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Abstract
To date, seven dipeptidyl peptidase IV (DPP-IV) inhibitors have been approved
as anti-diabetic drugs, and their structural differences and intrinsic correlations
provide new insights for further structural modification. In this study, focusing
on the structural features of alogliptin and linagliptin, and employing the prin-
ciples of scaffold hopping and drug hybridization, we rapidly obtained a novel
DPP-IV inhibitor 8g (IC50 = 4.9 nM), whose activity and selectivity are both
comparable to those of marketed drugs. Therefore, applying classical medici-
nal chemistry strategies to perform molecular manipulation on marketed drugs
targeting the same target can effectively generate novel active molecules.
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Abstract

To date, seven dipeptidyl peptidase IV (DPP-IV) inhibitors have been approved
as new anti-diabetic drugs, and their structural differences and inherent corre-
lations provide new insights for further structural modification. In this study,
focusing on the structural features of alogliptin and linagliptin, we rapidly ob-
tained a novel DPP-IV inhibitor 8g (IC�� = 4.9 nM) using scaffold hopping
and drug splicing principles. This compound exhibits activity and selectivity
comparable to marketed drugs. Therefore, applying classical medicinal chem-
istry strategies to perform molecular operations on marketed drugs targeting
the same target can effectively generate novel bioactive molecules.
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1. Introduction
Type 2 diabetes mellitus (T2DM) is a complex endocrine and metabolic disor-
der that has become the third most prevalent non-communicable disease threat-
ening human health, following cardiovascular diseases and malignant tumors.
According to the International Diabetes Federation (IDF), the global diabetic
population reached 371 million in 2012, with over 90% being type 2 diabetes
[?]. Conventional hypoglycemic agents primarily include three categories: in-
sulin sensitizers, insulin secretagogues, and �-glucosidase inhibitors [?]. However,
these drugs often cause adverse effects such as weight gain, drug resistance, and
hypoglycemia [?], making the development of novel anti-diabetic agents with
new mechanisms of action and low toxicity a persistent focus in both academia
and industry [?].

In recent years, DPP-IV inhibitors have emerged as first-line drugs for treating
type 2 diabetes in developed countries. DPP-IV inhibitors exert their therapeu-
tic effects by attenuating the degradation of incretins, thereby enhancing the
activity of glucose-dependent insulinotropic polypeptide (GIP) and glucagon-
like peptide-1 (GLP-1). This leads to increased insulin sensitivity, promoted
insulin secretion, and stimulated pancreatic �-cell growth [?]. Compared with
traditional anti-diabetic medications, DPP-IV inhibitors demonstrate definitive
efficacy, fewer adverse reactions, and favorable oral bioavailability, making them
suitable for chronic disease management.

Currently marketed DPP-IV inhibitors include sitagliptin [?] (1), vildagliptin
[?] (2), saxagliptin [?] (3), alogliptin [?] (4), linagliptin [?] (5), gemigliptin [?]
(6), and teneligliptin [?] (7). As shown in [Figure 1: see original paper], although
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these drugs bind to the same target, they exhibit substantial structural differ-
ences, particularly among sitagliptin, alogliptin, and linagliptin. Our previous
studies revealed that alogliptin and linagliptin share certain pharmacophoric
similarities and significant structural correlations, making them suitable candi-
dates for molecular operations such as scaffold hopping and fragment splicing
[?].

[Figure 1: see original paper]

Therefore, we employed a scaffold hopping strategy to replace the pyrimidine-
dione scaffold of alogliptin with a xanthine scaffold, rapidly obtaining a novel
class of DPP-IV inhibitors. Through structural modification of the xanthine
scaffold, particularly by splicing the quinazoline fragment from linagliptin at
the N-1 position, we discovered the highly active and selective DPP-IV inhibitor
8g (IC�� = 4.9 nM) ([Figure 2: see original paper]). The discovery of compound
8g further confirms that for marketed drugs targeting the same protein, ex-
ploring their similarities and applying classical medicinal chemistry molecular
operations can rapidly establish novel bioactive molecules.

