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PREFACE 

 

            This thesis is the outcome of my Ph.D. work carried out at Zydus 

Research Centre and the Department of Chemistry, The Maharaja Sayajirao 

University of Baroda, Vadodara, India. 

            The thesis consists of four major sections, Introduction, Designing, 

Results & discussion, experimental and overall summary part which cover 

various aspects of metabolic diseases and development of DPP-IV inhibitors 

for the treatment of the Type 2 diabetes. Three papers have been published in 

international journals. 

            The ‘Introduction” section deals with the general information about 

metabolic diseases, wherein detailed pathophysiology and the current 

therapeutic treatment options are discussed with its limitation, followed by an 

introduction to DPP-IV inhibitors as a target for the treatment of diabetes. 

            The “Designing of DPP-IV inhibitors” section deals with the 

strategies and rationale for designing novel and sub-type selective DPP-IV 

inhibitors. 

            The “Results & Discussion” section describes the synthesis, 

biological activities and molecular modeling studies of the novel compounds. 

            In the “Experimental” section, detailed procedures for the synthesis of 

the compounds as well as the characterization data are presented. The 

details of various biological experiments are also described in this section. 

            The copy of spectra (ESI-MS, HPLC, 1H-NMR & 13C-NMR) of most of 

the compounds from each series (intermediates and final compounds) are 

included at the end of the thesis, followed by copies of our publications. 

            Working for this thesis has been a great learning experience for me. 

Understanding the physiological pathway involved in metabolic syndrome and 

the biological roles of DPP-IV in this complex disease was very interesting 

and stimulative. Molecular modeling experiments provided good learning and 

were instrumental in understanding the ligand receptor interaction and 

structural requirements of the compounds to be synthesized. Presenting the 

work in the form of publications was equally a good learning experience. 
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            Since this work has been carried out at Zydus Research Centre which 

is an industrial R&D centre as a medicinal chemist, it gives me a feeling of 

satisfaction that my drug design strategies and the studies described in this 

thesis may form the basis for the development of novel DPP-IV inhibitors. The 

feeling of satisfaction is not only for the scientific outcome of the research 

work but also as it contributes for the social cause, since the ultimate need for 

the treatment of metabolic disorders such as diabetes. My philosophy is aline 

with the mission statement of my organization which says that, 

 

 “ZRC aims to be the most admired pharmaceutical 

research centre for innovation in life science dedicated to 

alleviating human suffering”  

 

            Human suffering is increasing day by day owing to various life 

threatening diseases and due to absence of treatment or resistance to 

treatment. Current understanding of metabolic diseases and treatment options 

are good but not adequate enough. Hence every endeavor in the direction of 

developing novel therapies in this area would be a significant contribution 

towards alleviating human suffering. 

 

Pradipsinh  A. Jadav 
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1.  Introduction 

 

1.1. Metabolic syndrome 

            The term “Metabolic syndrome” (MS) refers to a cluster of medical disorders 

such as, hyperinsulinemia, hyperglycemia, dyslipidemia, high blood pressure, insulin 

resistance and obesity. Metabolic syndrome increases the risk of developing 

cardiovascular diseases and diabetes. The incidences of metabolic syndrome have 

reached global epidemic proportions [1-2]. Metabolic syndrome is also known as 

metabolic syndrome X, cardiometabolic syndrome, syndrome X, insulin resistance 

syndrome, Reaven’s syndrome (named after Gerald Reaven) and CHAOS (in 

Australia). 

            Obesity is a medical condition in which excess body fat has accumulated to 

the extent that it may have an adverse effect on health and is a major risk factor for 

developing the other metabolic diseases. Obesity as a metabolic disorder was 

reported in 1947 [3] and subsequently described as a syndrome, which comprised of 

hypertension, hyperglycemia [4]. After a gap of four decades, in 1988 a cluster of risk 

factors for diabetes and cardiovascular diseases were defined and was named as 

Syndrome X [5]. Consequently, patients with metabolic syndrome are at increased 

risk of micro- and macro-vascular complications (e.g. coronary artery disease (CAD), 

stroke, renal failure, blindness and lower extremity amputation) as diabetes progress 

[6-7]. 

1.2. Diabetes 

            Diabetes mellitus is a group of metabolic diseases in which hyperglycemia 

arises as a result of a relative or absolute deficiency of insulin secretion, resistance to 

insulin action, or both [8]. Diabetes is an ailment in which the body does not produce 

or properly use insulin. Insulin is a regulatory hormone required for energy 

management. The cause of diabetes continues to be anonymity, although both 

genetics and environmental factors such as obesity and lack of exercise appear to 

play roles. Diabetes mellitus is a major and growing public health problem throughout 

the world, with an estimated worldwide prevalence of 220 million people in 2010 and 

it is expected to increase to 366 million people by 2030 [9]. Many people also have 

other abnormalities of glucose metabolism (sometimes called “prediabetes”) manifest 

either as impaired fasting glucose (IFG) levels or as impaired glucose tolerance 
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(IGT). The criteria for diagnosis of diabetes and prediabetes conditions are 

summarized in Table 1. 

Table 1. Diagnostic Criteria for Diabetes Mellitus and Prediabetes conditions 

Types of Diabetes 

Pre prandial fasting 
plasma glucose  

mg/dL (mmol/L) 

Post-prendial 
plasma glucose 

mg/dL (mmol/L) 

Normal < 110 ( < 6.1 ) < 140 ( < 7.8 ) 

Impaired fasting glucose 
(IFG) 

≥ 100 ( ≥ 6.1) &< 120 ( < 
7.0) 

< 140 ( < 7.8) 

Impaired glucose 
tolerance (IGT) 

< 126 ( < 7.0) ≥ 140 ( ≥ 7.8 ) 

Diabetes mellitus ≥ 126 ( ≥ 7.0) ≥ 200 ( ≥ 11.1) 

 

Majority of diabetic patients can be treated with the agents that reduce 

hepatic glucose production (glucagon antagonist), reduce glucose absorption from 

gastrointestinal track (GIT), stimulate β-cell function (insulin secretagogues) or with 

the agents that enhance the tissue sensitivity of the patients towards insulin (insulin 

sensitizers). The drugs presently used to treat diabetes include α-glucosidase 

inhibitors, insulin sensitizers, insulin secretagogues and KATP channel blockers [10]. 

However, almost one-half of diabetic subjects lose their response to these agents, 

over a period of time and thereby to insulin therapy. Insulin treatment has several 

drawbacks, it is injectable, causes hypoglycemia and weight gain [11]. 

1.2.1. Types of diabetes 

            Although several pathogenic processes are involved in the development of 

diabetes, the vast majority of cases fall into two main categories: Type 1 diabetes 
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and Type 2 diabetes. Gestational diabetes, yet another type of diabetes diagnosed in 

pregnant women. 

1.2.1.1. Type 1 diabetes mellitus (T1DM) 

            Type 1 diabetes occurs usually due to an immune-mediated destruction of 

pancreatic islet β-cells with consequent insulin deficiency. Although usually having an 

abrupt clinical onset, the disease process unfolds slowly, with progressive loss of β-

cells. In T1DM, >90% β-cells are destroyed by autoimmune-mediated islet cell 

destruction, and hence T1DM patient rely on insulin injections for survival. T1DM is 

usually diagnosed in children and young adults, it is also called as juvenile diabetes 

or insulin-dependent diabetes mellitus (IDDM). Conditions associated with T1DM 

include hyperglycemia and ketoacidosis (Figure 1). T1DM increases risk for many 

serious complications. Some complications of T1DM includes: heart disease 

(cardiovascular disease), blindness (retinopathy), nerve damage (neuropathy), 

kidney damage (nephropathy), foot and skin complications and depression. 

 

Figure 1. Metabolic Changes in T1DM 
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1.2.1.2. Type 2 diabetes mellitus (T2DM) 

            Type 2 diabetes mellitus (T2DM), the most common type of diabetes usually 

occurs due to insulin resistance, defect in the insulin production or increase in the 

hepatic glucose production and is usually associated with dyslipidemia, hypertension 

and obesity [12].  

            In T2DM, >50% of β-cells are already lost at the time of diagnosis continue to 

decline throughout the course of T2DM, mainly due to apoptosis [13]. As depicted in 

Figure 2, insulin resistance arises as a consequence of multiple factors such as 

sedentary lifestyle, aging and obesity which results in hyperglycemia, blood pressure 

elevation, and dyslipidemia. The important contributing factors for T2DM include 

resistance to insulin, increased hepatic glucose production, decreased insulin-

mediated glucose transport into adipose tissues and impaired β-cell function leading 

to loss of early phase of insulin release.  

 

Figure 2. Causes and consequences of Insulin resistance 

            In T2DM, patients begin with insulin resistance and often treated with various 

oral antihyperglycemic agents; however, over a period of time, almost one-half of 

T2DM subjects lose their response to these agents and thereby require insulin 

therapy [14]. The decline in β-cells in T2DM drives the progressive deterioration in 

glycemic control and develops secondary complications. 

1.2.1.3. Gestational diabetes mellitus (GDM) 

            Gestational diabetes mellitus (GDM) is a condition in which women without 

previously diagnosed diabetes exhibit high blood glucose levels during pregnancy 

(especially during third trimester of pregnancy). Gestational diabetes occurs when 
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the body of a pregnant woman does not secrete excess insulin required during 

pregnancy leading to increased blood sugar levels. 

Gestational diabetes generally has few symptoms and it is most commonly 

diagnosed by screening during pregnancy. Diagnostic tests detect inappropriately 

high levels of glucose in blood samples. Gestational diabetes affects 3-10% of 

pregnancies, depending on the population studied [15]. In general, babies born to 

mothers with gestational diabetes are typically at increased risk of problems such as 

being large for gestational age (which may lead to delivery complications), low blood 

sugar, and jaundice. Gestational diabetes is a treatable condition and women who 

have adequate control of glucose levels can effectively decrease these risks [16]. 

 

1.3. Pathogenesis of T2DM 

            The pathological sequence of T2DM is complex and involves many different 

elements that act together and make T2DM condition more complex (Figure 3). As 

described earlier, T2DM is characterized by varying degree of insulin resistance and 

insulin deficiency. It isthought that the earliest defect in the pathogenesis of T2DM is 

impaired insulin action or insulin resistance. 

 

Figure 3. Proposed Pathogenesis of Type 2 Diabetes 

 Resistance to the action of insulin results in impaired insulin mediated 

glucose uptake by muscles, incomplete suppression of hepatic glucose output and 

impaired triglyceride uptake by fat. To overcome the insulin resistance, beta islet 

cells will increase the amount of insulin secreted.  



  Introduction 

6 
 

            Along with different factors, both endogenous hormone Glucagon like 

peptide-1 (GLP-1) and glucagon play an important role in pathogenesis of T2DM 

[17]. GLP-1 (7-36) amide is a product of the preproglucagon gene, which is secreted 

from intestinal L-cells, in response to the ingestion of food. Endogenous GLP-1 binds 

to a membrane GLP-1 receptor. As a consequence of this, insulin release from the 

pancreatic β-cells is increased [17]. The major problem of GLP-1 is its shorter half 

life. Glucagon (29 amino acid peptide) hormone is produced from proglucagon in 

pancreatic α-cell by prohormone convertase-2(PC2)[17]. The main physiological role 

of glucagon is to stimulate hepatic glucose output, thereby leading to hyperglycemia. 

Therefore two defects, insulin resistance and insulin deficiency are responsible 

factors for the development of T2DM. 

 

1.4. Current & Newer therapies for the treatment of T2DM 

1.4.1. Current therapies for the treatment of T2DM 

            The cornerstone of treatment and prevention of T2DM is lifestyle modification 

through increased physical activity and attention to food intake, particularly among 

the subjects, where in weight loss is the principal goal. When lifestyle modifications 

do not result in normalization or near normalization of metabolic abnormalities, 

pharmacological therapy is required.Based on route of administration, current 

therapies are divided in two groups, (1) Injectable and (2) Oral therapies. 

1.4.1.1. Injectable therapies for the treatment of T2DM 

            Insulin facilitates glucose entry into adipose tissues, muscles, and liver by 

stimulating several enzymatic reactions that start at the insulin receptors. The 

stimulation of an intrinsic tyrosine kinase of the insulin receptor results in an increase 

in membrane phosphorylation that consequently increases the membrane 

permeability to glucose through a complicated cascade of intracellular events. 

Currently available injectable analogues are divided into two groups, (1) insulin 

analogues and (2) incretin mimetics as shown in Table 2. Further, insulin analogues 

are sub-divided into three groups depending upon their duration of action.  

As described earlier, in T1DM >90% β-cells are destroyed and hence T1DM 

patients rely on insulin injection for survival. While T2DM begins with insulin 

resistance and over a period of time almost one-half of T2DM patients lose their 

response to antihyperglycemic agents and thereby require insulin therapy [13]. 
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Table 2. Insulin analogues and incretin mimetics. 

Drugs Source Trade names 

Insulin product 

Fast acting: 

Regular 

 

 

Recombinant DNA 

Pork 

 

 

Humulin R, Novolin R 

Iletin II 

Lispro Recombinant DNA Humalog, Humalog, Lispro-PFC 

Aspart Recombinant DNA Novolog, Flexpen 

Glulisine Recombinant DNA Apidra 

Intermediate acting: 

Isophane Insulin 

 

Pork 

 

Iletin II NPH Purified Pork 

Isophane Insulin Recombinant DNA Humulin N, Novolin N 

Insulin zinc Pork Iletin II Lente  

Insulin humane zinc Recombinant DNA Humulin L, Novolin Ge Lente 

Long acting: 

Extended insulin human zinc 

suspension 

 

Recombinant 

DNA 

 

Humulin U, Novolin ge 

Ultralente 

Insulin glargine Recombinant DNA Lantus 

Incretin mimetics 

Exenatide 

 

Saliva of the Gila 

monster 

 

Byetta 

Liraglutide ---- Victoza 

 

            The effect of insulin on glucose uptake and metabolism is shown in Figure 4. 

Secreted insulin binds to its receptor, which in turn starts many protein activation 

cascades. These cascades include translocation of Glut-4 transporter to the plasma 
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membrane and influx of glucose, glycogen synthesis, glycolysis and fatty acid 

synthesis. The main action of insulin on cells includes increased glycogen synthesis, 

increased fatty acid synthesis, increased esterification of fatty acid, decreased 

proteolysis, decreased lipolysis and decreased gluconeogenesis[18]. 

 

Figure 4. Mode of action of insulin on glucose uptake 

Exenatide and liraglutide belong to group of incretin mimetics. Exenatide is a 39-

amino-acid peptide, an insulin secretagogues, with glucoregulatory effects. It bears a 

50% amino acid homology to GLP-1 and it has a longer half-life. Liraglutide is an 

acylated human GLP-1 receptor agonist, with a 97% amino acid sequence identity to 

endogenous human GLP-1(7-37). 

 Liraglutide is stable against metabolic degradation by both peptidases,dipeptidyl 

peptidase IV (DPP-IV) and neutral endopeptidases (NEP). Exenatide augments 

pancreas response [19] (i.e. increases insulin secretion) in response to eating meals; 

the result is the release of a higher, more appropriate amount of insulin that helps 

lowering the rise in blood sugar. It also suppresses pancreatic release of glucagon in 

response to eating. Exenatide helps to slow down gastric emptying and reduces liver 

fat content. While liraglutide acts in a glucose-dependent manner, meaning it will 

stimulate insulin secretion only when blood glucose levels are higher than normal. It 

has the potential for inhibiting apoptosis and stimulating regeneration of beta cells. It 
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decreases appetite and maintains body weight and lowers 

blood triglyceride levels[20]. 

These injectable therapies (Insulin &incretin mimetics) have several 

drawbacks, it is injectable, produces hypoglycemia and causes weight gain, which is 

believed to be a potential cause for the development of diabetes complications [21]. 

Thus, there is an urgent need to develop some oral antihyperglycemic agents that 

can complement with the existing injectable therapies. 

1.4.1.2. Oral antidiabetic agents for the treatment of T2DM 

            Before 1995, sulfonylureas were the only oral antidiabetic agents available for 

the treatment of T2DM. Since 1995, there has been an explosion of introduction of 

new classes of pharmacologic agents. Currently available oral antidiabetic therapies 

includes agents which cause insulin production (sulfonylureas, secretagogues); 

agents which decrease hepatic glucose production (biguanides); agents which act as 

insulin sensitizers (glitazones) and R-glucosidase inhibitors, which are listed in Table 

3. 

            The usual treatment strategy in T2DM is to start with either metformin [24] or 

a secretagogue [23]. If adequate control is still not achieved, the second step is to 

add a complementary drug, i.e. one working by a different pathway. The most 

common such combination is metformin plus a secretagogue. If adequate glycemic 

control is still not attained, the choice is to add a third class of oral drugs (e.g. 

glitazone or glucosidase inhibitors). 

            However, most of the oral antihyperglycemic agents are also associated with 

side effects and adverse events. In case of sulfonylureas, they work by stimulating 

endogenous release of insulin and exhibit hypoglycemia as the major side effects. 

The other adverse effect consists of digestive manifestation (nausea, epigastic pain, 

liver pain) and of hematological manifestations (pancytopenia, autoimmune hemolytic 

anemia, thrombocytopenia) [22].  

            Biguanides reduce hepatic glucose output and increase uptake of glucose by 

periphery. They are associated with side effects such as digestive manifestations 

especially epigastric pain and diarrhea. Lactic acidosis is another adverse effect 

associated with biguanides. The major side effects associated with glitazones are 

mild edema of the lower limbs, through the loss of elimination of salt and water. The 

other adverse effect is decrease in hemoglobin, with the appearance of anemia. 



  Introduction 

10 
 

Glitazones can also cause hypercholesterolemia and triglycerides disorders. Alpha 

glucosidase inhibitors exhibit side effects such as weight gain, abdominal bloating, 

flatulence, abdominal discomfort and diarrhea. 

Table 3. Orally administered antidiabetic agents for T2DM treatment 

Drug class 
Agent  

(Brand name) 
Structure 

Sulfonylureas[22] 

First generation 

 

 

 

 

 

Second generation 

 

 

 

 

 

 

 

Third generation 

 

Tolbutamide 

(Oramide, Orinase) 

 

Tolazamide 

(Tolamide, Tolinase) 

 

 

Acetohexamide 

(Demylor) 

 

Glyburide 

(Micronase, 

Diabeta) 

 

Glipizide (Glucotrol) 

 

Glimepride (Amaryl) 

 

 

 

 

 

 

 

 

M.O.A- Stimulating insulin production by inhibiting the KATP channel in pancreatic 

β- cells 
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Non-

Sulfonylurea[23] 

Secretagogues 

 

 

 

 

Repaglinide 

(Prandin) 

 

Nateglinide (Starlix) 

 

 

 

 

M.O.A-enhance insulin secretion in pancreatic β- cells 

 

Biguanides[24] 

 

Metformin 

(Glucophage) 

 

 

M.O.A- Decreases insulin resistance in liver 

 

Insulin receptors 

sensitizers[25] 

 

 

 

Rosiglitazone 

(Avandia) 

 

 

Pioglitazone (Actors) 

 

SHN

O

N

O

O

N

 

 

 

M.O.A- stimulates PPAR-γ and PPAR-α, reduces insulin resistance in the liver and 

peripheral tissues 
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Alpha-Glucosidase 

Inhibitors[26] 

 

Acarbose (Prelose) 

 

 

Miglitol (Glyset) 

 

 

M.O.A- Reduces intestinal glucose absorption in G.I tract

 

1.4.2. Newer therapies for the treatment of T2DM 

As described earlier, most of the injectable and oral therapies exhibit serious 

side effects and adverse events such as hypoglycemia, GI side effects, lactate 

production, fluid retention, hepatotoxicity, allergic reaction and cardiovascular effects. 

Also long term use exhibits side effects such as body weight gain and progressive 

loss of β-cell function. To overcome the side effects and safety concern of these 

current drugs, several newer pharmacologic approaches have been developed for 

the safe and effective treatment of T2DM. Currently several new therapies are in 

various stages of clinical development for the treatment of T2DM as shown in Table 

4. 

Table 4. New therapies under clinical development for the treatment of T2DM 

Target Structure/ Name  Company  Clinical 
status 

Ref. 

GLP-1 

agonist* 

ZYOG1  Zydus Cadila  Phase I [27] 

PB-1023  PhaseBio  Phase II [28] 

NNC-0113-0987  Novo Nordisk Phase I [29] 

NOX-G15  Noxxon Preclinical [30] 
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Target Structure/ Name Company Clinical 
status 

Ref. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DPP-IV 
Inhibitors

* 

 

Sitagliptin(MK-

0431) 
Merck Launched [31] 

Vidagliptin (LAF-

237) 
Novartis Launched [32-35] 

Saxagliptin(BMS-

477118) 

Astra-

zeneca/BMS 
Launched [36-38] 

Linagliptin(BI-1356) Boehringer 
Ingelheim/Eli 

Lilly 

Launched [39-40] 

Alogliptin(SYR-

322) 
Takeda Launched [41] 

Anagliptin(SK-

0403) 

Kowa JW 

Pharmaceutical 
Launched [42-43] 

Gemigliptin(LC15-

0444) 
LG Life Sciences Launched [44-45] 

Teneligliptin(MP-

513) 

Mitsubishi 

Tanabe Pharma 
Launched [46-48] 

Melogliptin(GRC-

8200) 
Glenmark Phase II [49] 

Gosogliptin(PF-
734200) 

SatRx Phase II [50-52] 

Trelagliptin(SYR-
472) 

Takeda/Furiex Phase III [53] 

ARI-2243 
Arisaph 

Pharmaceutical 
Phase I [54-55] 

Omarigliptin(MK-
3102) 

Merck & Co Phase III [56] 

Evogliptin(DA-
1229) 

Dong-A Phase II [57-58] 
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Target Structure/Name Company Clinical status  Ref.

FBPaseinhibitors** CS-917 
Metabasis 

Therapeutics 

Discontinued(Phase 

II) 
[59] 

GSK-3 inhibitors** 

DM-199 DiaMedica Preclinical [60] 

DM-204 DiaMedica Preclinical [61] 

11β-HSD-1 
inhibitors** 

 

BMS-770767 
Bristol-Mayers 

Squibb 
Phase II  [62] 

RG-4929 Roche Phase II  [63] 

RG-7234 Roche  Phase I  [63] 

BVT-3498 Biovitrum 
Discontinued Phase 

II 
[63] 

PF-915275 Pfizer 
Discontinued Phase 

I 
[64] 

Vitae 

Pharmaceutical
Preclinical [65] 

INCB-13739 
Incyte 

Corporation 
Phase IIb [66] 

INCB-20817 
Incyte 

Corporation 

Discontinued Phase 

I 
[67] 

 AZD4017 AstraZeneca Phase I [68] 

 AMG-221 Biovitrum Phase I [69] 
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Target Structure/Name  Company  Clinical 
status 

Ref. 

 

 

SGLT2 
Inhibitors*

* 

 

Canagliflozin(TA-

7284) 

Mitsubishi 

Tanabe Pharma 

Under 

development 
[70] 

Dapagliflozin(TA-

7284) 

Bristol-Myers 

Squibb 

Pre-

registration 
[71] 

Empagliflozin(BI-

10773) 

Boehringer 

Ingelheim 
Phase III [72-73] 

Tofogliflozin(RG-

7201) 
Roche Phase III [74] 

Remogliflozin 

etabonate(KGT-

1681) 

Kissei Phase II [75-78] 

Ipragliflozin(ASP-

1941) 

Kotobuki 

Pharmaceutical 
Phase III [79] 

Luseogliflozin(TS-

071) 
Taisho Phase III [80-81] 

SBM-TFC-039 Sirona Biochem Preclinical [82] 

THR-1474 Theracos Phase II [83] 

Ertugliflozin(PF-

04971729) 
Pfizer Phase II [84-86] 

EGT-0001442 Theracos Phase II [87] 
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Target Structure/ Name  Company  Clinical 
status 

Ref. 

 

 

PPARγ 
dual 
agonist** 

 

Efatutazone(CS-

7017) 
Daiichi Sanky Phase II [88] 

Chiglitzar(CS-

0038) 

Chipscreen 

Biosciences 
Phase III [89] 

Libeglitazone(CKD-

501) 

Chong Kun 

Dang 
Phase III [90-91] 

PPARγ agonist Takeda Preclinical [92-93] 

PTP-1B 

Inhibitors*

* 

Ertiprotafib Wyeth 

Pharmaceutical 

Discontinued [94] 

TTP-814 Trans Tech 

Pharma 

Phase II [95] 

ISIS-PTP1BRx Isis 

Pharmaceutical 

Phase I [96] 

PTP1B Inhibitors Advinus Preclinical [97] 

GLP-1: Glucagon-like peptide 1; DPP-IV: Dipeptidyl peptidase IV; PPARγ: Peroxisome 

proliferators-activated receptor gamma; 11β-HSD-1:11β-hydroxysteroid dehydrogenase 

type-1; FBPase: Fructose 1 6-bisphosphatase ; GSK-3: Glycogen synthase kinase-3; 

SGLT2: Sodium-dependent glucose cotransporters; PTP-1B: Protein tyrosine 

phosphatases 1B.* Injectable; ** Oral 

As described in Table 4, currently several new therapies are in various stages of 

clinical development for the treatment of T2DM. Among these new therapies, DPP-IV 

inhibitors and PTP-1B inhibitors are most promising. Endogenous dipeptidyl 

peptidase type IV (DPP-IV) enzyme has been shown to be a key physiological 

regulator of incretin activity. DPP-IV is a serine protease and in vivo, it inactivates 

both the incretin hormones GLP-1 & Gastric inhibitory peptide (GIP) [98-100], which 

in-turn stimulates glucose dependent insulin secretion. Thus, inhibition of DPP-IV 

activity results in increased level of intact bioactive GIP and GLP-1 peptides, which 

cause an increase in the amount of post prandial insulin release from β-cell of the 

islets, thereby, it acts as an antidiabetic agent.  
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            Protein tyrosine phosphatase-1B (PTP-1B) enzyme leads to 

dephosphorylation of insulin receptor and acts as a negative regulator in insulin 

signaling pathway [101-102]. The two different reports suggest that PTP-1B knock-

out mice showed improved insulin sensitivity [103-104]. Thus, inhibition of PTP-1B 

could be the most effective and safe target for the treatment of T2DM.  

            Among the newer therapies, GLP-1 agonists have not been very successful 

due to little risk of hypoglycemia [105], gastrointestinal side effects [106] and their 

injectable route of administration. Main side effect of PPARγ dual agonist is water 

retention, leading to edema, an increased risk of coronary heart disease [107-108]. 

Compounds of  FBPase inhibitors show hypoglycemia as a major side effect [73]. 

Inhibitors of GSK-3 are associated with side effects such as neuronal disorders 

[109], while inhibitors SGLT2 and 11β-HSD-1 have low potential for hypoglycemia. 

            As discuss earlier, inhibitors of DPP-IV and PTP-1B are the most upcoming 

therapies for T2DM treatment. Many PTP-1B inhibitors are being manufactured and 

studied. However, the drawbacks of PTP1B inhibitors include their low affinity, 

selectivity and membrane permeability[110-111].While, treatment of T2DM with DPP-

IV inhibition is clinically proven therapy and several DPP-IV inhibitors are in market 

[112].Long-term inhibition of DPP-IV improves glucose tolerance and preservesislet 

function in mice[113]..Apart from T2DM, DPP-IV inhibitors are also believed to be 

useful for several other related disease conditions such as diabetic dyslipidemia, 

conditions of impaired glucose tolerance (IGT), conditions of impaired fasting plasma 

glucose (IFG), metabolic acidosis and ketosis, appetite regulation and obesity[114-

118]. 

Hence, DPP-IV inhibitors are considered as one of the best validated 

biological target for T2DM. 

            Overall among different therapies such as agents which cause insulin 

secretion, agents which decrease hepatic glucose production and agents which 

decrease insulin resistance, it can be concluded that the insulin resistance is the 

most dominant cause for T2DM, hence increasing insulin sensitivity can form a 

promising therapy for the treatment of T2DM. Various drugs are available that directly 

or indirectly increase insulin sensitivity but their high cost, selectivity and route of 

administration are limiting factors. This invites research to develop small molecule 

based DPP-IV inhibitors which could be safe and cost effective. There are currently 

eight DPP-IV inhibitors approved worldwide with several more on the way.  
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Though efficacious and safer treatment are available in the market under 

DPP-IV tag, considering the seriousness of the growing prevalence of diabetes 

worldwide, particular research efforts being made from both the academia and the 

pharmaceutical industry to develop long acting DPP-IV inhibitors. Thereby to meet 

the regulatory compliances of USFDA for the drug  evaluated with regards to their 

cardiovascular safety as well as to additional effects that DPP-IV inhibition may exert 

other than antidiabetic effect.  

The research presented in this thesis focus on the synthesis, biological 

evaluation of potent, selective and orally bioavailable DPP-IV inhibitors. In the next 

section, an overview on DPP-IV inhibitorsare presented. 

1.5.Introduction to Dipeptidyl Peptidase IV (DPP-IV) inhibitors 

1.5.1.DPP-IV and their importance 

The incretin mimeticsglucagon-like peptide 1 (GLP-1) and glucose-dependent gastric 

inhibitory polypeptide (GIP) are released from the L-cell of intestineupon injestion of 

food [119-122]. Thesehormones regulate insulin secretion in a glucose-dependent 

manner. GLP-1 has many roles in the human body; it stimulates insulin biosynthesis, 

inhibits glucagon secretion, slows gastric emptying, reduces appetite and stimulates 

regeneration of islet β-cells. GIP and GLP-1 have extremely short plasma half-lives, 

get inactivated by DPP-IV enzyme[123-124]. 

Dipeptidyl peptidase-IV (DPP-IV), also known as adenosine deaminase 

complexing protein 2 or CD26 (cluster of differentiation 26) (Enzyme Commission 

no.: E.C. 3.4.14.5). Itis a serine protease enzyme,which cleaves the N-terminal 

dipeptide (X-Ala or X-Pro), from target polypeptides, such as chemokines and 

peptide hormones[125]. DPP-IV a multifunctional type II cell surface glycoprotein, is 

widely expressed in a variety of cell types, particularly on differential epithelial cells of 

the intestine, liver, prostate tissue, corpus luteum, and kidney proximal tubules[126-

127] as well as leukocyte subsets[128], such as T-helper lympho- cytes, and subsets 

of macrophages [129], and a soluble form is reported to be present in plasma and 

urine [130].Endogenous dipeptidyl peptidase IV (DPP-IV) enzyme has been shown 

to be a key physiological regulator of incretin activity. In vivo, DPP-IV enzyme 

inactivates both the incretin hormones (GLP-1 & GIP), which in-turn stimulates 

glucose dependent insulin secretion. DPP-IV enzyme selectively cleaves first two 

amino acids (His-Ala) of 29 amino acid GLP-1 peptide and thereby makes it inactive 

which are eliminated via kidney (Figure 5)[131].  Potential inhibition of DPP-IV 
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enzyme may  prolong  half life of these incretins, thereby helps in glucose 

homeostasis.  

 

Figure 5. Secretion of GLP-1 after meal ingestion and metabolism by DPP-IV 

enzyme 

The DPP-IV enzyme is a transmembrane glycoprotein, consist of 766 amino 

acids. It has two subunits and exhibit 85% homology, with its isoforms. The DPP-IV 

enzyme is consists of three parts; a cytoplasmic tail, a transmembrane region and an 

extracellular part. The extracellular part is divided into a catalytic domain and an 

eight-bladed β-propeller domain. The latter contributes to the inhibitor binding 

site.The extracellular domain of DPP-IV enzyme contains 22 hydrophobic residues of 

N-terminus which helps to anchor with the cell membrane. The catalytic site of DPP-

IV enzyme consists of GWSYG pentapeptide sequence and a catalytic triade S630, 

Asp708 and His740 forms a binding domain (Figure 6).  

Structure of DPP-IV enzyme resembles with several isoforms of other 

protease enzymes, such as DPP-6/8/9, QPP, FAP (fibroblast activation protein)and 

POP. Potential functions of the various members of the DPP gene family and their 

relevance with DPP-IV enzyme have been described in the following section. 
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Figure 6: Structure of DPP-IV enzyme 

 

1.5.2.Dipeptidyl peptidase family 

The DPP family (family S9), a subfamily of the prolyl oligopeptidase 

superfamily, includes four enzymes, DPP-IV, FAP, DPP-8 and DPP-9, and two non-

enzymes, DPP-IV-like protein-6 (DPP-6, DPL-1 or DPP-X) and DPP-10 (DPL-

2)(Figure 7)[132-133]. 

Members of the DPP-IV family preferentially cleave Xaa-Pro- and Xaa- Ala- 

dipeptides (where Xaa is any amino acid except proline) from theN-terminus of 

proteins [134]. The DPP-IV family differentiates itself from the prolyl oligopeptidase 

superfamily by the presence of two glutamate residueslocated within the catalytic 

pocket, which are essential for enzymatic activity [135]. 

The enzyme FAP, also known as seprase, is the most similar family member 

to DPP-IV, as it shares a 52% amino acid identity (human enzymes) and similar 

substrate specificity. Despite these similarities, DPP-IV and FAP differ markedly in 

their expression patterns. FAP expression is confined predominantly to activated 
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chemoattractant) [139-140]. However, a physiological substrate or role for the DPP 

activity of either DPP-8 or DPP-9 remains to be demonstrated in vivo. However, as 

the β-propeller domain of DPP-IV, DPP-8 and DPP-9 is not as conserved as the α/β-

hydrolase domain and the active sites of DPP-IV, DPP-8 and DPP-9 differ [141-143], 

hence selective inhibition of DPP-IV may beachieved. 

Prolyl oligopeptidase (POP),also known as Prolyl endopeptidases 

(PEP/PREP)is a group of aminopeptidases and endopeptidases able to hydrolyse 

the postproline bond, belongs to the DPP gene family. POP bears significant 

structural homology with the α/ hydrolase fold of DPP-IV[144].POP are involved in 

the maturation and degradation of peptide hormones and neuropeptides[145]. 

Because of its action on neuropeptides, POP is considered to be involved in 

processes such as learning, memory, and depression. 

Two enzymatically inactive proteins (i.e. DPL1/DPP-6 & DPL2/ DPP-10) 

closely related to DPP-IV lack catalytic activity due to mutations of thecatalytic serine 

residue and its neighbouring tryptophan residue, giving a surrounding sequence of 

Gly-Lys-Asp-Tyr-Gly-Gly instead of the motif Gly-Trp-Ser-Tyr-Gly- Gly.The absence 

of catalytic activity in DPL1 and DPL2 is also attributed to a number of amino acid 

substitutions in the catalytic pocket [146]. 

DPP-II (also known as quiescent cell proline dipeptidase QPP/ DPP-7) shows DPP-

IV like peptidase activity although it belongs to another family (family S28) [147]. 

 

1.5.3.Role of DPP-IV in metabolic diseases 

As discussed earlier DPP-IV enzyme rapidly degrades bioactiveincretin 

hormones GLP-1, and GIP to their inactive metabolites. Both these incretins are 

important regulator of glucose metabolism. Competitive inhibition of DPP-IV 

increases the half-life and bioavailability of active incretin hormones, enhancing 

theirbiological effect (Figure 8)[148-149]. 

Also, DPP-IV enzyme cleaves many other substrates, such as NPY, GHRH, 

IL-1 and IL-2, Bradykinin, endomorphin-1 and substance-P (Table 5)[150-151]. 

Inhibition of QPP led to reticulocytopenia, while DPP-8/9 inhibition results into 

thrombocytopenia[152]. Thus other than regulating the levels of endogenous incretin 

hormones such as GLP-1 and GIP, DPP-IV enzyme play crucial role in controlling the 

lymphocyte and cell growth, T-cell activation, metastasis, inflammation and immune 

function of body. 
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Figure 8:Effect of DPP-IV and its inhibition on physiology of incretin system. 

 

Table 5. Somenatural substrates of DPP-IV 

Substrate N-terminus Reference 

GLP-1 His-Ala-Glu- [153] 

GLP-2 His-Ala-Asp- [154] 

GIP Tyr-Ala-Asp- [153] 

GRP Val-Pro-Leu- [155-156] 

Substance P Arg-Pro-Lys- [155] 

NPY Tyr-Pro-Ser- [157] 

PACAP38 His-Ser-Asp- [156,158] 

IGF-1 Gly-Pro-Glu- [159] 

Prolactin Thr-Pro-Val- [155] 

hCGα Ala-Pro-Asp- [155] 

GHRF Tyr-Ala-Glu- [153,158] 

LHα Phe-Pro-Asn- [159] 

Thyrotropin α Phe-Pro-Asp- [159] 

Peptide histidine 
methionine 

His-Ala-Asp- [153,158] 

Enkephalins Tyr-Pro-Val- [160] 

Vasostatin-1 Leu-Pro-Val- [161] 
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Hence, while developing new class of DPP IV inhibitors for the treatment of 

diabetes, it is essential to consider selectivity of DPP IV inhibitor over other serine 

protease enzymes and also substrate specificity is crucial, so as to develop safe and 

effective DPP IV inhibitor based antidiabetic agents. 

 

1.6.Crystal structure of DPP-IV  

The seven DPP-IV crystal structures reported till date reflect tremendous global 

interest in the pharmaceuticaldesign of DPP-IV inhibitors [162-168].Human DPP-IV 

has a short cytoplasmic tail of 6 amino acids, a 22-amino acid hydrophobic 

transmembrane region, and a 738-amino acid extracellular domain with ten potential 

glycosylation sites [169]. 

The DPP-IV glycoprotein is a homodimer (Figure 9). Each monomer subunit consists 

of two domains, an α/β-hydrolase domain and a β-propeller domain, that enclose a 

large cavity of approx. 30–45A°in diameter.Dimerization is also observed in solution 

under various conditions, soluble DPP-IV forms a  symmetric assembly as a dimer of 

dimers, which is required for activity (Figure 10). The main DPP-IV structural 

features includes (A) catalytic orα/β-hydrolase domain (B) β-propeller domain (C) 

active site and (D) substrate binding site. 

 

 

Figure 9:crystal structure of DPP-IV homodimer 
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Figure 10:DPP-IV dimer of dimers 

 

(A) Catalytic domain: catalytic orα/β-hydrolase domain is built up of residues 

Gln508- Pro766and contains a central eight-stranded βsheet that is flanked by 12 

helices known as the α/β-hydrolase fold. Superposition of the central αhelix, 
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(C)Active site:Active site bears the catalytic triad (Ser630, Asp708, and His740), 

which is located in a large cavity at the interface of the two domains. Ser630 is found 

at the tip of a very sharp turn between βstrand 5 and helix C, called the nucleophile 

elbow, which is a characteristic of hydrolases of the α/β type [170]. The serine 

hydroxy group is well exposed to solvent and hydrogen bonded to the catalytic 

imidazole group of His740 on one side and accessible to the substrate on the other 

side. His740 is found in the middle of a loop between βstrand 8 and helix F.One of 

the oxygen atoms of Asp708 is hydrogen bonded to His740 and completes the 

catalytic triad. The other oxygen atom of the carboxylate group of Asp708 is 

coordinated by two main chain NH groups of Val711 and Asn710. Thus, the location 

and geometry of the triad are very similar to that of the classical serine peptidases 

[170]. 

Furthermore, the structure shows that Gly628 and Gly632 are important for 

the formation of the sharp turn to bring the catalytic residue Ser630 in the correct 

position. This is in accordance with mutagenesis studies on rat DPP-IV showing that 

the sequence Gly628-X-Ser630-Tyr631-Gly632 is essential for DPP-IV activity[171]. 

(D) Substrate binding site: Combination of the selected residues of the above three 

structural motif of DPP-IV forms the substrate binding site. The substrate binding site 

of DPP-IV is indicated by the bound diprotin A (Ile-Pro-Ile), which is a substrate 

leading to an apparent competitive inhibition (Figure 12)[172].  

