)): 5 168.6, 160.5, 154.2, 151.4, 149.9,
148.5, 133.3, 128.9, 127.5, 126.8, 124.8, 123.8,61(82.3, 71.3, 46.4, 37.1, 29.8, 21.7, 3.5. HR(ESI)
calcd for GgH1gNeO,Br [M+H] " 453.0675, found 453.0678.

4.1.7. 7-Allyl-8-bromo-3-methyl-1-[ (4-methyl quinazolin-2-yl )methyl] - 1H-purine-2,6(3H, 7H)-dione (4c)

Following a similar procedure for the preparatioh 4b, 4c was prepared starting frofBc and 2-
chloromethyl-4-methylquinazoline. White solids (450, 72%). mp: 210-214C. '"H NMR (300 MHz,
CDCl): 6 8.02 (d,J = 8.3 Hz, 1H), 7.86 (d] = 8.3 Hz, 1H), 7.77 (1) = 7.6 Hz, 1H), 7.54 (1) = 7.2 Hz, 1H),
5.96 (ddtJ = 17.2, 10.7, 5.5 Hz, 1H), 5.56 (s, 2H), 5.27J¢;, 10.3 Hz, 1H), 5.20 (d] = 17.2 Hz, 1H), 4.98
(d,J=5.5Hz, 2H), 3.63 (dl = 16.5 Hz, 3H), 2.88 (s, 3H). MS (ES1jz 441.1 [M+1].

4.1.8. (R)-8-(3-Aminopi peridin-1-yl)-3-methyl - 1-[ (4-methyl quinazolin-2-yl )methyl ] - 7-(prop-2-ynyl )-1H-
purine-2,6(3H,7H)-dione (1i)

A mixture of4b (88 mg, 0.2 mmol),R)-3-(N-Boc-amino)piperidine (44 mg, 0.22 mmol) angd; ( 55
mg, 0.4 mmol) in DMF (6 mL) was stirred at 75 °Q foh. After cooling to r. t., the mixture was pedrinto
water (12 mL) and extracted with DCM (3x10 mL). Témmbined organic layer was washed with saturated
brine, dried over anhydrous p&O, and concentrated. The crude product was purifigd flash
chromatography (petroleum ether/ethyl acetate, tb: §jjve the Boc precusor &f as a colorless syrup (80 mg,
72%), which was dissolved in DCM (2 mL), and TFAQ3iL) was added.The solution was stirred at room
temperature for 3 h and then poured into ice-caddew (4 mL). The organic phase was separated, land t
aqueous phase was basified withC; and extracted with DCM (2x10 mL). The organic layevere
combined and washed with saturated brine, dried avieydrous N£50O,, and concentrated. The crude product
was purified by flash chromatography (DCM/MeOH/TEI®0:0.5:0.5) to give purl as a white solid (51 mg,
85%).mp: 164-167°C. [a]¥+17.641 ¢ 0.034, MeOH). IR (KBr, cifi): 3441, 3135, 1701, 1655, 1570, 1517,
1400, 1283, 762'H NMR (300 MHz, CDC)): 6 7.97 (d,J = 8.3 Hz, 1H), 7.83 (d] = 8.4 Hz, 1H), 7.72 (1) =
7.6 Hz, 1H), 7.48 (1) = 7.5 Hz, 1H), 5.53 (s, 2H), 4.91 @= 2.1 Hz, 2H), 3.76 — 3.42 (m, 5H), 3.08 (m, 2H),
2.94 —2.87 (m, 1H), 2.84 (s, 3H), 2.37)& 2.2 Hz, 1H), 2.26 (s, 2H), 2.06 — 1.93 (m, 1H31-1.79 (m, 1H),
1.73 (ddd,J = 20.0, 11.9, 6.9 Hz, 1H), 1.43-1.26 (m, 18X NMR (75 MHz, CDC)): ¢ 168.4, 161.0, 156.3,
154.4,151.7, 149.8, 148.1, 133.1, 128.8, 126.8,71223.0, 76.6, 73.4, 58.2, 50.4, 47.2, 46.28,485.2, 33.4,
29.6, 23.2, 21.6, 9.9. HRMS (ESI) calcd foud,/NgO, [M+H] * 459.2257, found 459.2261.

4.1.9. (9-8-(3-Aminopiperidin-1-yl)-3-methyl - 1-[ (4-methyl quinazolin-2-yl )methyl] - 7-(prop-2-ynyl)-1H-
purine-2,6(3H,7H)-dione (1h)

Following a similar procedure for the preparatidriio 1h was prepared starting frodb and §)-3-(N-Boc-
amino)piperidine. White solids (42 mg, 84%)]3-18.182 ¢ 0.011, MeOH)*H NMR (300 MHz, CDC)): 6
7.99 (d,J = 8.3 Hz, 1H), 7.85 (d] = 8.4 Hz, 1H), 7.78-7.69 (m, 1H), 7.50J% 7.6 Hz, 1H), 5.52 (d] = 11.6
Hz, 2H), 4.94 (dJ = 1.9 Hz, 2H), 3.75-3.61 (m, 1H), 3.62-3.45 (m)48124-3.06 (m, 2H), 3.02-2.80 (m, 4H),
2.38 (t,J = 2.3 Hz, 1H), 2.24 (br s, 3H), 1.93 (ddds 13.6, 10.9, 6.0 Hz, 2H), 1.74 (ddbs 19.7, 11.7, 8.0
Hz, 1H), 1.49 — 1.36 (m, 1H).



4.1.10. (R)-8-(3-Aminopi peridin-1-yl)-7-(but-2-ynyl)-3-methyl - 1-[ (4-methyl quinazolin-2-yl )methyl] - 1H-
purine-2,6(3H,7H)-dione (1a)

Following a similar procedure for the preparatidriio 1a was prepared starting frofa and R)-3-(N-Boc-
amino)piperidine. Light yellow solids (2.8 g, 80%)p: 132-135°C.[0]?-15.972 ¢ 0.144, MeOH)H NMR
(300 MHz, CDC}): 6 8.01 (d,J = 8.1 Hz, 1H), 7.88 (d] = 8.3 Hz, 1H), 7.82-7.69 (m, 1H), 7.52 ( m, 1H} B
(d,J=6.1 Hz, 1H), 5.57 (s, 2H), 4.91 ( q, 2H), 3.881H), 3.56 (s, 4H), 3.34 (s, 3H), 2.88 (s, 3HBOLm,
7H), 1.45 (s, 9H)**C NMR (75 MHz, CDC)): § 168.4, 161.1, 155.8, 155.1, 154.4, 151.8, 14919,6], 133.1,
128.9, 126.6, 124.7, 123.1, 104.5, 81.3, 72.8,,58038, 46.2, 46.0, 35.5, 29.6, 29.4, 28.3, 22107,23.6.
HRMS (ESI) calcd for GHagNgO, [M+H] ™ 485.2413, found 485.2415. [11]

4.1.11. (R)-8-(7-Amino-5-azaspirof 2.4] heptan-5-yl)- 7-(but-2-ynyl)-3-methyl - 1-[ (4-methyl qui nazolin-2-
yl)methyl] -1H-purine-2,6(3H,7H)-dione (1b)

Following a similar procedure for the preparatidriio 1b was prepared starting froda and R)-N-Boc-5-
azaspiro[2.4]heptan-7-amine. White solids (25 n&9oy. mp: 130-132C. [0]2’+10.000 ¢ 0.030, MeOH). IR
(KBr, cm™): 3448, 3179, 1693, 1655, 1619, 1571, 1524, 14087, 1137, 948, 762H NMR (300 MHz,
CDCly): 6 8.01 (d,J = 8.1 Hz, 1H), 7.87 (d] = 8.3 Hz, 1H), 7.80-7.71 (m, 1H), 7.52 (m, 1HBG(s, 2H),
5.07 (d,J = 2.2 Hz, 2H), 4.09 (dd] = 10.1, 5.4 Hz, 1H), 4.00 (d,= 9.7 Hz, 1H), 3.68 (dd] = 10.1, 3.4 Hz,
1H), 3.58 (s, 1H), 3.54 (s, 3H), 3.17 (dds 5.1, 3.6 Hz, 1H), 2.88 (s, 3H), 1.79Jt 2.1 Hz, 3H), 0.88-0.77
(m, 1H), 0.76-0.60 (m, 3H}*C NMR (75 MHz, CDC})): 6 168.2, 161.3, 154.5, 153.9, 151.9, 149.9, 149.1,
133.0, 128.8, 126.4, 124.6, 123.0, 103.4, 81.4,88.0, 55.9, 55.3, 46.0, 35.2, 29.4, 27.4, 210689, 5.3, 3.6.
HRMS (ESI) calcd for GHagNgO, [M+H] " 485.2413, found 485.2415.

4.1.12. (9-8-(7-Amino-5-azaspir o] 2.4] heptan-5-yl)-7-(but-2-ynyl)-3-methyl - 1-[ (4-methyl qui nazolin-2-
yl)methyl] -1H-purine-2,6(3H,7H)-dione (1c)

Following a similar procedure for the preparatidriio 1c was prepared starting froda and §-N-Boc-5-
azaspiro[2.4]heptan-7-amine. White solids (30 n8§6Y.[0]%-10.638 ¢ 0.094, MeOH)'H NMR (500 MHz,
CDCl): 6 8.01 (d,J = 8.2 Hz, 1H), 7.87 (d] = 8.4 Hz, 1H), 7.76 (1) = 7.6 Hz, 1H), 7.51 (1) = 7.5 Hz, 1H),
5.56 (s, 2H), 5.07 (s, 2H), 4.11 (dbs 10.2, 5.3 Hz, 1H), 4.02 (d,= 9.6 Hz, 1H), 3.72 (dd] = 10.2, 2.9 Hz,
1H), 3.61-3.52 (m, 4H), 3.20 (d,= 3.4 Hz, 1H), 2.88 (s, 3H), 1.89 (s, 3H), 1.793H), 0.92-0.84 (m, 1H),
0.76-0.62 (m, 3H)*C NMR (126 MHz, CDGC)): ¢ 168.3, 161.4, 154.4, 154.1, 151.8, 150.0, 14933,0,
128.9, 126.5, 124.7, 123.1, 103.3, 81.5, 73.7,,%64, 55.4, 46.1, 35.3, 29.5, 27.3, 21.7, 115, %6.