[Figure 2: see original paper]

2. Chemical Synthesis
The synthetic route to compounds 8a-g is illustrated in [Figure 3: see orig-
inal paper]. Commercially available 2-cyanobenzyl bromide underwent nucle-
ophilic substitution with 8-bromo-3-methylxanthine (compound 9) to afford
key intermediate 10. N-alkylation with 2-bromomethyl-4-methylquinazoline
yielded compound 11, which was then reacted with phthalimide-protected (R)-
3-aminopiperidine to give compound 13g. Alternatively, compound 10 was first
reacted with protected 3-aminopiperidine to obtain compound 12, followed by
N-alkylation to produce compounds 13a-f. Finally, deprotection of compounds
13a-g in ethanolamine/toluene at 90 °C furnished target compounds 8a-g.

Reagents: i. DIEA, DMF, rt; ii. Na�CO� or K�CO�, NMP, rt-150 °C; iii. DIEA,
NMP, 140 °C; iv. Ethanolamine, toluene, 90 °C.

3. Results and Discussion
3.1 Scaffold Hopping of Alogliptin to Obtain Novel DPP-IV Inhibitors

The concept of scaffold hopping originated from computational techniques and
was extended to drug discovery to identify novel structures with different topo-
logical scaffolds that maintain biological activity from known databases [?]. Its
advantage lies in the rapid and convenient generation of drug candidates with
properties similar to marketed drugs when applied to approved therapeutics.
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Through scaffold hopping strategies based on alogliptin, we previously reported
several highly potent inhibitors, such as compound 6 (IC�� = 0.33 nM) [?] and
compound 7 (IC�� = 1.4 nM) [?] ([Figure 4: see original paper]).

[Figure 4: see original paper]

Although these molecules demonstrated superior potency, they failed to advance
to development due to deficiencies in pharmacokinetic properties and safety
profiles [?, ?], prompting us to focus on analyzing and performing molecular
operations on marketed drugs. We noted that despite significant structural dif-
ferences between alogliptin and linagliptin, their binding modes to the DPP-IV
enzyme share considerable similarities [?, ?]. Both compounds feature (R)-3-
aminopiperidine groups that form hydrogen bonds with Glu205 and Glu206;
their 2-cyanobenzyl and butynyl groups occupy the hydrophobic S1 pocket; and
their molecular scaffolds engage in �-� stacking interactions with Tyr547. No-
tably, linagliptin, with its xanthine scaffold, demonstrates superior properties
among marketed DPP-IV inhibitors in terms of in vitro biological activity, phar-
macokinetics, and pharmacodynamics [?]. Therefore, in this new round of struc-
tural optimization, we retained the 2-cyanobenzyl and (R)-3-aminopiperidine
pharmacophores of alogliptin while introducing the advantageous xanthine scaf-
fold of linagliptin to synthesize a series of novel DPP-IV inhibitors.

3.2 Modification of Substituents at the N-1 Position of the Xanthine
Scaffold

Through modification at the N-1 position, we synthesized compounds 8a-g as
shown in , all of which exhibited varying degrees of DPP-IV inhibitory activ-
ity and selectivity. The N-1 substituent significantly impacted activity, with
aromatic groups particularly favorable for potency.

The results in demonstrate that the N-1 position is indeed a sensitive site for
activity, with aromatic fused rings producing better inhibitory activity (com-
pounds 8e-g). Screening against DPP-VIII/IX revealed that compounds 8a-
g showed no inhibition against these DPP-IV isozymes, indicating excellent
selectivity. Notably, compound 8g (IC�� = 4.9 nM), obtained through drug
splicing strategy, incorporates the 2-methyl-4-methylquinazolinyl fragment from
linagliptin and maintains high activity and selectivity. Under identical experi-
mental conditions, alogliptin showed a DPP-IV inhibitory IC�� value of 3.4 nM.
The 8g series retains the excellent DPP selectivity characteristic of marketed
DPP-IV inhibitors, while its DPP-IV inhibitory activity approaches the level of
commercial drugs.