 

Figure 12:Active site of DPP-IV with substrate Diprotin A. 
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The ligand is covalently bound to the active site Ser630 of the enzyme in both 

subunits. The N-terminal Ile (P2) and Pro residues (P1) of ligand are well defined and 

enable interaction with the substrate binding site [173]. The side chain Nof the 

catalytic His740 is in hydrogen bonding distance to the NH group of P1 and to the 

oxygenof the Ser630 side chain. The S1 pocket is formed by Val711, Val656, Tyr662, 

Tyr666, Trp659, and Tyr631, which shape a well-defined hydrophobic pocket that 

would be filled by proline much better than by alanine. A major contribution to binding 

to the pyrrolidine ring of Pro is achieved by ring stacking to Tyr662. Essential for 

substrate binding and catalysis is the N terminus of the substrates, which has to be 

unprotected and protonated [174-176].  

The diprotin A complex shows that the terminal -NH3
+ group is held very 

precisely in position by strong interactions with the carboxylates of the double Glu 

motif, Glu205 and Glu206, as well as the OH of Tyr662. A third glutamate, Glu204 

stabilizes this substrate recognition site by a hydrogen bonding network with the 

backbone NH of Arg125, His126, and Ser127 as well as the hydroxy group of 

Ser127. This additional structural element in the exopeptidase is very important for 

substrate selectivity. The importance of the glutamate residues is confirmed by single 

point mutations that abolish DPP- IV activity [177]. Thus, the double Glu motif is a 

recognition site for the N terminus of substrates and restricts the cleavage to 

dipeptides, and the S1 pocket provides an optimal binding to proline and alanine 

residues, leading to a highly specific peptidase. 

Hence, detailed structural characteristics of the DPP-IV binding site to identify 

the molecular interaction that are most important for tight enzyme-inhibitor binding, 

which indeed leads to selectivity as well as subnanomolar activity is described in the 

following section. 

 

1.7.Molecular recognition of ligands in DPP-IV 

Concomitant with a large variety of published small molecule DPP-IV 

inhibitors almost one hundred and five co-crystalstructures have been released to the 

public till April 2014. [178]The structural characteristics of the DPP-IV binding site is 

discussed based upon the available X-ray information (bioinformatics) and 

pharmacokinetic data together with structure-activity relationship data of the 

published DPP-IV ligands/inhibitors. This section is divided into several 

subparagraphs that separately discuss the different interaction motifs used byDPP-IV 

ligands. 

Catalytic Ser630 and Oxyanion Hole:The catalytic machinery of DPP-IV involves a 

serinenucleophile within the catalytic triad Ser-Asp-His, whosesequential order, 
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however, is inverse to that found inclassical serine proteases (His-Asp-Ser) [179]. 

Several earlyinhibitors have been developed that use an electrophilicgroup, mainly a 

nitrile, to interact covalently with Ser630[180-181]. The concept of covalent binding to 

nitriles is wellknown from cysteine protease inhibitors [182]. X-ray studiesconfirmed 

that the nitrile carbon atom changes its hybridizationstate and is in covalent bond 

distance from the oxygen atom of the Ser630 side chain [183]. Theincrease in 

binding affinity with the additional -CN group issubstantial, leading to an up to 1000-

fold tighter binding to the enzyme [117,184]. Enzymatic and biophysical studies 

revealed that the covalent interaction is reversible and that the activity of the enzyme 

is regenerated upon release of the inhibitor [184]. Based upon this phenomenon 

nitrile group containg inhibitors are classified as reversible inhibitors. 

 Apart from the transition state mimetics that covalently bind to Ser630, few 

inhibitors use the oxyanion hole, which is composed of the backbone NH of Tyr631 

and the side chain OH of Tyr547, for binding. The only ligands for which this 

interaction is confirmed by crystal structures are the xanthines and the related 

pyrimidine-2,4-dione[185], in which a carbonyl group accepts a hydrogen bond from 

the amide NH of Tyr631. As hydrogen bonding is very sensitive to a correct geometry 

few chemotypes are apparently able to interact with the hydrogen bond donor 

arrangement of the oxyanion hole. 

S1 Pocket: The specificity pocket S1 is composed of the side chains of Tyr631, 

Val656, Trp659, Tyr662, Tyr666, and Val711 and  it is highly hydrophobic. Overlays 

of the existing X-ray structures reveal very littlechanges in size and shape of the 

pocket demonstrating its high specificity for proline residues. The rigidity of this 

pocket was probed by several groups through modification of the ring size of P1 

fragments. The close-up view of the S1 reveals a small hydrophobic niche in the 

back and suggests to introduce some asymmetry into the P1 fragment to mimic the 

shape of this pocket. This higher asymmetry can be achieved by introducing a sulfur 

atom into a 5-membered ring, as illustrated by the thiazolidine, which is 

approximately 2-fold more active than the corresponding pyrrolidine [186]. Hulin et al. 

performed a fluorine scan around the pyrrolidine ring in the cyclohexylglycine amide 

series and found that the activity highly depends on the position and stereo-

configuration of the fluorine substitution [187]. A maximal gain in Ki of ~4-fold 

compared to the unsubstituted pyrrolidine could be achieved. As fluorine occupies 

little more space than hydrogen this high sensitivity underlines the stringent shape 

constraints of the S1 pocket.A considerably larger gain in binding affinity compared to 

the pyrrolidines could be achieved by small substituents on aromatic rings in the S1 

pocket [188-190]. Slightly bigger substituents than fluorine, such as chlorine or 
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methyl, are best - in the optimal para position - and improve the IC50 compared to 

the unsubstituted phenyl by a factor 30-40. Substitutions in the meta position lead to 

repulsive interactions with the enzyme and are less favorable. It is noteworthy that 

also some polar groups such as pyridine and lactam are tolerated in the S1 pocket 

leading to compounds with an overall more balanced polarity pattern. 

P2 Amide Recognition: Arg125, Asn710: The carbonyl of the amide bond 

connecting the N-terminus with the P1 residue in DPP-IV substrates is located in a 

polar, “electrophilic” environment consisting of the side chains of Arg125 and 

Asn710. Conversion of the amide to a thioamide leads to a reduction of affinity and 

replacing the amide by a methylene unit makes the molecule inactive, confirming the 

favorable electrostatic interaction of the carbonyl dipole with the protein environment 

[186]. Attempts in the cyanopyrrolidine series to mimic the geometry and dipole 

effect of an amide linker by a transfluoroolefin lead to a reduction of potency [117] 

Merckreported a 3-4 fold tighter binding to DPP-IV substitutingthe phenyl in various 

-phenethylamine series with a fluorineat the ortho-position [189, 191]. While the 

terminal amidegroup of Asn710 is slightly rotated and not involved in ahydrogen bond 

with the ligand, a favorable electrostatic interaction between the positively charged 

Arg125 and theCδ+-Fδ-dipole moment remains. Using another orthosubstituentwith 

high dipole moment, Takeda reported afavorable interaction of their 2-cyano group 

with Arg125 inthe pyrimidine-2,4-dione series[185]. For the aminopyrimidinessmall 

ortho-substitutions (-Me, -Cl,-OMe) on the 6-phenyl moiety lead to 17-28 fold lower 

IC50values compared to the unsubstituted ring. The consistentgain in affinity with 

these three substituents indicates thatthe change of torsional angle between the 

pyrimidine and 6-phenyl rings due to ortho-substitution might be acontributing factor 

for better protein-ligand fit in this series[188]. 

Overall placing hydrophobic and/or electronegative ligand atoms at a very 

precise location in the vicinity of Arg125 and Asn710 is rewarded with substantial 

affinity gains. 

N-Terminal Recognition: Glu205, Glu206, Tyr662: Hydrogen bonding interactions 

with the side chains ofthe two glutamate residues 205 and 206 are, besides the filling 

of the S1 pocket, the second most important anchor point for inhibitor binding. 

Secondary and primary amines are recognized by DPP-IV in this region, and for the 

latter one a third hydrogen bond is formed, typically to Tyr662. This interaction 

substitutes the binding of the N-terminus of peptide substrates. The positions of the 

basic nitrogen atoms in the different crystal structures overlap within a sphere of only 

1.2 Å, making this a very tight pharmacophore constraint. Destruction of the 

hydrogen bond network through alkylation of the amino group abolishes activity 
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[192]. Furthermore, variation of the basicity of the amine in a Roche cyanopyrrolidine 

series revealed a sharp drop in binding affinity by 2 orders of magnitude when the 

pKa was lowered from 7.3 to 6.0 [193]. An interesting class ofcompounds without 

basic nitrogen are the carbamoyltriazoles from Eisai[194]. Hence presence of 

primary or secondary amine group in the ligand provides substantial enhancement of 

the inhibition, However amide linkage or substituted amine group containg substrates 

can also accommodate this region. 

Additional Interactions: Phe 357, Tyr 547 and Arg 358: High nanomolar affinity 

can be achieved by interactionswith the S1 pocket, the Glu dyad, and the P2 

amiderecognition site. However, furtheraffinity gains require either covalent binding to 

the Ser630residue or the exploitation of additional protein-ligandinteractions. Prime 

candidates which are used in almost alllow nanomolar DPP-IV inhibitors are the 

phenyl rings of thetwo residues Phe357 and Tyr547. These are 6-10 Å awayfrom S1 

pocket and Glu dyad and exposed to the ligandbinding site. -stackinginteractions 

between each of the two residues with differentaromatic ligand fragments improves 

the binding affinity of the ligand. Alternative to aromatic-aromatic interactions, 

hydrophobic contacts between Phe357, Tyr547andlarge aliphatic groups, such as 

adamantyl can be used to achieve low nanomolar IC50 values.  

 

Figure-13: Structural features required for selective DPP-IV inhibitor  

Lastly, the presence of Arg358 in close proximity to Phe357 makes the 

positively charged side chain an additional interaction partner for substituents on 

ligand aromatic rings. the observed SAR for several series interacting with Phe357 

indicates that additional binding free energy can be gained by optimizing the 

electrostatics in this region. For example, placing electronegative groups such as 

trifluoromethyl orfluorine next to the positive charge of Arg358 led to a 4-fold increase 
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in binding in sitagliptin and in thecyanopyrrolidines each,as well as in a potential back 

up molecule to sitagliptin [31,183,195].  

Hence, to achieve subnanomolar potency and selectivity over other serine 

proteases substrate should have all favourable interaction with above discussed 

residues of DPP-IV enzyme (Figure-13).  

 

1.8.Mechanism of action of DPP-IV inhibitors 

As described earlier DPP-IV enzyme selectively cleaves the N-terminal 

dipeptide from the penultimate position of GLP-1 and GIP thus makes them 

inactive[196].Competitive inhibiton of the DPP-IV enzyme blocks the degradation of 

these incretin hormones and extend the duration of action of endogenous GLP-1, 

thereby stimulating insulin secretion, inhibiting glucagon release and slowing gastric 

emptying.[197-198]. 

Inhibition of DPP-IV enzyme activity, using suitable DPP-IV enzyme inhibitor 

likely to increase the levels (prolong half-life) of endogenous intact and bioactive GIP 

and GLP-1 peptides which in-turn increase the insulin secretion and decrease the 

blood glucose, thereby, it acts as antidiabetic agents (Figure 14). 

 

Figure 14. Effect of DPP-IV inhibition 

1.9.Challenges in developing potent and selective DPP-IV inhibitors 

As discussed earlier in section 1.5.2. DPP-IV enzyme resembles with several 

other closely related serine proteases so development of small molecules as 

selective inhibitors of DPP-IVbecome a major challenge.Although the in vivo function 

of other members of DPP family, that is, DPP-2, DPP-8, DPP-9 etc. are largely 

unknown, the physiological effects of their inhibition has been documented in the 

literature[199].For example, inhibition of DPP-2 has been shown to result in the 
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apoptosis of quiescent T cells. Selective inhibition of DPP-8/DPP-9 in animals 

resulted in severe toxic reactions, including alopecia, thrombocytopenia, anemia, 

enlarged spleen, multiple histological pathologies and increased 

mortality[200].Notably, it has been shown very recently that inhibition of DPP-8 and 

DPP-9 did not lead to organ toxicities and mortality in rodents and thus, a mechanism 

other than DPP-8/DPP-9 inhibition has been suggested to be responsible for the 

observed toxicities associated with the inhibitors of DPP-8/DPP-9[201].Nevertheless, 

in view of likely toxic side effects associated with the inhibition of other members of 

DPP family it has become necessary to design selective inhibitors targeting DPP-IV.  

Experimental observation indicated that the S2 pocket of DPP-IV might be 

similar to that of DPP-8 and consequently inhibitors designed for DPP-IV might show 

an inhibitory effect on DPP-8 as well. However, extensive SAR work has proved that 

desired selectivity for DPP-IV inhibition can be achieved via introducing appropriate 

substituents or groupsthat can attribute all favourable interactions as discussed in the 

above section 1.7. Nevertheless, once synthesized, it has therefore become 

mandatory to determine the DPP-IV selectivity of an inhibitor over closely related 

other DPPs.  

Furthermore, astudy has demonstrated that high levels of GLP-1 should be 

maintained for 24 h for optimal glycemic control[202].Thus, in addition to focusing on 

potency and selectivity, development of longacting inhibitors is also desirable that 

could potentially provide maximal efficacy, particularly in patients suffering from 

severe diabetes (e.g., HbA1c >9%). 

 

1.10.Overview on DPP-IV inhibitors under recent development 

 

The clinical success of the gliptins following the initial approval of Sitagliptin 

has stimulated the field todevelop and evaluate additional DPP IV inhibitors in order 

to obtain drugs with improved properties. Several excellent reviews have been 

published covering the development of potential new therapeutic DPP IV 

inhibitors[203-206]. 

Though BMS discovered Saxagliptin, their continued interest in DPP-IV 

inhibition as a therapy for type 2 diabetes prompted discovery of the azolopyrimidine 

based  compound A [207] andcompound B [208] as a potent and selective DPP-IV 

inhibitors(Figure 15).  

After the development of first FDA approved DPP-IV inhibitor Sitagliptin to 

treat T2DM, Merck endeavour for batter medication through DPP-IV inhibition led the 

development of compound C[209]which showed good potency (IC50=6nM)and 
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selectivity but the shortfall with the compound was poor calcium channel and Cyp2D6 

selectivity. In continued efforts they develop compound D [210]with good 

pharmacokinetic and pharmacodynamic profile having >1000 fold selectivity for L-

type calcium channel and Cyp2D6 with respect to its intrinsic DPP-IV 

potency.Unfortunatelycompound D showed poor bioavailability in higher animal 

model (i.e. monkey F%=11%) so it was unable to transform to the clinic for 

medication and dropped in phase-II.HoweverMerck’s indefinite interest in research 

led the discovery of Omarigliptin [56]having all favourable attributes for good 

medicationand currently it is in phase III clinical trials. 

 

 

 
 
Figure 15.Potent DPP-IV inhibitors under recent development 

Santhera Pharmaceuticals from Switzerland reported compound E and 

compound Fby structural modification in a series of -homophenylalanine based 
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DPP-IV inhibitors with good pk profile and efficacy[211]. However further evaluation 

focused on preclinical safety and more comprehensive efficacy profiling is in 

progress. 

Takeda Pharmaceutical from Japan is still in search of even batter treatment 

for the T2DM though received FDA approval for the drug namely Alogliptin and in 

phase III clinical trial entity Trelagliptin, they reported compound Gviz TAK-100 as a 

potent and selective DPP-IV inhibitor currently in phase I [212]. 

Recently a group of researchers from Jiangsu Chia-Tai Tianqing 

Pharmaceutical Co. Ltd. China reported compound H derived from Alogliptin 

through pharmacophore hybridization with low nanomolar potency(IC50=0.4nM)[213]. 

A group of scientist from Ranbaxy Research Laboratories, India reported 

compound Ias a potent, selective and slow binding inhibitor of DPP-IV[214]. 

Sanwa Kagaku Kenkyusho company from Japan reported isoindiline based 

compound J as a highly potent DPP-IV inhibitor, however due to its high clearance 

rate further evaluation in this series has been abandoned[215]. 

 A research group from Seoul National University-Korea reported compound 

K as a potent DPP-IV inhibitor showing longer duration of action and no CYP 

inhibition up to 50µM [216]. 

 Although the bibliography on DPP-IV inhibitors is rich, active research 

continues on this subject. Currently 35 compounds are in preclinical development 

having IC50≤6nM. Major players include AstraZeneca Plc., Boehringer Ingelheim 

GmbH, Bristol-Myers Squibb, Eli Lilly and Company, Merck & Co Inc., Mitsubishi 

Tanabe Pharma Corp., Novartis AG, Takeda Pharmaceutical Company Limited, 

Cadila Healthcare Ltd., Phenomix, Lupin limited, L G Life Sciences etc, and have 

filed no. of patent applictions like WO2006009886, WO2006127530, 

WO2006039325, WO2006098342, WO2006127287, WO2007053819, 

US20070082932, WO2007015767, WO2007099385, WO2008119005, 

WO2008087560, WO2008077597, WO2008130151, WO2008017670, 

WO2009111239, WO2009082134, WO2009093269, WO2009003681, 

WO2009045476, WO2009068531, WO2010146597, WO2010029422, 

WO2011103256, WO2011146358, WO2012118945, WO2013122920, 

WO2014061031. 

Although eight gliptins have reached the market, they have done so recently, 

and so the long-term adverse effects of these drugs are still unknown. Until now, 

secondary effectshave been attributed to the off-target repercussion of themolecules. 

Hence, research has been focused on the discovery of potent, selective and long 

acting DPP-IV inhibitors with minimal off target activity. 
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In this regard, knowing the potential of DPP-IV inhibitor target, we also 

attempted to design novel series of DPP-IV inhibitor and these design strategy is 

described in next section. 

 

1.11.Introduction to Cytochrome P450 (CYPs) and its importance 

The cytochrome P450 system is a group of enzymes, found mainly in the liver 

and gut mucosa, that plays a crucial role in controlling the concentrations of many 

endogenous substances and drugs.There are 18 CYP families bearing 43 

subfamilies[217]. CYPs enzymes are mainly essential for the detoxification and the 

metabolism of drugs.  CYP subfamilies involved in drug metabolism includes 

CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4. However CYP2D6 

and CYP3A4 are the major drug‐metabolizing enzymes in humans. Diabetic patients 

are treated with a number of otherdrugs in addition to antidiabetic drugs, including 

anti-hypertensive and lipid-lowering agents. Notably, more than 50% of these drugs 

are metabolized by CYP3A4 or CYP2D6 enzymes. Drugs can inhibit (decrease), 

induce (increase) CYP metabolism or may act as a substratefor CYP enzymes. 

Inhibition of CYP metabolism will likely increase the affected drug’s systemic 

concentrations, whereas induction of metabolism often reduces systemic 

concentrations[218]. 

CYP3A4 or CYP2D6 inhibition and induction is clinically relevant to diabetic 

patients, especially whentreated with antidiabetic agents such as Sulfonylureas, 

Metformin and Meglitanides. For example, Sulfonylureas are known substrates of 

CYP. Thus inducers and inhibitors of CYP can affect the metabolism of 

Sulfonylureas. Similarly, Repaglinide is metabolized by the CYP3A4 and a serious 

drug-drug interactions (DDI) may occur when it is coadministered with CYP inhibitor, 

such as Gemfibrozil (triglyceride lowering agent), as it increases eightfold exposure 

of Repaglinide. Thus, CYP inhibition/ induction can havesignificant consequences on 

other antidiabetic drugs that are metabolized by these enzymes, which may result in 

DDI and idiosyncratic drug toxicity (IDT)[219-220]. 

 Hence, knowing the clinical importance of the CYP enzyme, for particular 

drug like new chemical entity it is essential to examine its effect on CYP enzyme 

inhibition. 
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1.12.Conclusion 

 

            Diabetes mellitus is the most prevalent and serious metabolic disorder. 

Among the T1DM & T2DM, T2DM is one of the major public health challenges of 21st 

century. Currently available therapies have several drawbackstherefore various new 

therapies are being developed, among which DPP-IV inhibitors are the most 

promising approach for the safe and effective treatment of Type 2 diabetes. However 

achieving selectivity and oral bioavailibity with longer duration of action are major 

challenges with the design & development of DPP-IV inhibitors. To address these 

concern, in the next section, we have designed novel series of DPP-IV inhibitors to 

develop second generation therapies for the treatment of T2DM. 
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2.  Design strategy of DPP-IV inhibitors 

 

2.1. Orally active, potent and selective DPP-IV inhibitors 

        As mention earlier, DPP IV enzyme selectively cleaves the N-terminal 

dipeptides (X-Ala or X-Pro) from target polypeptides, such as GLP-1 and GIP 

[125,134]. Also, structure of DPP-IV enzyme resembles with several other protease 

enzymes and it exhibit broad substrate specificity. Thus, in order to develop selective 

DPP-IV inhibitor, we decided to design dipeptide based DPP-IV inhibitors, based 

upon the sequence homology of first two amino acids of GLP-1 peptide (His-Ala) and 

SAR study of DPP-IV inhibitors, which are in clinic or in clinical development [221-

224]. 

Most of the DPP-IV inhibitors, which are in clinical development were 

designed based upon the SAR study of dipeptide substrate recognized by DPP-IV 

enzyme (Figure 16). A key feature in most of the DPP-IV inhibitors, which are under 

development include incorporation of cyanopyrrolidine ring system, attached to 

sterically hindered group such as adamantyl, with -CH2- spacer/linker 

[32,36,42,46,49,50]. 
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Figure 16: Structure of dipeptide substrate recognized by DPP IV enzyme 

 

Earlier several attempts have been made to develop dipeptide based DPP-IV 

inhibitors [203,225-227]. In general, pyrrolidine or thiazolidine based DPP-IV 

inhibitors were found to be very potent and selective but under in vivo condition, they 

were found to be metabolically unstable, mainly due to cyclisation (Figure 17). To 

overcome ring cyclisation problem under basic condition, sterically hindered bulky 

substitution were introduced in new class of DPP-IV inhibitors. 

 

Figure 17: Cyclic amide or diketopiperazine formation 
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Among the DPP-IV inhibitors launched or in active development (Table 6), 

vildagliptin, saxagliptin, anagliptin, teneligliptin,  melogliptin and gosogliptin are 

peptide mimetic compounds, which have been discovered by replacing segments of 

peptide-based substrates [228]. All these compounds contains pyrrolidine ring 

system bearing either –CN and/or –F substituent at specific positions on the basis of 

SAR [229-230]. As nitrile and fluoro groups are important for high potency; analogs 

with similar structures, but without a nitrile/fluoro in this position are 2-3 orders of 

magnitudes less active. Since pyrrolidine best fits in S1 pocket and nitrile group 

covalently interact with the catalytically active serine hydroxyl (Ser630), imparts high 

potency.  

However, sitagliptin, alogliptin and linagliptin are non-peptide mimetic 

compounds, which have been discovered by optimization of the initial lead 

compounds identified by random screening [228]. Therefore, their chemical 

structures are diverse, suggesting that each of their binding modes in DPP-IV would 

be unique [231]. Fluoro or nitrile substituted phenyl ring in sitagliptin, alogliptin, 

trelagliptin, omarigliptin and evogliptin occupies the S1 pocket, where it provide tight 

binding by additional interaction with Tyr666. 

Binding of DPP-IV inhibitors to S3 site play important role in increasing the 

selectivity of the inhibitor over other related enzymes. Compounds which are recently 

launched and in active development, contains various hetero aromatic substituents, 

which fit in to S3 site and give binding interaction with Phe357 and Arg358 [232].  

 

Table 6. DPP-IV inhibitors in clinic and in active development. 

Sr. 

No

. 

Name Structure Company Clinical 
status 

Ref

. 

1 
Sitagliptin      

(MK-0431) 

 

Merck Launched [31]

2 
Vidagliptin     

(LAF-237) 
 

Novartis Launched [32]

3 

Saxagliptin     

(BMS-

477118)  

Astra-

zeneca / 

BMS 

Launched [36]
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4 
Linagliptin      

(BI-1356) 

 

Boehringer 
Ingelheim / 

Eli Lilly 

Launched [39]

5 
Alogliptin      

(SYR-322) 

 

Takeda Launched [41]

6 
Anagliptin      

(SK-0403) 
 

Kowa JW 

Pharma 
Launched [42]

7 
Gemigliptin     

(LC15-0444) 

 

LG Life 

Sciences 
Launched [44]

8 
Teneligliptin    

(MP-513) 
 

Mitsubishi 

Tanabe  
Launched [46]

9 
Melogliptin     

(GRC-8200) 
 

Glenmark Phase II [49]

10 
Gosogliptin     

(PF-734200) 

N

O

NH
NN

N

N
F

F

 

SatRx Phase II [50]

11 
Trelagliptin     
(SYR-472) 

 

Takeda / 

Furiex 
Phase III [53]

12 
Omarigliptin    
(MK-3102) 

 

Merck  Phase III [56]

13 
Evogliptin      
(DA-1229) 

 

Dong-A 

Pharma 
Phase II [57]
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Hence, keeping in mind the SAR study of DPP-IV inhibitors developed and in 

active development, novel DPP-IV inhibitors are designed as illustrated in sections 

2.1.1. -2.1.3. 

 

2.1.1. Rational for designing cyanopyrrolidine containing peptidomimetic 

based DPP- IV inhibitors. (First series) 

 As discussed above to develop dipeptide based DPP-IV inhibitors 2-cyano-

pyrrolidine based DPP-IV inhibitors have been studied most extensively because 

cyanopyrrolidine ring system not only mimic the proline ring system, but also the 

presence of nitrile on the five membered ring provides nanomolar inhibition of DPP-

IV and the metabolic stability favors oral administration of cyanopyrrolidine based 

DPP-IV inhibitors. Hence to overcome ring cyclisation problem under basic condition 

and chemical instability, sterically hindered bulky substitution and pyrrolidine ring with 

various substituents were introduced into the new class of dipeptide based DPP-IV 

inhibitors [204]. 

Among various DPP-IV inhibitors reported in the literature, NVP-DPP728, closely 

resembles with dipeptide substrate and therefore it was found to be very potent and 

selective (reported EC50 value 7 nM and > 15000 fold selective) [233]. Furthermore, 

crystal structure of DPP-IV enzyme interaction with derivative of NVP-DPP728 at 

catalytic site, is reported in the literature indicated that that there are two hydrophobic 

binding pockets located at catalytic site and electrophilic groups are essential for 

hydrogen binding [234].  

 Thus based upon SAR study of NVP-DPP728 and past developmental 

scenario, we have designed new series of dipeptide based DPP-IV inhibitors, which 

mainly consist of five member proline ring system, attached to sterically hindered 

aromatic acid, with suitable linker. These Novel dipeptide based DPP-IV inhibitors 

were prepared, either by varying the length of linker with carbon chain or aromatic 

ring as a spacer and electrophilic functionality on proline ring (amide/nitrile) or 

electron withdrawing / donating groups on sterically hindered aromatic ring system 

(Figure 18). 

Compounds represented by general structure I and II were designed in close 

analogy to NVP-DPP728 for the reason that it attenuate all the favorable enzyme 

interactions for binding and activation to achieve nanomolar potency. 

Pyrrolidinecarboxamides I and II were specifically designed to minimize the intra-

molecular cyclisation (i.e. cyclic amide or diketopiperazine formation). However it is 

known that phenomenon is more prone in dipeptidic smaller compounds so knowing 

the fact that the presence of nitrile on the five membered proline ring provides 
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nanomolar inhibition of DPP-IV we designed pyrrolidinecarbonitriles III and IV 

tripeptide based peptidomimetics. 

 

 

 

 

 

 

 

 

 

 

Figure 18: Design strategy of cyanopyrrolidine containing peptidomimetic based 

DPP-IV inhibitors. 

 

Thus, in this series, all favorable structure components of compound NVP-

DPP728 essential for the key interaction with DPP-IV were retained, except suitable 

changes were made to improve potency, selectivity and pharmacokinetic profile. In 

this, series, we planned to prepare total thirty compounds 11a-h, 12a-h, 16a-h, 17a-d 

and 18a-b, their synthetic schemes are explained in Chemistry section 3.1.1. 

 

2.1.2. Rational for designing peptidomimetic based DPP-IV inhibitors, devoid of 

CYP liabilities. (Second series) 

However, upon secondary profiling of lead compound of the first series 17c, 

CYP3A4 and CYP2D6 inhibitions (IC50: 1.1 and 1.9 mM respectively) were observed, 

which halted its further preclinical development because  CYP inhibition/ induction 

can have significant consequences on antidiabetic drugs that are metabolized by 

these enzymes, which may result in drug-drug interaction (DDI) and idiosyncratic 

drug toxicity (IDT). Hence new series have been designed and synthesized based 

upon the following rationale. 

Affinity of a molecule for CYP can be attenuated by increasing / decreasing 

the carbon chain length [235]. So to overcome CYP liabilities, amino-alkyl spacer (-

(CH2)3-; 3C) of compound 17c was specifically reduced from 3C to 2C (-(CH2)2-) (i.e. 

17a) and 1C (-CH2-) (i.e. 27a) and the resulting molecules were examined for CYP 
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inhibitions. Here the chain length has been reduced for the reason that all DPP-IV 

inhibitors reported in literature are very small molecules in bulk with shorter length to 

preserve the potency such as Vildagliptin, Saxagliptine, Alogliptin etc. The reduction 

of amino-alkyl spacer attenuates CYP inhibitions but led to a significant drop in DPP-

IV inhibitory activity. 

Further to improve DPP-IV inhibitory activity of 27a, two series (27b-j and 

34a-m) of structurally constrained cyanopyrrolidine containing peptidomimetic based 

DPP-IV inhibitors were designed (Figure 19). In the first series suitable modifications 

were carried out on 1C amino-alkyl spacer of 27a and altogether nine compounds 

(27b-j) were prepared by linking ring A with ring B, using various α-substituted amino 

acids as spacers. In the second series, thirteen compounds (34a-m) were prepared 

by modifying the best compound obtained from first series (i.e. 27j), specifically by 

carrying out suitable changes over ring -A and –B, taking in to consideration the 

effect of substituents extensively being used in the DPP-IV drug discovery research 

[229-230]. 

 

 

Figure 19: Design strategy of peptidomimetic based DPP-IV inhibitors, devoid of 

CYP liabilities. 

 

R1 and R2 together represent substituted α-amino acids with absolute (S) stereo 

configuration (Figure 20). Substituent R4 in ring-B together represent substituted 4-

Cyano benzoic acids selected from the group given in Figure 21. 



    Design Strategy   

  44 
 

 

Figure 20: Structures of α-amino acids used as a linker. 

 

 

Figure 21: Structures of substituted 4-Cyano benzoic acids 

 

In this series, we planned total twenty-three compounds as two different 

series 27a-j and 34a-m, their synthetic methodology and chemical characterization 

are explained in details in Chemistry section 3.2.1. 

 

2.1.3. Rational for designing of aminomethylpiperidone based DPP-IV 

inhibitors. (Third series) 

Taking into consideration journey of Merck Sharp & Dohme Corp. to develop 

potent and selective DPP-IV inhibitors with improved pharmacokinetic profile, we 

have designed aminomethylpiperidone based  DPP-IV inhibitors (Figure 22). 
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Figure 22: Design strategy of aminomethylpiperidone based DPP-IV inhibitors. 

 

During their journey to improve PK profile Merck has come up with compound 

VII having extended t1/2 and almost double bioavailability as compared to Sitagliptin 

[195,209-210,236]. So considering all structural modification done by Merck and 

extending the scope of novelty with rationale, compounds (68a-v, 69a-e and 70a-e) 

were designed based on the piperidone skeleton and anticipated that the 

aminomethyl and the amide groups of the piperidone ring may contribute improved 

pharmacokinetic and pharmacodynamic effects, along with the potent and selective 

DPP-IV inhibitory activity. 

 

 

Figure 23: Substituents used for synthesis of aminomethylpiperidone based DPP-IV 

inhibitors. 
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Substituent R in novel aminomethylpiperidones 68a-v, 69a-e and 70a-e was 

selected from the given group (Figure 23). 

In this series we planned to prepare total thirty two compounds as three 

different series viz 68a-v, 69a-e and 70a-e, their synthetic methodology and chemical 

characterization are explained in details in Chemistry section 3.3.1. 

2.1.4. Conclusion 

            In the present investigation, total three series (First series: cyanopyrrolidine 

containing peptidomimetic based DPP-IV inhibitors, second series: peptidomimetic 

based DPP-IV inhibitors, devoid of CYP liabilities and Third series: 

aminomethylpiperidone based DPP-IV inhibitors) were designed as potent and 

selective DPP-IV inhibitors for the safe and effective treatment of metabolic diseases 

such as T2DM. Altogether eighty five compounds were planned, mainly as DPP-IV 

inhibitors. All the test compounds were synthesized and well characterized, subjected 

for in vitro, in vivo and pharmacokinetic (PK) studies and results are summarized in 

the results and discussion section. 

 

 

. 





  

 

 

 

 

 

 

 

 

 

Chapter III:  

 

Results & Discussion 

  
 

 

 

 

 

 

“Seven Deadly Sins: Wealth without work, Pleasure without 

conscience, Science without humanity, Knowledge without 

character, Politics without principle, Commerce without 

morality, Worship without sacrifice.” ― Mahatma Gandhi        
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3.  Results and discussion 

 

            As described in the previous chapter, we designed and synthesized three novel 

series of DPP-IV inhibitors, the first series was cyanopyrrolidine containing 

peptidomimetic based DPP-IV inhibitors, second series was peptidomimetic based DPP-

IV inhibitors, devoid of CYP liabilities and third series was aminomethylpiperidone based 

DPP-IV inhibitors. All synthesized compounds were purified, characterized and 

subjected for in-vitro DPP-IV inhibition study to establish Structure Activity Relationship 

(SAR) of individual series. Selected short listed most potent compounds from each 

series were subjected for in vitro selectivity over related serine proteases. The most 

potent and selective compounds were further subjected for in vivo antidiabetic activity. 

Selected short listed compounds (most potent compounds : both in vitro & in vivo) were 

also subjected for PK studies. 

In this section, we summarized results and discussion of : 

a) Cyanopyrrolidine containing peptidomimetic based DPP-IV inhibitors (First series) 

b) Peptidomimetic based DPP-IV inhibitors, devoid of CYP liabilities (Second series) 

c) Aminomethylpiperidone based DPP-IV inhibitors (Third series), in following sections: 

 Synthesis of three different series (Chemistry) 

 In vitro DPP-IV inhibitory activity, selectivity and SAR 

 In vitro CYP inhibition study 

 In vivo (antidiabetic activity) evaluation of DPP-IV inhibitors  

 PK studies of selected compounds 

 Docking studies 
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3.1. Cyanopyrrolidine containing peptidomimetic based DPP-IV inhibitors (First 

series) 

 

3.1.1. Chemistry 

            In the previous section rational for designing cyanopyrrolidine containing 

peptidomimetic based potent DPP-IV inhibitors has been described, wherein we 

intended to synthesize the compounds represented by general structures 11a-h, 12a-h, 

16a-h, 17a-d and 18a-b (Figure 24). Synthetic methodology was designed based on the 

retrosynthetic analysis and the schemes are described below. Synthetic method 

reported in literature were adapted for the synthesis of title compounds 11a-h, 12a-h, 

16a-h, 17a-d and 18a-b respectively. All compounds were synthesized following the 

procedure reported earlier in literature by choosing the appropriate starting materials and 

optimizing reaction conditions. 

   

Figure 24. cyanopyrrolidine containing peptidomimetic based DPP-IV inhibitors 

 

         Synthesis of designed compounds 11a-h, 12a-h, 16a-h, 17a-d and 18a-b is 

illustrated in Schemes 1-3. Novel peptidomimetics were synthesized using Fmoc-based 

Solid Phase Peptide Synthesis (SPPS) approach [237], starting from commercially 

available Fmoc Rink Amide MBHA resin 1. Deprotection of 1 with 20% piperidine  in 

DMF and 1,3-diisopropylcarbodiimide (DIC) coupling with Fmoc-protected natural amino 

acid Proline 2 gives the resin-bouned Fmoc-protected amino acid 3. Deprotection of 3 

with 20% piperidine in DMF and DIC coupling with Fmoc protected unnatural aminoacids 

-alanine (Fmoc-NH-(CH2)2-COOH) 4 , -amino butanoic acid (Fmoc-NH-(CH2)3-COOH) 

5 or p-amino benzoic acid (PABA) 13 gives Fmoc-protected resin bound dipeptide 6, 7 

or 14 respectively. Deprotection of 6, 7 and 14 with 20% piperidine in DMF and DIC 
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coupling with substituted benzoic acids 8a-h gives fully-protected resin bounded 

peptoides 9a-h, 10a-h and 15a-h. Final cleavage from resin was achieved by treatment 

with cleavage mixture of TFA, H2O and Triisopropylsilane to give pyrrolidinecarboxamide 

based peptidomimetics 11a-h ,12a-h and 16a-h. Dehydration of pyrrolidinecarboxamide 

based peptidomimetics 11e-f, 12e-f and 16e-f using trifluoroacetic anhydride at room 

temperature provided cyanopyrrolidin based peptidomimetics 17a-d and 18a-b. 

    Crude peptidomimetics thus obtained were purified using semi-preparative HPLC 

on a Shimadzu model LC-8A liquid chromatography. Desired fractions were pooled 

together, frozen and lyophilized to give title compounds 11a-h, 12a-h, 16a-h, 17a-d and 

18a-b. 

  

 
Reagents and conditions: (a) i. 20% Piperidine in DMF  ii. Fmoc-Pro-OH (2), HOBt, DIC, DMF, 
N2 (b)  i. 20% Piperidine in DMF  ii. Fmoc-NH-(CH2)n-COOH (4/5), HOBt, DIC, DMF, N2 (c) i. 20% 
Piperidine in DMF ii. Substituted benzoic acids (8a-h), HOBt, DIC, DMF, N2 (d) TFA: H2O: 
Triisopropylsilane (95:2.5:2.5), 25°C, 3h.  
 

Scheme 1. Synthetic methods for the preparation of title compounds 11a-h and 12a-h 
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Reagents and conditions: (a) i. 20% Piperidine in DMF  ii. Fmoc-Pro-OH (2), HOBt, DIC, DMF, 

N2 (b)  i. 20% Piperidine in DMF  ii. Fmoc-PABA-COOH (13), HOBt, DIC, DMF, N2 (c) i. 20% 

Piperidine in DMF ii. Substituted benzoic acids (8a-h), HOBt, DIC, DMF, N2 (d) TFA: H2O: 

Triisopropylsilane (95:2.5:2.5), 25°C, 3h.  

 

Scheme 2. Synthetic methods for the preparation of title compounds 16a-h.  

For the preparation of title compounds 11a-h, 12a-h, 16a-h, 17a-d and 18a-b 

(Scheme 1-3), we need to first synthesize Fmoc derivative of the commercially available 

unnatural amino acids proline 19, -alanine 20, -amino butanoic acid 21 and p-amino 

benzoic acid 22, synthesis of which is outline in scheme 4. 
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 Substituted benzoic acids 8a-h used for the synthesis of peptidomimetics 11a-h, 

12a-h, 16a-h, 17a-d and 18a-b were procured from the commercial bulk supplier and 

used as such without doing any modification or purification. 

 

 
Reagents and conditions: (a) TFAA, CH2Cl2, 25°C, 6h. 

Scheme 3. Synthetic methods for the preparation of title compounds 17a-d and 18a-b.  

           

Synthesis of Fmoc deravitives of unnatural amino acids (2,4,5 and13)  

         In general synthesis of N-Fmoc protected amino acid is a major challenge due to 

racimization possibility as well as due to their zwitter ionic nature isolation problem arise. 