4.1.13. 8-(7-Amino-5-azaspir o[ 2.4] heptan-5-yl)-7-(but-2-ynyl)-3-methyl- 1-[ (4-methyl quinazolin-2-yl )methyl] -
1H-purine-2,6(3H,7H)-dione (1d)

Following a similar procedure for the preparatidnlp 1d was prepared starting froda and N-Boc-5-
azaspiro[2.4]heptan-7-amine. White solids (32 n&JY. 'H NMR (300 MHz, CDCJ): ¢ 8.01 (d,J = 8.1 Hz,
1H), 7.87 (dJ = 8.3 Hz, 1H), 7.80-7.71 (m, 1H), 7.52 (dds 11.1, 4.0 Hz, 1H), 5.56 (s, 2H), 5.07 Jd; 2.2
Hz, 2H), 4.09 (ddJ = 10.1, 5.4 Hz, 1H), 4.00 (d,= 9.7 Hz, 1H), 3.68 (ddl = 10.1, 3.4 Hz, 1H), 3.58 (s, 1H),
3.54 (s, 3H), 3.17 (dd, = 5.1, 3.6 Hz, 1H), 2.88 (s, 3H), 1.79J% 2.1 Hz, 3H), 0.88-0.77 (m, 1H), 0.76-0.60
(m, 3H).°C NMR (75 MHz, CDC}): 6 168.3, 161.3, 154.5, 153.9, 151.9, 149.9, 1328,8] 126.4, 124.6,
123.0, 103.4, 81.4, 73.6, 57.9, 55.9, 55.3, 46®,29.5, 27.4, 21.6, 10.9, 5.3, 3.6.

4.1.14. (9-8-[ 2-(Aminomethyl)pyrrolidin-1-yl] - 7-(but-2-ynyl)-3-methyl-1-[ (4-methyl quinazolin-2-yl )methyl] -
1H-purine-2,6(3H,7H)-dione (1€)



Following a similar procedure for the preparatidriip 1e was prepared starting frofia and §)-2-(N-Boc-
aminomethyl)pyrrolidine. White solids (30 mg, 52%9]®+6.250 ¢ 0.016, MeOH)."H NMR (300 MHz,
CDCl): 6 8.01 (d,J = 7.7 Hz, 1H), 7.89 (d] = 8.2 Hz, 1H), 7.81-7.71 (m, 1H), 7.58-7.47 (m)15156 (d,J =
1.1 Hz, 2H), 5.30 (s, 1H), 4.77 (ddi= 18.0, 2.3 Hz, 1H), 4.42 (dd,= 10.5, 5.9 Hz, 1H), 3.84 (d1,= 14.2,
7.1 Hz, 1H), 3.73-3.48 (m, 4H), 3.06-2.81 (m, 5P1R2-2.04 (m, 2H), 2.04-1.85 (m, 2H), 1.78)t 2.2 Hz,
3H)."*C NMR (75 MHz, CDC)): 6 168.4, 161.3, 155.5, 154.1,151.9, 149.9, 149.3,113.28.9, 126.6, 124.7,
123.1, 103.4, 81.0, 73.3, 62.7, 51.1, 46.2, 44534,329.6, 28.1, 25.3, 21.7, 3.5. HRMS (ESI) cdiod
CasHaoNgO, [M+H] * 473.2413, found 473.2417.

4.1.15. (R)-8-(3-Aminopyrrolidin-1-y1)-7-(but-2-ynyl)-3-methyl- 1-[ (4-methyl quinazolin-2-yl )methyl] - 1H-
purine-2,6(3H,7H)-dione (1f)

A mixture of 4a (181 mg, 0.4 mmol),R)-3-aminopyrrolidine dihydrochloride (70 mg, 0.44mwol) and
K,C0O;(110 mg, 0.8 mmol) in DMF (4 mL) was stirred at I for 6 h. After cooling to r. t., the mixture was
poured into water (4 mL) and extracted with DCM 18xmL). The organic layers were combinded and
washed with saturated brine, dried over anhydroa$S®,, and concentrated. The crude product was purified
by flash chromatography (DCM/MeOH/TEA, 100:1:0.6)give purelf as a light yellow solid (128 mg, 70%).
mp: 236-240°C. [0]®-2.410 € 0.083, MeOH). IR (KBr, ci): 3441, 3168, 2360, 2341, 1697, 1655, 1621,
1565, 1524, 1400, 1235, 945, 76:.NMR (300 MHz, CDCY): ¢ 7.99 (d,J = 8.2 Hz, 1H), 7.85 (d] = 8.4 Hz,
1H), 7.74 (t,J = 7.6 Hz, 1H), 7.50 (t) = 7.5 Hz, 1H), 5.55 (s, 2H), 5.05 @@= 2.2 Hz, 2H), 4.05-3.84 (m,
2H), 3.84-3.65 (m, 2H), 3.65-3.40 (m, 4H), 2.88Jd¢; 10.9 Hz, 3H), 2.19 (df = 12.8, 7.1 Hz, 1H), 1.96 —
1.66 (m, 5H).**C NMR (75 MHz, CDC)): § 168.3, 161.3, 154.6, 153.9, 151.9, 149.9, 14%3,0, 128.8,
126.5, 124.7, 123.0, 103.2, 81.3, 73.7, 57.8, 5719, 46.1, 35.2, 34.6, 29.5, 21.7, 3.6. HRMS JESlcd for
Co4H27NgO, [M+H] * 459.2257, found 459.2260.

4.1.16. (9-8-(3-Aminopyrrolidin-1-yl)-7-(but-2-ynyl)-3-methyl-1-[ (4-methyl quinazolin-2-yl ) methyl] - 1H-
purine-2,6(3H,7H)-dione (19)

Following a similar procedure for the preparation16é, 1g was prepared starting frodc and §-3-
aminopiperidine. Light yellow solid (120 mg, 65%]% +4.000 ¢ 0.025, MeOH)."H NMR (300 MHz,
CDCl): 6 7.98 (d,J = 8.2 Hz, 1H), 7.84 (d] = 8.4 Hz, 1H), 7.73 () = 7.5 Hz, 1H), 7.48 (t) = 7.4 Hz, 1H),
5.54 (s, 2H), 5.04 (s, 2H), 3.89 (dik 10.0, 5.7 Hz, 2H), 3.81 — 3.58 (m, 2H), 3.5963@, 4H), 2.85 (s, 3H),
2.17 (dt,J = 12.6, 6.2 Hz, 1H), 1.87-1.62 (m, 4HjC NMR (75 MHz, CDC}): ¢ 168.3, 161.3, 154.6, 153.9,
151.9, 149.9, 149.2, 133.0, 128.8, 126.5, 124.3,02103.2, 81.3, 73.7, 57.8, 51.1, 47.9, 46.12,334.6,
29.5, 21.7, 3.6. MS (ESHVz 481.2 [M+Na].

4.1.17. (R)-7-Allyl-8-(3-aminopiperidin-1-yl)-3-methyl-1-[ (4-methyl quinazolin-2-yl )methyl] - 1H-purine-
2,6(3H,7H)-dione (1))

Following a similar procedure for the preparation1f, 1j was prepared starting frodc and R)-3-
aminopiperidine. Yellow solids (50 mg, 78%jp: 176-180°C.[o]%-17.391 ¢ 0.115, MeOH)H NMR (300
MHz, MeOD):6 7.99 (d,J = 8.3 Hz, 1H), 7.84 (dl = 8.4 Hz, 1H), 7.74 ({1 = 7.6 Hz, 1H), 7.50 (t] = 7.6 Hz,
1H), 6.06 (ddd)J = 22.0, 10.2, 5.0 Hz, 1H), 5.54 (s, 2H), 5.31-5®3 2H), 4.73 (dJ = 4.8 Hz, 2H), 3.56 (s,
3H), 3.53-3.48 (m, 1H), 3.42-3.37 (m, 1H), 3.094(fn, 2H), 2.86 (s, 3H), 2.83-2.76 (m, 1H), 1.9951(m,
2H), 1.91-1.78 (m, 3H), 1.38-1.24(m, 1HJC NMR (75 MHz, CDCJ): 6 168.4, 161.1, 156.5, 149.9, 133.3,



133.1, 128.8, 126.6, 124.8, 123.1, 117.0, 104.8,58.8, 47.7, 47.3, 46.3, 33.4, 29.7, 23.3, HRMS (ESI)
calcd for G4Ha9NgO, [M+H] ™ 461.2408, found 461.24009.

4.1.18. 1-(But-2-ynyl)-6-chloropyrimidine-2,4(1H,3H)-dione (5b)

To a suspension of 6-chlorouracil (17.58 g, 120 thamoDMF (60 mL) were added DIPEA (27.2 mL, 156
mmol) and 1-bromo-2-butyne (12 mL, 132 mmol). Thaation mixture was stirred overnight at r. t. Wate
was added. The precipitate was collected by fitratwashed with water and EtOH, and dried to diveas a
light yellow solid (21 g, 88%). mp: 216-2fT. IR (KBr, cm'): 3176, 3072, 3046, 1707, 1595, 1440, 1405,
1342, 1293, 1231, 1166, 1133, 1015, 951, 857, B8DIMR (300 MHz, CDC}): 6 9.36 (s, 1H), 5.90 (s, 1H),
4.75 (s, 2H), 1.81 (s, 3H*C NMR (75 MHz, CDC)): § 160.8, 149.6, 147.2, 103.1, 81.6, 71.9, 36.0, 3.4.
HRMS (ESI) calcd for gHgN,0,Cl [M+H] " 199.0274, found 199.0276.

4.1.19. 6-Chloro-1-(2-cyanobenzyl)pyrimidine-2,4(1H,3H)-dione (5a)

Following a similar procedure for the preparatidrbb, 5a was prepared starting from 6-chlorouracil and 2-
cyanobenzyl bromide. White solids (1.5 g, 58%).NMR (500 MHz, DMSO) 11.78 (s, 1H), 7.88 (dd,=
7.7, 0.8 Hz, 1H), 7.74-7.68 (m, 1H), 7.51Jt 7.6 Hz, 1H), 7.38 (d] = 7.8 Hz, 1H), 6.06 (s, 1H), 5.33 (s,
2H).*C NMR (125 MHz, DMSOdy): ¢ 161.0, 150.4, 146.3, 139.7, 133.8, 133.3, 1288,5], 116.8, 109.5,
102.8, 46.8.