4. Conclusion
In me-too drug development, scaffold hopping can rapidly generate novel active
molecules, though gaps remain in overall drug-like properties. Building on our
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previous work, we directly selected marketed DPP-IV inhibitors alogliptin and
linagliptin for scaffold hopping and drug splicing operations, rapidly establishing
a novel and highly potent DPP-IV inhibitor. This study, through the identifica-
tion of compound 8g (IC�� = 4.9 nM), demonstrates that integrating marketed
drugs targeting the same target and applying medicinal chemistry strategies
and molecular operations [?] can efficiently generate novel bioactive molecules.

5. Experimental Section
5.1 Instruments and Reagents

Instruments used included a ZF-20D dark-box UV analyzer (Gongyi Yuhua
Instrument Co., Ltd.), R-1001-VN rotary evaporator (Zhengzhou Great Wall
Scientific Industry and Trade Co., Ltd.), AVANCE AV 400 MHz and 500 MHz
NMR spectrometers (Bruker, Switzerland), and an API 3000 LC-MS/MS system
(mass spectrometer: AB Sciex API3000, autosampler: Gerstel UPS3C, HPLC:
Shimadzu LC-10ADVP, Applied Biosystems, USA). Chromatography silica gel
G and H (Qingdao Marine Chemical Factory) and silica gel plates GF254 (Qing-
dao Puke Separation Materials Co., Ltd.) were used for purification.

Major reagents were purchased from Guangzhou Jinhua Chemical Reagent Co.,
Ltd. (analytical grade). Key starting materials were obtained from Aladdin
Reagent (purity >95%).

5.2 Synthetic Procedures

5.2.1 Preparation of Compound 10 8-Bromo-3-methylxanthine (com-
pound 9) (100 mg, 0.41 mmol) was dissolved in 10 mL DMF and stirred at
room temperature. Diisopropylethylamine (0.1 mL, 0.57 mmol) and a DMF
solution of 2-cyanobenzyl bromide (96 mg, 0.49 mmol in 5 mL) were added
sequentially. The mixture was stirred at room temperature until TLC indicated
complete reaction. Addition of 50 mL water precipitated a white solid, which
was washed with water and ether to afford 72 mg of product (58.5% yield). ¹H
NMR (400 MHz, DMSO, ppm) �: 11.35 (s, 1H), 7.92 (d, J = 7.6 Hz, 1H), 7.66
(t, J = 7.2 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H).

5.2.2 Preparation of Compound 11 Compound 10 (1.09 g, 3.03 mmol) and
2-bromomethyl-4-methylquinazoline (0.64 g, 3.33 mmol) were dissolved in 30 mL
NMP and stirred in an oil bath at 140 °C for 2 hours. Upon TLC confirmation of
complete reaction, 100 mL water was added to precipitate a brown solid. After
washing with water and ether, 1.37 g of product was obtained (87.8% yield). ¹H
NMR (400 MHz, CDCl�, ppm) �: 7.95 (d, J = 8.4 Hz, 1H), 7.78-7.70 (m, 2H),
7.62 (d, J = 8.0 Hz, 1H), 7.49-7.44 (m, 2H), 7.37-7.31 (m, 1H), 6.96 (d, J = 7.6
Hz, 1H), 5.76 (s, 2H), 5.47 (s, 2H), 3.56 (s, 3H), 2.81 (s, 3H).
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5.2.3 Preparation of Compound 12 Compound 10 (1.5 g, 4.16 mmol), (R)-
2-(3-piperidyl)isoindoline-1,3-dione (1.44 g, 6.25 mmol), and diisopropylethy-
lamine (2.9 mL, 16.64 mmol) were dissolved in 30 mL NMP and stirred in an
oil bath at 140 °C for 2 hours. After TLC confirmed completion, the reaction
mixture was poured into crushed ice to precipitate a yellow solid. Washing with
water and ether afforded 1.95 g of product (90.2% yield). ¹H NMR (400 MHz,
DMSO, ppm) �: 7.83-7.80 (m, 2H), 7.72-7.67 (m, 3H), 7.56-7.52 (m, 1H), 7.36
(t, J = 7.6 Hz, 1H), 7.14 (d, J = 7.6 Hz, 1H), 5.54 (AB q, J = 24.8 Hz, 16.8
Hz, 2H), 4.49-4.41 (m, 1H), 3.50 (s, 3H), 3.42-3.35 (m, 2H), 3.33-3.30 (m, 1H),
3.03-2.96 (m, 1H), 2.46-2.34 (m, 1H), 1.90-1.87 (m, 1H), 1.80-1.78 (m, 2H).