Several methods are reported in the literature for the Fmoc protection of amino acids, 

among which few most efficient high yielding methods are mention here. Douglass 

Taber et al reported convenient synthetic route to an enantiomerically pure Fmoc α-

amino acid [238]. Manoj Gawande et al reported Fmoc protection without using any 

base (to avoid any racemization) at higher temperature to give desired compounds with 

high yield 80-95% and enantiomeric purity [239]. Carpino et al Fmoc-O-Su and Na2CO3 

in a 1:1 H2O:dioxane mixture where as more efficient method then this used by Jeffrey 

M. Dener utilised Fmoc-O-Su and KHCO3 in a 1:1 H2O:acetonitrile mixture [240-241]. 

Here we used different literature methods depending upon the nature of amino acids as 

outlined in scheme 4 by optimizing reaction condition.  
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Reagents and conditions: (a) N-hydroxy succinamide, Fmoc-Cl, Na2CO3, Water:Acetone, 0°C-

25°C, 15h (b) Fmoc-Cl, Na2CO3, Water:1,4 Dioxane, 25°C, 15h. (c) Fmoc-OSu, NEt3, 

Water:Acetonitrile, 25°C, 3h. 

Scheme 4. Different conditions for the synthesis of Fmoc protected amino acids. 

             

            However, method developed by Carpino et al is used extensively as a 

generlised method for the synthesis of Fmoc protected aminoacids [240]. 

 

3.1.2. In vitro DPP-IV inhibitory activity, selectivity and structure activity 

relationship (SAR) 

            All the novel peptidomimetics compounds prepared above as two different 

series, pyrrolidincarboxamide containing (11a-h, 12a-h and 16a-h), and cyanopyrrolidine 

containg (17a-d and 18a-b) peptidomimetics were subjected for the in vitro DPP-IV 
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inhibitory activity in order to establish the structure–activity relationship (SAR) using 

fluorescence-based assay (details experimental protocol is given in experimental 

section 5.2.1) [242]. As depicted in Table 7-8, depending upon the nature of 

substitution, all the compounds showed different degree of DPP-IV inhibition (IC50).   

 

Table 7: In vitro DPP-IV inhibitory activity of peptidomimetics 11a-h, 12a-h and 16a-h  

 

 
 

S. No R DPP-IV  
inhibition 

S. No R DPP-IV  
inhibition 

 
11a -H 320 ± 29 12e -CN 26 ± 3.1 
11b -OCH3 890 ± 21 12f -CF3 19 ± 2.3 
11c -OH 863 ± 18 12g -CH3 694 ± 14 
11d -F 93 ± 9.3 12h -Ph 104 ± 16 
11e -CN 31 ± 2.5 16a -H 311 ± 24 
11f -CF3 28 ± 1.7 16b -OCH3 879 ± 22 
11g -CH3 715 ± 27 16c -OH 863 ± 13 
11h -Ph 107 ± 19 16d -F 100 ± 8.5 
12a -H 298 ± 19 16e -CN 34 ± 7.6 
12b -OCH3 869 ± 43 16f -CF3 31 ± 8.3 
12c -OH 843 ± 26 16g -CH3 723 ± 21 
12d -F 74 ± 11 16h -Ph 116 ± 13 

 
DPP-IV inhibitory activity determined by fluorescence-based assay; fluorescence measured 
using Spectra Max fluorometer (Molecular Devices, CA) by exciting at 380 nm and emission 
at 460 nm. IC50 determined using Graph Pad prism software 
 DPP-IV inhibitory activity represented as IC50 (nM), expressed as the mean ±SD (n = 3)  
 

 
As described earlier in designing strategy section of DPP-IV inhibitors, novel 

peptidomimetics of the first series were prepared by linking basic pharmacophore, a 

pyrrrolidine ring  system (proline) with substituted benzoic acids, using suitable spacers 

(i.e. set-1: -Ala (11a-h); set-2: GABA (12a-h) and set-3:  PABA (16a-h)). In the second 

series (pyrrolidinecarbonitriles), six compounds (17a-d and 18a,b) were prepared by 

replacing pyrrolidinecarboxamides with pyrrolidinecarbonitriles.  
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            Within the first series (11a-h, 12a-h, 16a-h), the set-1 (11a-h) containing β-

alanine spacer attached to para-substituted benzamides, showed diverse DPP-IV 

inhibitory activity depending on the nature of substituents at the para-position. 

Compounds with electron donating groups (11b: -OMe and 11c: -OH) showed weak 

inhibitory activity relative to that of un-substituted (11a: -H), whereas compounds with 

electron withdrawing groups (11d; 11e and 11f) showed good DPP-IV inhibitory activity. 

Among the 11d, 11e and 11f tested, 11e and 11f showed improved DPP-IV inhibitory 

activity, which could be due to increase in the electronegativity at para-position of 

benzamide. Aliphatic substitution at para position (11g; -CH3) showed weak inhibitory 

activity, while aromatic substitution at para position (11h; -Ph) showed moderate DPP-IV 

inhibitory activity. The second and third set of compounds (12a-h, 16a-h) comprising 

GABA and PABA spacers attached to para-substituted benzamides, showed similar 

trend in DPP-IV inhibitory activity as observed with first set of compounds, with respect 

to nature of para-substituents. 

The first series was specifically designed to understand the role of spacer and 

effect of para-substituents on benzamide. The SAR study of first series reveals that the 

DPP-IV inhibitory activity of test compounds drastically varies with para-substituents, 

whereas alteration in spacers (aliphatic with two/ three carbon chain-length versus 

aromatic) do not exhibit significant change. In general, neutral effect of spacers on 

inhibitory activity might be due to the flexibility in S2 pocket and stapled orientation of 

Glu-dyad. Substituents on para-position of benzamide altered inhibitory activity to 

greater extent because in S3 pocket, para-substituents play crucial role for its interaction 

with Ser209, Arg358 and Phe357.  

From first series, altogether in three different sets, 11e, 11f, 12e, 12f, 16e and 

16f (para-nitrile/ trifluoromethyl benzamide) were identified as primary lead compounds. 

Further to study effect of nitrile group on pyrrolidine ring system, a second series (17a-d 

and 18a-b) was prepared by replacing pyrrolidinecarboxamides of first series lead 

compounds with pyrrolidinecarbonitriles. 

As depicted in Table 8, all the six compounds (17a-d and 18a-b) from second 

series showed potent inhibitory activity and was found to be comparable with standard 

compounds (NVP-DPP728  and Vildagliptin) [32, 233]. Compared to first series 

(pyrrolidinecarboxamides), significant improvement in the inhibitory activity was 

observed with second series (pyrrolidinecarbonitriles) of compounds (17a-d and 18a-b), 

which could be due to the favorable interactions of pyrrolidinecarbonitriles with the key 
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residues of S1 pocket. Among six compounds tested (second series), 17c and 17d were 

found to be equipotent as Vildagliptin. 

 

Table 8: In vitro DPP-IV inhibitory activity and selectivity of peptidomimetics 17a-d & 

18a-b  

 

S. No R DPP-IV DPP2$ DPP8$ DPP9$ 

17a -CN 10.3 ± 1.9 --- --- --- 
17b -CF3 13.2 ± 2.3 --- --- --- 
17c -CN 2.3 ± 0.9 >25,000 >15,000 >15,000 
17d -CF3 3.8 ± 0.5 >25,000 >15,000 >15,000 
18a -CN 11.6 ± 1.6 --- --- --- 
18b -CF3 14.3 ± 2.5 --- --- --- 

NVP-DPP728#
  7.2 ± 1.3 >25,000 >15,000 >15,000 

Vildagliptin#  3.2 ± 0.5 --- --- --- 
DPP-IV inhibitory activity determined by fluorescence-based assay. 
 DPP-IV inhibitory activity represented as IC50 (nM), expressed as the mean ±SD (n = 3). 
$ DPP2, DPP8 and DPP9 inhibitory activity represented as fold-selectivity wrt DPP-IV inhibitory activity. 
# Reported literature values for NVP-DPP728 and Vildagliptin are 7±1.7 and 2.7±0.1 respectively.  

 

The in vitro selectivity over serine protease, especially DPP-2, DPP-8 and DPP-9 

was evaluated for most potent compounds (17c and 17d) and the fold-selectivity values 

are listed in Table 8 (details experimental protocol is given in experimental section 

5.2.1). Compounds 17c and 17d showed >25000-fold selectivity over DPP-2 and 

>15000-fold selectivity over DPP-8 and DPP-9, which was found to be comparable with 

reference standard compounds (NVP-DDP728). Among all the compounds tested, 17c 

and 17d were found most potent and selective, hence subjected for pharmacodynamic 

(PD) as well as pharmacokinetic (PK) profiling studies in animal models. 
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3.1.3. In vivo antidiabetic activity of selected compounds (17c and 17d) 

          The in vivo antidiabetic activity of 17c, 17d and NVP-DPP728  (@ 20 mg/kg, p.o.) 

was evaluated in male C57BL/6J mice, using IPGTT (intraperitoneal glucose tolerance 

test) protocol and changes in serum glucose levels (AUC glucose up to 240 min; mg/dL) 

are shown in Figure 25 (details experimental protocol is given in experimental section 

5.2.3) [243-244]. Compound 17c showed good oral antidiabetic activity (% Decrease in 

AUC glucose 54.9 ± 3.86), whereas 17d and NVP-DPP728  (positive control) showed 

moderate activity upon oral administration (% Decrease in AUC glucose 17.4 ± 5.35 and 

21.5 ± 6.1 respectively). In C57 mice (IPGTT protocol), it was interesting to observe that 

17c showed suppression in the blood glucose at all the time points (30, 60, 120 and 240 

min) compared to vehicle control, while 17d and NVP-DPP728  showed reduction in 

blood glucose at 30 and 60 minutes.  

 
*P<0.05, $P<0.01, Two-Way ANOVA followed by Bonferroni post test, M ± SEM 

 

Figure 25. In vivo antidiabetic activity of 17c, 17d and NVP-DPP728 in C57 mice 

(OGTT) 

 

Further to understand the duration of action and effect of test compounds on 

post-prandial glucose excursion, single dose (@ 20 mg/kg, p.o.) antidiabetic activity of 
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17c and NVP-DPP728 was evaluated in fed-db/db mice (hyperglycemic animals) for 24h 

(Figure 26). Under fed condition, compared to vehicle control, NVP-DPP728 and 17c 

showed good antidiabetic activity (% Decrease in AUC glucose 31.4±8.7 and 33.5 ± 7.4, 

respectively) up to 2h. However, 17c showed sustained suppression in serum glucose 

levels for > 8h (% Decrease in AUC glucose, 14.9 ± 6.3 for NVP-DPP728 and 30.8±6.2 

for 17c, after 8h).  

*P<0.05, $P<0.01, Two-Way ANOVA followed by Bonferroni post test, M ± SEM 

Figure 26. In vivo antidiabetic activity of 17c and NVP-DPP728 in db/db mice 

 

3.1.4. Pharmacokinetic (PK) studies of selected compounds (17c and 17d) 

A comparative single dose (20 mg/kg i.v. or p.o.) pharmacokinetic (PK) profile of 

17c, 17d and NVP-DPP728 was evaluated in male C57BL/6J mice (n=6) and the various 

PK parameters such as Tmax, t1/2, Cmax, AUC and %F were recorded as shown in 

Table 9 (details experimental protocol is given in experimental Section 5.3). In PK 

study, all the test compounds showed rapid tmax, good Cmax and oral bioavailability (%F ~ 

63 to 72 %). Compound 17c showed higher area under the curve (AUC: > 2-fold 

compared to 17d and NVP-DPP728) and extended half-life (t1/2: >7h compared to 17d 

and NVP-DPP728). Thus improved pharmacokinetic profile of compound 17c justifies its 

potent and extended pharmacodynamic effects (antidiabetic activity) in C57 and db/db 

mice, when administered orally. 
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Table 9: Pharmacokinetic study parametersa of 17c, 17d and NVP-DPP728 

Compd Tmax (h) 
Cmax 

(mg/ml) 
T1/2 (h) 

AUC (0-) h 
mg/ml 

%F* 
 

17c 0.29 ± 0.11 7.1 ± 0.83 7.99 ± 0.33 14.3 ± 1.13 
 

72.5% 

17d 0.28 ± 0.10 5.9 ± 0.88 0.99 ± 0.14 6.89 ± 1.21 
 

63.1% 

NVP-
DPP728 

0.32 ± 0.08 6.2 ± 0.91 0.88 ± 0.11 6.49 ± 1.11 
 

65% 

aIn male C57BL/6J mice (n=6), compounds were administered orally (p.o) at 20 mg/kg dose and 
plasma concentration was analyzed by LC-MS, values indicate Mean ± SD. 
* Oral bioavailability (%F) was calculated wrt to iv AUC (17c: 11.02 ± 0.11; 17d: 10.92 ± 0.12 & NVP-
DPP728: 9.98 ± 0.09 h µg/ml) administered at 20 mg/kg dose, iv. 

 

 

  3.1.5. Molecular docking study of peptidomimetic 17c 

             

The molecular docking analysis of 17c and NVP-DPP728 was carried out using 

extra precision (XP) Glide docking method, to understand its critical interactions with all 

the three binding sites (S1, S2 and S3) of DPP-IV enzyme (Figure 27) [245-246]. The 

crystal structure of the DPP-IV enzyme (PDB ID: 2I03) was obtained from the protein 

data bank and the protein structure was prepared using protein preparation wizard 

module of Schrödinger. After protein structure was prepared, the bound ligand of 

receptor was defined as grid binding box. For docking study, the ligands were minimized 

by applying an OPLS-AA forcefield, using ligprep module of Schrödinger (details 

experimental protocol is given in experimental section 5.4).  

The overlay of binding poses of 17c (Turquoise) and NVP-DPP728 (Rose) in the 

DPP-IV active site is shown in Figure 27 (the molecular surface is shown in Green, the 

inhibitor in stick representation). The docking study results illustrate that both the 

compounds interact closely with key residues of S1 (cyanopyrrolidine-CN form covalent 

bond with OH-group of side-chain of Ser630); S2 (benzamide-NH form H-bonding with 

C=O groups of side-chains of Glu205 and Glu206 dyad) and S3 (aromatic–CN forms H-

bonding with the NH of guanidine side-chain of Arg358) pockets (Figure 28). 
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Binding pose of compound 17c (Turquoise) and NVP-DPP728 (Rose) in the DPP-IV active site is 
indicated (Surface view: Green),  
wherein both compounds interact closely with key residues of site S1, S2 and S3. 
 

Figure 27: Key interactions of compound 17c and NVP-DPP728 (Overlay pose) with 

active sites of DPP-IV enzyme 

 

Incorporation of GABA linkage (spacer) in 17c allows it to adopt new 

confirmation, which favors covalent interaction of cyanopyrrolidine ring with Ser630 (S1 

pocket), strong H-bonding of back-bone amide with Glu dyad (S2 pocket) and para-nitrile 

benzamide with Arg358, including aromatic π- π stacking with Phe357 in S3 pocket. As 

observed with NVP-DPP728, 17c docks very well into all the three sites (S1, S2 and S3) 

of DPP-IV crystal structure and these favorable interactions of 17c with all the three sites 

of DPP-IV enzyme support its potent in vitro DPP-IV inhibitory activity and excellent 

selectivity over other protease. 
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 Binding pose of NVP-DPP728 (orange) and 17c (Turquoise) in the DPP-IV active site is indicated, wherein both compounds 
interact closely with key residues of site S1, S2 and S3. In site S1, cyanopyrrolidine-CN form covalent bond with OH of side 
chain of Ser630; S2 site, benzamide-NH…C=O groups of side chains of Glu205 & Glu206 dyad and in S3 site, Aromatic –
CN…NH of guanidine side chain of Arg358.

S2 Site 

S3 Site 

S1 Site

(a) 

S2 Site

(b)

S1 Site

S3 Site

 

Figure 28: Key interactions of compound 17c and NVP-DPP728 with active sites of 

DPP-IV enzyme 

 

3.1.6. Conclusion 

 In summary, we report here SPPS approach to discover cyanopyrrolidine 

containing peptidomimetic based potent DPP-IV inhibitors. Total thirty peptidomimetics 

have been synthesized. The peptidomimetics consisting of para-nitrile/-trifluoromethyl 

benzamide attached to cyanopyrrolidine ring with GABA spacer showed excellent in vitro 

potency and selectivity over other serine protease, due to its favorable orientation across 

all the three binding sites. The lead compound 17c showed sustained suppression of 

pre- and post-prandial blood glucose levels (in vivo), which correlates with its extended 

half-life.     

  

3.2. Peptidomimetic based DPP-IV inhibitors, devoid of CYP liabilities (Second 

series) 

 

3.2.1. Chemistry 

            As discussed earlier in designing section 2.1.2. this series was designed 

specially to overcome CYP activity, as because of it further development of the lead 

compound 17c of the first series has been halted. Based upon the designing herein we 

intended to synthesize the compounds represented by general structures 27a-j and 34a-
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m (Figure 24). Synthetic methodology was designed based on the retrosynthetic 

analysis and the schemes are described below. Synthetic method reported in literature 

were adapted for the synthesis of title compounds 27a-j and 34a-m. All compounds were 

synthesized following the procedure reported earlier in literature by choosing the 

appropriate starting materials and optimizing reaction conditions. 

 

Figure 29. Peptidomimetics based DPP-IV inhibitors. 

 

Synthesis of designed peptidomimetics 27a-j and 34a-m was carried out using 

Fmoc-based Solid Phase Peptide Synthesis (SPPS) approach illustrated in Schemes 5-

6 [237], starting from commercially available Rink-amide MBHA resin 1, Deprotection of 

1 with 20% piperidine  in DMF and 1,3-diisopropylcarbodiimide (DIC) coupling with 

Fmoc-protected amino acid Proline 2 or 4-Fluoro proline 28 gave the resin-bouned 

Fmoc-protected amino acid 3 and 29. Which upon deprotection with piperidine (20% 

DMF) and 1,3-diisopropycarbodiimide (DIC) coupling with Fmoc-protected amino acids 

23a-j provided the resin-bound Fmoc-protected dipeptides 24a-j and 30a-b. 

Deprotection of 24a-j and 30a-b with piperidine (20% DMF) and DIC coupling with 

substituted benzoic acids 8e or 31a-k gave resin-bound tripeptides 25a-j and 32a-m, 

which upon Trifluroacetic acid (TFA) mediated cleavage gives pyrrolidinecarboxamides 

(26a-j and 33a-m). Trifluroacetic anhydride (TFAA) mediated dehydration of 

pyrrolidinecarboxamides (26a-j and 33a-m) afforded title compounds as 

pyrrolidinecarbonitriles (27a-j and 34a-m). All the test compounds obtained were purified 

by preparative HPLC (yield 70-85%; HPLC purity >97%) and characterized by various 

spectroscopic techniques.  
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Reagents and conditions: (a) i. 20% Piperidine in DMF  ii. Fmoc-Pro-OH (2), HOBt, DIC, DMF, 
N2 (b)  i. 20% Piperidine in DMF  ii. Fmoc-NH-(CHR1R2)-COOH (23a-j), HOBt, DIC, DMF, N2 (c) i. 
20% Piperidine in DMF ii. p-cyano benzoic acid (8e), HOBt, DIC, DMF, N2 (d) TFA: H2O: 
Triisopropylsilane (95:2.5:2.5), 3h. (e) TFAA, CH2Cl2, 25°C, 6h. 
 
Scheme 5. Synthetic methods for the preparation of peptidomimetics 27a-j 
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Reagents and conditions: (a) i. 20% Piperidine in DMF  ii. Fmoc-Pro-OH (2)/Fmoc-4-F-Pro-OH 
(28), HOBt, DIC, DMF, N2 (b)  i. 20% Piperidine in DMF  ii. Fmoc-NH-(CHPh2)-COOH (23j), 
HOBt, DIC, DMF, N2 (c) i. 20% Piperidine in DMF ii. Substituted benzoic acids (30a-k), HOBt, 
DIC, DMF, N2 (d) TFA: H2O: Triisopropylsilane (95:2.5:2.5), 3h. (e) TFAA, CH2Cl2, 25°C, 6h. 
 
Scheme 6. Synthetic methods for the preparation of peptidomimetics 34a-m 
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Reagents and conditions: (a) SOCl2, MeOH, Reflux, 15h (b)  BOC-anhydride, NEt3, 
Water:Acetonitile, 0°C-25°C. 15h (c) DAST, dry DCM, -78°C-25°C, 5h (d) NaOH(aq), THF: MeOH 
(e) 4M HCl in 1,4-Dioxane, DCM, 25°C (f) N-hydroxy succinamide, Fmoc-Cl, Na2CO3, 
Water:Acetone, 0°C-25°C, 15h 
 

Scheme 7. Synthetic methods for the preparation of unnatural amino acid 28 

 

However amino acids 23a-h are commercially available so procured from 

commercial source and used as such. Synthesis of the unnatural aminoacids 23i-j used 

to synthesize novel peptidomimetics 27a-j and 34a-m is illustrated in schemes 7-9. 

Christophe Dugave et al reported synthesis of 4-Fluoro prolines from commercially 

available trans-4-hydroxy proline methyl ester with optimum yield [247]. Mukund 

Chorghade et al reported synthesis of fluoro prolines from trans-4-hydroxy proline using 

tetrabutyl ammonium fluoride as a fluorine source but the yields were low [248]. Weiping 
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Zhuang et al synthesized fluoro prolines with good yields as well as chiral purity using 

perfluoro-1-butanesulfonyl fluoride and tetrabutylammonium triphenyldifluorosilicate 

(PBSF-TBAT) as a fluoride source [249]. Here we used method of Christophe Dugave et 

al for the synthesis of chiral pure Fmoc protected (2S, 4S) 4-hydroxy proline 28 by 

optimizing the reaction conditions (Scheme-7). 

 

 
Reagents and conditions: (a) NaOH(aq), Cbz-Cl, Acetonitrile, 0°C-25°C, 15h (b)  Benzaldehyde 
dimethyl acetal, SOCl2, ZnCl2, THF, 0°C 4h (c) 2-F Benzyl bromide, KHMDS, THF, -27°C (d) 
33%HBr in CH3COOH, CH3COOH, 25°C, 20h (e) Fmoc-Cl, Na2CO3, Water:1,4-Dioxane, 0°C-
25°C, 15h. 
 
Scheme 8. Synthetic methods for the preparation of unnatural amino acid 23i 

For the synthesis of α-methyl amino acids various methods are reported in the 

literature [250]. Roy Storcken et al reported a chemoenzymatic approach to the 

synthesis of functionalized α-methyl α-substituted amino acids which involves amidase-

mediated enzymatic resolution and  cross-metathesis [251]. Ta-Jung Lu et al reported 

asymmetric synthesis of α-methyl-α-amino acids via diastereoselective alkylation of 

(1S)-(+)-3-Carene derived tricyclic iminolactone with high enantiopurity [252]. Martin 

O'Donnell et al reported enantioselective synthesis of α-methyl amino acid via phase-

transfer catalysis [253]. Franklin Davis et al reported sulfinimine-mediated asymmetric 

strecker synthesis of the synthesis of α-alkyl α-amino acids [254]. Peng-Fei Xu et al. 

reported synthesis of α,α-disubstituted α-amino acids by diastereoselective alkylation of 

camphor-based tricyclic iminolactone [255]. 
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Here we used enetioselective and high yielding method of Suresh Kapadia et al for the 

synthesis of amino acid 23i as shown in scheme-8 by modifying the reaction conditions 

[256]. 

Soledad Royo et al reported high yielding racemic synthesis and a very efficient 

resolution procedure for synthesis of enantiomerically pure unnatural amino acid β-

phenyl phenyl alanine (β-PPA) 23j [257]. Mukund SibI et al have reported convenient 

synthesis of antipode of 23j using chiral auxiliary starting from L-serine methyl ester 

hydrochloride in good yield and chiral purity [258]. Ari Koskinen et al reported very good 

scalable method for the preparation of enantiomer of 23j [259], Here we adopted this 

method of Ari Koskinen et al  for the synthesis of 23j by replacing the starting material 

with its antipode and optimizing the reaction conditions to obtaine 23j with desire 

absolute (S) configuration (scheme-9) [259]. 

 

 
Reagents and conditions: (a) BOC-anhydride, NEt3, Water:Acetonitrile, 0°C-25°C. 15h  (b)  2,2-
Dimethoxypropane, BF3-Et2O, Acetone, 25°C, 3h (c) PhMgBr, THF, 0°C, 5h (d) i. H2, Pd(OH)2/C, 
HCOOH, 60°C, 5h, ii. NaOH, MeOH:Water, reflux, 15h (e) i. Fmoc-Cl, Na2CO3, Water:1,4-
Dioxane, 0°C-25°C, 15h, ii. CrO3, H2SO4, Acetone, 0°C, 3h. 
 

Scheme 9. Synthetic methods for the preparation of unnatural amino acid 23j 

 Synthesis of 23j was accomplished with commercially available D-Serine methyl 

ester hydrochloride 46, making Garner’s aldehyde type chiral auxiliary derivative 48 by 

adopting method reported by Andrew Campbell et al and performing necessary 

optimization in reaction conditions [260]. 
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However various substituted 4-cyano benzoic acids 31a-k used for the synthesis 

of peptidimimetics 27a-j and 34a-m have been procured from the commercial suppliers 

and no attempt have been made for their synthesis. 

 

3.2.2. In vitro DPP-IV inhibitory activity, selectivity and structure activity 

relationship (SAR) 

 

            The in vitro DPP-IV inhibitory activity was determined in order to establish the 

structure–activity relationship (SAR) using fluorescence-based assay (details 

experimental protocol is given in experimental Section 5.2.1.) [242]. As shown in Table 

10-11, two series of peptidomimetics (27a-j and 34a-m) were prepared and depending 

on the nature of substitutions, different degree of DPP-IV inhibitory activity was 

observed.  

 

Table 10: In vitro DPP-IV inhibitory activity of peptidomimetics 27a-j  

 

 

S. No R1 R2 Amino acids$ 
DPP-IV 

inhibition

27a H -H Gly 722 ± 3.4 
27b -CH(CH3)2 -H Val 74 ± 2.4 
27c -CH(CH3)(C2H5) -H Ile 39 ± 1.2 
27d -CH3 -CH3 Aib 157 ± 3.3 
27e cyclohexyl -H Chg 97 ± 2.7 
27f -Ph -H Phg 463 ± 3.8 
27g -Bz -H Phe 239 ± 1.9 
27h 2-F Bz -H 2-F Phe 197 ± 3.6 
27i 2-F Bz -CH3 -Me-2-F Phe 137 ± 4.9 
27j -CH(Ph)2 -H βPPA 27 ± 1.6 

Vildagliptin -- -- -- 3.2 ± 0.5 
17c -- -- -- 2.3 ± 0.9 

DPP-IV inhibitory activity determined by fluorescence-based assay; fluorescence measured 
using Spectra Max fluorometer (Molecular Devices, CA) by exciting at 380 nm and emission at 
460 nm. IC50 determined using Graph Pad prism software 
 DPP-IV inhibitory activity represented as IC50 (nM), expressed as the mean ±SD (n = 3) 
$
 R1, R2 together represents amino acids with absolute (S) stereo configuration 
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In the first series, upon linking cyanopyrrolidine (ring A) with para-cyanobenzoic 

acid (ring B), using α-substituted amino acid spacers (Val; 27b, Ile; 27c or cyclohexyl 

glycine (Chg); 27e), compounds 27b, 27c and 27e showed moderate DPP-IV inhibitory 

activities. When amino-isobutyric acid (Aib); 27d or -methyl-2-fluoro phenyl alanine (-

Me-2-F Phe); 27i, were introduced as spacer, the resulting compounds however showed 

weak in vitro activities. The compounds 27f, 27g and 27h containing phenyl glycine 

(Phg), phenyl alanine (Phe) and 2-fluoro phenyl alanine (2-F-Phe) respectively as 

spacers were also found to be the least potent. However compound 27j with β-phenyl 

phenyl alanine (β-PPA) showed the highest DPP-IV inhibitory activity (IC50: 27 nM) within 

the series. 

The first series was specifically designed as analogs of 27a, to understand the 

role of α-substituents on 1C amino-alkyl spacer so as to get the low nM DPP-IV 

inhibitory activity. The SAR study of first series reveals that the DPP-IV inhibitory activity 

of test compounds drastically varies with the nature of α-substituents and among various 

substituents screened, β-PPA was found to be favorable. It appears that the DPP-IV 

enzyme accepts changes in limited steric bulk at S2 binding pocket, which might be due 

to the stapled orientation of Glu-dyad in S2 pocket.  

Compound 27j was identified as primary hit from the first series. Further to 

improve DPP-IV inhibitory activity of 27j, second series (34a-m) was designed, 

specifically by carrying out suitable changes over ring-A and -B of 27j and in second 

series, five sets of compounds were prepared (Table 11). Substitutions were carried out 

in set-1 (34a and 34b) on 2nd position, in set-2 (34c and 34d)  on 3rd  position and in set-

3 (34e and 34f) on 2nd and 5th positions of cyano-benzamide (ring-A) , either with 

electron withdrawing (EW) or electron donating (ED) groups. In set-4 (34g-34k), 

substitutions were carried out specifically on 3rd position of cyano-benzamide (ring-A). 

Finally, based upon the literature presidencies (favorable substitution of 4F- pyrrolidine 

in Denagliptin), set-5 (34l and 34m) was prepared by substituting 4th position of cyano-

pyrrolidine (ring-B) with fluoro group, to improve the DPP-IV inhibitory activity.   

All the test compounds from the second series showed significant DPP-IV 

inhibitory activities. Set-1 and 2 showed improved but similar DPP-IV inhibitory activities, 

irrespective of electron withdrawing (EW) or electron donating (ED) nature of the 

substituents. Compare to Set-1 and 3, Set-2 showed very good DPP-IV inhibitory 

activities.  
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Table 11: In vitro DPP-IV inhibitory activity of peptidomimetics 34a-m  

 

34a-m

HN

N

O

CNO

R4
R3

NC

 

S. No R3 R4 
DPP-IV 
inhibition DPP2$ DPP8$ DPP9$ 

34a -H 2-CH3 34 ± 2.9 --- --- --- 
34b -H 2-F  22 ± 1.7 --- --- --- 
34c -H 3-CH3 18 ± 1.3 --- --- --- 
34d -H 3-F 9.6 ± 0.6 >25,000 >15,000 >15,000 
34e -H 2,5-di-CH3 31 ± 2.4 --- --- --- 
34f -H 2,5-di-F 19 ± 0.7 --- --- --- 
34g -H 3-OH 28 ± 2.7 --- --- --- 
34h -H 3-OCH3 23 ± 1.9 --- --- --- 
34i -H 3-Cl 11 ± 0.8 >25,000 >15,000 >15,000 
34j -H 3-CN 17 ± 1.3 --- --- --- 
34k -H 3-CF3 14 ± 2.1 --- --- --- 
34l -F 3-Cl 4.2 ± 0.7  >25,000 >15,000 >15,000 
34m -F 3-F 2.7 ± 0.3 >25,000 >15,000 >15,000 
Denagliptin -- 19 ± 3.2 --- --- --- 
17c -- -- 2.3 ± 0.9 >25,000 >15,000 >15,000 

DPP-IV inhibitory activity determined by fluorescence-based assay; fluorescence measured using Spectra 
Max fluorometer (Molecular Devices, CA) by exciting at 380 nm and emission at 460 nm. IC50 determined 
using Graph Pad prism software. 
 DPP-IV inhibitory activity represented as IC50 (nM), expressed as the mean ±SD (n = 3). 
$ DPP2, DPP8 and DPP9 inhibitory activity represented as fold-selectivity wrt DPP-IV inhibitory activity. 
 Reported literature value for Denagliptin 22 nM (Ref: [261]) 

 
 

Based on these results, further changes were made only at 3rd position of cyano-

benzamide, as set-4 (34g-34k). In set-4, compounds 34j and 34k with EW groups at 

meta position of cyano-benzamide showed higher DPP-IV inhibitory activities than 

compounds 34g and 34h, with ED groups. Among all the compounds tested from 

second series, halo substituted compounds (34d and 34i) showed excellent DPP-IV 

inhibitory activities (IC50: 9.6 and 11 nM respectively). The 4-fluoropyrrolidine-carbonitrile 

derivatives (34l and 34m, set-5) of 34d and 34i showed further improvement in DPP-IV 

inhibitory activities (IC50: 4.2 and 2.7 nM respectively, similar to the best lead compound 

17c of our first designed series-1 discussed in section 3.1), which could be due to the 



  Results & Discussion 

 70

favorable interactions of 4-fluoro pyrrolidine-carbonitrile with the key residues of S1 

pocket. 

The in vitro selectivity over serine protease, especially DPP-2, DPP-8 and DPP-9 

was evaluated for most potent compounds 34d, 34i, 34l and 34m (fold-selectivity listed 

in Table 11) [242]. All the test compounds showed >25000-fold selectivity over DPP-2 

and >15000-fold selectivity over DPP-8 and DPP-9, which was found to be comparable 

with reference standard compound 17c. Among all the compounds tested, 34l and 34m 

were found to be most potent and selective.  

 

3.2.3. In vitro CYP inhibition study of selected peptidomimetics.  

 

 To assess the CYP liabilities of these peptidomimetics, 34l and 34m were 

subjected for CYP3A4 and CYP2D6 inhibition studies (details experimental protocol is 

given in experimental Section 5.2.2.). Both the test compounds were found to be 

devoid of CYP3A4 and CYP2D6 inhibition up to 100 mM concentrations [262]. 

 

3.2.4. Molecular docking study of lead peptidomimetic 34m 

 

 The molecular docking analysis of 27a, 34m and Denagliptin was carried out 

using extra precision (XP) Glide docking method (Figure 30), to understand their critical 

interactions with all the three binding sites (S1, S2 and S3) of DPP-IV enzyme (Figure 

31; binding poses overlay of 27a (Turquoise), 34m (Brown) and Denagliptin (Rose)). 

The crystal structure of the DPP-IV enzyme (PDB ID: 2I03) was obtained from the 

protein data bank and the protein structure was prepared using protein preparation 

wizard module of Schrödinger (details experimental protocol is given in experimental 

section 5.4) [245-246]. 

 The results of docking studies illustrate that all the three compounds interact 

closely with the key residues of S1 pocket (as per literature presidencies, 

cyanopyrrolidine-CN may form covalent bond with OH-group of side-chain of Ser630). In 

S2 pocket, benzamide-NH of 34m and α-amino group of Denagliptin forms H-bonding 

with C=O groups of side-chains of Glu205 and Glu206 dyad, while benzamide-NH of 27a 

flip away from the Glu dyad. Compound 34m interact closely in S3 pocket (aromatic–CN 

forms H-bonding with the NH of guanidine side-chain of Arg358), while 27a interact 
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weakly with the key residues of S2 and S3 pockets, which may justify its weak in vitro 

DPP-IV inhibitory activity. 

 

Figure 30: Key interactions of compounds 27a, 34m and Denagliptin with active sites 

of DPP-IV enzyme 

  

 Incorporation of -PPA linkage (spacer) in 34m allows it to adopt new 

confirmation, which may favors covalent interaction of cyanopyrrolidine ring with Ser630 

(S1 pocket, covalent interaction of cyanopyrrolidine ring, as reported for cyanopyrrolidine 

derivatives), strong H-bonding of back-bone benzamide-NH with Glu dyad (S2 pocket) 

and para-nitrile benzamide with Arg358, including aromatic π- π stacking of benzamide 

with Phe357 in S3 pocket. As observed with Denagliptin, 34m docks very well into all the 

three sites (S1, S2 and S3) of DPP-IV crystal structure and these favorable interactions 

of 34m across all the three sites of DPP-IV enzyme support its potent in vitro DPP-IV 

inhibitory activity and excellent selectivity over other protease. 
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Binding pose of compound 27a (Turquoise), 34m (Brown) and Denagliptin (Rose) in the DPP-IV active site 
is indicated (Surface view: Green),  
wherein compounds 34m and Denagliptin interacts closely with key residues of site S1, S2 and S3. 

 
Figure 31: Overlay binding pose of compounds 27a, 34m and Denagliptin with active 

sites of DPP-IV enzyme 

 

3.2.5. Conclusion 

  

 In summary, we have reported discovery of peptidomimetic based 

cyanopyrrolidines derivatives as potent and selective inhibitors of DPP-IV and devoid of 

CYP liabilities. Novel peptidomimetics  34l and 34m showed excellent in vitro potency 

and selectivity over other serine proteases, due to their favorable orientations across all 

the three binding sites. Thus we successfully overcome the CYP inhibition problem arise 

with the lead compound 17c of the first series by modifying it to novel peptidomimetic 

34m with no CYP inhibition up to 100 mM concentrations. 
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3.3. Aminomethylpiperidone based DPP-IV inhibitors (Third series) 

3.3.1. Chemistry 

  As discussed in designing section 2.1.3 this series was specifically 

designed to develop potent and selective DPP-IV inhibitors with improved 

pharmacokinetic profile. wherein we intended to synthesize the compounds represented 

by general structures 68a-v, 69a-e and 70a-e (Figure 32). Synthetic methodology was 

designed based on the retrosynthetic analysis and the schemes are described below. 

Synthetic method reported in literature were adapted for the synthesis of title compounds 

68a-v, 69a-e and 70a-e. All compounds were synthesized following the procedure 

reported earlier in literature by choosing the appropriate starting materials and optimizing 

reaction conditions. 

 

    
 
Figure 32. Aminomethyl-piperidone based DPP-IV inhibitors 
 

As depicted in Scheme-10, synthesis of the aminomethyl-piperidones based 

DPP-IV inhibitors (68a-v, 69a-e and 70a-e) commenced with a Horner-Wadsworth-

Emmons reaction of aldehydes 51a-c, followed by Michael addition, to get diester (53a-

c). Reduction of nitrile group of 53a-c by hydrogenation, using Adam’s catalyst, followed 

by cyclization and ester regeneration by trimethylsilyldiazomethane yielded piperidone-

carboxylate (56a-c), with >85% trans selectivity [263].  Trans racemic mixture [(3R, 4S) 

and (3S, 4R)] of (56a-c) were isolated in pure form by removing corresponding cis 

racemic mixture [(3R, 4R) and (3S, 4S)], by column chromatography (mobile phase: 0-

3% methanol in DCM, using 100-200 mesh silica gel). Amide –NH protection of trans 

racemic 56a-c with para-methoxy benzyl (PMB) group and reduction of ester with lithium 

aluminium hydride (LiAlH4) provided trans racemic alcohol (58a-c). Subsequently, 58a-c 

were converted to a good leaving group (methanesulfonate derivatives 59a-c), which 

upon treatment with potassium phthalimide via Gabriel synthesis type reaction lead to 

the formation of trans racemic phthalimido-piperidones (60a-c). 
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Reagents and conditions: (a) (Et2O)2POCH2COOMe, Na2CO3, EtOH (b) NCCH2COOMe, 
NaOMe, MeOH (c) H2, PtO2, HCl, MeOH (d) K2CO3, Toluene/MeOH (e) Me3SiCHN2, Et2O/MeOH 
(f) PMB-Br, NaHMDS, THF/DMF(4:1), -78°C (g) LiAlH4, THF, 0°C (h) CH3SO2Cl, NEt3, DCM, 0°C 
(i) Pottassium phthalimide, DMF, 90°C (j) NH2-NH2, EtOH, 25°C (k) Chiral resolution: D-tartaric 
acid, MeOH. (l) Boc2O, NEt3, THF/H2O(3:2), 25°C (m) CAN, CH3CN/H2O(3:1), 25°C (n) R-X (64a-
v), CuI, K2CO3/K3PO4, N,N'-dimethylethylenediamine, Toluene, Reflux or R-X (64a-v), NaH, DMF, 
0°C-25°C (o) Conc.  HCl/EtOAc(1:3), -50°C, 2h, 0°C, 1h. 
Scheme 10. Synthetic methods for the preparation of aminomethylpiperidones 68a-v, 

69a-e and 70a-e 
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 Hydrazinolysis of phthalimido group of 60a-c provided trans racemic 

aminopiperidones (61a-c). Trans racemic 61a-c was subjected for chiral resolution using 

D-tartaric acid, to get enantiomerically pure (4S, 5S)  desired piperidones (61a-c) as a 

tartrate salt with >97% ee. Protection of primary amine with Boc-group and subsequent 

oxidative removal of PMB group gave Boc-aminopiperidones (63a-c). Various 

haloheterocycles/ halo-aromatics of the interest 64a-v (Figure 33) were coupled with 

Boc-aminopiperidones (63a-c) by Goldberg reaction [264] or by nucleophilic substitution, 

followed by Boc-deprotection lead to the formation of chiral pure (4S, 5S)  aminomethyl-

piperidones (68a-v, 69a-e and 70a-e) [265-266]. All the test compounds obtained were 

purified by preparative HPLC (yield 70–85%; HPLC purity >97% and chiral purity 

>97%ee) and characterized by various spectroscopic techniques (13C NMR, 1H NMR 

and ESI MS). 