4.1.20. 6-Chloro-1-(prop-2-ynyl)pyrimidine-2,4(1H,3H)-dione (5¢)

Following a similar procedure for the preparatidrbb, 5¢c was prepared starting from 6-chlorouracil and 1-
bromo-2-propyne. Yellow solids (512 mg, 70%). mp41C. IR (KBr, cni®): 3297, 3028, 1706, 1592, 1444,
1406, 1381, 1331, 1137, 1019, 953, 830, BAINMR (500 MHz, CDCJ): 6 9.15 (brs, 1H), 5.96 (s, 1H), 4.83
(d, J = 2.4 Hz, 2H), 2.38 (s, 1H}*C NMR (125 MHz, CDGJ): ¢ 160.5, 149.4, 146.9, 103.3, 77.2, 73.6, 35.4.
HRMS (ESI) calcd for @HgN,0,Cl [M+H] " 185.0118, found 185.0120.

4.1.21. 1-Allyl-6-chloropyrimidine-2,4(1H,3H)-dione (5d)

Following a similar procedure for the preparatidrblo, 5d was prepared starting from 6-chlorouracil and 1-
bromo-2-propene. White solids (1.4 g, 75%). mp:-128°C.IR (KBr, cm™): 3011, 2848, 2803, 1669, 1588,
1456, 1413, 1373, 1332, 1158, 1093, 1019, 996, B3, 754, 660"H NMR (300 MHz, CDC}): 6 10.24 (brs,
1H), 5.99-5.78 (m, 2H), 5.35-5.28 (m, 1H), 5.25Jd; 10.6 Hz, 1H), 4.66 (d] = 5.5 Hz, 2H)**C NMR (75
MHz, CDCh): § 161.6, 150.1, 147.8, 130.7, 118.8, 102.8, 47.9MBRESI) calcd for GHgN,O,Cl [M+H] "
187.0274, found 187.0273.

4.1.22. 1-(But-2-ynyl)-6-chloro-3-[ (4-methyl quinazolin-2-yl Ymethyl] pyrimidine-2,4(1H,3H)-dione (6c)

To a suspension db (14.6 g, 73.5 mmol) and LiBr (5.6 g, 58.8 mmol)DMF (150 mL) was added NaH
(60%, 3.82 g, 95.5 mmol) in portions under nitrogen0 °C. The mixture was stirred for 0.5 h. 2-
Chloromethyl-4-methylquinazoline (15.6 g, 81 mmweBs added. The mixture was stirred overnight at@0
The mixture was evaporated and azeotroped withrwate@acuo to remove most of the DMF. The crude
product was suspended in the mixture of hot EtQKIO(mL) and isopropyl ether (200 mL). The suspeansio
was stirred for 30 min and allowed to stand at 2@0for 1 h. The formed precipitate was collected by
filtration, washed with water, EtOH and isoproptther, and dried to givéc as a yellow brown solid (21 g,
88%). mp: 153 °C. IR (KBr, cil): 3434, 3106, 1716, 1661, 1608, 1572, 1435, 13202, 821, 768'H NMR
(300 MHz, CDC}): 6 8.08 (d,J = 8.3 Hz, 1H), 7.94 (d] = 8.2 Hz, 1H), 7.85 (ddd} = 8.4, 6.9, 1.3 Hz, 1H),



7.60 (ddd]) = 8.1, 6.9, 1.2 Hz, 1H), 6.12 (s, 1H), 5.54 (s),2H89 (dd,J = 4.5, 2.2 Hz, 2H), 2.95 (s, 3H), 1.89
(t, J = 2.3 Hz, 3H)*C NMR (75 MHz, CDC}): § 168.6, 160.6, 159.6, 150.8, 149.8, 145.4, 13328,8]
126.9, 124.8, 123.1, 102.6, 81.1, 72.2, 46.7, 38187, 3.5. HRMS (ESI) calcd for;@1;6N,O,Cl [M+H]*
355.0962, found 355.0965.

4.1.23. 6-Chloro-1-(2-cyanobenzyl)-3-methyl-pyrimidine-2,4(1H,3H)-dione (6a)

Following a similar procedure for the preparatidbg 6a was prepared starting froba and methyl iodide.
White solids (386 mg, 70%). IR (KBr, ¢t 3463, 3096, 2227, 1708, 1654, 1604, 1441, 13983, 1093,
1030, 981, 942, 838, 766, 52H NMR (300 MHz, CDC)): 6 7.56 (d,J = 7.7 Hz, 1H), 7.47 (ddl = 11.1, 4.4
Hz, 1H), 7.30 (tJ = 7.8 Hz, 1H), 7.12 (d] = 7.9 Hz, 1H), 5.86 (s, 1H), 5.35 (s, 2H).

4.1.24. 6-Chloro-1-(2-cyanobenzyl)-3-[ (4-methyl qui nazolin-2-yl)methyl] -pyrimidine-2,4(1H,3H)-dione (6b)

Following a similar procedure for the preparatioh 6o, 6b was prepared starting frorfa and 2-
chloromethyl-4-methylquinazoline. White solids (500, 50%). mp: 204-20%. IR (KBr, cm'): 2224, 1713,
1608, 1569, 1436, 1426, 1209, 814, 764 NMR (300 MHz, CDC)): 6 8.02 (d,J = 8.3 Hz, 1H), 7.92-7.76 (m,
2H), 7.66 (dJ = 7.6 Hz, 1H), 7.56 (q] = 8.2 Hz, 2H), 7.39 (1] = 7.9 Hz, 2H), 6.10 (s, 1H), 5.55 (s, 2H), 5.51
(s, 2H), 2.89 (s, 3H}*C NMR (75 MHz, CDC)): § 168.7, 160.3, 159.4, 151.4, 149.7, 145.4, 13%3,5]
133.3, 133.0, 128.4, 128.2, 127.0, 126.3, 125.8,112116.6, 110.9, 103.0, 47.5, 46.5, 21.7. HRMSIYE
calcd for GoH17/Ns0,Cl [M+H] " 418.1071, found 418.1074.

4.1.25 1-(But-2-ynyl)-6-chl or o-3-methyl pyrimidine-2,4(1H,3H)-dione (6d)

Following a similar procedure for the preparatidé®g 6d was prepared starting frolp and methyl iodide.
Yellow solids (250 mg, 98%). mp: 138. IR (KBr,cm'): 3078, 2304, 2231, 1716, 1653, 1603, 1446, 1427,
1332, 1202, 1172, 980, 948, 860, 754, NMR (300 MHz, CDC)): 6 6.04 (s, 1H), 4.87 (q, 2H), 3.42 (s, 3H),
1.90 (t,J = 2.3 Hz, 3H)™C NMR (75 MHz, CDC})): ¢ 160.7, 150.6, 145.0, 102.4, 81.3, 77.4, 77.0,, 728,
36.8, 28.4, 3.6. HRMS (ESI) calcd fosHiN,0,Cl [M+H]* 213.0431, found 213.0433.

4.1.26. 1-(But-2-ynyl)-6-chloro-3-(quinoxalin-2-ylmethyl )pyrimidine-2,4(1H,3H)-dione (6€)

Following a similar procedure for the preparatioh Gz, 6e was prepared starting frodb and 2-
chloromethylquinoxaline. Red oil (1.4 g, 82%8}. (KBr, cm™): 3450, 1715, 1668, 1609, 1494, 1431, 1342,
1203, 762."H NMR (500 MHz, CDCJ): 6 8.84 (s, 1H), 8.06 (ddl = 6.3, 3.5 Hz, 1H), 8.00 (dd,= 6.3, 3.5
Hz, 1H), 7.73-7.66 (m, 2H), 6.04 (s, 1H), 5.478), 4.79 (dJ = 2.4 Hz, 2H), 1.81 (s, 3HYC NMR (125
MHz, CDCk): § 160.2, 150.4, 150.3, 145.6, 143.9, 141.7, 14129,8] 129.4, 129.1, 129.0, 102.3, 81.3, 71.8,
44.6, 36.8, 3.4. HRMS (ESI) calcd fog8:,N,0,Cl [M+H] " 341.0805, found 341.0808.

4.1.27. 1-(But-2-ynyl)-6-chloro-3-(naphthal en-2-yl methyl) pyrimidine-2,4(1H,3H)-dione (6f)

Following a similar procedure for the preparatioh 6z, 6f was prepared starting frorsb and 2-
bromomethylnaphthalene. Colorless syrup (1.3 g,)7T6(KBr, cmi'): 3451, 2921, 1710, 1665, 1607, 1432,
1331, 1275, 749H NMR (500 MHz, CDC)): 6 7.97 (s, 1H), 7.83-7.78 (m, 1H), 7.75 (dds 11.5, 5.3 Hz,
2H), 7.64 (ddJ = 8.5, 1.0 Hz, 1H), 7.45-7.36 (m, 2H), 5.90 (s,),156121 (d,J = 5.1 Hz, 2H), 4.60 (d] = 2.1
Hz, 2H), 1.78 (s, 3H}*C NMR (126 MHz, CDG)): 6 159.8, 149.8, 144.6, 133.4, 132.7, 132.4, 12723,6,
127.4, 127.0, 126.6, 125.5, 125.5, 101.9, 80.79,744.5, 36.2, 3.0. HRMS (ESI) calcd fokgB:6N,O.Cl
[M+H] " 339.0900, found 339.0902.
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4.1.28. 1-(But-2-ynyl)-6-chloro-3-(naphthal en-1-yl methyl) pyrimidine-2,4(1H,3H)-dione (69)

Following a similar procedure for the preparatioh 6o, 6g was prepared starting frofeb and 1-
bromomethylnaphthalene. White solids (1.4 g, 83%): > 300 °C. IR (KBr, cil): 3461, 1717, 1686, 1608,
1436, 1074, 783, 472H NMR (500 MHz, CDCJ)): 6 8.29 (d,J = 8.6 Hz, 1H), 7.89 (d] = 8.2 Hz, 1H), 7.81
(dd,J=6.7, 2.5 Hz, 1H), 7.63-7.57 (m, 1H), 7.56-7.51, (H), 7.46-7.40 (m, 2H), 6.06 (s, 1H), 5.65 (4),2
4.80 (d,J = 2.3 Hz, 2H), 1.86 (s, 3HY’C NMR (126 MHz, CDG)): 6 160.6, 150.6, 145.5, 133.8, 131.3, 131.2,
128.7, 128.2, 126.3, 125.6, 125.4, 125.2, 123.2,61881.4, 72.0, 42.6, 36.9, 3.6. HRMS (ESI) cédiad
Ci1gH16N,0,Cl [M+H] " 339.0900, found 339.0902.