5.2.4 Preparation of Compound 13a Compound 12 (200 mg, 0.39 mmol)
was dissolved in 5 mL DMF, and potassium carbonate (86.2 mg, 0.62 mmol) was
added. Chloromethylcyclopropane (58.3 mg, 0.5 mmol) was added dropwise at
room temperature, and the mixture was stirred overnight. After TLC confirmed
completion, the reaction was poured into crushed ice to precipitate a white solid.
The filtered cake was washed with n-hexane to afford 130 mg of product (58.8%
yield). ¹H NMR (400 MHz, CDCl�, ppm) �: 7.83-7.80 (m, 2H), 7.74-7.68 (m,
3H), 7.53 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.12 (d, J = 8.0 Hz,
1H), 5.59 (AB q, J = 24.0 Hz, 16.8 Hz, 2H), 4.50-4.44 (m, 1H), 3.85 (q, J =
7.2 Hz, 2H), 3.56 (s, 3H), 3.40-3.36 (m, 1H), 3.31-3.28 (m, 1H), 3.03-2.96 (m,
1H), 2.45-2.40 (m, 1H), 1.91-1.88 (m, 1H), 1.82-1.78 (m, 1H), 1.27-1.24 (m, 2H),
0.44-0.33 (m, 4H). MS (ESI): m/z 564.3 [M+H]�.

5.2.5 General Procedure for Compounds 13b-f (Exemplified by 13f)
Compound 12 (200 mg, 0.39 mmol) was dissolved in 4 mL NMP, and sodium
carbonate (56 mg, 0.52 mmol) was added. 2-Chloromethylquinoline (76.4 mg,
0.43 mmol) was added dropwise at room temperature, and the mixture was
heated in an oil bath at 150 °C for 2 hours. After TLC confirmed completion,
the reaction was poured into crushed ice to precipitate a yellow solid. The solid
was filtered, washed with water and ether, then dissolved in dichloromethane.
The organic solution was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered, concentrated, and purified by column chromatography
on 200-300 mesh silica gel using petroleum ether-ethyl acetate (1:1) to afford 80
mg of product (31.4% yield). ¹H NMR (400 MHz, CDCl�, ppm) �: 8.05 (d, J
= 8.5 Hz, 1H), 7.99 (d, J = 8.5 Hz, 1H), 7.83-7.82 (m, 2H), 7.75-7.71 (m, 3H),
7.66-7.62 (m, 2H), 7.51 (t, J = 8.0 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.33 (d,
J = 7.5 Hz, 1H), 7.27-7.26 (m, 1H), 7.18 (d, J = 8.0 Hz, 1H), 5.60 (AB q, J =
31.0 Hz, 16.5 Hz, 2H), 5.47 (s, 2H), 4.51-4.46 (m, 1H), 3.58 (s, 3H), 3.45-3.43
(m, 1H), 3.39-3.33 (m, 2H), 3.06-3.03 (m, 1H), 2.45-2.41 (m, 1H), 2.38-2.35 (m,
1H), 2.03-2.00 (m, 1H), 1.92-1.89 (m, 1H). MS (ESI): m/z 651.1 [M+H]�.