 

 

Figure 33. Structures of halo-heterocycles and halo-aromatics 64a-v 

 

 As shown in shceme-11 substituted bezaldehyde 51a was synthesized from its 

difluoro benzene precursor 71 by formylation via Vilsmeier-Haack type reaction, using 

the method reported by Anthony David et al in good yield [267]. Whereas substituted 
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bezaldehydes 51b-c used as starting material for the synthesis of aminomethyl-

piperidones 69a-e and 70a-e were procured from the commercial bulk suppliers. Various 

halo-heterocycles or halo-aromatics 64a-v required for the synthesis of aminomethyl-

piperidones 68a-v, 69a-e and 70a-e have been either synthesized by reported literature 

procedures by choosing the appropriate starting materials and optimizing reaction 

conditions or procured from the commercial suppliers [268]. However halo-aromatics 

and halo-heterocycle 64a-m and 64p-q  were procured from the commercial bulk 

suppliers. Whereas halo-heterocycles 64n-o and 64r-v were synthesized by different 

synthetic methodologies reported in the literature (Schemes 12-17).  

 

 
Reagents and conditions: (a) i. n-BuLi, DMF, n-Hexane, -78°C, 1h, < -65°C 1h. ii. CH3COOH, 
Water, -65°C  to 5°C . 
 
Scheme 11. Synthetic method for the preparation of benzaldehyde 51a 

  

 
Reagents and conditions: (a) Hydrazin-hydrate, EtOH, Reflux, 2h (b) CH(OEt)3, Xylene, Reflux, 
4h. (c) HI, Reflux, 3days. 
 
Scheme 12. Synthetic method for the preparation of halo-heterocycle 64n 
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 Heterocycle 64n has been synthesized by various methods in the literature, here 

we adopted the best optimized reaction condition of each step reported in the literature 

for the sythesis of 64n as outlined in scheme 12 [31,269-271].  

 Synthesis of 64o was carried out by making variation of a rout described by 

Avellana et al as illustrated in scheme 13 [272]. 

 

 
Reagents and conditions: (a) NH4OH, 130°C, 10bar pressure, 48h (b) CH3COCH2COOC2H5, 
benzyl alcohol, Reflux, 24h. 
 
Scheme 13. Synthetic method for the preparation of halo-heterocycle 64o 

 Synthesis of 64r (scheme 14) was accomplised with commercially available 

starting materials 77 (Which can also be prepared by method of Keisuke Suzuki et al 

[273]) and 3-Aminocrotononitrile 79 by modifying the literature procedure reported by 

Gerald Shipps et al and Nam et al [274-275]. 
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Reagents and conditions: (a) i. Br2, DCM, 0°C, 1h ii. NEt3, Et2O, 0°C, 1h  (b) Hydrazine hydrate, 
Water, Reflux, 8h (c) 33% HBr in CH3COOH, EtOH, CH3COOH, Reflux, 3h. (d) HI, Reflux, 3days. 
 

Scheme 14. Synthetic method for the preparation of halo-heterocycle 64r 

  

 Synthesis of 64s-t was accomplished with 3,6-Dichloropyridazine 75 according to 

the method reported by Jason Cox et al without making any modification of reaction 

procedure (scheme 15)[265, 271]. 
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Reagents and conditions: (a) CH3CONHNH2/CF3CONHNH2, Butanol, Reflux, 24h. (b) HI, 
Reflux, 3days. 
 
Scheme 15. Synthetic method for the preparation of halo-heterocycle 64s-t 

    

 
Reagents and conditions: (a) NH4OH, 130°C, 10bar pressure, 48h (b) TFAA, NEt3, DCM, 25°C, 
24h (c) PCl5, EDC,  Reflux, 6h (d) NH2OH·HCl, 25°C, 3h (e) H3PO4, 150°C, 4h. (f) HI, Reflux, 
3days. 
 
Scheme 16. Synthetic method for the preparation of halo-heterocycle 64u 

 

For the synthesis of halo-heterocycle 64u (Scheme 16), commercially available 

3,6-Dichloropyridazine 75 was  converted to 3-Amino-6-chloropyridazine 76 by heating 

with liq. ammonia under high pressure, which upon treatment with trifluoroacetic 

anhydride provided acyl derivative 83. Compound 83 upon treatment with PCl5 gave 

imidoylchloride 84, which was converted to hydroxyme 85 and subsequent treatment 

with polyphosphoric acid provided halo-heterocycle 86, Heterocycle 86 upon treatment 

with hydro iodic acid and basic workup gave desired compound 64u [265, 271]. 
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Reagents and conditions: (a) LiAlH4, THF, 0°C, 1h, 25°C, 5h (b) CBr4, PPh3, ACN, 25°C , 15h 
(c) NaI, Acetone,  Reflux, 24h. 
 

Scheme 17. Synthetic method for the preparation of halo-heterocycle 64v 

  

 Various routs are reported in the literature for the synthesis of benzo-dioxole 

derivative 64v [276-278]. Here we synthesized 64v by method as illustrated in scheme-

17 starting from commercially available benzo-dioxole acetic acid 87 (procured from 

Taizhou Bolon Pharmachem CO. LTD. Chaina.). Compound 87 was reduced to alcohol 

derivative 88 by using the method reported by Patrick Bailey et al by optimizing the 

reaction condition [277]. Further compound 88 was converted to benzo-dioxole 

derivative 64v through its corresponding halo derivative 89 using the method reported by 

Saurabh Shahane et al by modifying the reaction conditions [278]. 

 

3.3.2. In vitro DPP-IV inhibitory activity, selectivity and structure activity 

relationship (SAR) 

  

The in vitro DPP-IV inhibitory activity was determined in order to establish the 

structure-activity relationship (SAR) using fluorescence-based assay (details 

experimental protocol is given in experimental Section 5.2.1.) [242]. Three sets of the 

aminomethyl-piperidones (68a-v, 69a-e and 70a-e) were prepared (Table 12). In the first 

set (Ar = 2,5-difluoro phenyl), 22 compounds (68a-v) were prepared by coupling 2,5-

difluoro phenyl-aminopiperidone (63a) with various halo-heterocycles/halo-aromatics. In 

the second set (Ar = 2,4,5-trifluoro phenyl), 5 compounds (69a-e) were prepared by 

replacing 2,5-difluoro phenyl with 2,4,5-trifluoro phenyl, while in third set (Ar = 2,4-
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dichloro phenyl), 5 compounds (70a-e) were prepared by replacing 2,5-difluoro phenyl 

with 2,4-dichloro phenyl. All the test compounds showed varying degrees of DPP-IV 

inhibitory activity (IC50), depending on the nature of the substituents.  

Within the first set (68a-v), test compounds showed diverse DPP-IV inhibitory 

activity depending on the nature of substituents on piperidone ring system. Compounds 

with electron withdrawing groups (68b: -CN, 68c: -F and 68d: -CF3) at para-position of 

phenyl ring system showed improved DPP-IV inhibitory activity, compared to 

unsubstituted derivative (R=-Ph; 68a).  Compounds with electron donating groups (68e: -

OMe and 68f: -SO2-Me) at para-position of phenyl ring showed further improvement in in 

vitro DPP-IV inhibitory activity.  

Replacement of phenyl ring system with 3-pyridyl (68g) and further substitutions 

with electron donating (68h) and withdrawing (68i and 68j) groups at para-position 

showed moderate DPP-IV inhibitory activity. Replacement of phenyl ring system with 

quinoline (68m), triazolo[4,3-a]pyrazine (68n), 2-methyl-pyrimido[1,2-b]pyridazinone 

(68o), benzyl (68k) and further substitutions with electron withdrawing (68l) groups at 

para-position showed moderate DPP-IV inhibitory activity. Substitutions with 

ethylbenzene (68p), ethylpyridine (68q), dimethylpyrazolo[1,5-a]-pyrimidine (68r), 3-

methyl-triazolo[4,3-b]pyridazine (68s), 3-trifluoromethyl-triazolo[4,3-b]pyridazine (68t) 

and   2-trifluoromethyl-triazolo[1,5-b]pyridazine (66u) showed good DPP-IV inhibitory 

activity, while 68v (methylenedioxy phenethyl) showed superior DPP-IV inhibitory activity 

(IC50: 8.5±0.4 nM), compared to Sitagliptin (IC50: 18±2.4 nM).  

In the second set (69a-e, Ar = 2,4,5-trifluoro phenyl), all the five compounds 

showed good activity, but compared to 2,5-difluoro phenyl series (Set-1 analogs, 68q, 

68r, 68t, 68u and 68v), in vitro DPP-IV inhibition were found to be bit weaker, while in 

set three (70a-e, Ar = 2,4-dichloro phenyl), in vitro DPP-IV inhibition were found to be 

slight weaker than set-1 and set-2 corresponding analogs. Thus the nature and position 

of halogen atom on aromatic ring system contributed significantly towards in vitro DPP-

IV inhibition.  

Further the activity difference of the corresponding analogues in all three series 

compounds could be due to difference in the binding inter action of the aromatic rings in 

S1 pocket of the DPP-IV enzyme. 2,5-difluoro phenyl might be best fitting in the S1 

pocket compared to the 2,4,5-trifluoro phenyl , which could be further binding batter than 

2,4-dichloro phenyl ring. 
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Table-12: In-vitro DPP-IV inhibitory activity of aminomethyl-piperidones (68a-v, 69a-e & 

70a-e). 

 
 
 

Com
p. 

R 
IC50 

(nM) 
Com

p. 
R 

IC50 

(nM) 
Comp. R 

IC50 

(nM) 

68a 
 

1436±12 68l 910±3.1 69a 
 

157±4.1 

68b 
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1034±21 69b 
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382±4.5 68n 
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69c 
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342±3.3 68o 
997±13.
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193±8.4 68q 
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452±3.7 68s 
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68k 
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2 

68v 
 

8.5±0.4 
Sitaglipt

in -- 18±2.4 

DPP-IV inhibitory activity determined by fluorescence-based assay; fluorescence measured using 
Spectra Max fluorometer (Molecular Devices, CA) by exciting at 380 nm and emission at 460 nm. IC50 
determined using Graph Pad prism software 

 DPP-IV inhibitory activity represented as IC50 (nM), expressed as the mean ±SD (n = 3)  
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Overall 32 compounds screened for in vitro DPP-IV inhibition and here we 

identified compound 68v as the most potent molecule among all the three series. 

Further, in vitro selectivity over other related serine protease, especially DPP-2, DPP-8 

and DPP-9 was evaluated for 68v and it showed >5000-fold selectivity over DPP-2 and 

>10,000-fold selectivity over DPP-8 and DPP-9 [242]. 

 

3.3.3. In vitro CYP inhibition study of aminomethyl-pipyridone 68v. 

  

 To assess the CYP liabilities, 68v was subjected for CYP1A2, CYP2C8, 

CYP2C9, CYP2D6, CYP2C19 and CYP3A4 inhibition studies (@1, 10 and 100 μM 

concentrations) and the test compound 68v was found to be devoid of CYP1A2, 

CYP2C8, CYP2C9, CYP2D6, CYP2C19 and CYP3A4 inhibition up to 100 μM 

concentrations (details experimental protocol is given in experimental Section 5.2.2.). 

 

3.3.4. In vivo antidiabetic activity of aminomethyl-pipyridone 68v. 

 

 Detailed pharmacodynamic (PD) profiling of 68v was carried out. The in 

vivo antidiabetic activity of 68v and Sitagliptin (@ 3 mg/kg, po) was evaluated in male 

C57BL/6J mice, using OGTT (oral glucose tolerance test) protocol (details experimental 

protocol is given in experimental Section 5.2.3.) and changes in serum glucose levels 

(AUC glucose up to 240 min; mg/dL) was estimated (Figure 34) [243-244]. 

 Compound 68v showed good oral antidiabetic activity (% decrease in AUC 

glucose 38.9 ± 5.20), which was found to be better than Sitagliptin (% decrease in AUC 

glucose 17.9 ± 4.58). In C57 mice, it was interesting to observe that 68v showed 

suppression in the blood glucose at all the time points (15, 30, 60, 120 and 240 min) 

compared to vehicle control, while sitagliptin showed blood glucose reduction only at 30 

and 60 min. 

 Here this study reviles that compound 68v might have a tendency of sustained 

release. Hence to understand its duration of action a separate study has been 

conducted in fed db/db mice for antidiabetic activity followed by pharmacokinetic (PK) 

study. 
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*P<0.05, Two-Way ANOVA followed by Bonferroni posttest, Mean ± SEM 

 
Figure 34: In vivo antidiabetic activity of 68v and Sitagliptin in C57 mice (OGTT) 

 

 
*P<0.05, Two-Way ANOVA followed by Bonferroni post test, M ± SEM 

 

Figure 35: In vivo antidiabetic activity of 68v and Sitagliptin in db/db mice 
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 Further to understand the duration of action and effect of 68v on post-prandial 

glucose excursion, single dose (@ 3 mg/kg, po) antidiabetic activity of 68v and sitagliptin 

was evaluated in fed-db/db mice (hyperglycemic animals) for 24 h (Figure 35). Under 

fed condition, compared to vehicle control, 68v and sitagliptin showed good antidiabetic 

activity (% decrease in AUC glucose 38.29 ± 12.13 and 20.80 ± 11.06, respectively) up 

to 2 h. However, 68v showed prolonged suppression of serum glucose levels (% 

decrease in AUC glucose 20.62 ± 7.05 for 68v and 1.48 ± 11.84 for sitagliptin, up to 24 

h). 

 

3.3.5. Pharmacokinetic (PK) studies of aminomethyl-pipyridone 68v. 

  

 A comparative single dose (3 mg/kg iv or po) PK profile of 68v and Sitagliptin 

was evaluated in male C57BL/6J mice (n = 6) and the various PK parameters (Tmax, T1/2, 

Cmax, AUC and %F) were recorded (Table 13) (details experimental protocol is given in 

experimental Section 5.3). 

  In PK study, 68v showed rapid Tmax, higher AUC (~twofold compared to 

sitagliptin), extended half-life (T1/2: >8 h) compared to sitagliptin and good oral 

bioavailability (%F:79.5%). Compound 68v showed extended half-life and higher AUC, 

which could be due to its low clearance compared to sitagliptin (elimination rate constant 

(kel; h-1), 0.12 ± 0.02 for 68v and 0.84 ± 0.14 for sitagliptin). Thus improved 

pharmacokinetic profile of compound 68v justifies its potent and prolonged antidiabetic 

activity in C57 and db/db mice. 

 

Table 13: Pharmacokinetic study parametersa of 68v and Sitagliptin 

Compd Tmax (h) Cmax (mg/ml) T1/2 (h) 
AUC (0-) h 

mg/ml 
%F* 

 

68v 0.28 ± 0.12 0.42 ± 0.03 8.99 ± 0.31 1.07 ± 0.09 79.5% 

Sitagliptin 0.31 ± 0.10 0.31 ± 0.01 1.56 ± 0.11 0.56 ± 0.02 75.9% 

aIn male C57BL/6J mice (n=6), compounds were administered orally (p.o) at 2 mg/kg dose and plasma 
concentration was analyzed by LC-MS, values indicate Mean ± SD. 
* Oral bioavailability (%F) was calculated wrt to iv AUC (68v: 1.19 ± 0.08 & sitagliptin: 0.66 ± 0.09 h 
µg/ml) administered at 2 mg/kg dose, iv. 
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3.3.6. Molecular docking study of aminomethyl-pipyridone 68v 

  

The molecular docking analysis of 68v and sitagliptin, in the binding pocket of 

DPP-IV was carried out using extra precision (XP) Glide docking method (Figure 36) 

(details experimental protocol is given in experimental section 5.4.) [245-246]. The X-

ray structure of the DPP-IV enzyme (PDB ID: 2OQI) was obtained from the protein data 

bank and the protein structure was prepared using protein preparation wizard module of 

Schrödinger. For docking study, the ligands were geometrically optimized and prepared 

by using ligprep module of Schrödinger.  

 

 

Binding pose of compound 68v (Orange) and Sitagliptin (Maroon) in the DPP-IV active site is indicated (Surface view: 
Blue), wherein both compounds interact closely with key residues of site S1, S2 and S3. 
 

Figure 36: Key interactions of compound 68v and Sitagliptin with active sites of DPP-IV 

enzyme 
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The overlay of binding poses of 68v (Orange) and Sitagliptin (Maroon) in the 

DPP-IV active site is shown in Figure 36. As observed with sitagliptin, 68v docks very 

well into all the three sites (G-scores -11.81 (9/9) and -10.99 (9/9) for 68v and sitagliptin 

respectively). Although, G-score of 68v and sitagliptin are comparable, however, in vitro, 

DPP-IV IC50 of 68v is half of that of sitagliptin, which could be due to favorable 

interactions of 68v, in all the three binding pockets.  Di-fluoro-phenyl ring of 68v 

occupies S1 pocket. In S2 pocket, aminomethyl groups of piperidone ring forms H-

bonding with the side-chains of Glu205 and Glu206 dyad, while methylenedioxy phenyl 

ring of 68v accommodates very well in S3 pocket, which together supports excellent in 

vitro DPP-IV activity and selectivity of 68v over other protease. 

 

3.3.7. Conclusion 

 Various gliptins, currently used in the clinic (Sitagliptin, Vildagliptin, Saxagliptin, 

Alogliptin and Linagliptin), exhibit short half-life thereby requires once or twice daily drug 

administration [279-280]. Further to regulate the pre- and post-prandial blood glucose 

and thereby to control HbA1c, several long-acting DPP-IV inhibitors (Omarigliptin and 

Trelagliptin) are under developments, as once-weekly drugs [205]. Their clinical efficacy 

and side effects profile appear to be comparable with other gliptins in the class, 

however, their infrequent dosing creates a niche and promotes patients compliance.  In 

this context, overall pre-clinical profile of 68v demonstrated added advantages over 

currently practiced gliptins and appears to serve as long-acting DPP-IV inhibitors. 

  Here we report discovery of novel aminomethyl-piperidone derivatives as 

potent, selective and long acting DPP-IV inhibitors for the treatment of T2DM. The lead 

compound 68v ((4S,5S)-5-(aminomethyl)-1-(2-(benzo[d] [1,3]dioxol-5-yl)ethyl)-4-(2,5-

difluorophenyl)-piperidin-2-one)  showed prolonged suppression of pre-and post-prandial 

blood glucose levels (in vivo), which correlates with its extended PK profile. 
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“The scientist is not a person who gives the right answers, he's 
one who asks the right questions.” ― Claude Lévi-Strauss  
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            4. Overall Summary and Future Plan 

 

4.1 Overall summary of current investigation 

            T2DM is a complex multifactorial disease affecting the length and quality of life 

of diabetic patients. T2DM is characterized by hyperglycemia, insulin resistance and/or 

impaired insulin secretion. T2DM remains a leading cause of cardiovascular disorders, 

blindness, end-stage renal failure, amputations and hospitalizations. The economic 

burden for healthcare systems is rising sharply, owing to the costs associated with the 

treatment of diabetes and its complications. Treatment of patients with T2DM strives for 

normalization of hyperglycemia by a combination of medical nutrition therapy, physical 

activity and pharmacological agents. Patient education and empowerment are essential 

components of therapy [281]. Most patients require continuous treatment in order to 

maintain normal or near-normal glycemia. T2DM is a progressive disorder accompanied 

by deterioration in β cell function and insulin resistance. Despite this fact, there is now 

clear evidence that tight control of blood glucose significantly reduces the risk of 

complications of diabetes.  

The DPP-IV inhibitors are well known oral hypoglycemic drugs which have been 

in clinical use for the past 8 years. The DPP-IV inhibitors are safe, weight neutral and 

widely prescribed. There are currently eight gliptins registered worldwide with several 

more in advanced stages of development. However no gliptin is there in market for long 

term treatment of T2DM. Further, In vivo evidence in experimental animal models and in 

initial clinical trials has demonstrated that DPP IV inhibitors have therapeutic potential in 

the long term chronic treatment of T2DM, delaying disease progression and decreasing 

the circulating levels of glycated hemoglobin (HbA1c), There are two gliptins in 

advanced stages of clinical development which can be registered for once-weekly 

dosing regimen. 

                        In the present investigation altogether three series of DPP-IV inhibitors 

were designed. In the first series, cyanopyrrolidine containing peptidomimetic based 

DPP-IV inhibitors, total thirty compounds were prepared. In the second series, 

peptidomimetic based DPP-IV inhibitors, devoid of CYP liabilities, total twenty three 

compounds were prepared. In the third series, aminomethylpiperidone based DPP-IV 

inhibitors, total thirty two compounds were prepared. Altogether eighty five compounds 

were synthesized, purified, characterized and subjected for in vitro DPP-IV inhibitory 

activity. The most potent selected DPP-IV inhibitors from each series were further 
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subjected for the in vitro selectivity over other serine proteases (especially over DPP-2, 

DPP-8 and DPP-9).  From each series, the most potent and selective compounds were 

subjected for the in vivo antidiabetic activity followed by PK studies. Compounds of all 

the three series were found to be potent and selective DPP-IV inhibitors. 

            In the first series, pyrrolidine carboxamide compounds 11e, 11f, 12e, 12f, 16e 

and 16f (para-nitrile/ trifluoromethyl benzamide) were identified as primary lead 

compounds. These lead compounds were transformed to their respective nitrile 

derivatives to give potent DPP-IV inhibitors 17a-d and 18a-b. Among these 

cyanopyrrolidene based peptidomimetics, compounds 17c and 17d showed excellent 

DPP-IV inhibition (in vitro) along with selectivity over other related serine proteases. 

therefore 17c and 17d was considered as optimize lead in this series. 

           Results of in vitro DPP-IV inhibitory activity, in vivo pharmacodynamic study and 

molecular docking studies of 17c and 17d clearly demonstrated that the potency of 

cyanopyrrolidine containing peptidomimetic based DPP-IV inhibitors can be modulated 

by introducing nitrile group (-CN) at the C2 carbon of the pyrrolidine ring, which binds to 

the S1 pocket of the DPP-IV enzyme. Further selectivity can be modulated by 

introducing  -CN or -CF3 group at para position of the benzamide ring, which binds to S3 

site of the DPP-IV enzyme. It was observed that introduction of suitable spacer (i.e. 

GABA: -amino butyric acid), which links the S1 and S3 pocket binding component of the 

ligand, contributed significantly towards improvement in the in vivo DPP-IV inhibitory 

activity, which could be correlated with its improved oral bioavailability. The 

pharmacodynamic study of 17c demonstrated excellent in vitro DPP-IV inhibitory activity 

and >15,000 fold selectivity against related enzymes with sustained suppression of pre- 

and post-prandial blood glucose levels (in vivo). In PK studies, compound 17c showed 

higher oral bioavailability with extended T1/2, indicating that  compound 17c can be 

considered as the promising candidate for effective treatment of T2DM and need to 

subject for further pre-clinical evaluation. 

            As discussed earlier in designing section, second series was planned to 

overcome CYP activity associated with the lead compound 17c of the first series. In this 

regard initial attempts were made to reduce CYP activity, by introducing suitable spacers 

(substituted α-amino acid) of reduced chain length to link cyanopyrrolidine (ring A) with 

para-cyanobenzoic acid (ring B) of the lead molecule (17c of the first series) [235]. 

Compound 27j was identified as primary hit from this series. Further to improve DPP-IV 

potency of 27j, changes were done in para-cyanobenzamide ring, which lead to potent 
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compounds 34d and 34i. The high potency of compounds 34d and 34i  could be 

because, introduction of sterically less bulky halo atoms (i.e. –F/-Cl) specifically at meta 

position of the benzamide ring (might be best fit in S3 site and imparts tight binding of 

the molecule with DPP-IV enzyme in all the three binding sites). Again based upon the 

literature presidencies [229-230], we made change in pyrrolidine ring system by 

introducing cis-4 fluoro substituent and thereby we identified compounds 34l and 34m as 

the most potent compounds from this series. Lead compound 34m showed in vitro DPP-

IV inhibition equivalent to lead compound 17c of the first series with >15,000 fold 

selectivity over other related serine protease (DPP2, DPP8 and DPP9) and showed no 

CYP inhibition up to 100µM concentration. 

            In the third series, modification of the lead compound VII developed by Merck 

Sharp & Dohme Corp. was carried out by enhancing the spatial position of –NH2 group 

by introducing methylene group (i.e. amino methyl group) and rupturing tricyclic ring from 

the 5-membered imidazole ring to get flexible structure keeping other component intact. 

We anticipated that the presence and the position of the primary amine might be critical 

for the inhibitory activity. By making this suitable scaffold changes and incorporating 

widely used halo-aromatics and halo-heterocycle, we identified progressive lead 

compound 68v in this series.  

Compound 68v showed in vitro DPP-IV inhibitory activity 2-fold more than 

Sitagliptin and >5000 fold selectivity over DPP2, DPP8 and DPP9 enzyme. Further PD 

study of compound 68v revels prolonged suppression of pre-and post-prandial blood 

glucose levels (in vivo), which correlates with its extended PK profile. 

Shortlisted lead compounds from all the three series are listed in Table 14. 

Among all the series, compound 68v from the third series turn out as the best compound 

in terms of preclinical profiling. Compound 68v showed extended T1/2 of ~9 h and 

bioavailability of ~80% with prolong suppression of serum glucose levels ~20% up to 

24h, which reports discovery of compound 68v, a novel aminomethyl-piperidone 

derivative as potent, selective and long acting DPP-IV inhibitor for the treatment of 

T2DM. 
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Table. 14 Short listed lead compounds from all the three series.             

Series Lead molecule 

In vitro 
DPP-IV 

(IC50 
nM) 

In vitro fold selectivity 
In vivo 
IPGTT 
(OGTT) 

%Glucose 
reduction 

PK 
T1/2 (h) 

(%F) DPP2 DPP8 DPP9 

1 
17c 

2.3±0.9 >25,000 >15,000 >15,000 
54.9±3.86 
(33.5±7.4) 
at 20mpk 

7.99±0.3 
(72.5%) 

17d 

3.8±0.5 >25,000 >15,000 >15,000 17.4±5.35 
at 20 mpk 

0.99±0.1 
(63.1%) 

2 

 
34l 

4.2±0.7 >25,000 >15,000 >15,000 NA NA 

 
34m 

2.7±0.3 >25,000 >15,000 >15,000 NA NA 

3 

 
68v 

8.5±0.4 >5000 >10,000 >10,000 
(38.9±5.2) 
at 3 mpk 

8.99±0.3 
(79.5%) 

 

4.2 Future Plan 

            From the third series, compound 68v showed excellent DPP-IV inhibitory 

activity (in vitro) & antidiabetic activity (in vivo). The PK profile of 68v was found to be 

satisfactory to represent it as a promising long acting DPP-IV inhibitor to work on. Future 

work includes some additional safety study and pre-clinical studies before it has been 

subjected for clinical development. Compound 68v should be subjected for chronic 

efficacy studies and for long term toxicological evaluation, along with its PK profile in 

higher animals such as dog or monkey. 

Furthermore, during the development of compound 68v, it has been observed that 

compounds of this series accommodate more flexibility with the halo aromatics which 
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binds in a far region of DPP-IV enzyme S3 site. Further modification can be 

accomplished by incorporating alicyclic ring systems that can mimic the size of the 

acyclic part in halo-aromatic of 68v. This new structural aspect may lead to change in 

molecular conformation analogues to 68v but with more effective binding interaction with 

the enzyme. So by incorporating heterocycles which have been used widely for the 

development of DPP-IV inhibitors, in the form fused with alicyclic ring systems expands 

further scope for new series development. Main focus of developing new series will be 

towards improving the PK profile to get batter DPP-IV inhibitor that can turn as a once a 

week regimen (Figure 37). 

 

 

Figure 37: New series development based on lead molecule 68v 
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“Learn from yesterday, live for today, hope for tomorrow. The 

important thing is to not stop questioning.” ― Albert Einstein, 
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5.  Experimental 

 

5.1 Chemistry 

 

5.1.1. Materials and Methods 

            All the reagents used for the synthesis were purchased from Sigma Aldrich 

Company Limited, Dorset and were used without further purification. Solvents were 

procured from commercial source and used after distilling or drying according to the 

known methods. All the air and/or moisture sensitive reactions were carried out in dry 

solvents under nitrogen atmosphere. Melting points were recorded in open glass 

capillaries, using scientific melting point apparatus and are uncorrected.  

            The 1H NMR spectra were recorded on a Bruker Avance-400 (400 MHz) 

spectrometer. The chemical shifts () are reported in parts per million (ppm) relative to 

TMS either in CD3OD, DMSO-d6 or CDCl3. Signal multiplicities are represented by s 

(singlet), d (doublet), dd (doublet of doublet), t (triplet), q (quartet), bs (broad singlet), 

and m (multiplet). 13C NMR spectra were recorded on Bruker Avance-400 at 100 MHz 

either in CDCl3 or Acetone-d6. Mass spectra (ESI-MS) were obtained on Shimadzu 

LCMS 2010-A spectrometer. Elemental analyses were carried out using a Perkin-Elmer 

2400 CHN analyzer.  

            HPLC analyses were carried out at max 220 nm using column. Progress of the 

reactions was monitored by TLC using precoated TLC plates (E. Merck Kieselgel 60 

F254) and the spots were visualized in UV and/or in iodine vapours. The 

chromatographic purification was performed on silica gel (200-400 mesh). Few 

compounds were directly used for next step without purification and analysis. Detailed 

synthetic procedures and characterization data of all the final compounds and 

intermediates are described in this chapter.  
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5.1.2. Experimental Details : Cyanopyrrolidine containing peptidomimetic based 

DPP-IV inhibitors (First series) 

5.1.2.1. (S)-1-(((9H-Fluoren-9-yl)methoxy)carbonyl)pyrrolidine-2-carboxylic acid 

(Fmoc-Pro-OH) (2) 

 

N-Hydroxy succinamide (5.5 g) was charged in a 1L R B flask, to it  was added Na2CO3 

(3.7 g) dissolved in D.M. water (45 ml) and stirred for 15 minutes. Cool it to 0 oC to 5 oC 

using ice-salt bath and was added Fmoc-chloride (11.3 g) dissolved in acetone (45 ml) 

to the reaction mixture drop wise within 20 to 30 minutes maintaining temperature 0oC-

5oC. The reaction mixture was stirred at 0 oC-5 oC for 30 minutes. Free amino acid L-

Proline 19 (5 g) was dissolved in Na2CO3 (10.18 g in 45 ml D. M. water) solution 

followed by addition of acetone (45 ml). This solution was added to the reaction mixture 

using addition funnel within 5 to 10 minutes at temperature 0 oC-5 oC. The reaction 

mixture was stirred at this temperature for 30 minutes, after which the temperature was 

increased gradually to 25 oC and was stirred for 15hours. 

  After completion of the reaction (TLC), it was poured into D.M.water (1L) and was 

basified with 1M Na2CO3 till pH increased to10. The resulting mixture was extracted with 

diisopropyl ether (2 X 150 ml) to remove the non-polar impurities. The aqueous layer 

was acidified with 1M HCl solution tol pH ~2 and was extracted with ethyl acetate (2 X 

150 ml). The combined organic layers were washed with D.M.water (1 X 150 ml) and 

saturated NaCl solution (1 X 150 ml) and filtered through Hyflo supercel using filter flask 

and Buchner funnel) and dried over anhydrous Na2SO4 (~10 g) , and evaporated to 

dryness. Crude residue thus obtained was purified by column chromatography using 

100-200 mesh size silica gel as a stationary phase and 0-40% Ethyl acetate in 

Dichloromethane as an eluting system to give 12.01 g (82% yield) of the title product 2 

as a white amorphous solid. mp: 116-117 oC; Purity by HPLC: 96%. 

ESI/MS (m/z) : 338.4 (M+H)+. Mol. Wt. = 337.3 g 
1HNMR (400 MHz, DMSO-d6) :  1.81-1.86 (m, 2H), 1.94-1.96 (m, 1H), 2.14-2.29 (m, 

1H), 3.33-3.45 (m, 2H), 4.18-4.27 (m, 2H), 4.33 (dd, 1H, J1 = 3.2Hz, J2 = 8.8Hz), 7.31-
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7.35 (m, 2H), 7.36-7.43 (m. 2H), 7.63-7.67 (m, 2H), 7.89 (t, 2H, J = 6.4Hz), 12.69 (bs, 

1H, -COOH)   

 

5.1.2.2.1. 3-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-

Ala-OH) (4) 

 

4.0 g (45 mmol) of -Alanine was suspended in  1,4-dioxane (40 ml) in a R B Flask, and 

11.9 g (112 mmol) of Na2CO3 dissolved in D. M. water (80 ml) was added in a single 

portion to give clear solution. To this mixture was added 12.2 g (47 mmol) of Fmoc-Cl 

dissolved in 1,4-dioxane (20 ml) dropwise over a period of 30min.(During addition solid 

precipitated in reaction mixture). The mixture was stirred at room temperature for 15h.  

After completion (TLC), the reaction mixture was poured in water (200 ml), and 

was extracted with ether (3X100 ml) to remove unwanted impurities. Aqueous layer was 

then acidified with sat. citric acid to pH 3 and extracted with ethyl acetate (3X150 ml), 

combined organic layers were washed sequentially with water (1X150 ml) and brine 

(1x150 ml) solution. Organic layer was then dried over anhy. Na2SO4, filtered and 

evaporated to dryness to give thick gummy residue.  

The residue thus obtained was purified by column chromatography using 100-

200 mesh silica as stationary phase and 0-0.5 % MeOH in CHCl3 as eluting system to 

give 8.85 g (63% yield) of desired product 4 as a white solid. Mp: 144-145 °C; Purity by 

HPLC: 97.4% AUC. 

ESI/MS (m/z) : 312.4 (M+H)+. Mol. Wt. = 311.3 g 
1HNMR (400 MHz, DMSO-d6) :  2.37 (t, 2H, J = 6.9 Hz), 3.15-3.21 (m, 2H), 4.16-4.21 (t, 

1H, J = 6.6 Hz), 4.28 (d, 2H, J = 6.6 Hz), 7.28-7.35 (m, 3H), 7.40 (t, 2H, J = 6.9 Hz), 7.68 

(d, 2H, J = 7.3 Hz), 7.88 (d, 2H, J = 7.3 Hz), 12.21 (bs, 1H, -COOH). 
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5.1.2.2.2. 4-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)butanoic acid (Fmoc-

GABA-OH) (5) 

HO

O

NH2

21

HO

O

NHFmoc

5

Fmoc-Cl, Na2CO3,
Water:1,4 Dioxane, 25°C, 15h.

 

5 (1.2 g) was prepared by means of the general procedure described in 5.1.2.2.1. with 

78% yield as a white solid. 168-170 °C; Purity by HPLC: 98.3% AUC. 

ESI/MS (m/z) : 326.4 (M+H)+. Mol. Wt. = 325.4 g 

1HNMR (400 MHz, CDCl3) :  1.98 (t, 2H, J=6.5 Hz), 2.71 (t, 2H, J=6.5 Hz), 3.32 (d, 2H, 

J=6.5 Hz), 4.21 (t, 2H, J=6.3 Hz), 4.45 (d, 2H, J=6.3 Hz), 4.85 (bs, 1H, -NH), 7.31 (t, 2H, 

J=7.5 Hz), 7.40 (t, 2H, J=7.5 Hz), 7.59 (d, 2H, J=7.5 Hz), 7.77 (d, 2H, J=7.5 Hz), 11.98 

(bs, 1H, -COOH).  

5.1.2.3. 4-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)benzoic acid (Fmoc-PABA-

OH) (13) 

HO

O

NH2

HO

O

NHFmoc

22 13

Fmoc-OSu, NEt3,
Water:Acetonitrile, 25°C, 3h

 

5.0 g (36.5 mmol) of p-amino benzoic acid 22 was suspended in a 250 ml R.B. Flask 

containing 25 ml of D. M. water. To this suspension added triethylamine (5.07 ml, 36.5 

mmol) in a single portion and stirred at room temperature for 30min. To this content 

added acetonitrile (25ml) followed by solid N-(9-Fluorenylmethoxycarbonyloxy)

succinimide (Fmoc-Osu, 10.24 g, 30.4 mmol). Most of the solid dissolved within 30 min., 

reaction mixture became stirrable thick gel. Reaction mixture was stirred for 3h at room 

temperature to completion (TLC). 

Acetonitrile of the reaction mixture was removed under reduced pressure and 

was extracted with ether to remove impurities if any. Aqueous layers were then acidified 

with 6N HCl to pH 2 and extracted with ethyl acetate (3X100 ml), combined organic layer 

was washed with water (1X100 ml) and brine (1X100 ml), dried over anhy. Na2SO4, 

filtered and solvent was removed under reduced pressure to give 11.66 g (89% yield) of 
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the desired compound 13 as an off white solid. 268 °C dec.; Purity by HPLC: 96.8% 

AUC. 

ESI/MS (m/z) : 360.3 (M+H)+. Mol. Wt. = 359.2 g 
1HNMR (400 MHz, DMSO-d6) :  4.29 (t, 1H, J = 6.5 Hz), 4.50 (d, 2H, J = 6.5 Hz), 7.36 

(m, 4H), 7.42-7.51 (m, 3H), 7.72 (d, 2H, J = 7.2 Hz), 7.81 (d, 2H, J = 8.6 Hz), 7.88 (d, 

2H, J = 7.4 Hz), 12.64 (s, 1H). 
13C NMR (100 MHz, DMSO-d6):  47.0, 66.2, 117.8, 120.6, 124.8, 125.5, 127.6, 128.2, 

130.9, 142.3, 144.1, 153.7, 167.4. 

 

5.1.3. General procedure for the synthesis of compounds (11a-h, 12a-h and 16a-h) 

 

 

All the above compounds were synthesized using Fmoc based solid-phase 

peptide synthesis protocol (SPPS). Fmoc protected Rink amide MBHA resin 1 (750 mg, 

0.58 mmol/g) was swollen in DMF for 20 min and washed with DMF (3 X 25 ml). Fmoc 

group of the resin was removed by agitating peptidyl resin in 20% piperidine solution (25 

ml, 1 X 5 min and 1 X 30 min) for the next coupling reaction. Fmoc-Pro-OH 2 was 

coupled to the deprotected resin by agitating its pre-activated solution under N2 

atmosphere. [i.e. Fmoc-Pro-OH (4 eq), HOBt (4 eq), and 1,3-diisopropyl carbidiimide 

(DIC) (4 eq) in DMF (5ml) for 30 min)]. After completion of the coupling reaction 

confirmed by Kaiser ninhydrin and TNBS tests, peptidyl resin was washed with DMF, 

DCM and ether (3 X 25 ml each). However if coupling found incomplete by Kaiser 

ninhydrin test then coupling reaction was repeated by performing one more coupling 

cycle. Fmoc group of Fmoc-Pro-OH 2 coupled resin was then deprotected with 20% 

piperidine solution (25 ml, 1 X 5 min and 1 X 30 min). Fmoc--Ala-OH 4/ Fmoc-GABA-
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OH 5/ Fmoc-PABA-OH 13 were coupled to the peptidyl resin by agitating their respective 

preactivated solutions under N2 atmosphere. (i.e. Fmoc-XX-OH (4 equiv), HOBt (4 

equiv), and DIC (4 equiv) in DMF (5 ml) for 30 min.). After completion of the coupling 

reaction confirmed by Kaiser ninhydrin and TNBS tests, peptidyl resin was washed with 

DMF, DCM and ether (3 X 25 ml each) and treated with 20% piperidine solution (25 ml, 

1 X 5 min and 1 X 30 min) to remove Fmoc group. Peptidyl resin was then washed with 

DMF, DCM and ether (3 X 25 ml each) and swollen in DMF for 30 min for the coupling of 

substituted benzoic acids 8a-h.  Substituted benzoic acids 8a-h were incorporated to the 

respective peptidyl resin by agitating peptidyl rasine in the preactivated coupling solution 

of respective benzoic acid under N2 atm. over a period of 2-4hrs. Completion of coupling 

was confirmed by Kaiser ninhydrin and TNBS tests, whenever coupling was found 

incomplete one more coupling cycle was performed. Then, the resin was washed with 

DMF, DCM and ether (5 X 25ml each) and dried under vacuum for the global cleavage 

to get the desired peptidomimetics.  