4.1.29. 3-Benzyl-1-(but-2-ynyl)-6-chloropyrimidine-2,4(1H,3H)-dione (6h)

Following a similar procedure for the preparatidn6o, 6h was prepared starting frodb and benzyl
chloride. White solids (1 g, 69%). mp: 82-85. IR (KBr, cni'): 3103, 2235, 1706, 1661, 1602, 1423, 1326,
1192, 990, 828, 552,4484 NMR (500 MHz, CDC)): 6 7.47-7.41 (m, 2H), 7.29-7.24 (m, 2H), 7.24-7.19 (m
1H), 5.92 (s, 1H), 5.05 (s, 2H), 4.74-4.67 (m, 2HY38 (s, 3H)~*C NMR (126 MHz, CDGJ)): 6 160.1, 150.2,
144.9, 136.0, 128.9, 128.1, 128.1, 128.1, 127.2,31081.0, 71.9, 44.6, 36.5, 3.3. HRMS (ESI) céied
C15H14N,O,Cl [M+H] " 289.0744, found 289.0746.

4.1.30. 1-(But-2-ynyl)-6-chloro-3-(2-cyanobenzyl ) pyrimidine-2,4(1H,3H)-dione (6i)

Following a similar procedure for the preparatidb@ 6i was prepared starting frofip and 2-cyanobenzyl
bromide. White solids (1.1 g, 71%). mp: 162-164 &.(KBr, cm): 3085, 2225, 1712, 1666, 1600, 1429,
1413, 1355, 1320, 846,76% NMR (500 MHz, CDC}): ¢ 7.65 (d,J = 7.8 Hz, 1H), 7.52 (t) = 7.7 Hz, 1H),
7.35 (t,J = 7.6 Hz, 1H), 7.29 (d] = 7.9 Hz, 1H), 6.01 (s, 1H), 5.33 (s, 2H), 4.78Xd 2.2 Hz, 2H), 1.81 (s,
3H). ®C NMR (125 MHz, CDG)): ¢ 160.2, 150.2, 145.9, 139.6, 132.9, 132.8, 12728,4] 117.1, 112.0,
102.3, 81.5, 71.8, 43.1, 36.9, 3.5. HRMS (ESI) ¢tz C;¢H13N30,Cl [M+H]" 314.0696, found 314.0697.

4.1.31. 1-(But-2-ynyl)-6-chloro-3-(3-chl orobenzyl) pyrimidine-2,4(1H,3H)-dione (6))

Following a similar procedure for the preparatidréq 6] was prepared starting froiip and 3-chlrobenzyl
bromide. White solids (1.2 g, 75%). mp: 118 °C;(KBr, cm™): 3099, 1700, 1648, 1608, 1429, 1343, 1201,
1181, 1000, 965, 845, 7584 NMR (300 MHz, CDC}): 6 7.43 (s, 1H), 7.33 ({] = 4.3 Hz, 1H), 7.21 (d] =
4.3 Hz, 2H), 5.95 (s, 1H), 5.03 (s, 2H), 4.74 (4),21.80 (s, 3H):*C NMR (75 MHz, CDC}): § 160.0, 150.2,
145.2, 138.0, 134.0, 129.4, 128.8, 127.8, 127.2,31(81.3, 71.8, 44.1, 36.7, 3.4. HRMS (ESI) céied
C15H13N,0,Cl, [M+H] " 323.0354, found 323.0357.

4.1.32. 1-(But-2-ynyl)-6-chloro-3-(3-fluorobenzyl ) pyrimidine-2,4(1H,3H)-dione (6k)

Following a similar procedure for the preparatioh 6z, 6k was prepared starting frodb and 3-
fluorobenzyl chloride. White solids (870 mg, 57%)p: 98-100 °CIR (KBr, cm*): 3117, 1707, 1663, 1605,
1518, 1436, 1346, 1197, 754 NMR (300 MHz, CDC)): § 7.25 (d,J = 9.9 Hz, 2H), 7.16 (d] = 9.8 Hz,
1H), 6.95 (tJ = 7.0 Hz, 1H), 5.96 (s, 1H), 5.07 (s, 2H), 4.752d), 1.81 (s, 3H):*C NMR (75 MHz, CDC)):

0 164.3, 160.2, 150.4, 145.4, 138.4, 129.9, 1298,7] 124.6, 116.0, 115.7, 114.8, 114.5, 102.54,811.9,
44.9, 44.4, 36.8, 29.6, 3.5. HRMS (ESI) calcd fiHzaN,O,CIF [M+H]* 307.0641, found 307.0644.

4.1.33. 1-(But-2-ynyl)-6-chloro-3-(4-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione (61)
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Following a similar procedure for the preparatidrég 6l was prepared starting frofi and 4-nitrobenzyl
bromide. White solids (1.0 g, 60%). mp: 156-160 fR.(KBr, cm’): 3117, 2299, 2228, 1707, 1663, 1605,
1522, 1435, 1345, 1316, 1197, 994, 827, 752, 595IMR (300 MHz, CDC})): 6 8.31-8.10 (m, 2H), 7.62 (d,
J=8.6 Hz, 2H), 6.00 (s, 1H), 5.17 (s, 2H), 4.94.72 (m, 2H), 1.82 (d] = 2.3 Hz, 3H)**C NMR (75 MHz,
CDCly): 6 160.2, 150.3, 145.8, 143.2, 129.8, 123.6, 1024,871.7, 44.2, 37.0, 3.5. HRMS (ESI) calcd for
C15H13N30,Cl [M+H] " 334.0597, found 334.0595.

4.1.34. 6-Chloro-3-[ (4-methyl quinazolin-2-yl )methyl] - 1-(prop-2-ynyl)pyrimidine-2,4(1H,3H)-dione (6m)

Following a similar procedure for the preparatioh 6z, 6m was prepared satrting frofic and 2-
chloromethyl-4-methylquinazoline. White solids (36@, 22%).mp: 230 °C. IR (KBr, cil): 3280, 1720,
1709, 1660, 1611, 1573, 1502, 1439, 1393, 815, "F6RMR (300 MHz, CDC})): § 8.03 (d,J = 8.3 Hz, 1H),
7.89 (d,J = 8.2 Hz, 1H), 7.80 (1) = 7.6 Hz, 1H), 7.55 (1 = 7.1 Hz, 1H), 6.08 (s, 1H), 5.47 (s, 2H), 4.89)d
= 2.4 Hz, 2H), 2.90 (s, 3H), 2.36 &= 2.3 Hz, 1H). HRMS (ESI) calcd for;&14/N,O.Cl [M+H]" 341.0805,
found 341.0807.

4.1.35. 1-Allyl-6-chloro-3-[ (4-methyl quinazolin-2-yl )methyl] pyrimidine-2,4(1H,3H)-dione (6n)

Following a similar procedure for the preparatioh Gz, 6n was prepared starting frofbd and 2-
chloromethyl-4-methylquinazoline. Light yellow sidi (1.1 g, 65%). mp: 127-130 °R (KBr, cm™): 3075,
2962, 1714, 1656, 1604, 1569, 1502, 1442, 13413,1P097, 988, 927, 763H NMR (300 MHz, CDC)): 6
7.99 (d,J=8.3 Hz, 1H), 7.84 (dl = 7.9 Hz, 1H), 7.77 (m, 1H), 7.58-7.46 (m, 1HP3(s, 1H), 5.90 (m, 1H),
5.48 (s, 2H), 5.29 (ddl = 14.9, 10.4 Hz, 2H), 4.84-4.64 (m, 2H), 2.863(d)."°*C NMR (75 MHz, CDCJ): 6
168.7, 160.7, 159.7, 151.0, 149.8, 145.9, 133.4,013128.7, 126.9, 124.9, 123.1, 117.7, 102.4, 484,
21.7. HRMS (ESI) calcd for §H1N4O-Cl [M+H] " 343.0962, found 343.0963.

4.1.36. 6-Chloro-1,3-di(prop-2-ynyl)pyrimidine-2,4(1H,3H)-dione (60)

Following a similar procedure for the preparatidroo 6o was prepared starting froBt and 1-bromo-2-
propyne. Light yellow solids (680 mg, 80%). mp: TEDIR (KBr, cmi*): 3304, 3256, 3099, 1712, 1672, 1609,
1427, 1332, 1207, 1184, 1138, 1112, 1009, 969, 836, 760."H NMR (500 MHz, CDCJ): 5 6.01 (s, 1H),
4.86 (d,J = 2.4 Hz, 2H), 4.69 (dJ = 2.4 Hz, 2H), 2.38 (s, 1H), 2.20 (s, 1HC NMR (125 MHz, CDCJ): 6
159.1, 149.6, 145.3, 102.7, 77.3, 76.3, 73.5, 73612, 30.9. HRMS (ESI) calcd for;gN,O,Cl [M+H]"
223.0274, found 223.0275

4.1.37. (R)-6-(3-Aminopi peridin-1-yl)-1-(but-2-ynyl)-3-[ (4-methyl quinazolin-2-yl )methyl] pyrimidine-
2,4(1H,3H)-dione (2h)

A mixture of 6¢ (8 g, 22.5 mmol), R)-3-aminopiperidine dihydrochloride (4.67 g, 27 mMindNaHCO;
(9.45g, 112.5 mmol) and activated 4 A MS (2.6 gisopropanol (150 mL) was stirred at 100 °C for. Zhe
reaction mixture was filtered through Celite anchantrated in vacuo. The residue was diluted wigivD
washed with water and saturated brine, dried omély@drous NgSO,, and concentrated. The crude product
was purified by flash chromatography (DCM/MeOH/TE®0:0.5:0.5) to give purgh as a light yellow solid
(8 g, 85%). mp: 78-81C. [¢]¥-1.923 € 0.102, MeOH). IR (KBr, ci): 3402, 2924, 1704, 1651, 1440, 1228,
763, 565."H NMR (300 MHz, CDCJ): § 8.00 (d,J = 8.2 Hz, 1H), 7.87 (d] = 8.3 Hz, 1H), 7.76 (] = 7.5 Hz,
1H), 7.51 (t,J = 7.5 Hz, 1H), 5.47 (s, 2H), 5.32 (s, 1H), 4.58)¢ 1.9 Hz, 2H), 3.39 (d] = 10.9 Hz, 1H),
3.27 (d,J = 11.7 Hz, 1H), 3.13-2.98 (m, 1H), 2.98-2.82 (iH),3.76 (ddJ = 15.4, 6.2 Hz, 1H), 2.65-2.47 (m,
1H), 2.05-1.86 (m, 5H), 1.80 (s, 3H), 1.76-1.62 (th), 1.41-1.20 (m, 1H}C NMR (75 MHz, CDCJ): &
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168.3, 162.9, 160.3, 159.4, 152.4, 149.7, 133.8,6226.6, 124.7, 122.9, 89.0, 79.7, 73.7, 59113,547 .4,
46.2, 35.3, 32.9, 23.0, 21.5, 3.4. HRMS (ESI) céibedCy3H,7NsO, [M+H] " 419.2195, found 419.2199.