5.2.6 Preparation of Compound 13g Compound 11 (91.5 mg, 0.236 mmol)
and (R)-2-(3-piperidyl)isoindoline-1,3-dione (81.4 mg, 0.354 mmol) were dis-
solved in 10 mL NMP. Diisopropylethylamine (0.2 mL, 3 mL) was added at
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room temperature, and the mixture was heated in an oil bath at 140 °C for 2
hours. After TLC confirmed completion, the reaction was poured into crushed
ice to precipitate a yellow solid, which was washed with water and ether to af-
ford 102 mg of product (80.3% yield). ¹H NMR (400 MHz, CDCl�, ppm) �: 8.00
(d, J = 8.0 Hz, 1H), 7.87-7.76 (m, 4H), 7.73-7.71 (m, 2H), 7.65 (d, J = 7.6 Hz,
1H), 7.51 (dd, J = 14.8 Hz, 7.6 Hz, 2H), 7.32 (t, J = 7.6 Hz, 1H), 7.18 (d, J =
8.0 Hz, 1H), 5.61 (AB q, J = 27.2 Hz, 16.8 Hz, 2H), 5.52 (s, 2H), 4.53-4.45 (m,
1H), 3.60 (s, 3H), 3.46-3.32 (m, 3H), 3.06-2.99 (m, 1H), 2.87 (s, 3H), 1.92-1.89
(m, 1H). MS (ESI): m/z 666.3 [M+H]�.

5.2.7 General Procedure for Compounds 8a-g (Exemplified by 8a)
Compound 13a (130 mg, 0.23 mmol) was suspended in 2 mL toluene and stirred
in an oil bath at 80 °C. Ethanolamine (0.2 mL) was added dropwise, and after
addition, the temperature was increased to 90 °C. Stirring continued until TLC
indicated complete reaction. The cooled reaction mixture was diluted with 50
mL water and extracted three times with 150 mL dichloromethane. The com-
bined organic phases were dried over anhydrous sodium sulfate and concentrated
to afford a yellow solid (78.9 mg, 85.8% yield).

8a: Light yellow solid, 85.8% yield. ¹H NMR (400 MHz, CDCl�, ppm) �: 7.69
(d, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.13 (d, J
= 8.0 Hz, 1H), 5.58 (AB q, J = 21.2 Hz, 16.8 Hz, 2H), 3.84 (q, J = 7.2 Hz, 2H),
3.56 (s, 3H), 3.34-3.31 (m, 1H), 3.19-3.16 (m, 1H), 2.96-2.86 (m, 2H), 2.71-2.66
(m, 1H), 1.94-1.89 (m, 1H), 1.76-1.71 (m, 1H), 1.66-1.56 (m, 1H), 1.27-1.18 (m,
2H), 0.43-0.33 (m, 4H). ¹³C NMR (125 MHz, CDCl�, ppm) �: 156.97, 154.55,
151.64, 147.99, 140.57, 133.28, 132.87, 128.09, 127.02, 116.85, 110.50, 104.92,
58.46, 50.73, 47.13, 47.02, 45.32, 33.36, 29.64, 23.19, 10.09, 3.67. MS (ESI):
m/z 434.2 [M+H]�.

8b: Light yellow solid, 94.1% yield. ¹H NMR (400 MHz, CDCl�, ppm) �: 7.66
(d, J = 8.0 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.10
(d, J = 7.6 Hz, 1H), 5.54 (AB q, J = 21.6 Hz, 16.8 Hz, 2H), 3.78 (d, J = 7.2
Hz, 2H), 3.52 (s, 3H), 3.34-3.30 (m, 1H), 3.18-3.14 (m, 1H), 2.94-2.84 (m, 2H),
2.70-2.64 (m, 1H), 1.91-1.87 (m, 1H), 1.76-1.68 (m, 2H), 1.63-1.54 (m, 2H). ¹³C
NMR (125 MHz, CDCl�, ppm) �: 157.01, 154.65, 151.61, 147.91, 140.55, 133.25,
132.86, 128.07, 127.07, 116.83, 110.48, 104.80, 58.43, 50.71, 47.09, 46.70, 36.45,
33.35, 30.61, 29.66, 26.28, 25.75, 23.19. MS (ESI): m/z 476.2 [M+H]�.