Cleavage; 

The desired peptidomimetics were cleaved and deprotected from their respective 

peptidyl-resins by treatment with TFA cleavage mixture as follows. A solution of TFA / 

Water / Triisopropylsilane (95: 2.5: 2.5) (10 ml / 100 mg of peptidyl-resin) was added to 

peptidyl-resins and the mixture was kept at room temperature with occasional stirring. 

The resin was filtered, washed with a cleavage mixture and the combined filtrate was 

evaporated to dryness. Residue obtained was titrated with ether (20 ml each) to yield 

crude compounds, typically in >100% yield (Ca 200-230 mg). Crude compounds thus 

obtained were purified by preparative HPLC as follows: 

Purification; 

Preparative HPLC was carried out on a Shimadzu LC-8A liquid chromatograph. A 

solution of crude compounds dissolved in water: acetonotile (ACN) (1:1, 5ml) or 

Methanol (5ml) was injected into a semi-prep column (Luna 10 µ; C18; 210-220 nm), 

dimension 250 X 21.20 mm and eluted with a linear gradient of ACN in water, both 

buffered with 0.1 % TFA, using a flow rate of 15 ml / min, with effluent monitoring by 

PDA detector at 220 nm. A typical gradient of 20 % to 70 % of water-ACN mixture, 

buffered with 0.1 % TFA was used, over a period of 100 minutes, with 1% gradient 

change per minute. The desired product eluted were collected in a single 50-80 ml 

fraction and pure peptidomimetics 11a-h, 12a-h and 16a-h were obtained as white solids 
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either by lyophilisation of respective HPLC fractions or by normal work up procedure 

after evaporation of ACN from the fractions and extraction with DCM. 

 

 

5.1.3.1. (S)-1-(3-Benzamidopropanoyl)pyrrolidine-2-carboxamide (11a) 

N

H2N

O

O

N
H

O

 

11a (200 mg, 82%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 153-155 °C; Purity by HPLC: 99.05% AUC. 

ESI/MS (m/z) : 290.1 (M+H)+. Mol. Wt. = 289.3 g 

1H NMR (400 MHz, Methanol-d4):  = 1.96-2.13 (m, 3H), 2.19- 2.24 (m, 1H), 2.63-2.71 

(m, 2H), 3.32-3.67(m, 4H), 4.38-4.41 (dd, 1H, J1 = 3.6Hz, J2 = 8.2Hz), 7.56-8.05 (m, 5H);  
13C NMR (100 MHz, Methanol-d4):  19.8, 23.8, 33.4, 38.7, 42.6, 61.5, 126.7, 128.6, 

131.6, 138.4, 167.8, 176.4, 178.1. 

Analysis :  Mol. Formula:  C15H19N3O3:  

Calcd.: C 62.27, H 6.62, N 14.52.  

Found: C 62.25, H 6.59, N 14.48. 

 

5.1.3.2. (S)-1-(3-(4-Methoxybenzamido)propanoyl)pyrrolidine-2-carboxamide (11b) 

N

H2N

O

O

N
H

O

O

 

11b (190 mg, 79%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 156-158 °C; Purity by HPLC: 99.21% AUC. 

ESI/MS (m/z) : 320.3 (M+H)+. Mol. Wt. = 319.4 g.  
1H NMR (400 MHz, Methanol-d4):  = 1.84-2.03 (m, 3H), 2.17- 2.21 (m, 1H), 2.68-2.72 

(m, 2H), 3.31-3.68 (m, 4H), 3.67 (s, 3H), 4.39-4.42 (dd, 1H, J1 = 3.6Hz, J2 = 8.4Hz), 6.82 

(d, 2H, J = 8.8Hz), 7.68 (d, 2H, J = 8.8Hz).  
13C NMR (100 MHz, Methanol-d4):  18.7, 23.4, 35.2, 38.7, 43.2, 55.8, 61.2, 115.4, 

125.2, 127.6, 163.8, 167.3, 176.4, 178.3.  
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Analysis :  Mol. Formula: C16H21N3O4  

Calcd.: C 60.17, H 6.63, N 13.16.  

Found: C 60.16, H 6.64, N 13.14. 

 

5.1.3.3. (S)-1-(3-(4-Hydroxybenzamido)propanoyl)pyrrolidine-2-carboxamide (11c) 

 

11c (188 mg, 78%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 143-145 °C; Purity by HPLC: 99.46% AUC. 

ESI/MS (m/z) : 306.5 (M+H)+. Mol. Wt. = 305.3 g.  
1H NMR (400 MHz, Methanol-d4):  = 1.87-2.08 (m, 3H), 2.19- 2.23 (m, 1H), 2.65-2.71 

(m, 2H), 3.31-3.65(m, 4H), 4.38-4.41 (dd, 1H, J1 = 3.8Hz, J2 = 8.2Hz), 6.93 (d, 2H, J = 

9.2Hz), 7.75 (d, 2H, J = 9.2Hz). 
13C NMR (100 MHz, Methanol-d4):  19.4, 23.6, 34.8, 39.4, 42.8, 61.3, 116.3, 126.5, 

129.2, 161.4, 167.7, 176.3, 177.9. 

 Analysis :  Mol. Formula: C15H19N3O4  

Calcd.: C 59.01, H 6.27, N 13.76.  

Found: C 58.98, H 6.24, N 13.73. 

 

5.1.3.4. (S)-1-(3-(4-Fluorobenzamido)propanoyl)pyrrolidine-2-carboxamide (11d) 

 

11d (184 mg, 75%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 165-167 °C; Purity by HPLC: 99.07% AUC. 

ESI/MS (m/z) : 308.2 (M+H)+. Mol. Wt. = 307.3 g.  
1H NMR (400 MHz, Methanol-d4):  = 1.93-2.15 (m, 3H), 2.19- 2.26 (m, 1H), 2.67-2.71 

(m, 2H), 3.32-3.64(m, 4H), 4.39-4.42 (m, 1H), 7.21 (m, 2H), 7.89 (m, 2H). 
13C NMR (100 MHz, Methanol-d4):  19.7, 23.4, 33.9, 39.2, 42.3, 61.5, 115.4 (d, J = 

19.2Hz), 128.7 (d, J = 4.2Hz), 129.3, 166.2 (d, J = 246Hz), 167.8, 176.4, 178.1. 
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Analysis :  Mol. Formula: C15H18FN3O3  

Calcd.: C 58.62, H 5.90, N 13.67.  

Found: C 58.64, H 5.87, N 13.66. 

 

5.1.3.5. (S)-1-(3-(4-Cyanobenzamido)propanoyl)pyrrolidine-2-carboxamide (11e) 

N

H2N

O

O

N
H

O

NC

 

11e (192 mg, 83%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 147-149 °C; Purity by HPLC: 99.23% AUC. 

ESI/MS (m/z) : 315.5 (M+H)+. Mol. Wt. = 314.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.89-2.10 (m, 3H), 2.17- 2.23 (m, 1H), 2.64-2.70 

(m, 2H), 3.31-3.65(m, 4H), 4.39-4.41 (m, 1H), 7.53 (d, 2H, J = 8.4Hz), 8.34 (d, 2H, J = 

8.4Hz). 
13C NMR (100 MHz, Methanol-d4):  19.5, 23.3, 33.7, 38.8, 42.4, 61.4, 115.8, 116.9, 

128.4, 131.8, 137.6, 167.6, 176.4, 177.9.  

Analysis :  Mol. Formula: C16H18N4O3  

Calcd.: C 61.13, H 5.77, N 17.82.  

Found: C 61.16, H 5.79, N 17.85. 

 

5.1.3.6. (S)-1-(3-(4-(Trifluoromethyl)benzamido)propanoyl)pyrrolidine-2-

carboxamide (11f) 

 

11f (195 mg, 80%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 169-171 °C; Purity by HPLC: 99.04% AUC. 

ESI/MS (m/z) : 358.4 (M+H)+. Mol. Wt. = 357.2 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.95-2.10 (m, 3H), 2.18- 2.23 (m, 1H), 2.64-2.71 

(m, 2H), 3.31-3.65(m, 4H), 4.38-4.42 (dd, 1H, J1 = 3.4Hz, J2 = 8.0Hz), 7.74 (d, 2H, J = 

8.8Hz), 7.89 (d, 2H, J = 8.8Hz). 
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13C NMR (100 MHz, Methanol-d4):  19.6, 23.3, 33.6, 39.4, 42.8, 61.3, 120.2, 125.7 (q, 

J = 271.3Hz), 128.5, 135.4 (q, J = 30.4Hz), 137.3, 167.2, 176.2, 178.3. 

Analysis :  Mol. Formula: C16H18F3N3O3  

Calcd.: C 53.78, H 5.08, N 11.76.  

Found: C 53.74, H 5.06, N 11.73. 

 

5.1.3.7. (S)-1-(3-(4-Methylbenzamido)propanoyl)pyrrolidine-2-carboxamide (11g) 

 

11g (186 mg, 78%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 138-140 °C; Purity by HPLC: 99.13% AUC. 

ESI/MS (m/z) : 304.5 (M+H)+. Mol. Wt. = 303.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.96-2.11 (m, 3H), 2.17- 2.21 (m, 1H), 2.39 (s, 

3H), 2.65-2.72 (m, 2H), 3.31-3.67(m, 4H), 4.39-4.43 (dd, 1H, J1 = 3.6Hz, J2 = 8.2Hz), 

7.31 (d, 2H, J = 8.6Hz), 7.84 (d, 2H, J = 8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.9, 21.3, 23.5, 33.4, 39.3, 42.5, 61.5, 128.3, 

129.6, 131.2, 140.1, 167.6, 176.5, 177.8. 

Analysis :  Mol. Formula: C16H21N3O3  

Calcd.: C 63.35, H 6.98, N 13.85. 

Found: C 63.37, H 6.95, N 13.83. 

 

5.1.3.8. (S)-1-(3-([1,1'-Biphenyl]-4-ylcarboxamido)propanoyl)pyrrolidine-2-

carboxamide (11h) 

N

H2N

O

O

N
H

O

 

11h (206 mg, 84%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 179-181 °C; Purity by HPLC: 99.17% AUC. 

ESI/MS (m/z) : 366.2 (M+H)+. Mol. Wt. = 365.4 g. 
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1H NMR (400 MHz, Methanol-d4):  = 1.97-2.12 (m, 3H), 2.19- 2.23 (m, 1H), 2.63-2.71 

(m, 2H), 3.32-3.67(m, 4H), 4.38-4.41 (dd, 1H, J1 = 3.6Hz, J2 = 8.4Hz), 7.23-7.51 (m, 5H), 

7.63 (d, 2H, J = 9.0Hz), 7.89 (d, 2H, J = 9.0Hz). 
13C NMR (100 MHz, Methanol-d4):  19.6, 23.3, 33.2, 39.7, 42.3, 61.3, 127.3, 127.5, 

127.6, 127.9, 128.1, 128.6, 129.3, 132.7, 137.2, 139.8, 167.8, 176.3, 178.2. 

Analysis :  Mol. Formula: C21H23N3O3  

Calcd.: C 69.02, H 6.34, N 11.50.  

Found: C 68.99, H 6.37, N 11.47. 

 

5.1.3.9. (S)-1-(4-Benzamidobutanoyl)pyrrolidine-2-carboxamide (12a) 

 

12a (178 mg, 73%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 172-175 °C; Purity by HPLC: 99.47% AUC. 

ESI/MS (m/z) : 304.2 (M+H)+. Mol. Wt. = 303.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.83-1.87 (m, 3H), 1.93- 2.03 (m, 1H), 2.15-2.21 

(m, 2H), 2.32-2.44 (m, 2H), 3.21-3.25 (m, 2H), 3.36-3.41 (m, 1H), 3.51-3.55 (m, 1H), 

4.42-4.47 (dd, 1H, J1 = 3.8Hz, J2 = 8.2Hz), 7.67-8.04 (m, 5H). 
13C NMR (100 MHz, Methanol-d4):  19.9, 23.3, 28.2, 29.4, 42.2, 42.9, 61.3, 126.5, 

128.9, 131.9, 137.7, 167.9, 176.5, 176.7. 

Analysis :  Mol. Formula: C16H21N3O3  

Calcd.: C 63.35, H 6.98, N 13.85. 

Found: C 63.33, H 7.02, N 13.82. 

 

5.1.3.10. (S)-1-(4-(4-Methoxybenzamido)butanoyl)pyrrolidine-2-carboxamide (12b) 

 

12b (158 mg, 69%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 123-125 °C; Purity by HPLC: 99.64% AUC. 
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ESI/MS (m/z) : 334.2 (M+H)+. Mol. Wt. = 333.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.82-1.89 (m, 3H), 1.92- 2.04 (m, 1H), 2.13-2.24 

(m, 2H), 2.32-2.41 (m, 2H), 3.21-3.26 (m, 2H), 3.38-3.43 (m, 1H), 3.53-3.59 (m, 1H), 

3.69 (s, 3H), 4.41-4.49 (dd, 1H, J1 = 4.0Hz, J2 = 7.8Hz), 6.93 (d, 2H, J = 8.4Hz), 7.65 (d, 

2H, J = 8.4Hz). 
13C NMR (100 MHz, Methanol-d4):  19.5, 23.3, 28.1, 29.4, 42.1, 43.9, 55.3, 61.3, 

115.1, 125.6, 128.2, 164.8, 167.6, 176.4, 177.1. 

Analysis :  Mol. Formula: C17H23N3O4  

Calcd.: C 61.25, H 6.95, N 12.60. 

Found: C 61.28, H 6.98, N 12.61. 

 

5.1.3.11. (S)-1-(4-(4-Hydroxybenzamido)butanoyl)pyrrolidine-2-carboxamide (12c) 

 

12c (196 mg, 81%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 116-118 °C; Purity by HPLC: 99.28% AUC. 

ESI/MS (m/z) : 320.2 (M+H)+. Mol. Wt. = 319.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.84-1.89 (m, 3H), 1.91- 2.05 (m, 1H), 2.15-2.24 

(m, 2H), 2.31-2.42 (m, 2H), 3.21-3.28 (m, 2H), 3.39-3.43 (m, 1H), 3.53-3.57 (m, 1H), 

4.41-4.47 (dd, 1H, J1 = 3.8Hz, J2 = 7.6Hz), 6.98 (d, 2H, J = 8.6Hz), 7.71 (d, 2H, J = 

8.6Hz). 
13C NMR (100 MHz, Methanol-d6):  19.6, 23.5, 27.9, 29.2, 42.3, 43.6, 61.4, 115.9, 

125.8, 128.9, 161.3, 167.8, 176.2, 177.0. 

Analysis :  Mol. Formula: C16H21N3O4  

Calcd.: C 60.17, H 6.63, N 13.16. 

Found: C 60.19, H 6.66, N 13.14. 

5.1.3.12. (S)-1-(4-(4-Fluorobenzamido)butanoyl)pyrrolidine-2-carboxamide (12d) 
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12d (196 mg, 85%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 132-134 °C; Purity by HPLC: 99.79% AUC. 

ESI/MS (m/z) : 322.1 (M+H)+. Mol. Wt. = 321.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.86-1.89 (m, 3H), 1.93- 2.04 (m, 1H), 2.14-2.24 

(m, 2H), 2.29-2.41 (m, 2H), 3.22-3.29 (m, 2H), 3.37-3.41 (m, 1H), 3.52-3.57 (m, 1H), 

4.41-4.46 (dd, 1H, J1 = 3.6Hz, J2 = 7.8Hz), 6.98 (m, 2H), 7.71 (m, 2H). 
13C NMR (100 MHz, Methanol-d4):  19.5, 22.8, 27.6, 28.9, 42.3, 43.1, 61.2, 115.8 (d, J 

= 21Hz), 129.2 (d, J = 3.8Hz), 129.5, 164.5 (d, J = 249Hz), 167.4, 176.2, 177.2. 

Analysis :  Mol. Formula: C16H20FN3O3  

Calcd.: C 59.80, H 6.27, N 13.08. 

Found: C 59.81, H 6.29, N 13.05. 

 

5.1.3.13. (S)-1-(4-(4-Cyanobenzamido)butanoyl)pyrrolidine-2-carboxamide (12e) 

 

12e (189 mg, 83%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 149-151 °C; Purity by HPLC: 99.04% AUC. 

ESI/MS (m/z) : 329.6 (M+H)+. Mol. Wt. = 328.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.83-1.88 (m, 3H), 1.91- 2.04 (m, 1H), 2.13-2.23 

(m, 2H), 2.32-2.45 (m, 2H), 3.20-3.27 (m, 2H), 3.38-3.42 (m, 1H), 3.52-3.56 (m, 1H), 

4.42-4.48 (dd, 1H, J1 = 4.0Hz, J2 = 8.2Hz), 7.72 (d, 2H, J = 8.4Hz), 8.21 (d, 2H, J = 

8.4Hz). 
13C NMR (100 MHz, Methanol-d4):  19.7, 23.4, 27.8, 29.1, 42.1, 42.9, 61.4, 115.8, 

117.3, 128.1, 132.3, 136.8, 167.8, 176.3, 176.8. 

Analysis :  Mol. Formula: C17H20N4O3  

Calcd.: C 62.18, H 6.14, N 17.06. 

Found: C 62.14, H 6.12, N 17.04. 
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5.1.3.14. (S)-1-(4-(4-(Trifluoromethyl)benzamido)butanoyl)pyrrolidine-2-

carboxamide (12f) 

 

12f (183 mg, 78%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 193-195 °C; Purity by HPLC: 99.19% AUC. 

ESI/MS (m/z) : 372.2 (M+H)+. Mol. Wt. = 371.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.82-1.87 (m, 3H), 1.91- 2.02 (m, 1H), 2.17-2.21 

(m, 2H), 2.32-2.43 (m, 2H), 3.20-3.23 (m, 2H), 3.34-3.41 (m, 1H), 3.49-3.53 (m, 1H), 

4.40-4.46 (dd, 1H, J1 = 4.0Hz, J2 = 7.8Hz), 7.69 (d, 2H, J = 8.6Hz), 7.93 (d, 2H, J = 

8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.6, 22.9, 27.9, 29.2, 42.1, 42.3, 61.5, 119.7, 

125.8 (q, J = 271.4Hz), 128.1, 133.8 (q, J = 29.8Hz), 137.2, 167.7, 176.4, 177.3. 

Analysis :  Mol. Formula: C17H20F3N3O3 

Calcd.: C 54.98, H 5.43, N 11.32. 

Found: C 55.01, H 5.44, N 11.30.  

 

5.1.3.15. (S)-1-(4-(4-Methylbenzamido)butanoyl)pyrrolidine-2-carboxamide (12g) 

N

H2N

O

O
H
N

O

H3C

 

12g (181 mg, 72%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 145-147 °C; Purity by HPLC: 99.48% AUC. 

ESI/MS (m/z) : 318.6 (M+H)+. Mol. Wt. = 317.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.81-1.86 (m, 3H), 1.92- 2.03 (m, 1H), 2.16-2.23 

(m, 2H), 2.31-2.44 (m, 3H), 3.21-3.26 (m, 2H), 3.36-3.42 (m, 1H), 3.51-3.54 (m, 1H), 

4.41-4.45 (dd, 1H, J1 = 3.6Hz, J2 = 7.6Hz), 7.33 (d, 2H, J = 8.4Hz), 7.86 (d, 2H, J = 

8.4Hz). 
13C NMR (100 MHz, Methanol-d4):  19.7, 21.3, 23.2, 28.4, 29.1, 42.2, 42.5, 61.5, 

128.1, 130.2, 130.9, 141.7, 167.6, 176.3, 177.4. 
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Analysis :  Mol. Formula: C17H23N3O3  

Calcd.: C 64.33, H 7.30, N 13.24. 

Found: C 64.29, H 7.32, N 13.20. 

 

5.1.3.16. (S)-1-(4-([1,1'-Biphenyl]-4-ylcarboxamido)butanoyl)pyrrolidine-2-

carboxamide (12h) 

N

H2N

O

O
H
N

O

 

12h (206 mg, 84%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 204-206 °C; Purity by HPLC: 99.23% AUC. 

ESI/MS (m/z) : 380.3 (M+H)+. Mol. Wt. = 379.5 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.79-1.84 (m, 3H), 1.90- 2.02 (m, 1H), 2.17-2.23 

(m, 2H), 2.31-2.45 (m, 2H), 3.23-3.27 (m, 2H), 3.34-3.41 (m, 1H), 3.51-3.56 (m, 1H), 

4.42-4.47 (dd, 1H, J1 = 3.8Hz, J2 = 7.8Hz), 7.24-7.49 (m, 5H), 7.65 (d, 2H, J = 8.7Hz), 

7.98 (d, 2H, J = 8.7Hz). 
13C NMR (100 MHz, Methanol-d4):  19.7, 23.3, 27.9, 28.7, 42.1, 42.8, 61.3, 127.5, 

127.7, 127.8, 128.0, 128.1, 128.7, 129.2, 132.6, 137.4, 140.3, 167.7, 176.4, 177.1. 

Analysis :  Mol. Formula:  C22H25N3O3  

Calcd.: C 69.64, H 6.64, N 11.07. 

Found: C 69.61, H 6.63, N 11.05. 

 

5.1.3.17. (S)-1-(4-Benzamidobenzoyl)pyrrolidine-2-carboxamide (16a) 

 

16a (184 mg, 83%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 184-186 °C; Purity by HPLC: 99.07% AUC. 

ESI/MS (m/z) : 338.5 (M+H)+. Mol. Wt. = 337.4 g. 
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1H NMR (400 MHz, Methanol-d4):  = 1.63-1.85 (m, 3H), 1.87- 1.98 (m, 1H), 3.31-3.42 

(m, 1H), 3.45-3.51 (m, 1H), 4.64-4.70 (dd, 1H, J = 4.8Hz, J = 7.6Hz), 7.62-7.94 (m, 7H), 

8.07 (d, 2H, J = 7.8Hz). 
13C NMR (100 MHz, Methanol-d4):  19.9, 23.3, 42.9, 61.8, 121.3, 124.1, 127.3, 128.4, 

128.7, 129.5, 130.5, 131.6, 137.8, 140.3, 165.4, 169.9, 176.4. 

Analysis :  Mol. Formula: C19H19N3O3 

Calcd.: C 67.64, H 5.68, N 12.46. 

Found: C 67.61, H 5.65, N 12.42. 

5.1.3.18. (S)-1-(4-(4-Methoxybenzamido)benzoyl)pyrrolidine-2-carboxamide (16b) 

 

16b (173 mg, 79%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 158-160 °C; Purity by HPLC: 99.49% AUC. 

ESI/MS (m/z) : 368.2 (M+H)+. Mol. Wt. = 367.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.63-1.85 (m, 3H), 1.87- 1.98 (m, 1H), 3.34-3.43 

(m, 1H), 3.47-3.52 (m, 1H), 3.68 (s, 3H), 4.63-4.72 (dd, 1H, J1 = 5.2Hz, J2 = 7.6Hz), 7.12 

(d, 2H, J = 8.4Hz), 7.61 (d, 2H, J = 8.8Hz), 7.74 (d, 2H, J = 8.4Hz), 7.79 (d, 2H, J = 

8.8Hz). 
13C NMR (100 MHz, Methanol-d4):  19.8, 23.4, 42.8, 54.8, 61.7, 114.7, 119.8, 126.3, 

127.4, 128.4, 130.4, 140.1, 164.8, 165.3, 170.9, 176.6. 

Analysis :  Mol. Formula: C20H21N3O4 

Calcd.: C 65.38, H 5.76, N 11.44. 

Found: C 65.40, H 5.77, N 11.42. 

 

5.1.3.19. (S)-1-(4-(4-Hydroxybenzamido)benzoyl)pyrrolidine-2-carboxamide (16c) 

N
NH2

O
O

N
H

O

HO  
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16c (176 mg, 77%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 146-148 °C; Purity by HPLC: 99.76% AUC. 

ESI/MS (m/z) : 354.6 (M+H)+. Mol. Wt. = 353.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.65-1.87 (m, 3H), 1.89- 1.97 (m, 1H), 3.31-3.42 

(m, 1H), 3.45-3.51 (m, 1H), 4.64-4.71 (dd, 1H, J1 = 5.0Hz, J2 = 7.8Hz), 7.08 (d, 2H, J = 

8.7Hz), 7.63 (d, 2H, J = 8.6Hz), 7.76 (d, 2H, J = 8.7Hz), 7.81 (d, 2H, J = 8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.9, 23.3, 42.9, 61.9, 116.3, 120.3, 126.5, 127.6, 

128.9, 130.7, 139.8, 161.2, 165.3, 170.4, 176.3. 

Analysis :  Mol. Formula: C19H19N3O4 

Calcd.: C 64.58, H 5.42, N 11.89. 

Found: C 64.54, H 5.40, N 11.86.  

 

5.1.3.20. (S)-1-(4-(4-Fluorobenzamido)benzoyl)pyrrolidine-2-carboxamide (16d) 

N
NH2

O
O

N
H

O

F  

16d (211 mg, 85%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 168-170 °C; Purity by HPLC: 99.17% AUC. 

ESI/MS (m/z) : 355.3 (M+H)+. Mol. Wt. = 355.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.66-1.89 (m, 3H), 1.90- 1.97 (m, 1H), 3.32-3.41 

(m, 1H), 3.46-3.51 (m, 1H), 4.63-4.70 (dd, 1H, J1 = 5.2Hz, J2 = 7.4Hz), 7.19 (d, 2H, J = 

8.4Hz), 7.68 (d, 2H, J = 8.6Hz), 7.73 (d, 2H, J = 8.4Hz), 7.81 (d, 2H, J = 8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.7, 23.1, 42.8, 61.5, 116.1(d, J = 21Hz), 120.4, 

127.4, 129.2 (d, J = 4.2Hz), 129.9, 130.5, 139.6, 165.3, 165.8 (d, J = 249Hz), 169.9, 

176.2. 

Analysis :  Mol. Formula: C19H18FN3O3 

Calcd.: C 64.22, H 5.11, N 11.82. 

Found: C 64.19, H 5.07, N 11.83. 
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5.1.3.21. (S)-1-(4-(4-Cyanobenzamido)benzoyl)pyrrolidine-2-carboxamide (16e) 

 

16e (203 mg, 79%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 137-139 °C; Purity by HPLC: 99.06% AUC. 

ESI/MS (m/z) : 363.3 (M+H)+. Mol. Wt. = 362.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.64-1.86 (m, 3H), 1.89- 1.98 (m, 1H), 3.32-3.42 

(m, 1H), 3.43-3.49 (m, 1H), 4.64-4.70 (m, 1H), 7.68 (d, 2H, J = 8.4Hz), 7.71 (d, 2H, J = 

8.6Hz), 7.82 (d, 2H, J = 8.4Hz), 7.99 (d, 2H, J = 8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.8, 23.4, 42.7, 61.6, 116.2, 116.7, 120.4, 127.5, 

128.2, 130.7, 133.4, 138.4, 139.5, 165.1, 169.8, 176.1. 

Analysis :  Mol. Formula: C20H18N3O4 

Calcd.: C 66.29, H 5.01, N 15.46. 

Found: C 66.31, H 5.05, N 15.42. 

 

5.1.3.22. (S)-1-(4-(4-(Trifluoromethyl)benzamido)benzoyl)pyrrolidine-2-

carboxamide (16f) 

 

16f (209 mg, 80%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 169-171 °C; Purity by HPLC: 99.18% AUC. 

ESI/MS (m/z) : 406.2 (M+H)+. Mol. Wt. = 405.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.65-1.86 (m, 3H), 1.88- 1.97 (m, 1H), 3.31-3.43 

(m, 1H), 3.45-3.50 (m, 1H), 4.63-4.72 (dd, 1H, J = 5.0Hz, J = 7.4Hz), 7.62 (d, 2H, J = 

8.6Hz), 7.68 (d, 2H, J = 8.9Hz), 7.83 (d, 2H, J = 8.6Hz), 7.87 (d, 2H, J = 8.9Hz). 
13C NMR (100 MHz, Methanol-d4):  19.9, 23.4, 43.1, 61.9, 119.7, 120.4, 125.7(q, J = 

271.6Hz), 127.9, 128.0, 130.3, 135.0 (q, J= 28.6Hz), 136.6, 139.4, 165.2, 169.7, 177.1. 
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Analysis :  Mol. Formula: C20H18F3N3O3 

Calcd.: C 59.26, H 4.48, N 10.37. 

Found: 59.23, H 4.44, N 10.34. 

 

5.1.3.23. (S)-1-(4-(4-Methylbenzamido)benzoyl)pyrrolidine-2-carboxamide (16g) 

 

16g (201 mg, 78%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 192-194 °C; Purity by HPLC: 99.26% AUC. 

ESI/MS (m/z) : 352.3 (M+H)+. Mol. Wt. = 351.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.63-1.86 (m, 3H), 1.87- 1.96 (m, 1H), 2.37 (s, 

3H), 3.32-3.43 (m, 1H), 3.43-3.52 (m, 1H), 4.64-4.72 (dd, 1H, J = 5.1Hz, J = 7.6Hz), 7.31 

(d, 2H, J = 8.8Hz), 7.63 (d, 2H, J = 8.6Hz), 7.69 (d, 2H, J = 8.8Hz), 7.89 (d, 2H, J = 

8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.8, 21.2, 23.2, 43.3, 61.7, 120.2, 127.7, 127.9, 

129.0, 130.2, 130.6, 139.0, 141.3, 165.4, 170.0, 176.9. 

Analysis :  Mol. Formula: C20H21N3O3 

Calcd.: C 68.36, H 6.02, N 11.96. 

Found: C 68.38, H 6.05, N 11.93. 

 

5.1.3.24. (S)-1-(4-([1,1'-Biphenyl]-4-ylcarboxamido)benzoyl)pyrrolidine-2-

carboxamide (16h) 

 

16h (223 mg, 83%) was prepared by means of the general procedure described in 5.1.3. 

as a white solid. 223-225 °C; Purity by HPLC: 99.73% AUC. 
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ESI/MS (m/z) : 414.7 (M+H)+. Mol. Wt. = 413.5 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.64-1.84 (m, 3H), 1.86- 1.95 (m, 1H), 3.30-3.42 

(m, 1H), 3.45-3.53 (m, 1H), 4.63-4.70 (dd, 1H, J = 4.8Hz, J = 7.8Hz), 7.23-7.49 (m, 5H), 

7.63 (d, 2H, J = 8.6Hz), 7.65 (d, 2H, J = 8.7Hz), 7.91 (d, 2H, J = 8.6Hz), 7.98 (d, 2H, J = 

8.7Hz). 
13C NMR (100 MHz, Methanol-d4):  19.9, 23.3, 42.7, 61.9, 120.4, 127.3, 127.5, 127.7, 

127.8, 127.9, 128.0, 129.2, 130.4, 133.1, 137.0, 139.1, 140.6, 165.4, 169.9, 176.7. 

Analysis :  Mol. Formula: C25H23N3O3 

Calcd.: C 72.62, H 5.61, N 10.16. 

Found: C 72.59, H 5.58, N 10.13. 

 

5.1.4. General procedure for the synthesis of compounds (17a-d and 18a-b) 

 

N
NH2

O
O

N
H

O

R
16e-f

N CN

O

N
H

O

R
18a-b

TFAA, CH2Cl2, 25°C, 6h.

 

To a solution of respective amide compounds 11e-f, 12e-f and 16e-f (0.25 mmol) 

in dry CH2Cl2 (2.5 ml) at 0 °C was added dropwise trifluoroacetic anhydride (0.5 mmol) 

and the mixture was gradually warm to room temperature and stirred for 6hrs. After 

completion of reaction solvent was evaporated under reduced pressure and the residue 

thus obtained was subjected for purification by preparative HPLC method as described 

earlier in section 5.1.3.-purification. 
5.1.4.1. (S)-4-Cyano-N-(3-(2-cyanopyrrolidin-1-yl)-3-oxopropyl)benzamide (17a) 
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17a (260 mg, 85%) was prepared by means of the general procedure described in 5.1.4. 

as a white solid. 84-86 °C; Purity by HPLC: 99.83% AUC. 

ESI/MS (m/z) : 297.1 (M+H)+. Mol. Wt. = 296.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.17-2.19 (m, 2H), 2.24- 2.28 (m, 2H), 2.73-2.77 

(m, 2H), 3.55-3.62 (m, 1H), 3.63-3.68 (m, 2H), 3.71-3.76 (m, 1H), 4.74-4.87 (dd, 1H, J1 = 

5.0Hz, J2 = 7.6Hz), 7.71 (d, 2H, J = 8.4Hz), 8.02 (d, 2H, J = 8.4Hz). 
13C NMR (100 MHz, Methanol-d4):  19.8, 23.1, 34.3, 39.2, 42.2, 43.6, 116.1, 116.4, 

117.9, 127.9, 133.2, 137.7, 167.6, 177.4. 

Analysis :  Mol. Formula: C16H16N4O2  

Calcd.: C 64.85, H 5.44, N 18.91. 

Found: C 64.87, H 5.43, N 18.93. 

 

5.1.4.2. (S)-N-(3-(2-Cyanopyrrolidin-1-yl)-3-oxopropyl)-4-(trifluoromethyl) 

benzamide (17b) 

 

17b (280 mg, 81%) was prepared by means of the general procedure described in 5.1.4. 

as a white solid. 77-79 °C; Purity by HPLC: 99.74% AUC. 

ESI/MS (m/z) : 340.2 (M+H)+. Mol. Wt. = 339.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.14-2.16 (m, 2H), 2.23- 2.26 (m, 2H), 2.71-2.76 

(m, 2H), 3.54-3.59 (m, 1H), 3.64-3.67 (m, 2H), 3.69-3.73 (m, 1H), 4.74-4.87 (dd, 1H, J1 = 

5.2Hz, J2 = 7.8Hz), 7.68 (d, 2H, J = 8.9Hz), 7.89 (d, 2H, J = 8.9Hz). 
13C NMR (100 MHz, Methanol-d4):  19.5, 23.2, 34.8, 38.9, 42.4, 43.7, 118.1, 119.4, 

125.6 (q, J = 268.4Hz), 127.3, 134.5 (q, J = 26.7Hz), 137.0, 167.3, 177.8. 

Analysis :  Mol. Formula: C16H16F3N3O2 

Calcd.: C 56.64, H 4.75, N 12.38. 

Found: C 56.60, H 4.73, N 12.35. 

 

5.1.4.3. (S)-4-Cyano-N-(4-(2-cyanopyrrolidin-1-yl)-4-oxobutyl)benzamide (17c) 

N

NC

O
H
N

O

NC
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17c (284 mg, 81%) was prepared by means of the general procedure described in 5.1.4. 

as a white solid. 97-99 °C; Purity by HPLC: 99.56% AUC. 

ESI/MS (m/z) : 311.3 (M+H)+. Mol. Wt. = 310.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.71-1.76 (m, 2H), 1.88- 2.01 (m, 2H), 2.11-2.15 

(m, 2H), 2.35-2.39 (m, 2H), 3.23-3.31 (m, 2H), 3.42-3.45 (m, 1H), 3.57-3.64 (m, 1H), 

4.71-4.73 (dd, 1H, J1 = 4.2Hz, J2 = 7.6Hz), 7.70 (d, 2H, J = 8.4Hz), 7.99 (d, 2H, J = 

8.4Hz). 
13C NMR (100 MHz, Methanol-d4):  19.9, 23.1, 27.8, 29.2, 42.2, 42.7, 43.2, 116.2, 

116.7, 117.8, 127.9, 133.3, 137.6, 167.9, 176.6. 

Analysis :  Mol. Formula: C17H18N4O2 

Calcd.: C 65.79, H 5.85, N 18.05. 

Found: C 65.76, H 5.85, N 18.04. 

 

5.1.4.4. (S)-N-(4-(2-Cyanopyrrolidin-1-yl)-4-oxobutyl)-4-(trifluoromethyl)benzamide 

(17d) 

 

17d (278 mg, 79%) was prepared by means of the general procedure described in 5.1.4. 

as a white solid. 82-84 °C; Purity by HPLC: 99.27% AUC. 

ESI/MS (m/z) : 354.2 (M+H)+. Mol. Wt. = 353.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 1.73-1.77 (m, 2H), 1.89- 2.03 (m, 2H), 2.10-2.13 

(m, 2H), 2.34-2.39 (m, 2H), 3.23-3.30 (m, 2H), 3.41-3.45 (m, 1H), 3.56-3.63 (m, 1H), 

4.70-4.73 (dd, 1H, J1 = 4.0Hz, J2 = 7.6Hz), 7.67 (d, 2H, J = 8.6Hz), 7.96 (d, 2H, J = 

8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.8, 22.9, 27.9, 29.0, 42.2, 42.9, 43.4, 118.0, 

119.5, 125.8 (q, J = 269.2Hz), 127.8, 133.8 (q, J = 28.4Hz), 137.0, 167.8, 176.4. 

Analysis :  Mol. Formula: C17H18F3N3O2 

Calcd.: C 57.79, H 5.13, N 11.89. 

Found: C 57.77, H 5.10, N 11.85. 
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5.1.4.5. (S)-4-Cyano-N-(4-(2-cyanopyrrolidine-1-carbonyl)phenyl)benzamide (18a) 

 

18a (211 mg, 85%) was prepared by means of the general procedure described in 5.1.4. 

as a white solid. 109-111 °C; Purity by HPLC: 99.68% AUC. 

ESI/MS (m/z) : 345.6 (M+H)+. Mol. Wt. = 344.4 g. 
1H NMR (400 MHz, Methanol-d4):   1.96-2.03 (m, 2H), 2.14-2.23 (m, 1H), 2.27-2.35 (m, 

1H), 3.50-3.55 (m, 1H), 3.62-3.68 (m, 1H), 4.84-4.89 (dd, 1H, J = 5.0Hz, J = 7.8Hz), 7.69 

(d, 2H, J = 8.4Hz), 7.73 (d, 2H, J = 8.6Hz), 7.82 (d, 2H, J = 8.4Hz), 7.98 (d, 2H, J = 

8.6Hz). 
13C NMR (100 MHz, Methanol-d4):  19.8, 22.9, 42.7, 43.9, 116.0, 116.4, 117.8, 120.3, 

128.1, 128.3, 130.1, 131.9, 136.8, 139.3, 165.2, 169.6. 

Analysis :  Mol. Formula: C20H16N4O2 

Calcd.: C 69.76, H 4.68, N 16.27. 

Found: C 69.73, H 4.65, N 16.29. 

 

5.1.4.6. (S)-N-(4-(2-Cyanopyrrolidine-1-carbonyl)phenyl)-4-(trifluoromethyl) 

benzamide (18b) 

 

18a (224 mg, 83%) was prepared by means of the general procedure described in 5.1.4. 

as a white solid. 132-134 °C; Purity by HPLC: 99.36% AUC. 