4.1.38. (R)-6-(3-Aminopiperidin-1-yl)-1-(2-cyanobenzyl )-3-methyl pyrimidine-2,4(1H,3H)-dione (2a)

Following a similar procedure for the preparatiodn2b, 2a was prepared starting fro®a and R)-3-
aminopiperidine dihydrochloride. White solid (2.§3 80%). ]*+6.000 ¢ 0.100, MeOH)."H NMR (500
MHz, CDCk): ¢ 7.68 (d,J = 7.6 Hz, 1H), 7.56 (1] = 7.7 Hz, 1H), 7.38 (t} = 7.6 Hz, 1H), 7.15 (d] = 7.9 Hz,
1H), 5.38 (s, 1H), 5.35 — 5.25 (m, 2H), 3.31 (s),38405 (d,J = 11.2 Hz, 1H), 3.00-2.86 (m, 2H), 2.61Jt
10.5 Hz, 1H), 2.41 () = 9.6 Hz, 1H), 1.94 (ddl = 9.8, 5.3 Hz, 1H), 1.83-1.72 (m, 1H), 1.60 (m,)4H35-
1.12 (m, 2H)*C NMR (125 MHz, CDGJ)): § 163.0, 159.7, 152.6, 140.7, 133.1, 133.0, 12728,6] 117.0,
110.7, 90.4, 63.3, 59.3, 52.9, 51.8, 47.2, 46.2,33.6, 27.8, 23.1. [12]

4.1.39. (R)-6-(7-Amino-5-azaspiro[ 2.4] heptan-5-yl)- 1-(2-cyanobenzyl)-3-methyl pyrimidine-2,4(1H,3H)-dione
(2b)

Following a similar procedure for the preparatidn2b, 2b was prepared starting frofa and R)-5-
azaspiro[2.4]heptan-7-amine dihydrochloride. Calssl syrup (60 mg, 81%)]f’+40.000 ¢ 0.035, MeOH).
IR (KBr, cm™): 3416, 2925, 2223, 1695, 1643, 1450, 1316, 11824, 803, 768'H NMR (500 MHz,
CDCly): 6 7.68 (d,J = 7.6 Hz, 1H), 7.58 () = 7.6 Hz, 1H), 7.39 (1] = 7.6 Hz, 1H), 7.24 (d] = 7.9 Hz, 1H),
5.31 (g,J = 17.1 Hz, 2H), 5.25 (s, 1H), 3.51 (dbs= 9.6, 5.5 Hz, 1H), 3.40 (d,= 9.3 Hz, 1H), 3.31 (s, 3H),
3.09 (t,J = 4.6 Hz, 1H), 2.96 (dd} = 9.6, 3.9 Hz, 1H), 2.91 (d,= 9.3 Hz, 1H), 1.53 (brs, 2H), 0.79-0.71 (m,
1H), 0.67-0.59 (m, 1H), 0.56 (di,= 10.3, 5.3 Hz, 1H), 0.52-0.43 (m, 1HJC NMR (126 MHz, CDGJ): &
162.8, 156.8, 153.1, 140.6, 133.1, 132.8, 127.8,412116.8, 110.2, 84.5, 59.7, 57.1, 55.4, 48.37,277.0,
10.8, 5.4. HRMS (ESI) calcd fory@H:Ns0;, [M+H] * 352.1774, found 352.1777.

4.1.40. (R)-6-(3-Aminopyrrolidin-1-yl)-1-(2-cyanobenzyl )-3-methyl pyrimidine-2,4(1H,3H)-dione (2¢)

Following a similar procedure for the preparatidn2b, 2c was prepared satrting frofa and R)-3-
aminopyrrolidine dihydrochloride. White solids (1axy, 84%). §]°+10.204 ¢ 0.049, MeOH). IR (KBr, ci):
3367, 2223, 1696, 1642, 1446, 1275, 1260, 769, 748,"H NMR (300 MHz, CDC)): ¢ 7.62 (d,J = 7.7 Hz,
1H), 7.53 (tJ = 7.7 Hz, 1H), 7.33 (1} = 7.6 Hz, 1H), 7.20 (dl = 7.9 Hz, 1H), 5.23 (s, 2H), 5.18 (s, 1H), 3.66-
3.47 (m, 1H), 3.40-3.17 (m, 5H), 3.07 (m, 1H), 2(@8,J = 9.7, 4.6 Hz, 1H), 2.05 (td,= 13.0, 6.6 Hz, 1H),
1.70-1.56 (m, 2H)**C NMR (75 MHz, CDC)): § 162.8, 156.8, 153.2, 140.7, 133.2, 132.9, 12728,5]
117.0, 110.2, 84.5, 59.5, 50.7, 49.7, 48.5, 34728.2HRMS (ESI) calcd for GH,NsO, [M+H] " 326.1617,
found 326.1620.

4.1.41. (9-6-(3-Aminopyrroalidin-1-yl)-1-(2-cyanobenzyl)-3-methyl pyrimidine-2,4(1H,3H)-dione (2d)

Following a similar procedure for the preparatidn2b, 2d was prepared starting fro®a and §-3-
aminopyrrolidine dihydrochloride. White solids (&g, 82%). {]-10.000 ¢ 0.097, MeOH)."H NMR (500
MHz, CDCk): ¢ 7.60 (d,J = 7.6 Hz, 1H), 7.51 (1) = 7.6 Hz, 1H), 7.31 (} = 7.6 Hz, 1H), 7.18 (d] = 7.9 Hz,
1H), 5.21 (s, 2H), 5.17 (s, 1H), 3.58 (dds 10.6, 5.3 Hz, 1H), 3.49 (4,= 7.2 Hz, 1H), 3.32 — 3.16 (m, 5H),
3.05 (m, 1H), 2.85 (ddl = 9.7, 4.6 Hz, 1H), 2.06-2.01 (dt= 13.1, 6.5 Hz, 1H), 1.72-1.69 (m, 1H).

4.1.42. (R)-6-(3-Aminopi peridin-1-yl)-1-(2-cyanobenzyl)- 3-[ (4-methyl qui nazolin-2-yl Ymethyl ] pyrimidine-
2,4(1H,3H)-dione (2€)
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Following a similar procedure for the preparatidn2b, 2e was prepared starting frodb and R)-3-
aminopyrrolidine dihydrochloride. White solids (8@, 88%). mp: 128-13%C. [0]2-3.571 € 0.112, MeOH).
IR (KBr, cm’): 2944, 1706, 1653, 1569, 1436, 1225, 76NMR (500 MHz, CDC}): § 7.99 (d,J = 8.2 Hz,
1H), 7.85 (dJ = 8.3 Hz, 1H), 7.83-7.76 (m, 1H), 7.61 &+ 7.6 Hz, 1H), 7.52 (q] = 7.2 Hz, 2H), 7.39 (d]
= 7.9 Hz, 1H), 7.32 (s, 1H), 5.49 (s, 1H), 5.462d), 5.30 (dJ = 20.5 Hz, 2H), 3.88 (brs, 2H), 3.25 M=
9.7 Hz, 1H), 3.05 (d) = 9.6 Hz, 1H), 2.96 (d] = 11.7 Hz, 1H), 2.85 (s, 3H), 2.63 @= 10.5 Hz, 2H), 2.02
(d,J=9.0 Hz, 1H), 1.82-1.69 (m, 1H), 1.66-1.53 (M)1H35 (M, 1H)*C NMR (126 MHz, CDCJ): ¢ 168.4,
162.8, 160.0, 159.6, 152.5, 149.5, 140.6, 133.3,01332.7, 128.2, 127.5, 126.6, 126.4, 124.8,8,2116.9,
110.2, 90.7, 57.4, 51.6, 47.1, 45.8, 31.6, 29.49,221.5. HRMS (ESI) calcd for ;@2N;0, [M+H]"
482.2304, found 482.2308.

4.1.43. (R)-6-(7-Amino-5-azaspir o] 2.4] heptan-5-yl)-1-(2-cyanobenzyl )-3-[ (4-methyl quinazolin-2-
yl)methyl] pyrimidine-2,4(1H,3H)-dione (2f)

Following a similar procedure for the preparatidn2b, 2f was prepared starting frodb and R)-5-
azaspiro[2.4]heptan-7-amine dihydrochloride. Lightiow solids (50 mg, 88%). mp: 65-7C. [0]’+45.556
(c 0.090, MeOH). IR (KBr, ci): 3428, 2944, 2873, 2223, 1697, 1650, 1571, 14497, 1312, 1295, 763
NMR (300 MHz, CDC}): 6 7.97 (d,J = 8.1 Hz, 1H), 7.84 (d] = 8.2 Hz, 1H), 7.75 (] = 7.5 Hz, 1H), 7.58 (d,
J=7.5Hz, 1H), 7.49 (d] = 4.6 Hz, 2H), 7.41 (d] = 7.7 Hz, 1H), 7.34-7.24 (m, 1H), 5.44 (s, 2H}(5.20
(m, 3H), 3.60-3.45 (m, 1H), 3.39 (d,= 9.0 Hz, 1H), 3.04 (s, 1H), 2.93 (d#i= 16.8, 7.2 Hz, 2H), 2.83 (s,
3H), 0.69 (d,J = 3.3 Hz, 1H), 0.63-0.47 (m, 2H), 0.44 = 4.3 Hz, 1H)*C NMR (75 MHz, CDC)): §
168.3, 162.5, 160.3, 156.8, 153.2, 149.6, 140.8,20333.0, 132.6, 128.4, 127.5, 126.6, 126.3,8,2122.9,
116.9, 109.9, 84.8, 59.7, 57.0, 55.3, 47.7, 4599,421.6, 10.5, 5.3. HRMS (ESI) calcd fogg@,sN-O,
[M+H] " 494.2304, found 494.2308.