8c: Light yellow solid, 89.1% yield. ¹H NMR (400 MHz, CDCl�, ppm) �: 7.69
(d, J = 7.5 Hz, 1H), 7.54 (t, J = 7.5 Hz, 1H), 7.42-7.38 (m, 3H), 7.28-7.20 (m,
3H), 7.13 (d, J = 7.5 Hz, 1H), 5.59 (AB q, J = 25.0 Hz, 17.0 Hz, 2H), 5.14 (s,
2H), 3.54 (s, 3H), 3.37-3.33 (m, 1H), 3.21-3.18 (m, 1H), 2.92-2.88 (m, 2H), 2.71-
2.67 (m, 1H), 2.04-1.99 (m, 1H), 1.92-1.89 (m, 1H), 1.74-1.71 (m, 1H), 1.64-1.59
(m, 2H). ¹³C NMR (125 MHz, CDCl�, ppm) �: 157.06, 154.26, 151.43, 148.11,
140.44, 137.46, 133.29, 132.88, 128.60, 128.20, 128.12, 127.24, 127.04, 116.82,
110.50, 104.81, 58.25, 50.62, 47.07, 44.06, 33.22, 29.68, 29.57, 23.13. MS (ESI):
m/z 470.2 [M+H]�.
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8d: Light yellow solid, 89.65% yield. ¹H NMR (400 MHz, CDCl�, ppm) �: 7.69
(d, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.43-7.38 (m, 3H), 7.11 (d, J = 8.0
Hz, 1H), 6.93 (t, J = 8.4 Hz, 2H), 5.57 (AB q, J = 22.0 Hz, 16.8 Hz, 2H), 5.08
(s, 2H), 3.53 (s, 3H), 3.35-3.32 (m, 1H), 3.20-3.17 (m, 1H), 2.94-2.86 (m, 2H),
2.70-2.65 (m, 1H), 1.93-1.89 (m, 1H), 1.75-1.69 (m, 1H), 1.64-1.54 (m, 2H). ¹³C
NMR (125 MHz, CDCl�, ppm) �: 163.02 (0.5C), 161.07 (0.5C), 157.15, 154.17,
151.41, 148.18, 140.43, 133.28, 132.92, 130.69, 130.63, 128.16, 127.00, 116.80,
115.06, 114.88, 110.54, 104.80, 58.36, 50.61, 47.12, 47.10, 43.35, 33.35, 29.70,
23.17. MS (ESI): m/z 488.3 [M+H]�.

8e: Light yellow solid, 59.3% yield. ¹H NMR (400 MHz, CDCl�, ppm) �: 7.64 (d,
J = 7.6 Hz, 1H), 7.51-7.47 (m, 3H), 7.35 (t, J = 7.6 Hz, 1H), 7.15-7.12 (m, 2H),
7.08 (d, J = 8.0 Hz, 1H), 5.45 (AB q, J = 26.0 Hz, 16.8 Hz, 2H), 5.36 (s, 2H),
3.48 (s, 3H), 3.38-3.36 (m, 1H), 3.15-3.12 (m, 1H), 2.97-2.92 (m, 1H), 2.88-2.81
(m, 1H), 2.77-2.71 (m, 1H), 1.91-1.88 (m, 1H), 1.72-1.68 (m, 1H), 1.59-1.50 (m,
1H), 1.31-1.18 (m, 1H). ¹³C NMR (125 MHz, CDCl�, ppm) �: 157.12, 153.87,
151.48, 149.97, 148.39, 140.04, 133.38, 132.96, 128.25, 127.24, 122.39, 116.82,
110.34, 104.78, 57.27, 50.56, 47.08, 46.89, 38.43, 32.43, 29.79, 22.92. MS (ESI):
m/z 510.2 [M+H]�.