ESI/MS (m/z) : 388.2 (M+H)+. Mol. Wt. = 387.4 g. 
1H NMR (400 MHz, Methanol-d4):   1.95-2.01 (m, 2H), 2.13-2.21 (m, 1H), 2.27-2.36 (m, 

1H), 3.49-3.55 (m, 1H), 3.61-3.67 (m, 1H), 4.85-4.89 (dd, 1H, J = 5.2Hz, J = 7.8Hz), 7.65 

(d, 2H, J = 8.4Hz), 7.69 (d, 2H, J = 8.8Hz), 7.82 (d, 2H, J = 8.4Hz), 7.89 (d, 2H, J = 

8.8Hz). 
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13C NMR (100 MHz, Methanol-d4):  19.9, 23.1, 42.8, 43.9, 117.9, 119.5, 120.3, 125.5 

(q, J = 270.8Hz), 127.9, 128.0, 130.2, 134.8 (q, J = 29.3Hz), 136.7, 139.4, 165.4, 169.8. 

Analysis :  Mol. Formula: C20H16F3N3O2 

Calcd.: C 62.01, H 4.16, N 10.85. 

Found: C 61.97, H 4.15, N 10.83. 

 

5.1.5. Experimental Details : Peptidomimetic based DPP-IV inhibitors, devoid of 

CYP liabilities (Second series) 

5.1.5.1. (S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(2-fluorophenyl)-2-

methyl propanoic acid (Fmoc-αMe-2F-Phe-OH)(23i) 

 

Step a: (R)-2-(((Benzyloxy)carbonyl)amino)propanoic acid (42) 

 

In a 500ml R.B. Flask was placed D-alanine 41 (10 g, 112 mmol), to it added 112.5 ml 

2N NaOH (8.98 g, 224 mmol) solution at 0oC-5oC, (clear solution obtained.) followed by  

acetonitrile (100 ml) and stirred at 0oC-5oC for 10 min. Charged to this content 57.5 ml of 

50% benzylchloroformate solution in toluene (28.7 g, 168 mmol) maintaining 

temperature 0oC-5oC over a period 30min. Reaction mixture was then slowly brought to 

room temperature and stirred for 15h. 

 After completion of reaction (TLC), solvent of the reaction mixture was 

evaporated under reduced pressure and diluted with D. M. water (150 ml). This aqueous 

layer was extracted with ether (2X100 ml) to remove impurities. Aqueous layer was then 

acidified to pH 2 with 2N HCl and extracted with ethyl acetate (3X100 ml). Combined 

organic layers were washed with water and brine solution, dried over anhy. Na2SO4, 

filtered and evaporated to dryness. Crude residue thus obtain was purified by column 

chromatography using 100-200 mesh silica as a stationary phase and 0-30% ethyl 
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acetate in n-Hexane as mobile phase. Pure fractions were collected, combined and 

evaporated to dryness to give 18 g (72% yield) of the desired product Cbz-D-alanine 42 

as a white powder. Mp: 83-84 oC, Purity by HPLC: 97.6% AUC. 

ESI/MS (m/z) : 3 (M+H)+. Mol. Wt. = 223.2 g. 
1H NMR (400 MHz, CDCl3):  1.41 (d, 3H, J = 7.35Hz), 4.45 (m, 1H), 5.12 (s, 2H), 5.32 

(d, 1H, J = 7.26Hz, -NH), 7.32-7.35 (m, 5H), 7.98 (bs, 1H, -COOH). 

 

Step b: (2R,4R)-Benzyl 4-methyl-5-oxo-2-phenyloxazolidine-3-carboxylate (43) 

 

In a 250 ml 3-neck R. B. Flask was placed Cbz-D-Ala-OH 42 (18 g, 80.7 mmol) prepared 

in step a, and was dissolved in dry THF (135 ml) under nitrogen atmosphere. To the 

clear solution obtained was added 12.1 ml benzaldehyde dimethylacetal (12.26 g, 80.7 

mmol) and cooled to 0oC-5oC using ice-bath. To this reaction mixture was charged 

dropwise SOCl2 (5.85 ml, 80.7 mmol) maintaining temperature 0oC-5oC. After 5 min. 

charged anhy. ZnCl2 (11.0 g, 80.7 mmol) portionwise.(Observation: colourless clear 

reaction mixture turned light yellow clear solution) Reaction mixture was stirred at this 

temperature for 3h then again charged sequentially SOCl2 (1.2 ml, 16.2 mmol) and ZnCl2 

(2.2 g, 16.2 mmol) and stirred for additional 1h at 0oC-5oC. 

 After completion of reaction, reaction mixture was quenched with D. M. water 

(100 ml) in such a way that temperature should not rise above 10oC. Compound was 

extracted with ether (3X100 ml), washed with water (100 ml) till became neutral to pH, 

washed with sat. NaHCO3 (1X100 ml) and brine (1X100 ml). Organic layer was dried 

over anhy. Na2SO4, and evaporated to dryness, residue obtained was titurated with n-

hexane (2X50 ml), solid precipitated, solvent was decanted and dried the solid under 

reduced pressure to give 17.07 g (68% yield) of (2R,4R)-benzyl 4-methyl-5-oxo-2-

phenyloxazolidine-3-carboxylate 43 as a white solid. The product was used as such in 

the next reaction step without any further purification. Purity by HPLC: 89.4% AUC. 

ESI/MS (m/z) : 312.2 (M+H)+. Mol. Wt. = 311.3 g. 
1H NMR (400 MHz, CDCl3):  1.58 (d, 3H, J = 6.9Hz), 4.49 (q, 1H, J = 6.9Hz), 5.15 (s, 

2H), 6.64 (s, 1H), 7.25-7.40 (m, 10H). 
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Step c: (2R,4S)-Benzyl 4-(2-fluorobenzyl)-4-methyl-5-oxo-2-phenyloxazolidine-3-

carboxylate (44) 

 

In a 250 ml R. B. Flask equipped with nitrogen inlet charged dry THF (170 ml) through 

septum and was cooled to -27 oC. To this added 115 ml solution of 0.5 M KHMDS in 

toluene (11.45 g, 57.4 mmol) at -27 oC. To this reaction mixture was charged dropwise 

premixed solution of oxazolidinone 43 (17 g, 54.6 mmol) and 2-fluoro benzyl bromide 

(6.6 ml, 54.6 mmol) dissolved in  35 ml of dry THF over a period of 30 min. maintaining 

temperature -30 oC to -28 oC. Stirred the reaction mixture at this temperature for 1h and 

then at room temperature for 1h. Reaction was monitored by TLC. 

  After completion of the reaction, the reaction mixture was poured in to an ice cold 

sat. NaHCO3 solution (250 ml), extracted with ether (3X150 ml), washed the organic 

layer with water (1X150 ml) and brine (1X150 ml). Solvent was evaporated to dryness 

after drying over anhy. Na2SO4 to give 21.3 g (92% yield) of (2R,4S)-benzyl 4-(2-

fluorobenzyl)-4-methyl-5-oxo-2-phenyloxazolidine-3-carboxylate 44 as a light yellow 

coloured thick oil. Purity by HPLC: 83.2% AUC. 

ESI/MS (m/z) : 420.1 (M+H)+, 443.8 (M+Na)+ Mol. Wt. = 419.4 g. 
1H NMR (400 MHz, CDCl3):  1.89 (s, 1.5H), 2.02 (s, 1.5H), 2.98 (d, 0.5H, J = 13.95Hz),  

3.09 (d, 0.5H, J = 13.86Hz), 3.66 (d, 0.5H, J = 13.98Hz), 3.91 (d, 0.5H, J = 13.89Hz), 

5.15 (s, 1H), 5.26 (s, 1H), 5.53 (s, 0.5H), 5.60 (s, 0.5H), 6.80 (d, 1H, J = 7.02Hz), 7.09-

7.78 (m, 13H). 

 

Step d: (S)-2-Amino-3-(2-fluorophenyl)-2-methylpropanoic acid hydrobromide (45) 
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 21 g, (50.1 mmol) of (2R,4S)-benzyl 4-(2-fluorobenzyl)-4-methyl-5-oxo-2-phenyl 

oxazolidine-3-carboxylate 44 prepared in above step was placed in single neck 100 ml 

R. B. Flask, to it added glacial acetic acid (42 ml) and stirred at room temperature for 15 

min. To this reaction mixture was added 26 ml 33% HBr in acetic acid (9.22 g, 115.2 

mmol) and stirred at room temperature for 20h. Acetic acid from the reaction mixture 

was distilled off and to the residue left was added D. M. water (168 ml) followed by 

addition of 2M HBr(aq) (32 ml, 62.6 mmol). This reaction content was extracted with ether 

(3X100 ml) to remove impurities. Aqueous layer was then evaporated to dryness and 

residue obtained was triturated with dry ether (3X100 ml) to give 10 g (72% yield) of (S)-

2-amino-3-(2-fluorophenyl)-2-methylpropanoic acid hydrobromide 45 as a cream 

coloured crystalline solid. Mp: 248 oC dec., Purity by HPLC: 96.2% AUC. 

ESI/MS (m/z) : 198.3 (M+H)+. Mol. Wt. = 197.2 g. 
1H NMR (400 MHz, DMSO-d6):  1.44 (s, 3H), 3.15 (m, 2H), 7.04-728 (m, 4H), 8.33 (bs, 

3H, -NH3
+), 13.62 (bs, 1H, -COOH). 

 

Step d: (S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(2-fluorophenyl)-2-

methyl propanoic acid (23i) 

N
H

OH

O

O

F

O

23i  

(S)-2-Amino-3-(2-fluorophenyl)-2-methylpropanoic acid hydrobromide 45 was converted 

to its Fmoc derivative 23i with 87% yield by using method reported for the synthesis of 

compound 4 as described in section 5.1.2.2.1. as a white fluffy solid. Mp: 187-189 oC, 

Purity by HPLC: 99.3% AUC, 98.45% ee., Specific optical rotation (SOR): -14.48o 

(C=1% in CHCl3 at 25 oC) 

ESI/MS (m/z) : 420.3 (M+H)+. Mol. Wt. = 419.4 g. 
1H NMR (400 MHz, CDCl3):  1.60 (bs, 3H), 3.35-3.43 (m, 2H), 4.24 (t, 1H, J = 4.95Hz), 

4.42 (bs, 2H), 5.38 (s, 1H, -NH), 6.97-7.00 (m, 3H), 7.05-7.18 (m, 1H), 7.19-7.31 (m, 

2H), 7.39 (t, 2H, J = 5.4Hz), 7.57 (t, 2H, J = 6.3Hz), 7.76 (d, 2H, J = 5.4Hz), 8.70 (bs, 1H, 

-COOH). 
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5.1.6. (S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3,3-diphenylpropanoic 

acid (Fmoc-PPA-OH)(23j) 

 

 

Step a: (R)-Methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoate (47) 

N
H

HO

O

O
H

O

O

47  

In a single neck R. B. Flash was placed 10 g (64.3 mmol) of D-serine methyl 

ester hydrochloride 46, acetonitrile (100 ml) and D. M. water (100 ml). To the suspension 

formed was added triethylamine (22.4 ml, 160.75 mmol) at room temperature. The 

reaction mixture was stirred for 30 min. and then cool to 0oC-5oC and charged to it BOC-

anhydride (17.8 ml, 77.4 mmol) dropwise over a period of 45 min. Reaction mixture was 

then brought to room temperature and stirred for 15h. 

 After completion of reaction (TLC), solvent was removed under reduced 

pressure, followed by addition of ethyl acetate (150 ml), D. M. Water (150 ml), layers 

were separated and organic layer was washed with water (1X100 ml) and brine (1X100 

ml). Organic layer was dried over anhy. Na2SO4 and evaporated to dryness. Crude 

residue thus obtained was purified by column chromatography using 100-200 mesh 

silica as stationary phase and 0-20% ethyl acetate in n-hexane as an eluting system. 

Pure fractions were collected and evaporated to dryness to give 11.86 g (84% yield) of 

(R)-methyl 2-((tert-butoxycarbonyl)amino)-3-hydroxypropanoate 47 as a colourless 

viscous liquid. 

ESI/MS (m/z) : 220.3 (M+H)+. Mol. Wt. = 219.2 g. 
1H NMR (400 MHz, CDCl3):  1.49 (s, 9H), 3.63 (s, 3H), 3.84 (dd, 1H, J1 = 3.2Hz, J2 = 

11.2Hz), 4.05 (m, 1H), 4.32-4.39 (m, 1H), 5.91 (bs, 1H, -NH), 6.65 (bs, 1H, -OH). 
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Step b: (R)-3-tert-Butyl 4-methyl-2,2-dimethyloxazolidine-3,4-dicarboxylate (48) 

O
N

COOMe
O

O

48  

11 g (50.2 mmol) of product prepared in above step (R)-methyl 2-((tert-

butoxycarbonyl)amino)-3-hydroxypropanoate 47 was placed in a two neck R. B. Flask 

and was dissolved in acetone (160 ml 2,2-dimethoxy propane (50 ml) and catalytic 

amount of BF3·Et2O (0.4 ml) were added at room temperature. Reaction mixture 

changed from colourless to dark yellow clear solution. Reaction was stirred at room 

temperature for 3h. Reaction was monitored by TLC spotting. 

  After completion of reaction (TLC), triethylamine (1.0 ml) was added to quench 

the reaction, solvent was then evaporated to dryness. Crude residue thus obtained was 

purified by column chromatography (100-200 mesh silica gel, 0-30% Ethyl acetate in n-

Hexane) to give 10.2 g (78% yield) of the title compound 48 as a colourless thick oil. 

ESI/MS (m/z) : 260.5 (M+H)+. Mol. Wt. = 259.3 g. 
1H NMR (400 MHz, DMSO-d6):  1.35 (s, 9H), 1.51 (s, 6H), 3.67 (s, 3H), 4.03-4.07 (m, 

2H), 4.35-4.39 (m, 1H). 

 

Step c: (R)-tert-Butyl 4-(hydroxydiphenylmethyl)-2,2-dimethyloxazolidine-3-

carboxylate (49) 

O
N

O

O

HO Ph

Ph

49  

In a 500 ml 3-neck R. B. Flask were placed Magnesium metal (5.09 g, 212.3 mmol), dry 

THF (250 ml) and a small crystal of iodine. To this content bromobenzene (33.3 g, 193 

mmol) was added dropwise with gentle heating of the R. B. flask. The reaction got 

initiated, remaining amount of bromobenzene was added cautiously so as to control the 

rate. After the Mg metal gets consumed, reaction content was stirred for additional 1h at 

room temperature. To the freshly prepared Grignard reagent was added  10 g (38.61 

mmol) of the (R)-3-tert-butyl-4-methyl-2,2-dimethyloxazolidine-3,4-dicarboxylate 48 
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dissolved in dry THF (50 ml) dropwise through pressure equalizing dropping funnel in an 

inert atmosphere at room temperature over a period of 30min. After completion of the 

addition, reaction mixture was stirred at room temperature for further 5h. 

 After completion of reaction,  reaction mixture was quenched with sat. NH4Cl 

solution (300 ml) and extracted with ethyl acetate (3X250 ml). Combined organic 

extracts were washed with sat. Na2S2O3 solution (1X250 ml) and brine (1X250 ml). 

Organic layer was dried over anhy. Na2SO4 and evaporated to dryness to give 11.98 g 

(81% yield) of (R)-tert-butyl-4-(hydroxydiphenylmethyl)-2,2-dimethyloxazolidine-3-

carboxylate 49 as a light yellow thick oil. Crude product thus obtained was used as such 

for the next reaction step. Purity by HPLC: 78.6% AUC. 

ESI/MS (m/z) : 384.4 (M+H)+. Mol. Wt. = 383.5 g. 

 

Step d: (S)-2-amino-3,3-diphenylpropan-1-ol (50)

 

 

Deoxygenation of the tertiary hydroxyl group in the compound 49 was accomplished as 

described here. 11 g (28.7 mmol) of (R)-tert-butyl-4-(hydroxydiphenylmethyl)-2,2-

dimethyloxazolidine-3-carboxylate 49 was placed in a Parr hydrogenation apparatus 

(preferably Autoclave) dissolved in formic acid (55 ml), to it added 20% Pd(OH)2 on 

carbon (2.2 g, 20% by wt. of starting material) and hydrogenated at 60 oC under 10 bar 

pressure for 5h. Reaction mixture was then filtered through Hyflo supercel and 

evaporated to dryness. To the residue thus obtained was added NaOH (11.5 g, 287.2 

mmol) dissolved in D. M. Water (125 ml), followed by addition of Methanol (125 ml), and 

then refluxed for 15h. 

 After completion of the reaction, solvent was evaporated to dryness under 

reduced pressure and residue was partition between ethyl acetate (200 ml) and sat. 

brine solution (100 ml). Layers were separated and aqueous layer was extracted 

repeatedly with ethyl acetate (3X100 ml). Combined organic layers were dried over 

anhy. Na2SO4 and evaporated to dryness to give 5.3 g (81% yield) of  (S)-2-amino-
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3,3-diphenylpropan-1-ol 50 as an off white solid. Product thus obtained was used as 

such for the next reaction step. Mp: 198-202 oC, Purity by HPLC: 83.6% AUC. 

ESI/MS (m/z) : 228.4 (M+H)+. Mol. Wt. = 227.3 g. 

 

Step e: (S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3,3-diphenylpropanoic 

acid (23j)   

HO NHFmoc

O

23j  

23j (7.26 g)  was prepared by using the method described for the synthesis of compound 

4 as illustrated in section 5.1.2.2.1 with 81% yield as a white solid. Mp: 127-128 oC, 

Purity by HPLC: 99.07% AUC, Specific optical rotation SOR [α]D= -12o (C=1% in 

Chloroform). 

ESI/MS (m/z) : 464.3 (M+H)+. Mol. Wt. = 463.5 g. 
1H NMR (400 MHz, DMSO-d6):  4.24 (t, 1H, J = 6.6 Hz), 4.38 (d, 2H, J = 6.6 Hz), 4.44 

(d, 1H, J = 7.3 Hz), 4.76 (d, 1H, J = 8.8 Hz), 6.93 (d, 1H, J = 7.3 Hz, -NH), 7.14-7.29 (m, 

12H), 7.41 (t, 2H, J = 6.8 Hz), 7.64 (d, 2H, J = 7.3 Hz), 7.82 (d, 2H, J = 7.2 Hz), 12.43 

(bs, 1H, -COOH).  

 

5.1.7. General procedure for the synthesis of compounds (27a-j) 

 

The compounds 27a-j were prepared using Fmoc based Solid Phase Peptide Synthesis 

(SPPS) approach using the practical methodology described for the synthesis of 

compounds 11a-h, 12a-h and 16a-h as illustrated in experimental section 5.1.3. The 

crude carboxamides were obtained after global cleavage from the peptidyl resin were 

then transformed to respective nitrile derivative by dehydration using the method 
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describe for the synthesis of compounds 17a-d and 18a-b as illustrated in experimental 

section 5.1.4. and purified by the method described in section 5.1.3.-Purification to 

give desired compounds 27a-j. 

 

5.1.7.1 (S)-4-Cyano-N-(2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)benzamide (27a) 

 

27a (230 mg, 81%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 159-161 °C; Purity by HPLC: 97.65% 

AUC. 

ESI/MS (m/z) : 283.1 (M+H)+. Mol. Wt. = 282.3 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.76-1.94 (m, 3H), 2.09- 2.14 (m, 1H), 3.28-3.39 (m, 

1H), 3.41-3.53 (m, 1H), 4.42 (d, 2H, J = 8.8Hz), 4.86 (dd, 1H, J1 = 4.2Hz, J2 = 7.6Hz), 

8.12 (d, 2H, J = 8.4Hz), 8.28 (d, 2H, J = 8.4Hz), 8.72 (t, 1H, J = 8.8Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.8, 30.2, 41.6, 48.2, 50.1, 116.9, 117.2, 119.3, 

126.7, 128.6, 138.4, 166.8, 167.2. 

Analysis :  Mol. Formula: C15H14N4O2 

Calcd.: C 63.82, H 5.00, N 19.85. 

Found: C 63.85, H 5.01, N 19.81. 

 

5.1.7.2 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-3-methyl-1-oxobutan-2-

yl)benzamide (27b) 

 

27b (223 mg, 79%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 146-148 °C; Purity by HPLC: 98.21% 

AUC. 

ESI/MS (m/z) : 325.3 (M+H)+. Mol. Wt. = 324.2 g. 
1H NMR (400 MHz, DMSO-d6):  = 0.943 (d, 3H, J = 6.4Hz), 0.991 (d, 3H, J = 6.4Hz), 

1.77-1.85 (m, 2H), 1.92-2.03 (m, 2H), 2.12-2.18 (m, 1H), 3.62-3.66 (m, 1H), 3.84-3.89 
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(m, 1H), 4.43 (t, 1H, J = 8.6Hz), 4.89 (dd, 1H, J1 = 4.4Hz, J2 = 8.4Hz), 7.98 (d, 2H, J = 

8.6Hz), 8.18 (d, 2H, J = 8.6Hz), 8.53 (d, 1H, J = 8.4Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  18.5, 18.7, 22.4, 30.4, 32.1, 48.1, 50.3, 60.8, 116.7, 

116.9, 117.8, 127.2, 127.9, 137.8, 167.3, 173.1. 

Analysis :  Mol. Formula: C18H20N4O2 

  Calcd.: C 66.65, H 6.21, N 17.27. 

  Found: C 66.62, H 6.19, N 17.23. 

 

5.1.7.3. 4-Cyano-N-((2S,3S)-1-((S)-2-cyanopyrrolidin-1-yl)-3-methyl-1-oxopentan-2-

yl) benzamide  (27c) 

 

27c (231 mg, 84%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 183-185 °C; Purity by HPLC: 99.41% 

AUC. 

ESI/MS (m/z) : 339.1 (M+H)+. Mol. Wt. = 338.2 g. 
1H NMR (400 MHz, DMSO-d6):  = 0.825 (t, 3H, J = 7.4Hz), 0.955 (d, 3H, J = 6.8Hz), 

1.09-1.21 (m, 1H), 1.52-1.63 (m, 1H), 1.77-1.85 (m, 2H), 1.93-2.05 (m, 3H), 3.61-3.65 

(m, 1H), 3.87-3.93 (m, 1H), 4.49 (dd, 1H, J1 = 8.0Hz, J2 = 9.6Hz), 4.91 (dd, 1H, J1 = 

4.4Hz, J2 = 8.0Hz), 8.02 (d, 2H, J = 8.4Hz), 8.17 (d, 2H, J = 8.4Hz), 8.58 (d, 1H, J = 

8.0Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  10.7, 15.4, 22.6, 24.5, 31.1, 38.2, 48.3, 50.7, 58.3, 

116.9, 117.2, 117.8, 127.2, 131.9, 138.3, 167.4, 172.9. 

Analysis :  Mol. Formula: C19H22N4O2 

  Calcd.: C 67.44, H 6.55, N 16.56. 

  Found: C 67.45, H 6.52, N 16.54. 
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5.1.7.4. (S)-4-Cyano-N-(1-(2-cyanopyrrolidin-1-yl)-2-methyl-1-oxopropan-2-yl) 

benzamide  (27d) 

N

CNO

N
H

O

NC  

27d (198 mg, 78%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 165-167 °C; Purity by HPLC: 97.87% 

AUC. 

ESI/MS (m/z) : 311.2 (M+H)+. Mol. Wt. = 310.1 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.41 (s, 3H), 1.45 (s, 3H), 1.67-1.91 (m, 3H), 2.01-

2.09 (m, 1H), 3.49-3.53 (m, 1H), 3.55-3.72 (m, 1H), 4.86 (dd, 1H, J1 = 5.6Hz, J2 = 8.4Hz), 

8.07 (d, 2H, J = 8.6Hz), 8.19 (d, 2H, J = 8.6Hz), 9.21 (s, 1H, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.6, 26.7, 30.9, 48.5, 50.6, 67.3, 116.8, 117.1, 117.6, 

127.6, 132.1, 138.7, 167.2, 172.9. 

Analysis :  Mol. Formula: C17H18N4O2 

  Calcd.: C 65.79, H 5.85, N 18.05. 

  Found: C 65.76, H 5.87, N 18.04. 

 

5.1.7.5. 4-Cyano-N-((S)-2-((S)-2-cyanopyrrolidin-1-yl)-1-cyclohexyl-2-oxoethyl) 

benzamide (27e) 

 

27e (174 mg, 83%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 143-145 °C; Purity by HPLC: 97.25% 

AUC. 

ESI/MS (m/z) : 365.1 (M+H)+. Mol. Wt. = 364.4 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.17-1.24 (m, 10H), 1.53-1.65 (m, 1H), 1.74-1.91 (m, 

2H), 2.28-2.42 (m, 2H), 3.43-3.55 (m, 1H), 3.62-3.67 (m, 1H), 4.46 (dd, 1H, J1 = 8.2Hz, 

J2 = 9.2Hz), 4.92 (dd, 1H, J1 = 4.8Hz, J2 = 8.2Hz), 7.97 (d, 2H, J = 8.4Hz), 8.13 (d, 2H, J 

= 8.4Hz), 9.18 (d, 1H, J = 8.2Hz, -NH). 
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13C NMR (100 MHz, DMSO-d6):  21.8, 25.3, 25.4, 26.7, 27.9, 30.7, 32.8, 48.3, 50.7, 

56.4, 116.9, 117.7, 118.3, 127.4, 132.3, 138.5, 167.4, 172.5. 

Analysis :  Mol. Formula: C21H24N4O2 

Calcd.: C 69.21, H 6.64, N 15.24. 

Found: C 69.23, H 6.60, N 15.21. 

 

5.1.7.6. 4-Cyano-N-((S)-2-((S)-2-cyanopyrrolidin-1-yl)-2-oxo-1-phenylethyl) 

benzamide (27f) 

 

27f (178 mg, 80%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 182-184 °C; Purity by HPLC: 99.08% 

AUC. 

ESI/MS (m/z) : 359.2 (M+H)+. Mol. Wt. = 358.4 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.68-1.93 (m, 3H), 2.01-2.11 (m, 1H), 3.41-3.53 (m, 

1H), 3.62-3.65 (m, 1H), 4.92 (dd, 1H, J1 = 5.2Hz, J2 = 8.0Hz), 5.21 (d, 1H, J = 8.2Hz), 

7.21-7.30 (m, 5H), 8.04 (d, 2H, J = 8.4Hz), 8.19 (d, 2H, J = 8.4Hz), 8.96 (d, 1H, J = 

8.2Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.5, 31.2, 48.7, 50.4, 59,2, 116.8, 117.4, 118.6, 

126.2, 127.3, 127.4, 128.8, 129.3, 132.3, 136.3, 138.5, 167.4, 172.7. 

Analysis :  Mol. Formula: C21H18N4O2 

Calcd.: C 70.38, H 5.06, N 15.63. 

Found: C 70.35, H 5.04, N 15.59. 

 

5.1.7.7. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3-phenylpropan-2-yl) 

benzamide (27g) 

O

HN

O

N

CN
NC  
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27g (164 mg, 77%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 184-186 °C; Purity by HPLC: 98.53% 

AUC. 

ESI/MS (m/z) : 373.5 (M+H)+. Mol. Wt. = 372.4 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.67-1.93 (m, 3H), 2.01-2.08 (m, 1H), 2.98 (dd, 1H, 

J1 = 8.0Hz, J2 = 13.2Hz), 3.06 (dd, 1H, J1 = 7.2Hz, J2 = 13.2Hz), 3.37-3.46 (m, 1H), 3.58-

3.63 (m, 1H), 4.74-4.78 (m, 1H), 4.87 (dd, 1H, J1 = 4.8Hz, J2 = 8.0Hz), 7.23-7.34 (m, 5H), 

8.02 (d, 2H, J = 8.6Hz), 8.17 (d, 2H, J = 8.6Hz), 8.96 (d, 1H, J = 8.2Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.3, 31.4, 37.9, 48.7, 50.4, 56,2, 117.0, 117.6, 118.5, 

126.2, 127.4, 127.6, 128.8, 129.1, 132.1, 136.3, 138.6, 167.4, 173.9. 

Analysis :  Mol. Formula: C22H20N4O2 

Calcd.: C 70.95, H 5.41, N 15.04. 

Found: C 70.92, H 5.39, N 15.01. 

 

5.1.7.8. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-3-(2-fluorophenyl)-1-

oxopropan-2-yl)benzamide  (27h) 

O

HN

O

N

CN
NC

F

 

27h (221 mg, 85%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 208-209 °C; Purity by HPLC: 99.27% 

AUC. 

ESI/MS (m/z) : 391.2 (M+H)+. Mol. Wt. = 390.4 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.78-1.81 (m, 1H), 1.83-1.97 (m, 1H), 2.02-2.15 (m, 

2H), 2.96 (dd, 1H, J1 = 7.8Hz, J2 = 13.2Hz), 3.08 (dd, 1H, J1 = 7.2Hz, J2 = 13.2Hz), 3.39-

3.46 (m, 1H), 3.53-3.64 (m, 1H), 4.75-4.78 (m, 1H), 4.92 (dd, 1H, J1 = 5.2Hz, J2 = 8.2Hz), 

6.98-7.13 (m, 3H), 7.19-7.26 (m, 1H), 7.92 (d, 2H, J = 8.2Hz), 8.11 (d, 2H, J = 8.2Hz), 

9.01 (d, 1H, J = 8.0Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  21.9, 30.6, 31.2, 48.6, 50.3, 56,2, 115.4 (d, J = 31Hz), 

117.0, 117.6, 118.5, 125.3, 126.1, 127.7(d, J = 14Hz), 128.2, 128.7, 129.1, 132.1, 132.7, 

138.7, 162.4 (d, J= 243Hz), 167.3, 173.2. 
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Analysis :  Mol. Formula: C22H19FN4O2 

Calcd.: C 67.68, H 4.91, N 14.35. 

Found: C 67.63, H 4.93, N 14.32. 

5.1.7.9. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-3-(2-fluorophenyl)-2-methyl-1-

oxopropan-2-yl)benzamide (27i) 

O

HN

O

F

N

CN

NC  

27i (179 mg, 77%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 173-175 °C; Purity by HPLC: 98.42% 

AUC. 

ESI/MS (m/z) : 405.2 (M+H)+. Mol. Wt. = 404.4 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.27 (s, 3H), 1.69-1.78 (m, 1H), 1.81-1.95 (m, 1H), 

2.01-2.15 (m, 2H), 3.02 (d, 1H, J = 13.6Hz), 3.13 (d, 1H, J = 13.6Hz), 3.41-3.48 (m, 1H), 

3.52-3.63 (m, 1H), 4.91 (dd, 1H, J1 = 4.8Hz, J2 = 8.0Hz), 6.96-7.10 (m, 3H), 7.22-7.27 (m, 

1H), 7.98 (d, 2H, J = 8.4Hz), 8.19 (d, 2H, J = 8.4Hz), 8.76 (bs, 1H, -NH). 
13C NMR (100 MHz, DMSO-d6):  21.9, 23.7, 30.4, 34.2, 48.6, 50.5, 69,2, 115.6 (d, J = 

30Hz), 117.2, 117.7, 118.5, 125.3, 126.2, 127.5(d, J = 14.2Hz), 128.3, 128.7, 129.3, 

132.4, 132.7, 138.7, 162.8 (d, J = 247Hz), 167.8, 172.9. 

Analysis :  Mol. Formula: C23H21FN4O2 

Calcd.: C 68.30, H 5.23, N 13.85. 

Found: C 68.33, H 5.19, N 13.82. 

 

5.1.7.10. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)benzamide  (27j) 

O

HN
O

N CN

NC  
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27j (233 mg, 84%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 129-131 °C; Purity by HPLC: 98.65% 

AUC. 

ESI/MS (m/z) : 449.3 (M+H)+. Mol. Wt. = 448.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.68-1.83 (m, 3H), 1.85-1.91 (m, 1H), 3.61-3.65 (m, 

1H), 3.98-4.01 (m, 1H), 4.63 (d, 1H, J = 11.6Hz), 4.87-4.92 (m, 1H), 5.74 (dd, 1H, J1 = 

8.8Hz, J2 = 11.6Hz), 7.02-7.28 (m, 6H), 7.37-7.41 (m, 4H), 7.76 (d, 2H, J = 7.6Hz), 7.84 

(d, 2H, J = 7.6Hz), 9.14 (d, 1H, J = 8.8Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.1, 30.4, 42.4, 48.9, 51.3, 61.8, 116.4, 117.1, 117.6, 

126.4, 126.6, 127.7, 127.8, 128.2, 128.7, 129.2, 129.3, 132.3, 137.9, 139.2, 167.6, 

173.4. 

Analysis :  Mol. Formula: C28H24N4O2 

Calcd.: C 74.98, H 5.39, N 12.49. 

Found: C 75.01, H 5.41, N 12.47. 

 

5.1.8. (2S,4S)-1-(((9H-Fluoren-9-yl)methoxy)carbonyl)-4-fluoropyrrolidine-2-

carboxylic acid (Fmoc-Cis 4F-Pro-OH) (28) 

 

Step a: (2S,4R)-methyl 4-hydroxypyrrolidine-2-carboxylate (36) 

 

10 g (76.33 mmol) of commercially available trans-4-Hydroxy proline 35 was suspended 

in 250 ml R. B. Flask containing dry Methanol (150 ml) and cooled to 0oC-5oC using ice-

bath. SOCl2 (16.6 ml, 229 mmol) was added dropwise over a period of 30min. Reaction 



  Experimental 
 

130 
 

mixture was then brought to room temperature gradually and refluxed for 15h. Reaction 

was monitored by TLC. 

 After completion of the reaction, solvent was evaporated to dryness and residue 

obtained was triturated with n-hexane (3X150 ml) and di-isopropyl ether (3X150 ml) 

respectively. Crystalline solid obtained after decanting the solvent used for titration was 

dried well under reduced pressure using high vacuum pump to provide 9.85 g (89% 

Yield) hydrochloride salt of (2S,4R)-methyl 4-hydroxypyrrolidine-2-carboxylate 36 as a 

free flowing shiny crystalline solid. Mp: 268 oC dec. 

ESI/MS (m/z) : 146.3 (M+H)+. Mol. Wt. = 145.2 g. 
1H NMR (400 MHz, DMSO-d6):  1.84 (bs, 1H, -OH), 1.98-2.19 (m, 2H), 2.73-2.78 (m, 

1H), 3.02-3.23 (m, 2H), 3.47-3.51 (m, 1H), 3.66 (s, 3H), 6.93 (bs, 2H, >NH2
+).  

 

Step b: (2S,4R)-1-tert-Butyl 2-methyl 4-hydroxypyrrolidine-1,2-dicarboxylate (37) 

 

Titled compound 37 (11.06 g) was prepared by using the method describe for the 

synthesis of compound 47 as illustrated in experimental section 5.1.6. step b. with 83% 

yield as a white solid. Mp: 96-97 oC, SOR [α]D= -65o (C=1% in Chloroform). 

ESI/MS (m/z) : 246.1 (M+H)+. Mol. Wt. = 245.3 g. 
1H NMR (400 MHz, DMSO-d6):  1.49 (s, 9H), 1.94-2.15 (m, 2H), 2.34 (bs, 1H, -OH), 

2.68-2.72 (m, 1H), 3.03-3.21 (m, 2H), 3.34-3.39 (m, 1H), 3.67 (s, 3H).  

 

Step c: (2S,4S)-1-tert-Butyl 2-methyl 4-fluoropyrrolidine-1,2-dicarboxylate (38) 
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 In a 2-neck R. B. Flask equipped with nitrogen inlet was charged 11 g (44.89 

mmol) of product prepared in above step (2S,4R)-1-tert-butyl 2-methyl 4-

hydroxypyrrolidine-1,2-dicarboxylate 37, dissolved in dry DCM (165 ml) and cooled to -

78 oC using dry ice-acetone bath. To this reaction mixture was added diethylaminosulfur 

trifluoride (DAST) (14.8 ml, 112.24 mmol) dropwise over a period of 45 min. Reaction 

mixture was then stirred at same temperature for 1h. Reaction mixture was then brought 

gradually to room temperature and stirred for 5h. 

 After completion of reaction, the mixture was poured in ice cold water (150 ml), 

followed by DCM (100 ml) and stirred, layers were separated and organic layer was 

washed with D. M. water (2X200 ml) and brine (1X100 ml). Organic layer was dried over 

anhy. Na2SO4 and evaporated to dryness. Thr residue thus obtained was purified by 

column chromatography to give 7.5 g (68% Yield) of (2S,4S)-1-tert-butyl 2-methyl 4-

fluoropyrrolidine-1,2-dicarboxylate 38 as a light yellow oil.  

ESI/MS (m/z) : 248.4 (M+H)+. Mol. Wt. = 247.3 g. 
1H NMR (400 MHz, DMSO-d6):  1.42 (s, 9H), 1.98-2.15 (m, 2H), 3.24 (m, 1H), 3.42-

3.59 (m, 2H), 3.71 (s, 3H), 4.68-4.73 (m, 1H).  

 

Step d: (2S,4S)-1-(tert-Butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid (39) 

 

 

 7.0 g (28.34 mmol) of (2S,4S)-1-tert-butyl 2-methyl-4-fluoropyrrolidine-1,2-

dicarboxylate 38 was placed in a 150 ml 2-neck R. B. Flask, to it added methanol (35 

ml), THF (35 ml) and stirred at room temperature for 5min. To the clear solution obtained 

was charged NaOH (1.7 g, 42.51 mmol) dissolved in D. M. Water (35 ml) at room 

temperature and stirred the reaction mixture for 3h.  

 After completion of the reaction (TLC), solvent was evaporated under reduced 

pressure and residue thus obtained was diluted with D. M. water (125 ml). This aqueous 

content was extracted with ether (3X100 ml) to remove impurities if any. Aqueous layer 
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was then acidified to pH 4 with citric acid and extracted with ethyl acetate (3X100 ml). 

Combined extracts were washed successively with water (2X100 ml) and brine (1X100 

ml), dried over anhy. Na2SO4 and concentrated under reduced pressure to give 6.47 g 

(98% Yield) of (2S,4S)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid 39 as 

a white wax.  

ESI/MS (m/z) : 234.3 (M+H)+. Mol. Wt. = 233.2 g. 
1H NMR (400 MHz, DMSO-d6):  1.44 (s, 9H), 1.89-2.12 (m, 2H), 3.31-3.38 (m, 1H), 

3.43-3.57 (m, 2H), 4.79-4.82 (m, 1H), 12.31 (bs, 1H, -COOH). 

 

Step d: (2S,4S)-2-Carboxy-4-fluoropyrrolidin-1-ium chloride (40) 

N
H2

+Cl-

OH

O

F

40
 

6.0 g (25.75 mmol) of (2S,4S)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic 

acid 39 was dissolved in DCM (72 ml) and cooled to 10 oC. To this reaction mixture 

charged in-house prepared solution of 3.2M HCl in 1,4-dioxane (ml, mmol) dropwise 

within 15min. Reaction mixture was then brought to room temperature and stirred for 3h. 

 After completion of the reaction, solvent was evaporated to dryness under 

reduced pressure. Residue obtained was triturated with dry ether (3X75 ml), solvent was 

decanted and the solid precipitated was dried well under high vacuum to give 4.3 g (99% 

Yield) hydrochloride salt of (2S,4S)-4-fluoropyrrolidine-2-carboxylic acid 40 as a white 

solid.  

ESI/MS (m/z) : 134.1 (M+H)+. Mol. Wt. = 133.2 g. 
1H NMR (400 MHz, DMSO-d6):  2.18 (m, 1H), 2.21-2.27 (m, 1H), 3.32-3.37 (m, 1H), 

3.48-3.57 (m, 2H), 4.49-4.58 (m, 1H), 7.21 (bs, 2H, -NH2
+), 12.07 (bs, 1H, -COOH). 
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Step e: (2S,4S)-1-(((9H-Fluoren-9-yl)methoxy)carbonyl)-4-fluoropyrrolidine-2-

carboxylic acid (28) 

 

 Compound 28 (7.22 g) was prepared according to the procedure described for 

the synthesis of compound 2 as illustrated in experimental section 5.1.2.1. with 85% 

yield as a white solid. Purity by HPLC: 98.37% AUC. 