4.1.44. (R)-6-(3-Aminopyrrolidin-1-yl)-1-(2-cyanobenzyl)-3-[ (4-methyl quinazolin-2-yl ) methyl] pyrimidine-
2,4(1H,3H)-dione (29)

Following a similar procedure for the preparatidn2b, 2g was prepared starting frodb and R)-3-
aminopyrrolidine dihydrochloride. White solids (88, 88%). mp: 113-128C. [¢]5’+1.562 € 0.131, MeOH).
IR (KBr, cri'): 3446, 3255, 2925, 1710, 1653, 1436, 1227, #@AMR (500 MHz, CDC}): 6 8.03 (d,J =
8.2 Hz, 1H), 7.90 (d) = 8.4 Hz, 1H), 7.87-7.78 (m, 1H), 7.63 = 7.6 Hz, 1H), 7.54 (dd] = 10.3, 3.8 Hz,
2H), 7.47 (dJ = 7.8 Hz, 1H), 7.34 ( = 7.5 Hz, 1H), 5.50 (s, 2H), 5.38 (s, 2H), 5.341), 3.72-3.60 (M,
1H), 3.35 (dddJ = 15.3, 9.5, 6.4 Hz, 2H), 3.29-3.14 (m, 1H), 2(805H), 2.13 (tdJ = 12.9, 6.5 Hz, 1H), 1.71
(dt, J = 18.8, 6.3 Hz, 1H)**C NMR (125 MHz, CDCJ): 6 168.4, 162.6, 160.5, 156.9, 153.3, 149.8, 140.8,
133.2, 133.1, 132.7, 128.5, 127.6, 126.7, 126.8,912123.1, 117.0, 110.1, 85.1, 59.6, 50.8, 49/83,446.1,
34.4, 21.7. HRMS (ESI) calcd forg,6N;0, [M+H] " 468.2148, found 468.2150.

4.1.45. (9)-6-(3-Aminopiperidin-1-yl)-1-(but-2-ynyl)-3-[ (4-methyl quinazolin-2-yl )methyl] pyrimidine-
2,4(1H,3H)-dione (2i)

Following a similar procedure for the preparatidn2h, 2i was prepared starting frofc and §-3-
aminopyrrolidine dihydrochloride. Light yellow oflLl44 mg, 83%).d|*+1.923 ¢ 0.104, MeOH).H NMR

(500 MHz, CDC}) § 7.99 (d,J = 8.2 Hz, 1H), 7.86 (d] = 8.4 Hz, 1H), 7.76 (] = 7.6 Hz, 1H), 7.51 (] = 7.5
Hz, 1H), 5.46 (s, 2H), 5.32 (s, 1H), 4.58 (s, 2BIR9 (d,J = 9.3 Hz, 1H), 3.11 (s, 1H), 2.86 (s, 3H), 2.76 (s
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1H), 2.64 (s, 1H), 2.02 (d,= 9.2 Hz, 1H), 1.95-1.84 (m, 1H), 1.79 (s, 3HY21.66 (m, 1H), 1.40-1.33 (m,
1H).

4.1.46. (R)-6-(7-Amino-5-azaspir o[ 2.4] heptan-5-yl)- 1-(but-2-yn-1-yl)-3-((4-methyl qui nazolin-2-
yl)methyl)pyrimidine-2,4(1H,3H)-dione (2j)

Following a similar procedure for the preparation2b, 2j was prepared starting frofc and R)-5-
azaspiro[2.4]heptan-7-amine dihydrochloride. Calssl syrup (100 mg, 78%). IR (KBr, Tjn 3390, 2922,
1699, 1652, 1646, 1572, 1444, 1398, 1294, 1201, #84ANMR (300 MHz, CDCJ): 6 8.02 (d,J = 8.3 Hz,
1H), 7.90 (d,J = 8.4 Hz, 1H), 7.77 (1) = 7.6 Hz, 1H), 7.53 (t) = 7.5 Hz, 1H), 5.59-5.41 (m, 2H), 5.21 (s,
1H), 4.63 (g, 2H), 3.92-3.72 (m, 2H), 3.36 (dds 10.1, 3.2 Hz, 1H), 3.22 (m, 2H), 2.89 (s, 3HR&(brs,
2H), 1.80 (s, 3H), 0.90 (dd, = 8.9, 4.9 Hz, 1H), 0.79-0.60 (m, 3HJC NMR (75 MHz, CDCJ): 6 168.4,
162.8, 160.7, 156.4, 152.9, 149.9, 133.1, 128.8,612124.8, 123.1, 83.4, 80.0, 73.9, 59.1, 57.18,5%6.3,
37.4,26.9, 21.7, 11.6, 5.6, 3.6. HRMS (ESI) cdtzdC,H,7NsO, [M+H] * 431.2195, found 419.2199.

4.1.47. (R)-6-(3-Aminopiperidin-1-yl)-1-(but-2-ynyl )-3-methyl pyrimidine-2,4(1H,3H)-dione (2k)

Following a similar procedure for the preparatidn2b, 2k was prepared starting frold and R)-3-
aminopyrrolidine dihydrochloride. Colorless syrif®(mg, 98%). ¢]>-4.167 € 0.144, MeOH). IR (KBr, cm
%): 3369, 2937, 1700, 1620, 1608, 1436, 1376, 12208, 798."H NMR (500 MHz, CDC}): 6 5.17 (s, 1H),
4.48 (d,J = 1.8 Hz, 2H), 3.24 (s, 4H), 3.15 @7 10.2 Hz, 1H), 3.07-2.92 (m, 1H), 2.64 (s, 1HA52(s, 1H),
1.98-1.87 (m, 1H), 1.86-1.78 (m, 1H), 1.76 (s, 5HY0-1.56 (m, 1H), 1.25 (d, = 10.0 Hz, 1H)**C NMR
(125 MHz, CDC}): ¢ 163.0, 159.1, 152.2, 88.9, 79.9, 73.7, 59.1, HA74, 35.2, 32.9, 29.5, 27.6, 23.0, 3.4.
HRMS (ESI) calcd for @H»N4,O, [M+H]" 277.1665, found 277.1667.

4.1.48. (R)-6-(3-Aminopiperidin-1-yl)-1-(but-2-ynyl)-3-(quinoxalin-2-ylmethyl ) pyrimidine-2,4(1H,3H)-dione
(2)

Following a similar procedure for the preparatidn2h, 2| was prepared starting froe and R)-3-
aminopyrrolidine dihydrochloride. Brown solids (1g392%). mp: 68-72C. [0]7-0.800 ¢ 0.125, MeOH). IR
(KBr, cm™): 3359, 2942, 2855, 1705, 1654, 1606, 1437, 18226, 1111, 764*H NMR (500 MHz, CDC)):

0 8.82 (s, 1H), 8.13-7.99 (m, 2H), 7.76-7.59 (m, 2647 (s, 2H), 5.32 (s, 1H), 4.56 (W= 2.3 Hz, 2H), 3.39
(d,J =13.7 Hz, 1H), 3.27 (d] = 11.9 Hz, 1H), 3.13-3.02 (m, 1H), 2.77 (s, 1HRX(s, 1H), 2.26 (brs, 2H),
2.06-1.95 (m, 1H), 1.95-1.84 (m, 1H), 1.79 @t 12.4, 2.3 Hz, 3H), 1.76-1.63 (m, 1H), 1.33 (dt, 16.9, 7.2
Hz, 1H).**C NMR (125 MHz, CDGJ): ¢ 162.7, 159.6, 152.3, 151.5, 144.1, 141.9, 14129,8] 129.3, 129.3,
129.0, 89.0, 80.3, 73.5, 58.9, 51.5, 47.5, 44.4,3.8, 23.1, 3.6. HRMS (ESI) calcd fos8,5NeO,[M+H] *
405.2039, found 405.2043.

4.1.49. (R)-6-(3-Aminopiperidin-1-y1)-1-(but-2-ynyl)-3-(naphthal en-2-ylmethyl ) pyrimidine-2,4(1H,3H)-dione
(2m)

Following a similar procedure for the preparatidn2b, 2m was prepared starting froéf and R)-3-
aminopyrrolidine dihydrochloride. White solids (1 87%). mp: 58-62C. [a]3+0.840 € 0.119, MeOH). IR
(KBr, cm™): 3359, 2921, 2852, 1700, 1653, 1600, 1436, 18204, 1093, 922, 781, 564H NMR (300 MHz,
CDCl): 6 7.87 (s, 1H), 7.67 (d1 = 8.4 Hz, 3H), 7.55 (d] = 8.4 Hz, 1H), 7.42 -7.21 (m, 2H), 5.15 (s 11.0
Hz, 3H), 4.38 (s, 2H), 3.09 (dd,= 24.1, 9.7 Hz, 2H), 2.80 (s, 1H), 2.50)% 9.5 Hz, 1H), 2.40-2.20 (m, 1H),
2.03-1.58 (m, 3H), 1.48 (d,= 10.2 Hz, 1H), 1.11 (m, 3HC NMR (75 MHz, CDC}): 6 162.8, 159.3, 152.2,
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134.7,133.2, 132.7, 127.9, 127.5, 127.1, 125.8,7188.9, 80.1, 73.9, 58.9, 51.3, 47.4, 44.3, 3323, 29.6,
23.1, 3.6. HRMS (ESI) calcd for,gH,7N,0, [M+H] " 403.2134, found 403.2137.