8f: Dark yellow solid, 76.6% yield. ¹H NMR (400 MHz, CDCl�, ppm) �: 8.05
(d, J = 8.5 Hz, 1H), 7.98 (d, J = 8.5 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H),
7.66-7.61 (m, 2H), 7.51 (t, J = 7.5 Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H), 7.36
(t, J = 7.5 Hz, 1H), 7.27 (d, J = 6.5 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H), 5.59
(AB q, J = 25.0 Hz, 17.0 Hz, 2H), 5.47 (s, 2H), 3.58 (s, 3H), 3.39-3.35 (m, 1H),
3.24-3.22 (m, 1H), 2.95-2.91 (m, 2H), 2.74-2.70 (m, 1H), 2.04-1.99 (m, 1H), 1.93-
1.91 (m, 1H), 1.76-1.69 (m, 1H). ¹³C NMR (125 MHz, CDCl�, ppm) �: 157.04,
156.82, 154.30, 151.60, 148.31, 147.61, 140.32, 136.45, 133.28, 132.81, 129.12
(2C), 128.07, 127.32, 127.09, 125.87, 118.78, 116.80, 110.40, 104.79, 58.10, 50.62,
47.05, 46.24, 33.08, 29.76, 29.55, 23.09. MS (ESI): m/z 521.3 [M+H]�.

8g: Dark yellow solid, 66.2% yield. ¹H NMR (400 MHz, CDCl�, ppm) �: 7.98
(d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.77-7.73 (m, 1H), 7.62 (d, J
= 7.6 Hz, 1H), 7.52-7.47 (m, 2H), 7.34-7.31 (m, 1H), 7.17 (d, J = 7.6 Hz, 1H),
5.58 (AB q, J = 22.0 Hz, 16.8 Hz, 2H), 5.50 (s, 2H), 3.57 (s, 3H), 3.42-3.40 (m,
1H), 3.20-3.17 (m, 1H), 3.06-3.01 (m, 1H), 2.95-2.89 (m, 1H), 2.85 (s, 3H), 2.82-
2.79 (m, 1H), 1.94-1.92 (m, 1H), 1.76-1.73 (m, 1H), 1.65-1.57 (m, 1H), 1.34-1.32
(m, 1H). ¹³C NMR (125 MHz, CDCl�, ppm) �: 168.47, 160.72, 156.17, 154.50,
151.64, 149.75, 147.89, 140.18, 133.38, 133.21, 132.90, 128.62, 128.17, 127.44,
126.68, 124.78, 123.00, 117.06, 110.47, 105.04, 54.14, 53.36, 51.21, 46.84, 46.22,
29.82, 29.57, 22.08, 21.66. MS (ESI): m/z 536.2 [M+H]�.

5.3 Biological Activity Assay

Test compounds were dissolved in DMSO and prepared as 8-10 different con-
centration stock solutions (�10 �M final concentration). Various concentrations
of test compound solutions were added to 100 �L reaction systems contain-
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ing human DPP-IV/DPP-VIII/DPP-IX enzymes (0.1 nM/L final concentra-
tion). After pre-incubation at 37 °C for 10 minutes, the highly sensitive flu-
orogenic substrate Gly-Pro-AMC (H-glycyl-prolyl-7-amino-4-methylcoumarin;
Sigma-Aldrich, 10 �M final concentration) was added to initiate the reaction.
Fluorescence intensity was measured at excitation and emission wavelengths of
400 nm and 505 nm, respectively. Inhibition constants (IC��) were calculated
from enzyme kinetic curves using standard mathematical models [?, ?].
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