ESI/MS (m/z) : 356.2 (M+H)+. Mol. Wt. = 355.4 g. 
1H NMR (400 MHz, DMSO-d6):  1.89-1.94 (m, 1H), 2.21-2.26 (m, 1H), 3.31-3.36 (m, 

1H), 3.48-3.57 (m, 2H), 4.43-4.56 (m, 2H), 4.92-5.01 (m, 2H), 7.34 (t, 2H, J=7.8 Hz), 

7.42 (t, 2H, J=7.6 Hz), 7.59 (d, 2H, J=7.5 Hz), 7.72 (d, 2H, J=7.5 Hz), 11.94 (bs, 1H, -

COOH). 

 

5.1.9. General procedure for the synthesis of compounds (34a-m) 

NHFmoc

1 34a-m

HN

N

O

CNO

R4
R3

NC

(a) i. 20% Piperidine in DMF
ii. Fmoc-Pro-OH (2)/Fmoc-4-F-Pro-OH (28), HOBt, DIC, DMF, N2

(b) i. 20% Piperidine in DMF
ii. Fmoc-NH-(CHPh2)-COOH (23j), HOBt, DIC, DMF, N2

(c) i. 20% Piperidine in DMF
ii. Substituted benzoic acids (30a-k), HOBt, DIC, DMF, N2

(d) TFA: H2O: Triisopropylsilane (95:2.5:2.5), 3h.
(e) TFAA, CH2Cl2, 25°C, 6h.

 

Compounds 34a-m were prepared by Fmoc based Solid Phase Peptide Synthesis 

(SPPS) approach using the practical methodology described for the synthesis of 

compounds 11a-h, 12a-h and 16a-h as illustrated in experimental section 5.1.3. The 

crude carboxamides 33a-m obtained after global cleavage from the peptidyl resin were 

then transformed to respective nitrile derivative by dehydration using the method 

describe for the synthesis of compounds 17a-d and 18a-b as illustrated in experimental 

section 5.1.4. and purified by the method described in section 5.1.3.-Purification to 

give desired compounds 34a-m. 
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5.1.9.1. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-2-methylbenzamide   (34a) 

 

34a (202 mg, 81%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 126-128 °C; Purity by HPLC: 97.88% 

AUC. 

ESI/MS (m/z) : 462.7 (M+H)+. Mol. Wt. = 462.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.78-1.82 (m, 3H), 1.85-1.93 (m, 1H), 2.46 (s, 3H), 

3.61-3.65 (m, 1H), 3.98-4.01 (m, 1H), 4.51 (d, 1H, J = 11.6Hz), 4.84 (dd, 1H, J1 = 2.8Hz, 

J2 = 8.0Hz), 5.72 (dd, 1H, J1 = 9.2Hz, J2 = 11.6Hz), 7.01-7.19 (m, 7H), 7.22-7.39 (m, 5H), 

7.56 (s, 1H), 9.01 (d, 1H, J = 8.8Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  18.2, 22.3, 30.2, 42.1, 48.6, 51.0, 60.4, 116.1, 116.9, 

117.8, 126.2, 126.5, 127.8, 128.1, 128.2, 128.7, 129.2, 129.3, 133.3, 137.9, 140.2, 

143.3, 167.4, 173.3. 

Analysis :  Mol. Formula: C29H26N4O2 

Calcd.: C 75.30, H 5.67, N 12.11. 

Found: C 75.28, H 5.64, N 12.10. 

 

5.1.9.2. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-2-fluorobenzamide   (34b) 

HN

N

O

CNO

NC F  

34b (202 mg, 85%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 142-144 °C; Purity by HPLC: 98.79% 

AUC. 
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ESI/MS (m/z) : 467.3 (M+H)+. Mol. Wt. = 466.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.81-1.92 (m, 3H), 1.93-1.98 (m, 1H), 3.62-3.65 (m, 

1H), 4.00-4.04 (m, 1H), 4.53 (d, 1H, J = 11.6Hz), 4.87 (dd, 1H, J1 = 2.8Hz, J2 = 8.0Hz), 

5.69 (dd, 1H, J1 = 9.0Hz, J2 = 11.6Hz), 7.07-7.18 (m, 3H), 7.22-7.31 (m, 5H), 7.39-7.75 

(m, 4H),  7.92-7.96 (m, 1H), 9.01 (d, 1H, J = 8.8Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.4, 30.4, 42.2, 48.7, 50.8, 60.1, 116.1(d, J = 28Hz), 

116.9, 117.8, 119,5, 126.2, 126.5, 127.6, 128.2, 128.4, 128.7, 129.2, 129.3, 129.8, 

140.3, 158.7(d, J = 248Hz), 167.4, 173.3. 

Analysis :  Mol. Formula: C28H23FN4O2 

Calcd.: C 72.09, H 4.97, N 12.01. 

Found: C 72.05, H 4.95, N 11.98. 

5.1.9.3. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-3-methylbenzamide   (34c) 

 

34c (211 mg, 83%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 169-171 °C; Purity by HPLC: 97.14% 

AUC. 

ESI/MS (m/z) : 463.6 (M+H)+. Mol. Wt. = 462.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.76-1.81 (m, 3H), 1.84-1.92 (m, 1H), 2.49 (s, 3H), 

3.62-3.65 (m, 1H), 3.89-3.95 (m, 1H), 4.54 (d, 1H, J = 11.6Hz), 4.84-4.93 (dd, 1H, J1 = 

3.2Hz, J2 = 8.0Hz), 5.72 (dd, 1H, J1 = 9.2Hz, J2 = 11.6Hz), 7.03-7.22 (m, 7H), 7.25-7.39 

(m, 5H), 7.96 (s, 1H), 9.03 (d, 1H, J = 8.4Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  18.1, 22.4, 30.5, 42.1, 48.5, 51.1, 59.7, 116.2, 116.7, 

117.8, 126.1, 126.4, 127.7, 128.1, 128.2, 128.6, 129.1, 129.3, 133.2, 137.8, 140.2, 

143.2, 167.4, 172.9. 

Analysis :  Mol. Formula: C29H26N4O2 

Calcd.: C 75.30, H 5.67, N 12.11. 

Found: C 75.27, H 5.66, N 12.14. 
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5.1.9.4. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-3-fluorobenzamide    (34d) 

HN

N

O

CNO

NC

F  

34d (184 mg, 79%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 197-198 °C; Purity by HPLC: 98.39% 

AUC. 

ESI/MS (m/z) : 466.2 (M+H)+. Mol. Wt. = 466.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.82-1.93 (m, 3H), 1.95-2.04 (m, 1H), 3.59-3.63 (m, 

1H), 3.97-4.02 (m, 1H), 4.53 (d, 1H, J = 11.6Hz), 4.87-4.91 (dd, 1H, J1 = 3.8Hz, J2 = 

8.0Hz), 5.64 (dd, 1H, J1 = 8.8Hz, J2 = 11.6Hz), 7.09-7.18 (m, 3H), 7.21-7.33 (m, 4H), 

7.38-7.76 (m, 4H),  7.82-7.91 (m, 2H), 7.93-7.96 (m, 1H), 9.04 (d, 1H, J = 8.6Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.4, 30.4, 42.2, 48.6, 50.5, 59.7, 113.8 (d, J = 30Hz), 

116.9, 117.8, 121,5, 126.2, 126.5, 127.8, 128.1, 128.2, 128.4, 128.7, 129.2, 129.3, 

129.8, 140.1, 140.3, 161.2 (d, J = 253Hz), 167.5, 173.1. 

Analysis :  Mol. Formula: C28H23FN4O2 

Calcd.: C 72.09, H 4.97, N 12.01. 

Found: C 72.07, H 4.98, N 12.03. 

 

5.1.9.5. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-2,5-dimethylbenzamide    (34e) 
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34e (172 mg, 75%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 144-147 °C; Purity by HPLC: 98.48% 

AUC. 

ESI/MS (m/z) : 477.8 (M+H)+. Mol. Wt. = 476.6 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.78-1.82 (m, 3H), 1.84-1.92 (m, 1H), 2.44 (s, 3H), 

2.49 (s, 3H), 3.61-3.65 (m, 1H), 3.97-4.01 (m, 1H), 4.52 (d, 1H, J = 11.4Hz), 4.85 (dd, 

1H, J1 = 3.2Hz, J2 = 8.0Hz), 5.71 (dd, 1H, J1 = 9.0Hz, J2 = 11.4Hz), 7.09-7.24 (m, 6H), 

7.29-7.42 (m, 4H), 7.76 (s, 1H), 7.98 (s, 1H), 9.03 (d, 1H, J = 8.2Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  17.6, 19.1, 22.3, 30.3, 42.1, 48.6, 50.3, 60.1, 115.9, 

116.9, 117.8, 126.2, 126.5, 128.2, 128.3, 128.5, 128.7, 129.2, 129.3, 133.3, 139.3, 

139.7, 140.2, 140.3, 167.4, 173.3. 

Analysis :  Mol. Formula: C30H28N4O2 

Calcd.: C 75.61, H 5.92, N 11.76. 

Found: C 75.58, H 5.89, N 11.73. 

 

5.1.9.6. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-2,5-difluorobenzamide (34f) 

HN

N

O

CNO

NC F

F

 

34e (237 mg, 85%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 214-216 °C; Purity by HPLC: 98.73% 

AUC. 

ESI/MS (m/z) : 485.4 (M+H)+. Mol. Wt. = 484.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.79-1.89 (m, 3H), 1.92-2.01 (m, 1H), 3.60-3.63 (m, 

1H), 3.98-4.03 (m, 1H), 4.53 (d, 1H, J = 11.6Hz), 4.87 (dd, 1H, J1 = 2.8Hz, J2 = 8.0Hz), 

5.64 (dd, 1H, J1 = 8.4Hz, J2 = 11.6Hz), 7.07-7.16 (m, 3H), 7.21-7.33 (m, 5H), 7.38-7.76 

(m, 3H),  7.81-7.89 (m, 1H), 9.03 (d, 1H, J = 8.2Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.1, 30.4, 42.1, 48.7, 50.7, 59.9, 114.8 (d, J = 30Hz), 

116.3, 117.6, 120.6 (d, J = 23Hz), 121,5, 126.2, 126.5, 128.2, 128.4, 128.6, 129.2, 

129.3, 131.3, 140.2, 155.3 (d, J = 248Hz), 156.9 (d, J = 253Hz), 167.5, 173.1. 
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Analysis :  Mol. Formula: C28H22F2N4O2 

Calcd.: C 69.41, H 4.58, N 11.56. 

Found: C 69.43, H 4.57, N 11.53. 

5.1.9.7. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-3-hydroxybenzamide (34g) 

HN

N

O

CNO

NC

OH  

34g (184 mg, 81%) was prepared by using general procedure described in section 5.1.3. 

and section 5.1.4. as a white solid. 234-236 °C; Purity by HPLC: 99.17% AUC. 

ESI/MS (m/z) : 465.6 (M+H)+. Mol. Wt. = 464.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.79-1.84 (m, 3H), 1.88-1.94 (m, 1H), 3.60-3.65 (m, 

1H), 3.97-4.02 (m, 1H), 4.53 (d, 1H, J = 11.6Hz), 4.86 (dd, 1H, J1 = 3.2Hz, J2 = 8.0Hz), 

5.71 (dd, 1H, J1 = 8.8Hz, J2 = 11.6Hz), 7.01-7.15 (m, 4H), 7.18-7.23 (m, 2H), 7.27-7.39 

(m, 4H), 7.64 (d, 1H, J = 7.8Hz), 7.74-7.79 (m, 2H), 9.01 (d, 1H, J = 8.6Hz, -NH), 9.51 (s, 

1H, -OH). 
13C NMR (100 MHz, DMSO-d6):  22.1, 30.4, 42.3, 48.3, 51.1, 59.8, 106.5, 113.4, 115.9, 

116.5, 120.7, 126.2, 126.5, 127.8, 128.1, 128.3, 128.7, 129.2, 129.3, 133.8, 140.2, 

141.3, 159.4, 167.5, 173.2. 

Analysis :  Mol. Formula: C28H24N4O3 

Calcd.: C 72.40, H 5.21, N 12.06. 

Found: C 72.38, H 5.23, N 12.03. 

5.1.9.8. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-3-methoxybenzamide (34h) 

HN

N

O

CNO

NC

O  
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34h (178 mg, 79%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 158-160 °C; Purity by HPLC: 97.74% 

AUC. 

ESI/MS (m/z) : 479.6  (M+H)+. Mol. Wt. = 478.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.81-1.86 (m, 3H), 1.89-1.94 (m, 1H), 3.61-3.66 (m, 

1H), 3.84 (s, 3H), 3.99-4.03 (m, 1H), 4.56 (d, 1H, J = 11.6Hz), 4.89 (dd, 1H, J1 = 3.4Hz, 

J2 = 8.2Hz), 5.73 (dd, 1H, J1 = 8.6Hz, J2 = 11.6Hz), 7.04-7.25 (m, 6H), 7.27-7.38 (m, 4H), 

7.73 (d, 1H, J = 8.4Hz), 7.76-7.79 (m, 2H), 9.03 (d, 1H, J = 8.0Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.3, 30.3, 42.5, 48.2, 51.0, 55.7, 59.9, 104.8, 112.5, 

115.7, 116.3, 120.6, 126.2, 126.5, 127.8, 128.1, 128.3, 128.7, 129.2, 129.3, 133.3, 

140.2, 141.3, 163.4, 167.3, 173.5. 

Analysis :  Mol. Formula: C29H26N4O3 

Calcd.: C 72.79, H 5.48, N 11.71. 

Found: C 72.76, H 5.46, N 11.68. 

5.1.9.9. 3-Chloro-4-cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-

diphenylpropan-2-yl)benzamide (34i) 

HN

N

O

CNO

NC

Cl  

34i (154 mg, 85%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 166-168 °C; Purity by HPLC: 99.06% 

AUC. 

ESI/MS (m/z) : 483.6  (M+H)+. Mol. Wt. = 483.0 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.83-1.87 (m, 3H), 1.89-1.95 (m, 1H), 3.60-3.64 (m, 

1H), 4.01-4.03 (m, 1H), 4.56 (d, 1H, J = 11.4Hz), 4.92 (dd, 1H, J1 = 3.4Hz, J2 = 8.2Hz), 

5.72 (dd, 1H, J1 = 8.8Hz, J2 = 11.4Hz), 7.07-7.25 (m, 6H), 7.28-7.36 (m, 4H), 7.76 (d, 1H, 

J = 7.8Hz), 8.09-8.12 (m, 2H), 8.98 (d, 1H, J = 8.2Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.1, 30.2, 42.1, 48.2, 50.4, 59.7, 115.7, 116.3, 116.8, 

126.3, 126.4, 127.9, 128.2, 128.3, 128.5, 128.6, 129.2, 129.4, 133.8, 134.5, 139.8, 

141.3, 167.4, 173.2. 



  Experimental 
 

140 
 

Analysis :  Mol. Formula: C28H23ClN4O2 

Calcd.: C 69.63, H 4.80, N 11.60. 

Found: C 69.59, H 4.78, N 11.61.  

5.1.9.10. 3,4-Dicyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenyl 

propan-2-yl)benzamide  (34j) 

HN

N

O

CNO

NC

CN  

34j (169 mg, 82%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 198-201 °C; Purity by HPLC: 98.37% 

AUC. 

ESI/MS (m/z) : 474.7  (M+H)+. Mol. Wt. = 473.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.78-1.84 (m, 3H), 1.87-1.95 (m, 1H), 3.58-3.63 (m, 

1H), 3.98-4.03 (m, 1H), 4.56 (d, 1H, J = 11.6Hz), 4.89 (dd, 1H, J1 = 3.2Hz, J2 = 8.4Hz), 

5.75 (dd, 1H, J1 = 8.6Hz, J2 = 11.6Hz), 7.09-7.25 (m, 6H), 7.27-7.36 (m, 4H), 7.96 (d, 1H, 

J = 7.4Hz), 8.24 (d, 1H, J = 7.4Hz), 8.63 (s, 1H), 9.03 (d, 1H, J = 8.0Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.1, 30.3, 42.4, 48.3, 50.1, 60.1, 115.7, 115.8, 116.4, 

119.8, 126.2, 126.3, 127.9, 128.0, 128.3, 128.4, 128.6, 129.2, 129.4, 131.3, 131.8, 

132.5, 139.3, 141.3, 167.5, 173.3. 

Analysis :  Mol. Formula: C29H23N5O2 

Calcd.: C 73.56, H 4.90, N 14.79. 

Found: C 73.53, H 4.87, N 14.82. 

5.1.9.11. 4-Cyano-N-((S)-1-((S)-2-cyanopyrrolidin-1-yl)-1-oxo-3,3-diphenylpropan-2-

yl)-3-(trifluoromethyl)benzamide   (34k) 
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34k (178 mg, 79%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 137-139 °C; Purity by HPLC: 97.46% 

AUC. 

ESI/MS (m/z) : 517.4  (M+H)+. Mol. Wt. = 516.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 1.81-1.86 (m, 3H), 1.87-1.94 (m, 1H), 3.60-3.63 (m, 

1H), 3.99-4.03 (m, 1H), 4.58 (d, 1H, J = 11.6Hz), 4.89 (dd, 1H, J1 = 2.8Hz, J2 = 8.8Hz), 

5.73 (dd, 1H, J1 = 8.4Hz, J2 = 11.6Hz), 7.09-7.18 (m, 4H), 7.21-7.28 (m, 2H), 7.29-7.35 

(m, 4H), 7.76 (d, 1H, J = 7.8Hz), 8.24-8.31 (m, 2H), 9.07 (d, 1H, J = 8.4Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  22.2, 30.1, 42.5, 48.5, 50.2, 60.0, 112.7, 115.6, 116.4, 

119.4 (d, J = 28.4Hz), 124.3, 126.2, 126.3, 127.9, 128.0, 128.3, 128.4, 129.0, 129.2, 

129.4, 131.3, 132.5, 134.5 (d, J = 248Hz), 138.9, 140.7, 167.3, 173.2. 

Analysis :  Mol. Formula: C29H23F3N4O2 

Calcd.: C 67.43, H 4.49, N 10.85. 

Found: C 67.39, H 4.51, N 10.82. 

 

5.1.9.12. 3-Chloro-4-cyano-N-((S)-1-((2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl)-1-oxo-

3,3-diphenylpropan-2-yl)benzamide (34l) 

HN

N

O

CNO

NC

Cl
F

 

34l (198 mg, 72%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 129-131 °C; Purity by HPLC: 99.38% 

AUC. 

ESI/MS (m/z) : 501.7 (M+H)+. Mol. Wt. = 501.0 g. 
1H NMR (400 MHz, DMSO-d6):  = 2.29-2.41 (m, 2H), 3.64-3.68 (m, 1H), 4.01-4.04 (m, 

1H), 4.57 (d, 1H, J = 11.6Hz), 4.91 (dd, 1H, J1 = 3.2Hz, J2 = 8.8Hz), 5.21 (m, 1H), 5.74 

(dd, 1H, J1 = 8.2Hz, J2 = 11.6Hz), 7.13-7.22 (m, 3H), 7.25-7.31 (m, 3H), 7.34-7.41 (m, 

4H), 7.74 (d, 1H, J = 8.4Hz), 8.11-8.24 (m, 2H), 9.04 (d, 1H, J = 8.2Hz, -NH). 
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13C NMR (100 MHz, DMSO-d6):  28.1 (d, J = 23Hz), 42.6, 43.2, 49.8, 60.1, 91.2 (d, J = 

177Hz), 115.7, 116.3, 116.8, 126.2, 126.3, 126.7, 127.9, 128.1, 128.3, 128.4, 129.0, 

129.2, 129.4, 133.5, 134.7, 139.8, 140.5, 140.6, 167.4, 173.3. 

Analysis :  Mol. Formula: C28H22ClFN4O2 

Calcd.: C 67.13, H 4.43, N 11.18. 

Found: 67.14, H 4.44, N 11.15. 

 

5.1.9.13. 4-Cyano-N-((S)-1-((2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl)-1-oxo-3,3-

diphenyl propan-2-yl)-3-fluorobenzamide (34m) 

HN

N

O

CNO

NC

F
F

 

34m (186 mg, 78%) was prepared by means of the general procedure described in 

section 5.1.3. and section 5.1.4. as a white solid. 179-182 °C; Purity by HPLC: 98.76% 

AUC. 

ESI/MS (m/z) : 485.4 (M+H)+. Mol. Wt. = 484.5 g. 
1H NMR (400 MHz, DMSO-d6):  = 2.27-2.43 (m, 2H), 3.62-3.67 (m, 1H), 3.99-4.02 (m, 

1H), 4.56 (d, 1H, J = 11.6Hz), 4.97 (dd, 1H, J1 = 3.2Hz, J2 = 8.8Hz), 5.21 (m, 1H), 5.73 

(dd, 1H, J1= 8.4Hz, J2 = 11.6Hz), 7.10-7.28 (m, 4H), 7.31-7.36 (m, 2H), 7.37-7.41 (m, 

4H), 7.76-7.79 (m, 2H), 7.87 (d, 1H, J = 8.6Hz), 9.01 (d, 1H, J = 8.4Hz, -NH). 
13C NMR (100 MHz, DMSO-d6):  28.2 (d, J = 20Hz), 42.4, 43.6, 49.9, 59.8, 91.6 (d, J = 

178Hz), 113.7 (d, J = 31Hz), 115.6 (d, J = 3.8Hz), 116.4, 121.4, 123.9, 126.3, 126.7, 

127.9, 128.1, 128.3, 128.4, 129.2, 129.4, 133.7, 139.9, 140.5, 140.7, 161.3 (d, J = 

252Hz), 167.4, 173.3. 

Analysis :  Mol. Formula: C28H22F2N4O2 

Calcd.: C 69.41, H 4.58, N 11.56. 

Found: 69.39, H 4.56, N 11.52. 
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5.1.10. Experimental Details : Aminomethylpiperidone based DPP-IV inhibitors 

(Third series) 

 

5.1.10.1. 2,5-Difluorobenzaldehyde (51a) 

 

A solution of 1,4-difluorobenzene 71 (10 g, 87.6 mmol) in THF (175 ml, 17.5 vol) 

was stirred under nitrogen and cooled to -78°C. n-Butyllithium (82 ml of 1.6 M solution in 

hexanes, 131.4 mmol, 1.5 eq) was added to the reaction mixture over a period of 30 

minutes maintaining the temperature below -65°C. After an hour DMF (10.16 ml, 131.4 

mmol, 1.5 eq) was added within 10 min. maintaining the temperature below -65° C. The 

reaction mixture was quenched after 10 minutes by the addition of acetic acid (17.5 ml, 

1.75 eq) directly followed by D. M. water (440 ml, 36.4 vol). This caused the reaction to 

exotherm to 5°C. The cold bath was then removed, tert-Butyl methyl ether (TBME) (220 

ml, 22 vol) added and the reaction was stirred for 5 minutes. The layers were separated 

and the aqueous layer was extracted with TBME (2×220 ml). Combined organic layers 

were washed with 0.2 M HCl (1X220 ml), sat. Na2CO3 (1X220 ml) and brine (1X220 ml, 

22 vol), dried over Na2SO4 and concentrated on a rotary evaporator to afford the crude 

product (11.8 g). Column chromatographic purification gave 7.8 g (62% Yield) of 2,5-

difluorobenzaldehyde 51a as a pale yellow oil. Purity by HPLC: 98.3% AUC. 

ESI/MS (m/z) : 143.2 (M+H)+. Mol. Wt. = 142.1 g 
1HNMR (400 MHz, DMSO-d6) :  7.15-7.20 (m, 1H), 7.26-7.33 (m, 1H), 7.51-7.55 (m, 

1H), 10.32 (s, 1H, -CHO)  

 

5.1.11. General procedure for the synthesis of compounds (52a-c) 

51a-c

Ar CHO

Ar

OCH3

O

52a-c

(Et2O)2POCH2COOMe, Na2CO3, EtOH

 

Synthesis of 52a-c was commenced with Horner-Wadsworth-Emmons reaction of 

aldehydes 51a-c by using protocol reported by J. Villieras et.al. [282]. 50.0 mmol of 
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aldehyde 51a-c was placed in a 50 ml single neck R. B. Flask, to it was added rectified 

spirit (1 vol by weight of starting material) and stirred at room temperature. To this clear 

solution was charged triethyl phosphonoacetate (1.05 eq) in a single portion followed by 

addition of 3M K2CO3 solution (2.0 eq). Reaction mixture was stirred at room 

temperature for 2h. After completion of reaction(TLC), reaction mixture was diluted 

with D. M. water (140 ml) and extracted with ethyl acetate (3X100 ml). Combined 

organic extracts were washed with brine (1X100 ml), dried over anhy. Na2SO4 and 

evaporated to dryness under reduced pressure. Crude residue thus obtained was 

purified by column chromatography (100-200 mesh silica gel, 0-20% ethyl acetate in n-

hexane) to give desired (E)-methyl acrylates 52a-c.  

 

5.1.11.1. (E)-Methyl 3-(2,5-difluorophenyl)acrylate (52a) 

 

52a (7 g, 81%) was prepared from 51a by means of the general procedure described in 

5.1.11. as a colourless oil; Purity by HPLC: 99.55% AUC. 

ESI/MS (m/z) : 198.7 (M+H)+. Mol. Wt. = 198.2 g. 
1H NMR (400 MHz, CDCl3):  = 3.72 (s, 3H), 6.26 (d, 1H, J =13.6Hz), 7.05-7.11 (m, 2H), 

7.26-7.39 (m, 1H), 7.93 (d, 1H, J = 13.6Hz).  

 

5.1.11.2. (E)-Methyl 3-(2,4,5-trifluorophenyl)acrylate (52b) 

 

52b (8.3 g, 86%) was prepared from 51b by means of the general procedure described 

in 5.1.11. as a colourless oil; Purity by HPLC: 96.71% AUC. 

ESI/MS (m/z) : 217.3 (M+H)+. Mol. Wt. = 216.2 g. 
1H NMR (400 MHz, CDCl3):  = 3.71 (s, 3H), 6.27 (d, 1H, J =14.0Hz), 7.26-7.30 (m, 1H), 

7.43-7.50 (m, 1H), 7.89 (d, 1H, J = 14.0Hz). 
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5.1.11.3. (E)-Methyl 3-(2,4-dichlorophenyl)acrylate (52c) 

 

52c (8.3 g, 86%) was prepared from 51c by means of the general procedure described 

in 5.1.11. as a colourless oil; Purity by HPLC: 97.43% AUC. 

ESI/MS (m/z) : 231.7 (M+H)+. Mol. Wt. = 231.1 g. 
1H NMR (400 MHz, CDCl3):  = 3.77 (s, 3H), 6.24 (d, 1H, J =13.6Hz), 7.4 (dd, 1H, J1 = 

8.4Hz, J2 = 2.0Hz), 7.46 (d, 1H, J = 8.4Hz), 7.53 (d, 1H, J = 1.6Hz), 7.97 (d, 1H, J = 

13.6Hz). 

 

5.1.12. General procedure for the synthesis of compounds (53a-c) 

Ar
CN

O OCH3

OCH3

O

Ar

OCH3

O

52a-c 53a-c

NCCH2COOMe, NaOMe, MeOH

 

To a solution of sodium methoxide (1.03 eq by wt. of starting material) in 200 ml 

of methanol was added (1.0 eq) of methyl cyanoacetate and the mixture was stirred at 

ambient temperature for 30 min. To this solution was added (E)-methyl acrylates 52a-c 

(62 mmol) 50 ml of methanol and the resulting yellow mixture was heated to reflux for 6 

h. The mixture was then quenched at ambient temperature with 1N HCl(aq) (100 ml) and 

concentrated to remove methanol. The resulting mixture was extracted with ethyl acetate 

(3X300 ml) portions, and the organic phases combined and washed sequentially with 1N 

HCl, saturated aqueous NaHCO3 solution, and brine (1X100 ml each), dried over 

magnesium sulfate, filtered, and evaporated in vacuo to yield a viscous oil. The crude 

material was purified by flash chromatography (230-400 silica gel, 0 to 25% ethyl 

acetate/hexanes gradient) to give the title compounds 3-aryl-2-cyanopentane diesters 

53a-c as a mixture of stereoisomers.  
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5.1.12.1. Dimethyl 2-cyano-3-(2,5-difluorophenyl)pentanedioate (53a) 

CN

O OCH3

OCH3

O

F

F  

53a (14.9 g, 83%) was prepared from 52a by means of the general procedure described 

in 5.1.12. as light yellow coloured oil; Purity by HPLC: 99.22% AUC. 

ESI/MS (m/z) : 298.2 (M+H)+. Mol. Wt. = 297.3 g. 
1H NMR (400 MHz, CDCl3):  = 2.48-2.52 (m, 2H), 3.63 (s, 3H), 3.72 (s, 3H), 3.94 (d, 

1H, J = 8.6 Hz), 4.35-4.41 (m, 1H), 6.92-6.98 (m, 2H), 7.08-7.14 (m, 1H).  
13C NMR (100 MHz, CDCl3):  29.4, 37.6, 40.2,  51.3, 52.7, 108.9 (d, J = 178Hz), 113.7 

(d, J = 31Hz), 115.6 (d, J = 3.8Hz), 116.4, 136.7, 158.2 (d, J = 246Hz), 161.3 (d, J = 

252Hz), 167.4, 170.3. 

 

5.1.12.2. Dimethyl 2-cyano-3-(2,4,5-trifluorophenyl)pentanedioate (53b) 

CN

O OCH3

OCH3

O

F

F

F

 

53b (13.6 g, 73%) was prepared from 52b by means of the general procedure described 

in 5.1.12. as light yellow coloured oil; Purity by HPLC: 97.34% AUC. 

ESI/MS (m/z) : 316.1 (M+H)+. Mol. Wt. = 315.2 g. 
1H NMR (400 MHz, CDCl3):  = 2.82-3.05 (m, 2H), 3.64 (s, 3H), 3.69 (s, 3H), 3.91 (d, 

1H, J = 9.2 Hz), 4.33-4.40 (m, 1H), 7.26-7.31 (m, 1H), 7.43-7.52 (m, 1H).  

 

5.1.12.3. Dimethyl 2-cyano-3-(2,4-dichlorophenyl)pentanedioate (53c) 

CN

O OCH3

OCH3

O

Cl

Cl  
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53c (14.2 g, 78%) was prepared from 52c by means of the general procedure described 

in 5.1.12. as light yellow coloured oil; Purity by HPLC: 96.84% AUC. 

ESI/MS (m/z) : 331.1 (M+H)+. Mol. Wt. = 330.2 g. 

1H NMR (400 MHz, CDCl3):  = 2.68-2.91 (m, 2H), 3.62 (s, 3H), 3.71 (s, 3H), 3.87 (d, 

1H, J = 9.4 Hz), 4.23-4.37 (m, 1H), 7.21 (d, 1H, J = 8.2 Hz), 7.34 (dd, 1H, J1 = 2.2 Hz, J2 

= 8.2 Hz), 7.65 (d, 1H, J = 2.2 Hz). 

5.1.13. General procedure for the synthesis of compounds (54a-c) 

Ar
CN

O OCH3

OCH3

O

Ar

O OCH3

OCH3

O

NH2

53a-c 54a-c

H2, PtO2, HCl, MeOH

 

To 450 ml of methanol at 0 0C was carefully added acetyl chloride (30 ml) and 

the resulting solution was allowed to stir at ambient temperature for 30 min. The 

resulting solution was added to 3-aryl-2-cyanopentane diesters 53a-c (43 mmol) and the 

reaction mixture was then shaken with 5.0 g of platinum oxide under 50 psi of hydrogen 

for 20 h. The mixture was filtered through a pad of Celite and the filter cake washed with 

methanol and dichloromethane. The combined filtrate and washings were concentrated 

under reduced pressure. Residue obtained was triturated with ether (3X100 ml), solid 

obtained was dried well to give the compounds 54a-c as a hydrochloride salt, which 

were neutralized with sat. NaHCO3 solution and extracted with DCM to give free amines 

54a-c. 

5.1.13.1. Dimethyl 2-(aminomethyl)-3-(2,5-difluorophenyl)pentanedioate (54a) 

 

54a (11.4 g, 69%) was prepared from 53a by means of the general procedure described 

in 5.1.13. as a white solid; mp: 139-1410C Purity by HPLC: 98.97% AUC. 
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ESI/MS (m/z) : 302.1 (M+H)+. Mol. Wt. = 301.3 g. 
1H NMR (400 MHz, CDCl3):  = 2.45-2.49 (m, 2H), 2.79 (d, 1H, J = 7.6 Hz), 2.97-3.04 

(m, 1H), 3.14 (d, 1H, J = 7.8 Hz),  3.63 (s, 3H), 3.78 (s, 3H), 3.87 (d, 1H, J = 9.4 Hz), 

4.35-4.41 (m, 1H), 6.92-6.98 (m, 2H), 7.08-7.14 (m, 1H).  
13C NMR (100 MHz, CDCl3):  35.4, 38.7, 40.3, 51.3, 52.3, 53.1, 114.2 (d, J = 29Hz), 

116.6 (d, J = 3.8Hz), 117.4(d, J = 178Hz), 154.2 (d, J = 242Hz), 157.3 (d, J = 247Hz), 

166.8, 167.3. 

 

5.1.13.2. Dimethyl 2-(aminomethyl)-3-(2,4,5-trifluorophenyl)pentanedioate (54b) 

O OCH3

OCH3

O

NH2

F

F

F

 

54b (12.4 g, 72%) was prepared from 53b by means of the general procedure described 

in 5.1.13. as a white solid; mp: 157-1590C Purity by HPLC: 95.29% AUC. 

ESI/MS (m/z) : 320.1 (M+H)+. Mol. Wt. = 319.3 g. 
1H NMR (400 MHz, CDCl3):  = 2.45-2.47 (m, 2H), 2.77 (d, 1H, J = 7.8 Hz), 2.97-3.02 

(m, 1H), 3.14 (d, 1H, J = 7.8 Hz),  3.64 (s, 3H), 3.77 (s, 3H), 3.86 (d, 1H, J = 8.8 Hz), 

4.35-4.41 (m, 1H), 6.92-7.01 (m, 1H), 7.11-7.24 (m, 1H). 

 

5.1.13.3. Dimethyl 2-(aminomethyl)-3-(2,4-dichlorophenyl)pentanedioate (54c) 

O OCH3

OCH3

O

NH2

Cl

Cl  

54c (11.9 g, 64%) was prepared from 53c by means of the general procedure described 

in 5.1.13. as a thick wax; Purity by HPLC: 95.29% AUC. 

ESI/MS (m/z) : 320.1 (M+H)+. Mol. Wt. = 319.3 g. 
1H NMR (400 MHz, CDCl3):  = 2.43-2.45 (m, 2H), 2.67-2.72 (m, 1H), 2.96-3.02 (m, 1H), 

3.15 (d, 1H, J = 7.6 Hz),  3.65 (s, 3H), 3.74 (s, 3H), 3.92 (d, 1H, J = 8.9 Hz), 4.36-4.42 

(m, 1H), 7.23 (d, 1H, J = 8.4 Hz), 7.37 (dd, 1H, J1 = 1.8 Hz, J2 = 8.2 Hz), 7.63 (d, 1H, J = 

2.0 Hz). 
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 5.1.14. General procedure for the synthesis of compounds (55a-c) 

Ar

O OCH3

OCH3

O

NH2

Ar

OHO

O

NH

54a-c 55a-c

K2CO3, Toluene/MeOH

 

2-Aminomethyl-3-aryl pentane diesters 54a-c (50 mmol) prepared in section 5.1.13. 

were taken up in 400 ml of 1:1 methanol/toluene with K2CO3 (28 g, 200 mmol). The 

resulting mixture was heated to reflux for 4 h, then cooled to 0 0C and quenched with 1N 

HCl(aq) until the solution was acidic to pH paper. The resulting mixture was then extracted 

with mixture of 3: 1 chloroform/isopropyl alcohol (5X300 ml) and the organic phases 

combined and washed with brine (1X300 ml), dried over anhy. Na2SO4, filtered, and 

evaporated in vacuo to yield the compounds 55a-c. Compounds prepared were used as 

such without any purification in the next reaction step. 

 

5.1.14.1. trans-4-(2,5-Difluorophenyl)-6-oxopiperidine-3-carboxylic acid (55a) 

OHO

O

NH

F

F

 

55a (9.3 g, 61%) was prepared from 54a by means of the general procedure described 

in 5.1.14. as a white solid; Mp: 206-2080C Purity by HPLC: 95.98% AUC. 

ESI/MS (m/z) : 256.1 (M+H)+. Mol. Wt. = 255.2 g. 
1H NMR (400 MHz, CDCl3):  = 2.59 (dd, 1H, J1 = 10.8Hz, J2 = 18.0Hz), 2.75 (dd, 1H, J1 

= 9.6Hz, J2 = 18.2Hz), 3.21 (dd, 1H, J1 = 10.8Hz, J2 = 9.6Hz), 3.37-3.49 (m, 2H), 3.59-

3.62 (m, 1H), 6.08 (bs, 1H), 6.92-6.99 (m, 2H), 7.09-7.11 (m, 1H). 
13C NMR (100 MHz, CDCl3):  36.5, 38.4, 46.3, 48.9, 105.4 (d, J = 23Hz), 116.4 (d, J = 

3.8Hz), 117.2 (d, J = 178Hz), 127.3 (d, J = 21Hz), 148.2 (d, J = 246Hz), 154.3 (d, J = 

253Hz), 170.8, 178.6. 
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5.1.14.2. trans-6-Oxo-4-(2,4,5-trifluorophenyl)piperidine-3-carboxylic acid (55b) 

OHO

O

NH

F

F

F

 

55b (10.1 g, 64%) was prepared from 54b by means of the general procedure described 

in 5.1.14. as a white solid; Mp: 197-1990C Purity by HPLC: 97.31% AUC. 

ESI/MS (m/z) : 273.9 (M+H)+. Mol. Wt. = 273.2 g. 
1H NMR (400 MHz, CDCl3):  = 2.54 (dd, 1H, J1 = 10.6Hz, J2 = 16.4Hz), 2.73 (dd, 1H, J1 

= 9.8Hz, J2 = 16.2Hz), 3.18 (dd, 1H, J1 = 10.8Hz, J2 = 9.6Hz), 3.35-3.46 (m, 2H), 3.56-

3.59 (m, 1H), 6.02 (bs, 1H), 6.92-7.03 (m, 1H), 7.09-7.21 (m, 1H). 

 

5.1.14.3. trans-6-Oxo-4-(2,4-dichlorophenyl)piperidine-3-carboxylic acid (55c) 

 

55c (8.3 g, 54%) was prepared from 54c by means of the general procedure described 

in 5.1.14. as an off white solid; Mp: 171-1740C Purity by HPLC: 95.46% AUC. 

ESI/MS (m/z) : 288.6 (M+H)+. Mol. Wt. = 288.1 g. 
1H NMR (400 MHz, CDCl3):  = 2.56 (dd, 1H, J1 = 9.8Hz, J2 = 15.2Hz), 2.76 (dd, 1H, J1 = 

10.2Hz, J2 = 15.2Hz), 3.19 (dd, 1H, J1 = 10.4Hz, J2 = 9.6Hz), 3.37-3.48 (m, 2H), 3.56-

3.61 (m, 1H), 6.08 (bs, 1H), 7.25 (d, 1H, J = 8.4 Hz), 7.37 (m, 1H), 7.67 (d, 1H, J = 2.0 

Hz). 

 

5.1.15. General procedure for the synthesis of compounds (56a-c) 
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Compounds 56a-c were prepared by using literature reported method [283]. The 

Compounds 55a-c (75 mmol) prepared in section 5.1.14. were dissolved in a mixture of 

1 : 1 diethyl ether/methanol (500 ml) and cooled to 0 0C. To this solution was added 75 

ml solution  of  2M trimethylsilyldiazomethane in hexane (150 mmol) dropwise until a 

yellow colour persisted. After warming to room temperature, the solution was stirred for 

an additional 2 h, and then concentrated in vacuo. The compounds 56a-c were collected 

as a colorless crystalline solid (obtained as cis: trans mixture having >85% trans stereo 

configuration) which were purified by column chromatography to remove the cis isomer.  