4.1.50. (R)-6-(3-Aminopiperidin-1-y)-1-(but-2-ynyl)-3-(naphthal en-1-ylmethyl ) pyrimidine-2,4(1H,3H)-dione
(2n)

Following a similar procedure for the preparatidn2b, 2n was prepared starting frog and R)-3-
aminopyrrolidine dihydrochloride. Colorless syr@®Q mg, 75%).4]2’-0.962 ¢ 0.119, MeOH). IR (KBr, cm
1): 3428, 2935, 1704, 1653, 1600, 1437, 1375, 1286, 566 H NMR (300 MHz, CDC)): 6 8.25 (d,J = 8.4
Hz, 1H), 7.80 (dJ = 7.8 Hz, 1H), 7.74 — 7.65 (m, 1H), 7.48 (ddd; 22.1, 11.3, 4.3 Hz, 2H), 7.39-7.26 (m,
2H), 5.58 (s, 2H), 5.23 (s, 1H), 4.47 (d 2.2 Hz, 2H), 3.16 (dd} = 24.2, 11.6 Hz, 2H), 2.99 — 2.78 (m, 1H),
2.59 (t,J = 10.2 Hz, 1H), 2.49-2.28 (m, 1H), 1.91-1.79 (H),11.79-1.70 (m, 4H), 1.64 (d,= 10.8 Hz, 3H),
1.62-1.46 (m, 1H), 1.21-1.08 (m, 1HJC NMR (75 MHz, CDCJ): § 163.0, 159.5, 152.4, 133.7, 132.2, 131.3,
128.6, 127.8, 126.1, 125.6, 125.2, 124.9, 123.6),8®.1, 73.8, 59.1, 51.4, 47.4, 41.9, 35.6, 33302, 3.6.
HRMS (ESI) calcd for gH»/N,O,[M+H] " 403.2134, found 403.2137.

4.1.51. (R)-6-(3-Aminopiperidin-1-yl)-3-benzyl - 1-(but-2-ynyl) pyrimidine-2,4(1H,3H)-dione (20)

Following a similar procedure for the preparatidn2b, 20 was prepared starting frodh and R)-3-
aminopyrrolidine dihydrochloride. Colorless syr@i (mg, 38%). ¢]>-0.806 ¢ 0.124, MeOH). IR (KBr, cm
1): 3442, 2940, 1701, 1653, 1602, 1437, 1275, 1288, 749."H NMR (500 MHz, CDC}): 6 7.54-7.45 (m,
2H), 7.31-7.25 (m, 2H), 7.25-7.20 (m, 1H), 5.231l), 5.08 (s, 2H), 4.51 (d, = 2.0 Hz, 2H), 3.30 (d] =
10.6 Hz, 1H), 3.19 (d] = 11.2 Hz, 1H), 3.00 (tdl = 8.8, 4.3 Hz, 1H), 2.69 (§,= 9.9 Hz, 1H), 2.48 (s, 1H),
2.02-1.91 (m, 1H), 1.89-1.82 (m, 1H), 1.81Jtz 2.3 Hz, 3H), 1.71-1.63 (m, 3H), 1.32-1.24 (m,)1¥C
NMR (125 MHz, CDC}): § 162.7, 159.2, 152.1, 137.0, 129.0, 128.1, 120%X),80.0, 73.6, 59.1, 51.3, 47.3,
44.1, 35.3, 33.0, 23.0, 3.4. HRMS (ESI) calcd fegHzsN40, [M+H] * 353.1978, found 353.1980.

4.1.52. (R)-6-(3-Aminopiperidin-1-yl)-1-(but-2-ynyl)- 3-(2-cyanobenzyl ) pyrimidine-2,4(1H,3H)-dione (2p)

Following a similar procedure for the preparatidn2b, 2p was prepared starting fro®i and R)-3-
aminopyrrolidine dihydrochloride. Light yellow sdl{400 mg, 90%).a]2+1.316 € 0.154, MeOH). IR (KBr,
cm’): 3418, 2946, 2224, 1703, 1653, 1601, 1437, 1283,"H NMR (500 MHz, CDC}): 6 7.39 (d,J = 6.1
Hz, 1H), 7.28 (s, 1H), 7.10 (s, 1H), 7.03 Jd; 6.5 Hz, 1H), 5.07 (s, 2H), 5.04 (s, 1H), 4.332(d), 3.14 (dJ
= 8.4 Hz, 1H), 3.04 (s, 1H), 2.80 (s, 1H), 2.531¢4), 2.34 (s, 1H), 1.81 (m, 2H), 1.69-1.38 (m, 5H14 (d,J
= 39.1 Hz, 2H)**C NMR (125 MHz, CDGJ)): ¢ 161.7, 159.1, 151.4, 139.9, 132.2, 132.0, 12628,3] 116.6,
110.7, 87.7, 79.5, 73.0, 58.3, 52.1, 46.7, 41.71,382.3, 22.4, 2.8. HRMS (ESI) calcd for,8,4Ns0,
[M+H] " 378.1930, found 378.1933.

4.1.53. (R)-6-(3-Aminopiperidin-1-yl)-1-(but-2-ynyl )-3-(3-chl or obenzyl ) pyrimidine-2,4(1H,3H)-dione (2q)

Following a similar procedure for the preparatidn2h, 2q was prepared starting frod and R)-3-
aminopyrrolidine dihydrochloride. Colorless syrupd, 84%). §]©-1.531 € 0.196, MeOH). IR (KBr, cif):
3442, 2941, 1701, 1652, 1600, 1433, 1225, 7BSNMR (500 MHz, CDC)): d 7.45 (s, 1H), 7.38-7.33 (m,
1H), 7.25-7.17 (m, 2H), 5.23 (s, 1H), 5.04 (s, 2452 (d,J = 2.1 Hz, 2H), 3.31 (d] = 10.3 Hz, 1H), 3.21 (d,
J =11.1 Hz, 1H), 3.08-2.94 (m, 1H), 2.70 Jtz 7.2 Hz, 1H), 2.51 (d] = 8.9 Hz, 1H), 2.05-1.92 (m, 1H),
1.92-1.78 (m, 4H), 1.77-1.58 (m, 1H), 1.29 (m, 1HE NMR (125 MHz, CDG)): ¢ 162.2, 159.1, 151.7,
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138.7, 133.5, 129.1, 128.5, 127.1, 126.8, 88.5,788.3, 58.8, 51.0, 47.1, 43.3, 35.2, 32.7, 22.8, HRMS
(ESI) calcd for GoH24N,0,Cl [M+H]* 387.1588, found 387.1590.

4.1.54. (R)-6-(3-Aminopiperidin-1-yl)-1-(but-2-ynyl )-3-(3-fluorobenzyl ) pyrimidine-2,4(1H,3H)-dione (2r)

Following a similar procedure for the preparatidn2b, 2r was prepared starting fro®k and R)-3-
aminopyrrolidine dihydrochloride. Colorless syr@i0 mg, 77%).0]>+0.508 € 0.197, MeOH). IR (KBr, cm
1): 3449, 2923, 2854, 1700, 1653, 1600, 1437, 1286,"H NMR (300 MHz, CDCJ): § 7.00 (s, 2H), 6.93 (d,
J=9.8 Hz, 1H), 6.67 (d] = 6.0 Hz, 1H), 5.02 (s, 1H), 4.83 (s, 2H), 4.302d), 3.10 (dJ = 10.8 Hz, 1H),
3.00 (d,J = 11.5 Hz, 1H), 2.77 (s, 1H), 2.48 Jt= 10.4 Hz, 1H), 2.39-2.20 (m, 1H), 1.75 (s, 3HH2(d,J =
21.3 Hz, 4H), 1.55-1.34 (m, 1H), 1.06 (b= 8.9 Hz, 1H)*C NMR (75 MHz, CDCJ): ¢ 163.5, 162.0, 160.3,
158.9, 151.5, 139.0, 138.9, 129.1, 129.0, 123.8,81215.0, 114.8, 113.7, 113.4, 88.1, 79.5, &8, 50.7,
46.8, 43.0, 35.0, 32.4, 22.6, 2.9. HRMS (ESI) cétrdCyH24N4O,F [M+H]* 371.1883, found 371.1886.

4.1.55. (R)-6-(3-Aminopiperidin-1-yl)- 1-(but-2-ynyl )- 3-(4-nitrobenzyl ) pyrimidine-2,4(1H,3H)-dione (29)

Following a similar procedure for the preparatidn2h, 2s was prepared starting fro® and R)-3-
aminopyrrolidine dihydrochloride. Yellow oil (800gn85%)[a]?-0.769 € 0.130, MeOH). IR (KBr, c):
3455, 2940, 2855, 1696, 1649, 1604, 1521, 14343,18226, 1108, 763'H NMR (300 MHz, CDC})): 6 7.84
(dd,J = 8.6, 3.2 Hz, 2H), 7.49-7.27 (m, 2H), 5.00 Jd; 3.0 Hz, 1H), 4.90 (s, 2H), 4.29 (s, 2H), 3.11J&
11.2 Hz, 1H), 3.01 (d] = 11.3 Hz, 1H), 2.77 (dl = 3.0 Hz, 1H), 2.49 (1) = 10.7 Hz, 1H), 2.30 (1 = 9.8 Hz,
1H), 1.67 (ddJ = 39.8, 21.5 Hz, 7H), 1.49-1.32 (m, 1H), 1.06 Jd&& 10.4 Hz, 1H)*C NMR (75 MHz,
CDCly): 6 161.8, 159.0, 151.4, 146.4, 143.9, 128.9, 122ZI'P,&9.6, 73.0, 58.4, 50.7, 46.8, 42.9, 35.1,,32.4
22.5, 2.9. HRMS (ESI) calcd for,gH,4/Ns04 [M+H] " 398.1828, found 398.1832.

4.1.56. (R)-6-(3-Aminopiperidin-1-yl)-3-[ (4-methyl quinazolin-2-yl )methyl] - 1-(prop-2-ynyl )pyrimidine-
2,4(1H,3H)-dione (2t)

Following a similar procedure for the preparatidn2b, 2t was prepared starting froBm and R)-3-
aminopyrrolidine dihydrochloride. Colorless syrig®(mg, 85%). ¢]>-0.833 € 0.121, MeOH). IR (KBr, cm
1): 3419, 3244, 2927, 2853, 1700, 1653, 1609, 13886, 1226, 806, 764H NMR (500 MHz, CDC)): &
7.96 (d,J = 8.2 Hz, 1H), 7.82 (d) = 8.4 Hz, 1H), 7.72 (t) = 7.6 Hz, 1H), 7.47 (1) = 7.5 Hz, 1H), 5.41 (s,
2H), 5.30 (s, 1H), 4.61 (s, 2H), 3.34 (& 10.1 Hz, 1H), 3.20 (s, 1H), 3.05 = 8.7 Hz, 1H), 2.82 (s, 3H),
2.71 (dd,J = 14.1, 7.0 Hz, 1H), 2.55 (s, 1H), 2.33 (s, 2HR12(d,J = 2.0 Hz, 1H), 1.97 (d] = 9.0 Hz, 1H),
1.91-1.79 (m, 1H), 1.67 (di,= 14.0, 10.5 Hz, 1H), 1.21 (s, 1HIC NMR (125 MHz, CDG)): ¢ 168.4, 162.8,
160.2, 159.2, 152.4, 149.7, 133.2, 128.6, 126.4,7,2123.0, 89.5, 78.5, 72.1, 63.1, 58.9, 52.84,546.2,
34.8, 32.8, 21.6. HRMS (ESI) calcd fopH.5Ns0, [M+H] " 405.2039, found 405.2041.

4.1.57. (R)-1-Allyl-6-(3-aminopiperidin-1-yl)-3-((4-methyl qui nazoli n-2-yl Ymethyl ) pyrimidine-2,4(1H,3H)-
dione (2u)

Following a similar procedure for the preparatidn2h, 2u was prepared starting frodn and R)-3-
aminopyrrolidine dihydrochloride. Light yellow sdli(714 mg, 61%). mp: 82-8%C. [a]Z+1.875 ¢ 0.162,
MeOH). IR (KBr, cn'): 3456, 2995, 1769, 1759, 1654, 1383, 1247, 1059,"H NMR (300 MHz, CDC)): &
8.01 (d,J = 8.2 Hz, 1H), 7.86 (d] = 8.2 Hz, 1H), 7.77 (1) = 7.6 Hz, 1H), 7.52 (1) = 7.5 Hz, 1H), 5.96 (m,
1H), 5.47 (s, 2H), 5.37 (s, 1H), 5.32-5.11 (m, 2431 (d,J = 2.5 Hz, 2H), 3.24 (d] = 9.7 Hz, 1H), 3.12 (d]
=12.0 Hz, 1H), 3.01 (td] = 9.0, 4.4 Hz, 1H), 2.87 (s, 3H), 2.76-2.61 (m),1M47 (t,J = 10.0 Hz, 1H), 1.94
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(m, 5H), 1.75-1.57 (m, 1H}°C NMR (75 MHz, CDCJ): § 168.4, 163.1, 160.4, 160.1, 152.8, 149.8, 133.2,
132.9, 128.6, 126.6, 124.7, 123.0, 116.2, 89.61,5801.6, 47.4, 46.9, 46.1, 33.3, 23.1, 21.6, 7RMS (ESI)
calcd for GoHpNeO, [M+H] * 407.2195, found 407.2197.

4.1.58. (R)-6-(3-Aminopiperidin-1-yl)-1,3-di(prop-2-yn-1-y)pyrimidine-2,4(1H,3H)-dione (2v)

Following a similar procedure for the preparatidn2b, 2v was prepared starting fro®p and R)-3-
aminopyrrolidine dihydrochloride. Colorless syr@b(mg, 98%). ¢]>-1.911 € 0.157, MeOH). IR (KBr, cm
1): 3284, 2940, 2855, 1704, 1653, 1605, 1436, 13342, 1227, 764, 749*H NMR (500 MHz, CDC)): 6
5.16 (s, 1H), 4.56 (d] = 2.2 Hz, 2H), 4.53 (dd] = 6.7, 2.1 Hz, 2H), 3.22 (d,= 10.7 Hz, 1H), 3.12 (d] =
11.1 Hz, 1H), 3.01- 2.89 (m, 1H), 2.64Jt 9.8 Hz, 1H), 2.45 (s, 1H), 2.32 (s, 1H), 2.1Q@® 2.2 Hz, 1H),
1.90 (d,J = 12.8 Hz, 3H), 1.83-1.75 (m, 1H), 1.66-1.55 (rh)),11.23 (dd,J = 19.4, 9.2 Hz, 1H)*C NMR
(125 MHz, CDC}): 6 161.5, 159.4, 151.4, 89.1, 78.3, 78.3, 72.6, 7061, 51.4, 47.4, 35.0, 33.0, 30.2, 23.1.
HRMS (ESI) calcd for @H1gN,O, [M+H] " 287.1508, found 287.1510.

4.2, Invitro assay for inhibition of DPP-4, DPP-8 and DPP-9

The DPP-4 Drug Discovery Kit (Enzo Life Scienceteinational, Inc.) was used for the assay of itiaibi
of DPP-4 activity, which was determined by meagutime rate of hydrolysis of a surrogate substitdt&ly-
Pro-7-amino-4-methylcoumarin (H-Gly-Pro-AMC). ThePPBP-4 inhibitor P32/98A was selected as the
reference inhibitorThe 500 pMsubstrate solution was diluted with assay buférfiM Tris, pH=7.5) to give
a 5uM substrate solution. 10L of appropriately diluted solutions of the testhqmunds and 2fl of assay
buffer were added to 96-well microtiter plates]daled by addition of 1L of assay buffer containing 0.26
MU of recombinant human DPP-4. The reaction wasabeid by addition of 5QL of 5 uM substrate solution.
After incubation at room temperature for 10 mimoflescence was measured using an excitation waklen
of 380 nm and an emission wavelength of 460 nm [8pectraMax M5microplate reader. A fluorescence
standard curve for 7-amino-4-methylcoumarin (AMCaswgenerated using 0.12-181 of AMC buffer
solutions. The inhibitory rate relative to the gohtwithout inhibitor was calculated and J§values were
determined by nonlinear regression. By the sinplanciple, the assays for inhibition of DPP-8 anBHf>9
activity were performed using DPP-8 and DPP-9 fdsaent activity assay kits (Cat: 80208 and 8020%)B

4.3. Molecular docking

The crystal structures of linagliptidg) and alogliptin 2a) were extracted from the X-ray crystallographical
structures of DPP-4 (PDB codes: 2RGU and 3GOB)umed as the templates to construct the 3D striechire
2h and 2i in Sybyl 6.9. After hydrogens were added and GgetdHickel charges were assigned, the
structures oRh and2i were further optimized with Tripos force field. lprotein structure was prepared by
removal of all ligands and waters from the X-raystallographical structure of DPP-IV (PDB code: ARG
and protonated. The optimized structure2iofind2i were docked into the inhibitor binding pocket P-4
A chain with GOLD 3.0.1. The residues within a tedbf 10 A around the original ligand were seledted
define the active site. Default parameters wereMakimum 10 solutions were adapted for each comg@ou
and ranked according to Goldscore. Computatioriataation modes of the best solutions and atonarnfists
were pictured with PyMol 1.3.
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Figure captions

Figure 1. Structures of linagliptinl@) and alogliptin 2a).
Figure 2. Compounds designed basedlarand2a with diverse amino groups.

Figure 3. Hybrid design based dta and2a.
Figure 4. Binding mode comparison of linaliptin and alogjlipn DPP-4.

Figureb5. Predicted docking interactions 2#i/2i binding to DPP-4.
Figure 6. Effect of 1a (linagliptin) on glucose tolerance d/db mice.
Figure 7. Effect of 2h on glucose tolerance db/db mice.

Figure 8. Effect of 1a (linagliptin) and2h on plasma glucose AWC150 min.
Figure 9. Effect of 1a (linagliptin) and2h on plasma DPP-4 activity.
Scheme 1. Synthesis of compounds-1;j.

Scheme 2. Synthesis of compoun@a-2v.
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Table 1. DPP-4 inhibitory activity ofla-1j.
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Table 2. DPP-4 inhibitory activity oRa-2d.
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Table 3. DPP-4 inhibitory activity oRe-2k.
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pe
Noo NH,
2e CE;N% @CN _5_N©' 34.8 NT?
Py
@CN N ] -0.3 NT?
e
s
29 _N oN .g_N(j 31 NT?
Py
N\ ;\ §NH2
2h ©|/\€N/ ; _é_ND' 95.9 0.31

=
Nop o NH>
2i q)r\l/\ T _ : E 102.5 0.35

§-N
N\ ;\ \\\\NHZ
2 @;f W N 71.8 12.7
o NH,
2k -CH; o _E_ND' 2.1 NT?

&NT means “not tested”.



Table 4. DPP-4 inhibitory activity of compound-2v.

(0]

JL R,

N N

ONI\I\OJ\NHZ

Ra~

Inhibition (%)
Cpd R Ry 100 T ICs0 (NM)

Nop 4 _
2h er e 95.9 0.31

N~ _

2 C[ W= 98.6 36
g

2m ;‘ = 218 NT

2n g W 43.2 164

20 ©A{ N 51.3 65.9
i =
2p N 87.7 7.6
CN

2q W 66.5 66.4

#
2r q W 61.1 30.8
# =
2s ol 89.7 25
O2N

Nap ¥ __

2t er W 83.6 11.4.
N

2u er W 92.6 3.8

2v = Wl 29.7 NT?

&NT means “not tested”.



Table 5. Selectivity for DPP-4 over DPP-8 and DPP-9.

Cod DPP-4 I1G, DPP-8 inhibition (%) DPP-9 inhibition (%)
(nM) 100 pM 25 uM 100 pM 25 uM
1a (linagliptin) 0.77 19.6 6.1 95 4.2
1h 1.33 336 14.6 23.1 5.9
2a (alogliptin) 2.63 -14 3.1 7.0 8.6
2h 0.31 2.9 4.0 8.7 1.1
2i 0.35 16.2 5.7 0.1 5.8
2 3.6 2.8 -3.6 9.9 3.1
2p 7.6 -1.0 41 5.2 9.5
2s 25 9.7 1.1 2.4 4.9
2t 11.4 27.2 11.8 8.0 8.6
2u 3.8 10.1 1.5 9.0 3.6
Table 6. Selected pharmacokinetics parameteriion rats.
Dose (5 mg/kg) ty2() Tmax(h) Crax(ng/mL) AUCo.. (ngh/mL)  MRTo, (h) F (%)
iv 3.8£2.5 0.1£0.0 2.75+0.49 2.37+0.48 1.4+0.4 /
oral 7.5£NA 5.5+4.3 0.04+0.02 0.36+NA 9.7+NA 15.1
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Highlights

€ Weidentified several highly potent DPP-4 inhibitors by hybrid compound design.
The most promising compound 2h was more potent than linagliptin and alogliptin.
Compound 2h had a good inhibition selectivity for DPP-4 over DPP-8/9.

Compound 2h displayed significant glucose-lowering effect and good safety profile.

* & O o

Compound 2h exhibited a potential as drug candidate for treating type 2 diabetes.
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