5.1.15.1. Methyl-trans-4-(2,5-difluorophenyl)-6-oxopiperidine-3-carboxylate (56a) 

OO

O

NH

F

F

 

56a (9.8 g, 89%) was prepared from 55a by means of the general procedure described 

in 5.1.15. as a white solid; Mp: 174-1770C Purity by HPLC: 98.40% AUC. 

ESI/MS (m/z) : 270.3 (M+H)+. Mol. Wt. = 269.2 g. 
1H NMR (400 MHz, CDCl3):  = 2.42 (dd, 1H, J1 = 9.6Hz, J2 = 14.8Hz), 2.58 (dd, 1H, J1 = 

9.2Hz, J2 = 14.8Hz), 3.28 (dd, 1H, J1 = 9.2Hz, J2 = 9.6Hz), 3.36-3.49 (m, 2H), 3.59-3.63 

(m, 1H), 3.77 (s, 3H), 6.90-6.99 (m, 3H), 7.07-7.12 (m, 1H). 
13C NMR (100 MHz, CDCl3):  37.5, 40.6, 47.5, 49.2, 52.2, 106.7 (d, J = 28Hz), 116.9 (d, 

J = 3.8Hz), 117.2 (d, J = 38Hz), 121.3 (d, J = 21Hz), 148.2 (d, J = 249Hz), 157.3 (d, J = 

250Hz), 166.6, 170.6. 

 

5.1.15.2. Methyl-trans-6-oxo-4-(2,4,5-trifluorophenyl)piperidine-3-carboxylate (56b) 

 

56a (9.3 g, 87%) was prepared from 55b by means of the general procedure described 

in 5.1.15. as a white solid; Mp: 162-1640C Purity by HPLC: 97.87% AUC. 

ESI/MS (m/z) : 288.3 (M+H)+. Mol. Wt. = 287.2 g. 
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1H NMR (400 MHz, CDCl3):  = 2.44 (m, 1H), 2.54 (dd, 1H, J1 = 9.6Hz, J2 = 15.2Hz), 

3.27 (dd, 1H, J1 = 9.4Hz, J2 = 9.6Hz), 3.36-3.47 (m, 2H), 3.56-3.62 (m, 1H), 3.78 (s, 3H), 

6.37 (bs, 1H), 6.96-7.13 (m, 2H). 

 

5.1.15.c. Methyl-trans-4-(2,4-dichlorophenyl)-6-oxopiperidine-3-carboxylate (56c) 

 

56c (10.6 g, 93%) was prepared from 55c by means of the general procedure described 

in 5.1.15. as a white solid; Mp: 137-1390C Purity by HPLC: 96.82% AUC. 

ESI/MS (m/z) : 303.3 (M+H)+. Mol. Wt. = 302.2 g. 
1H NMR (400 MHz, CDCl3):  = 2.47 (dd, 1H, J1 = 9.4Hz, J2 = 13.8Hz), 2.54 (dd, 1H, J1 = 

10.4Hz, J2 = 13.8Hz), 3.25 (dd, 1H, J1 = 9.4Hz, J2 = 10.6Hz), 3.34-3.51 (m, 2H), 3.56-

3.61 (m, 1H), 3.77 (s, 3H), 6.83 (bs, 1H), 7.45 (d, 1H, J = 8.4Hz), 7.51 (dd, 1H, J1 = 8.4 

Hz, J2 = 1.6Hz), 7.92 (d, 1H, J = 1.6Hz). 

 

5.1.16. General procedure for the synthesis of compounds (57a-c) 

 

To a stirred solution of compounds 56a-c (28 mmol) in a mixture of 4:1 THF/DMF 

(150 ml) at -78 0C was added 32 ml solution of 1M sodium bis(trimethylsilyl)amide in 

THF (32 mmol) and the resulting solution was stirred at -78 0C for 30 min. p-methoxy 

benzyl bromide (35 mmol) was then added and the resulting solution was stirred at 00C 

for 60 min, then allowed to warm to ambient temperature over 12 h. The mixture was 

quenched with 1N HCl(aq) (100 ml) and concentrated to remove the THF. The resulting 

mixture was extracted with ethyl acetate (3X300 ml), and the organic phases combined 

and washed sequentially with 1N HCl, saturated NaHCO3 solution, and brine (1X100 ml 

each). The organic phase was dried over anhy. Na2SO4 and evaporated in vacuo to yield 
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viscous oil. The crude material was purified by flash chromatography (230-400 mesh 

silica gel, 0 to 50% ethyl acetate/hexanes gradient) to give the compounds 57a-c. 

5.1.16.1. Methyl-trans-4-(2,5-difluorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidine-

3-carboxylate (57a) 

 

57a (8.3 g, 73%) was prepared from 56a by means of the general procedure described 

in 5.1.16. as a colourless thick oil; Purity by HPLC: 99.60% AUC. 

ESI/MS (m/z) : 390.1 (M+H)+. Mol. Wt. = 389.4 g. 
1H NMR (400 MHz, CDCl3):  = 2.56 (dd, 1H, J1 = 9.8Hz, J2 = 14.2Hz), 2.69 (dd, 1H, J1 = 

8.1Hz, J2 = 14.2Hz), 3.21 (dd, 1H, J1 = 8.4Hz, J2 = 9.8Hz), 3.40-3.47 (m, 1H), 3.57-3.59 

(m, 2H), 3.77 (s, 3H), 3.79 (s, 3H), 4.36 (d, 1H, J = 9.6Hz), 4.44 (d, 1H, J = 9.6Hz), 6.90-

7.01 (m, 4H), 7.11-7.15 (m, 1H), 7.23 (d, 2H, J = 7.4Hz). 
13C NMR (100 MHz, CDCl3):  37.9, 40.3, 47.5, 49.2, 49.8, 52.2, 56.7, 106.7 (d, J = 

28Hz), 114.3, 116.4, 116.9 (d, J = 3.2Hz), 117.2 (d, J = 39Hz), 126.3 (d, J = 23Hz), 

128.3, 131.3, 148.2 (d, J = 247Hz), 157.5 (d, J = 252Hz), 166.6, 170.6. 

 

5.1.16.2. Methyl-trans-1-(4-methoxybenzyl)-6-oxo-4-(2,4,5-trifluorophenyl) 

piperidine-3-carboxylate (57b) 

 

57b (8.9 g, 81%) was prepared from 56b by means of the general procedure described 

in 5.1.16. as a colourless thick oil; Purity by HPLC: 97.21% AUC. 

ESI/MS (m/z) : 408.1 (M+H)+. Mol. Wt. = 407.4 g. 
1H NMR (400 MHz, CDCl3):  = 2.58 (dd, 1H, J1 = 9.4Hz, J2 = 14.2Hz), 2.67 (dd, 1H, J1 = 

8.4Hz, J2 = 14.2Hz), 3.22 (dd, 1H, J1 = 8.4Hz, J2 = 9.4Hz), 3.42-3.49 (m, 1H), 3.57-3.61 
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(m, 2H), 3.78 (s, 3H), 3.79 (s, 3H), 4.37 (d, 1H, J = 9.4Hz), 4.43 (d, 1H, J = 9.4Hz), 6.92-

7.03 (m, 3H), 7.09-7.10 (m, 1H), 7.11-7.15 (m, 1H), 7.23 (d, 2H, J = 7.8Hz). 

 

5.1.16.3. Methyl-trans-4-(2,4-dichlorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidine-

3-carboxylate (57c) 

 

57c (7.3 g, 68%) was prepared from 56c by means of the general procedure described 

in 5.1.16. as a colourless thick oil; Purity by HPLC: 98.24% AUC. 

ESI/MS (m/z) : 423.4 (M+H)+. Mol. Wt. = 422.3 g. 
1H NMR (400 MHz, CDCl3):  = 2.56 (m, 1H), 2.63 (dd, 1H, J1 = 8.6Hz, J2 = 14.2Hz), 

3.19 (dd, 1H, J1 = 8.6Hz, J2 = 9.6Hz), 3.42-3.49 (m, 1H), 3.56-3.63 (m, 2H), 3.76 (s, 3H), 

3.78 (s, 3H), 4.36 (d, 1H, J = 9.4Hz), 4.43 (d, 1H, J = 9.4Hz), 6.92-7.03 (m, 3H), 7.18 (d, 

2H, J = 7.8Hz), 7.23 (d, 2H, J = 7.8Hz) 7.45 (d, 1H, J = 8.4Hz), 7.52 (dd, 1H, J1 = 8.4 Hz, 

J2 = 1.6Hz), 7.92 (d, 1H, J = 1.6Hz). 

 

5.1.17. General procedure for the synthesis of compounds (58a-c) 

 

A solution of compounds 57a-c (20 mmol) in dry THF (105 ml) was cooled to 0 
0C. To the clear solution obtained was charged LiAlH4 (24 mmol) in portions. Each 

portion was added after hydrogen gas evolution ceased. Reaction mixture was stirred at 

0 0C for 2h. After completion of reaction, reaction mixture was quenched with sat. 

Na2SO4 solution (5 ml). Stirred the content at room temperature for 30 min., diluted it 

with DCM (100 ml). Reaction content was then filtered through celite and filtrate was 

dried over anhy. Na2SO4 and evaporated to dryness under reduced pressure to give title 

compounds 58a-c. 
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5.1.17.1. trans-4-(2,5-Difluorophenyl)-5-(hydroxymethyl)-1-(4-methoxybenzyl) 

piperidin-2-one (58a) 

 

58a (6.9 g, 98%) was prepared by means of the general procedure described in 5.1.17. 

as a colourless thick oil; Purity by HPLC: 98.37% AUC. 

ESI/MS (m/z) : 362.2 (M+H)+. Mol. Wt. = 361.4 g. 
1H NMR (400 MHz, CDCl3):  = 2.36-2.40 (m, 2H), 2.50-2.59 (m, 2H), 2.94-2.95 (m, 1H), 

3.09-3.12 (m, 1H), 3.30-3.32 (m,2H), 3.51-3.59 (m, 2H), 3.80 (s, 3H), 4.29 (d, 1H, J = 

9.6Hz), 4.32 (d, 1H, J = 9.6Hz), 7.21-7.25 (m, 4H), 7.39-7.44 (m, 1H), 7.91 (d, 2H, J = 

7.2Hz). 
13C NMR (100 MHz, CDCl3):  37.7, 40.3, 47.5, 49.2, 49.8, 56.7, 62.3, 104.7 (d, J = 

28Hz), 114.3, 116.4, 117.9 (d, J = 3.2Hz), 118.2 (d, J = 38Hz), 126.5 (d, J = 27Hz), 

128.3, 131.3, 148.2 (d, J = 252Hz), 155.5 (d, J = 258Hz), 158.4, 166.6. 

 

5.1.17.2. trans-5-(Hydroxymethyl)-1-(4-methoxybenzyl)-4-(2,4,5-trifluorophenyl) 

piperidin-2-one (58b) 

 

58b (7.1 g, 96%) was prepared by means of the general procedure described in 5.1.17. 

as a colourless thick oil; Purity by HPLC: 97.45% AUC. 

ESI/MS (m/z) : 380.2 (M+H)+. Mol. Wt. = 379.4 g. 
1H NMR (400 MHz, CDCl3):  = 2.35-2.40 (m, 2H), 2.51-2.59 (m, 2H), 2.91-2.96 (m, 1H), 

3.09-3.12 (m, 1H), 3.30-3.32 (m,2H), 3.51-3.57 (m, 2H), 3.79 (s, 3H), 4.28 (d, 1H, J = 

9.6Hz), 4.32 (d, 1H, J = 9.6Hz), 7.26-7.33 (m, 3H), 7.43-7.52 (m, 1H), 7.91 (d, 2H, J = 

7.8Hz). 
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5.1.17.2. trans-4-(2,4-Dichlorophenyl)-5-(hydroxymethyl)-1-(4-methoxybenzyl) 

piperidin-2-one (58c) 

 

58c (7.3 g, 97%) was prepared by means of the general procedure described in 5.1.17. 

as a colourless thick oil; Purity by HPLC: 97.67% AUC. 

ESI/MS (m/z) : 394.7 (M+H)+. Mol. Wt. = 394.3 g. 
1H NMR (400 MHz, CDCl3):  = 2.37-2.42 (m, 2H), 2.51-2.58 (m, 2H), 2.92-2.96 (m, 1H), 

3.09-3.12 (m, 1H), 3.30-3.34 (m,2H), 3.51-3.57 (m, 2H), 3.79 (s, 3H), 4.29 (d, 1H, J = 

9.6Hz), 4.31 (d, 1H, J = 9.6Hz), 7.21 (d, 1H, J = 8.2 Hz), 7.26 (d, 2H, J = 7.8Hz), 7.34 

(dd, 1H, J1 = 2.2 Hz, J2 = 8.2 Hz), 7.65 (d, 1H, J = 2.2 Hz), 7.91 (d, 2H, J = 7.8Hz). 

 

5.1.18. General procedure for the synthesis of compounds (59a-c) 

 

 

 To a solution of compounds 58a-c (18 mmol) in  dry DCM (85 ml) was added 

triethyl amine (27 mmol) in a single portion. Reaction mixture was cooled to 0 0C and 

charged to it methane sulfonyl chloride (21.6 mmol) dropwise over a period of 15 min. 

After completion of addition, reaction mixture was stirred at the same temperature for 2h.  

 After completion of reaction, reaction mixture was poured in to D. M. water (100 

ml), layers were separated and aqueous layer was extracted with DCM (1X100 ml). 

Combined organic extracts were washed with D. M. water (3X150 ml), sat. NaHCO3 

solution (1X150 ml) and brine (1X100 ml). Organic layer was dried over anhy. Na2SO4 

and solvent was removed under reduced pressure to give mesylate compounds 59a-c 

as colourless oil. 

 



  Experimental 
 

157 
 

5.1.18.1. trans-4-(2,5-Difluorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidin-3-

yl)methyl methanesulfonate (59a) 

 

59a (8.7 g, 94%) was prepared from 58a by means of the general procedure described 

in 5.1.18. as a colourless thick oil; Purity by HPLC: 97.04% AUC. 

ESI/MS (m/z) : 440.3 (M+H)+. Mol. Wt. = 439.5 g. 
1H NMR (400 MHz, CDCl3):  = 2.36-2.40 (m, 2H), 2.52 (t, 1H, J = 16.3Hz), 2.55-2.58 

(m, 4H), 2.94-2.95 (m, 1H), 3.09-3.12 (m, 1H), 3.30-3.32 (m,2H), 3.51-3.59 (m, 2H), 3.81 

(s, 3H), 4.29 (d, 1H, J = 9.6Hz), 4.31 (d, 1H, J = 9.6Hz), 7.21-7.25 (m, 4H), 7.40-7.44 (m, 

1H), 7.93 (d, 2H, J = 7.4Hz). 
13C NMR (100 MHz, CDCl3):  37.7, 40.3, 41.5, 43.2, 49.8, 56.7, 67.3, 106.6 (d, J = 

23Hz), 114.4, 116.7, 117.7 (d, J = 2.8Hz), 118.2 (d, J = 34Hz), 127.1 (d, J = 28Hz), 

128.5, 131.3, 148.7 (d, J = 248Hz), 157.0 (d, J = 258Hz), 158.4, 166.7. 

 

5.1.18.2. trans-1-(4-Methoxybenzyl)-6-oxo-4-(2,4,5-trifluorophenyl)piperidin-3-

yl)methyl methanesulfonate (59b) 

 

59b (7.6 g, 96%) was prepared from 58b by means of the general procedure described 

in 5.1.18. as a colourless thick oil; Purity by HPLC: 98.21% AUC. 

ESI/MS (m/z) : 458.6 (M+H)+. Mol. Wt. = 457.5 g. 
1H NMR (400 MHz, CDCl3):  = 2.35-2.40 (m, 2H), 2.52-2.54 (m, 1H), 2.55-2.57 (m, 1H), 

2.59 (s, 3H), 2.94-2.97 (m, 1H), 3.09-3.12 (m, 1H), 3.30-3.32 (m,2H), 3.51-3.59 (m, 2H), 

3.81 (s, 3H), 4.28 (d, 1H, J = 9.4Hz), 4.30 (d, 1H, J = 9.4Hz), 6.92-7.03 (m, 1H), 7.09-

7.21 (m, 1H),7.22 (d, 2H, J = 7.8Hz), 7.93 (d, 2H, J = 7.8Hz). 
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5.1.18.3. trans-4-(2,4-dichlorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidin-3-

yl)methyl methanesulfonate (59c) 

 

59c (8.1 g, 96%) was prepared from 58c by means of the general procedure described 

in 5.1.18. as a colourless thick oil; Purity by HPLC: 97.84% AUC. 

ESI/MS (m/z) : 473.1 (M+H)+. Mol. Wt. = 472.4 g. 
1H NMR (400 MHz, CDCl3):  = 2.33-2.40 (m, 2H), 2.48-2.52 (m, 1H), 2.55-2.57 (m, 1H), 

2.61 (s, 3H), 2.94-2.97 (m, 1H), 3.09-3.12 (m, 1H), 3.29-3.32 (m,2H), 3.51-3.59 (m, 2H), 

3.80 (s, 3H), 4.29 (d, 1H, J = 9.4Hz), 4.30 (d, 1H, J = 9.4Hz), 7.22 (d, 2H, J = 7.8Hz), 

7.45 (d, 1H, J = 8.4Hz), 7.51 (dd, 1H, J1 = 8.4 Hz, J2 = 1.6Hz), 7.92 (d, 1H, J = 1.6Hz), 

7.93 (d, 2H, J = 7.8Hz). 

 

5.1.19. General procedure for the synthesis of compounds (60a-c) 

 

 

 

To a solution of the compounds 59a-c (16 mmol) in dry DMF (85 ml) was 

charged pottassium phthalimide (20.8 mmol) in a single portion under nitrogen 

atmosphere at room temperature. Reaction mixture was then heated to 90 °C for 8h.  

 After completion of reaction (TLC), reaction mixture was cool to room 

temperature and poured in ice cold D. M. water (425 ml). solid precipitates was filtered 

through Wattman filter paper and washed with plenty of D. M. water. Solid was then 

dried under suction to give desired title compounds 60a-c [284].  
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5.1.19.1. trans-2-((4-(2,5-Difluorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidin-3-

yl)methyl) isoindoline-1,3-dione (60a) 

 

60a (5.3 g, 68%) was prepared from 59a by means of the general procedure described 

in 5.1.19. as a White solid; Mp: 214-2170C, Purity by HPLC: 98.57% AUC. 

ESI/MS (m/z) : 490.6 (M+H)+. Mol. Wt. = 490.5 g. 
1H NMR (400 MHz, CDCl3):  = 2.36-2.39 (m, 1H), 2.41-2.56 (m, 1H), 2.89-2.92 (m, 1H), 

3.09-3.12 (m, 1H), 3.30-3.32 (m,2H), 3.53-3.59 (m, 2H), 3.79 (s, 3H), 4.36 (d, 1H, J = 

9.6Hz), 4.44 (d, 1H, J = 9.6Hz), 6.90-7.01 (m, 4H), 7.09-7.12 (m, 1H), 7. 23 (d, 2H, J = 

7.4Hz), 7.81-7.87 (m, 4H). 
13C NMR (100 MHz, CDCl3):  38.1, 41.3, 42.2, 42.5, 49.8, 51.7, 56.7, 109.6 (d, J = 

23Hz), 114.4, 116.7, 117.7 (d, J = 2.8Hz), 118.2 (d, J = 34Hz), 122.8, 127.1 (d, J = 

29Hz), 128.5, 131.3, 131.7, 132.1, 148.3 (d, J = 248Hz), 157.3 (d, J = 258Hz), 158.9, 

166.7, 168.2. 

5.1.19.2. trans-2-((1-(4-Methoxybenzyl)-6-oxo-4-(2,4,5-trifluorophenyl)piperidin-3-yl) 

methyl)isoindoline-1,3-dione (60b) 

 

60b (6.0 g, 75%) was prepared from 59b by means of the general procedure described 

in 5.1.19. as a White solid; Mp: 221-2240C, Purity by HPLC: 96.52% AUC. 

ESI/MS (m/z) : 509.3 (M+H)+. Mol. Wt. = 508.5 g. 
1H NMR (400 MHz, CDCl3):  = 2.36-2.39 (m, 1H), 2.41-2.56 (m, 1H), 2.89-2.92 (m, 1H), 

3.09-3.12 (m, 1H), 3.30-3.32 (m,2H), 3.53-3.59 (m, 2H), 3.79 (s, 3H), 4.34 (d, 1H, J = 

9.4Hz), 4.43 (d, 1H, J = 9.4Hz), 7.23 (d, 2H, J = 7.4Hz), 7.26-7.33 (m, 3H), 7.43-7.52 (m, 

1H), 7.83-7.89 (m, 4H). 



  Experimental 
 

160 
 

5.1.19.3. trans-2-((4-(2,4-Dichlorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidin-3-

yl)methyl) isoindoline-1,3-dione (60c) 

 

60c (6.2 g, 72%) was prepared from 59c by means of the general procedure described 

in 5.1.19. as a White solid; Mp: 178-1860C (No clear melting point), Purity by HPLC: 

97.21% AUC. 

ESI/MS (m/z) : 523.9 (M+H)+. Mol. Wt. = 523.4 g. 
1H NMR (400 MHz, CDCl3):  = 2.32-2.37 (m, 1H), 2.39-2.52 (m, 1H), 2.87-2.91 (m, 1H), 

3.07-3.10 (m, 1H), 3.28-3.31 (m,2H), 3.49-3.52 (m, 2H), 3.77 (s, 3H), 4.31 (d, 1H, J = 

9.6Hz), 4.39 (d, 1H, J = 9.6Hz), 7.21 (d, 1H, J = 8.2 Hz), 7.23 (d, 2H, J = 7.4Hz), 7.29-

7.37  (m, 3H), 7.65 (d, 1H, J = 2.2 Hz), 7.83-7.91 (m, 4H). 

 

5.1.20. General procedure for the synthesis of compounds (61a-c) 

 

Deprotection of phthalimido group was accomplished by treatment with 

hydrazine-hydrate [285]. Phthalimido compounds 60a-c (15 mmol) prepared above were 

dissolved in ethanol (75 ml). To the clear solution obtained was added hydrazine-hydrate 

(75 mmol) and reaction mixture was stirred at room temperature for 5h.  

After completion of reaction (TLC), D. M. water (150 ml) was added to the 

reaction mixture and ethanol was removed under reduced pressure. Aqueous layer was 

then extracted with ethyl acetate (4X100 ml). Combined organic layers were washed 

with brine (1X100 ml). Organic layer was then dried over anhy. Na2SO4 and 

concentrated under reduced pressure to give fairly pure (>95% purity) trans- racemic 
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compounds 61a-c. However this deprotection of phthlimide group to get primary amine 

can also be accomplish by the mild condition reported by John Osby et al [286].  
Chiral resolution:  
Amino-methyl pipyridones 61a-c prepared above were dissolved in methanol (100 ml)-

and D-Tartaric acid (16.5 mmol) was added at room temperature and the reaction 

mixture was stirred for 15h at the same temperature. White solid precipitated in the 

reaction mixture was filtered through hot filter paper and washed it with methanol (2X100 

ml) and dried under suction. Solid was then transferred in drying tray and dried in an air 

drier at 500C till constant weight obtained (approximately 5h). Thus tartrate salt of 

compounds 61a-c was obtained as a white free flowing powder with absolute stereo 

configuration (4S, 5S). 

 

 5.1.20.1. ((3S,4S)-4-(2,5-Difluorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidin-3-yl) 

methanaminium (2S,3S)-3-carboxy-2,3-dihydroxypropanoate (61a) 

NH3
+

O

N

F

F

O

HO

OH

O
-O

O
OH

 

61a (2.48 g, 41%) was prepared from 60a by means of the general procedure described 

in 5.1.20. as a white solid; Mp: 198-2010C, Purity by HPLC: 98.94% AUC, Chiral 

purity:98.18%ee AUC. 

ESI/MS (m/z) : 361.4 (M+H)+. Mol. Wt. = 360.4 g. 
1H NMR (400 MHz, D2O):  = 2.34-2.39 (m, 1H), 2.41-2.53 (m, 1H), 2.89-2.93 (m, 1H), 

3.09-3.13 (m, 1H), 3.31-3.34 (m,2H), 3.51-3.57 (m, 2H), 3.79 (s, 3H), 4.36 (d, 1H, J = 

9.6Hz), 4.44 (d, 1H, J = 9.6Hz), 4.49 (s, 2H), 6.93-7.04 (m, 4H), 7.09-7.12 (m, 1H), 7. 23 

(d, 2H, J = 7.4Hz). 
13C NMR (100 MHz, D2O):  37.2, 40.3, 40.9, 45.3, 49.4, 49.9, 55.7, 78.3, 109.6 (d, J = 

27Hz), 114.4, 116.7, 117.7 (d, J = 2.8Hz), 118.2 (d, J = 32Hz), 127.1 (d, J = 26Hz), 

128.3, 131.4, 148.6 (d, J = 248Hz), 156.3 (d, J = 252Hz), 158.9, 166.7, 176.3.2. 
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5.1.20.2. ((3S,4S)-1-(4-Methoxybenzyl)-6-oxo-4-(2,4,5-trifluorophenyl)piperidin-3-

yl)methanaminium (2S,3S)-3-carboxy-2,3-dihydroxypropanoate (61b) 

NH3
+

O

N

F

F

O

HO

OH

O
-O

O
OH

F

 

61b (2.17 g, 38%) was prepared from 60b by means of the general procedure described 

in 5.1.20. as a white solid; Mp: 217-2190C, Purity by HPLC: 99.04% AUC, Chiral 

purity:98.47%ee AUC. 

ESI/MS (m/z) : 379.2 (M+H)+. Mol. Wt. = 378.4 g. 
1H NMR (400 MHz, D2O):  = 2.32-2.37 (m, 1H), 2.41-2.53 (m, 1H), 2.92-2.97 (m, 1H), 

3.09-3.15 (m, 1H), 3.31-3.34 (m,2H), 3.49-3.56 (m, 2H), 3.77 (s, 3H), 4.33 (d, 1H, J = 

9.6Hz), 4.41 (d, 1H, J = 9.6Hz), 4.49 (s, 2H), 6.96-7.07 (m, 1H), 7.09-7.19 (m, 3H), 7. 26 

(d, 2H, J = 7.4Hz). 

5.1.20.3. ((3S,4S)-4-(2,4-Dichlorophenyl)-1-(4-methoxybenzyl)-6-oxopiperidin-3-

yl)methanaminium (2S,3S)-3-carboxy-2,3-dihydroxypropanoate (61c) 

NH3
+

O

NCl

O

HO

OH

O
-O

O
OH

Cl

 

61c (3.2 g, 40%) was prepared 60c by means of the general procedure described in 

5.1.20. as a white solid; Mp: 168-1710C, Purity by HPLC: 98.24% AUC, Chiral 

purity:99.07%ee AUC. 

ESI/MS (m/z) : 394.0 (M+H)+. Mol. Wt. = 393.3 g. 
1H NMR (400 MHz, D2O):  = 2.33-2.37 (m, 1H), 2.41-2.53 (m, 1H), 2.92-2.96 (m, 1H), 

3.09-3.15 (m, 1H), 3.31-3.34 (m,2H), 3.49-3.56 (m, 2H), 3.78 (s, 3H), 4.34 (d, 1H, J = 

9.6Hz), 4.44 (d, 1H, J = 9.6Hz), 4.48 (s, 2H), 7.16-7.21 (m, 3H), 7. 26 (d, 2H, J = 7.4Hz), 

7.34 (dd, 1H, J1 = 2.2 Hz, J2 = 8.2 Hz), 7.65 (d, 1H, J = 2.2 Hz). 
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5.1.21. General procedure for the synthesis of compounds (62a-c) 

 

Chiral pure compounds 61a-c (10 mmol) were dissolved in a mixture of 3:2 THF/D. M. 

water (30 ml) and triethyl amine (30 mmol) was added in a single portion. Reaction 

mixture was stirred for 15 min. at room temperature then cool to 0 °C and charged to it 

Boc-anhydride (12 mmol) dropwise over a period of 15min. Reaction mixture was then 

gradually brought to room temperature and stirred at the same temperature for 15h. 

 After completion of reaction, solvent of the reaction mixture was evaporated 

under reduced pressure and diluted with D. M. water (100 ml). Aqueous layer was then 

extracted with ethyl acetate (3X75 ml). Combined organic layers were washed with 

water (2X75 ml), 1N Hall (1X75 ml), water (1X75 ml) and brine (1X75 ml). Organic layer 

was dried over any. Na2SO4 and solvent was removed under reduced pressure to give 

the compounds 62a-c, which were used for next reaction step without any purification. 

 

5.1.21.1. tert-Butyl (((3S, 4S)-4-(2, 5-difluorophenyl)-1-(4-methoxybenzyl)-6-

oxopiperidin-3-yl) methyl) carbamate (62a) 

 

62a (3.2 g, 98%) was prepared from 61a by means of the general procedure described 

in 5.1.21. as a White solid; MP: 187-1890C, Purity by HPLC: 97.31% AUC. 

ESI/MS (m/z) : 461.5 (M+H)+. Mol. Wt. = 460.5 g. 
1H NMR (400 MHz, CDCl3):  = 1.39 (s, 9H), 2.34-2.49 (m, 2H), 2.89-2.93 (m, 1H), 3.09-

3.13 (m, 1H), 3.31-3.34 (m,2H), 3.51-3.57 (m, 2H), 3.80 (s, 3H), 4.34 (d, 1H, J = 9.6Hz), 

4.42 (d, 1H, J = 9.6Hz), 4.48 (bs, 1H), 6.85-6.94 (m, 4H), 7.09-7.12 (m, 1H), 7. 24 (d, 2H, 

J = 7.8Hz). 
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13C NMR (100 MHz, CDCl3):  28.2, 37.5, 40.6, 40.8, 42.3, 42.8, 49.9, 56.7, 80.3, 110.2 

(d, J = 24Hz), 114.3, 116.5, 117.3 (d, J = 2.4Hz), 118.6 (d, J = 38Hz), 127.3 (d, J = 

23Hz), 128.3, 132.0, 148.3 (d, J = 253Hz), 156.3 (d, J = 250Hz), 158.9, 166.7. 

 

5.1.21.2. tert-Butyl (((3S,4S)-1-(4-methoxybenzyl)-6-oxo-4-(2,4,5-trifluorophenyl) 

piperidin-3-yl)methyl)carbamate (62b) 

NH

O

N

F

F

O

OO

F

 

62b (2.9 g, 97%) was prepared from 61b by means of the general procedure described 

in 5.1.21. as a White solid; Mp: 199-2030C, Purity by HPLC: 98.06% AUC. 

ESI/MS (m/z) : 479.4 (M+H)+. Mol. Wt. = 478.5 g. 
1H NMR (400 MHz, CDCl3):  = 1.42 (s, 9H), 2.33-2.49 (m, 2H), 2.89-2.94 (m, 1H), 3.10-

3.15 (m, 1H), 3.31-3.38 (m,2H), 3.49-3.57 (m, 2H), 3.80 (s, 3H), 4.32 (d, 1H, J = 9.4Hz), 

4.42 (d, 1H, J = 9.4Hz), 4.48 (bs, 1H), 6.92-7.03 (m, 3H), 7.09-7.21 (m, 1H), 7. 24 (d, 2H, 

J = 7.8Hz). 

 

5.1.21.3. tert-Butyl (((3S,4S)-4-(2,4-dichlorophenyl)-1-(4-methoxybenzyl)-6-

oxopiperidin-3-yl)methyl)carbamate (62c) 

 

62c (3.1 g, 98%) was prepared from 61c by means of the general procedure described 

in 5.1.21. as a White solid; Mp: 211-2130C, Purity by HPLC: 97.66% AUC. 

ESI/MS (m/z) : 493.9 (M+H)+. Mol. Wt. = 493.4 g. 
1H NMR (400 MHz, CDCl3):  = 1.42 (s, 9H), 2.31-2.49 (m, 2H), 2.89-2.94 (m, 1H), 3.09-

3.15 (m, 1H), 3.31-3.38 (m,2H), 3.49-3.56 (m, 2H), 3.79 (s, 3H), 4.32 (d, 1H, J = 9.4Hz), 
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4.42 (d, 1H, J = 9.4Hz), 4.46 (bs, 1H), 6.93 (d, 2H, J = 7.8 Hz), 7.23 (d, 1H, J = 8.4 Hz), 

7. 24 (d, 2H, J = 7.8Hz), 7.37 (dd, 1H, J1 = 1.8 Hz, J2 = 8.2 Hz), 7.63 (d, 1H, J = 2.0 Hz). 

 

5.1.22. General procedure for the synthesis of compounds (63a-c) 

 

Oxidative removal of p-methoxy benzyl group of compounds 62a-c prepared in 

experimental section 5.1.21. was accomplished using the method reported by Masanori 

Yamaura et al [287]. Compounds 62a-c (8 mmol) were dissolved in a mixture of 

acetonitrile (100 ml) and D. M. water (33 ml) and aqueous 0.25M ceric ammonium 

nitrate solution (32 mmol) was added in a single portion and stirred at room temperature 

for 2h. 

 After completion of reaction (TLC), the reaction mixture was diluted with D. M. 

water (100 ml) and extracted with ethyl acetate (6X100 ml). Combined organic layers 

were washed with sat. NaHCO3 solution (2X100 ml) and brine (1X100 ml). Organic layer 

was dried over anhy. Na2SO4 and solvent was removed under reduced pressure. Crude 

product thus obtained was purified by column chromatography (stationary phase: 100-

200 mesh silica, Mobile phase: 0-3% Methanol in DCM gradient) to give title compounds 

63a-c as a white solid. 

 

5.1.22.1. tert-Butyl (((3R,4S)-4-(2,5-difluorophenyl)-6-oxopiperidin-3-yl)methyl) 

carbamate (63a) 

NH

O

NH

F

F

OO

 

63a (1.98 g, 68%) was prepared from 62a by means of the general procedure described 

in 5.1.22. as a White solid; Mp: 243-2460C, Purity by HPLC: 98.27% AUC. 
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ESI/MS (m/z) : 341.2 (M+H)+. Mol. Wt. = 340.4 g. 
1H NMR (400 MHz, CDCl3):  = 1.39 (s, 9H), 2.34-2.49 (m, 2H), 2.89-2.93 (m, 1H), 3.09-

3.13 (m, 1H), 3.31-3.34 (m,2H), 3.51-3.57 (m, 2H), 4.48 (bs, 1H), 6.08 (bs, 1H), 6.92-

6.99 (m, 2H), 7.09-7.12 (m, 1H). 
13C NMR (100 MHz, CDCl3):  28.2, 36.4, 38.5, 41.3, 41.8, 46.1, 80.3, 109.8 (d, J = 

24Hz), 117.3 (d, J = 2.4Hz), 118.6 (d, J = 39Hz), 127.3 (d, J = 23Hz), 149.3 (d, J = 

253Hz), 156.3 (d, J = 250Hz), 159.3, 170.6. 

 

5.1.22.2. tert-Butyl (((3R,4S)-6-oxo-4-(2,4,5-trifluorophenyl)piperidin-3-yl)methyl) 

carbamate (63b) 

NH

O

NH

F

F

OO

F

 

63b (2.1 g, 72%) was prepared from 62b by means of the general procedure described 

in 5.1.22. as a White solid; Mp: 278-2810C, Purity by HPLC: 97.14% AUC. 

ESI/MS (m/z) : 359.3 (M+H)+. Mol. Wt. = 358.4 g. 
1H NMR (400 MHz, CDCl3):  = 1.43 (s, 9H), 2.34-2.49 (m, 2H), 2.89-2.93 (m, 1H), 3.10-

3.16 (m, 1H), 3.31-3.34 (m,2H), 3.51-3.57 (m, 2H), 4.52 (bs, 1H), 6.09 (bs, 1H), 6.96-

7.04 (m, 1H), 7.09-7.11 (m, 1H). 

 

5.1.22.3. tert-Butyl (((3R,4S)-4-(2,4-dichlorophenyl)-6-oxopiperidin-3-yl)methyl) 

carbamate (63c) 

NH

O

NHCl

OO

Cl

 

63c (1.8 g, 62%) was prepared from 62c by means of the general procedure described 

in 5.1.22. as a White solid; Mp: 185-1890C, Purity by HPLC: 96.76% AUC. 

ESI/MS (m/z) : 373.9 (M+H)+. Mol. Wt. = 373.3 g. 
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1H NMR (400 MHz, CDCl3):  = 1.41 (s, 9H), 2.34-2.49 (m, 2H), 2.89-2.93 (m, 1H), 3.09-

3.15 (m, 1H), 3.31-3.34 (m,2H), 3.51-3.57 (m, 2H), 4.49 (bs, 1H), 6.08 (bs, 1H), 7.21 (d, 

1H, J = 8.4 Hz), 7.34 (dd, 1H, J1 = 2.0 Hz, J2 = 8.4 Hz), 7.63 (d, 1H, J = 2.0 Hz). 

 

5.1.23. Procedure for the synthesis of 8-Iodo-[1,2,4]triazolo[4,3-a]pyrazine (64n) 

 

Step a: (E)-3-Chloro-2-hydrazono-1,2-dihydropyrazine (73) 

 

2,3-Dichloropyrazine 72 (4 ml, 26 mmol) was dissolved in 95% ethanol (8 ml) and to this 

was added, dropwise and with stirring, hydrazine anhydrous (4 ml, 134 mmol). During 

the addition of the Hydrazine the solution became warm and yellowish. Reaction mixture 

was refluxed for 2h. After completion and cooling of this mixture in an ice bath, the 

resulting solid material was isolated by filtration, washed with cold aqueous 95% ethanol 

and dried well under suction to give 3.02 g (73% yield) of (E)-3-chloro-2-hydrazono-1,2-

dihydropyrazine 73 as white crystals. Purity by HPLC: 97.67% AUC. 

ESI/MS (m/z) : 145.3 (M+H)+. Mol. Wt. = 144.6 g. 
1H NMR (400 MHz, DMSO-d6):  6.94 (d, 1H, J = 7.8 Hz), 7.21 (bs, 2H, -NH-NH2), 8.12 

(d, 1H, J = 7.8 Hz), 12.89 (s, 1H, -NH-NH2) 

 

Step b: 8-Chloro-[1,2,4]triazolo[4,3-a]pyrazine (74) 

N

N
N

N

Cl

74  

To (E)-3-chloro-2-hydrazono-1,2-dihydropyrazine 73 (2.0 g, 13.84 mmol), prepared in 

step a was added trimethyl orthoformate (30 ml). After refluxing for 10 h, the reaction 
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was cooled to room temperature and the precipitated product was filtered. Washed the 

product with ether and dried well under suction to give 1.27 g (62% yield) of the title 

compound 74 as a white solid. Purity by HPLC: 95.27% AUC. 

ESI/MS (m/z) : 155.0 (M+H)+. Mol. Wt. = 154.6 g. 
1H NMR (400 MHz, CDCl3):  7.77 (d, 2H, J = 5.2 Hz), 8.50 (d, 2H, J = 5.2 Hz). 9.40 (s, 

1H). 

 

Step c: 8-Iodo-[1,2,4]triazolo[4,3-a]pyrazine (64n) 

N

N
N

N

I

64n  

In a 25 ml 2-neck R. B. Flask placed 8-chloro-[1,2,4]triazolo[4,3-a]pyrazine 74 (7.75 

mmol), to it charged sodium iodide (11.64 mmol) and Hydroiodic acid (57wt% in water, 

stabilized with <1.5%hypophosphorous acid) (77.5 mmol). Reaction mixture was heated 

to reflux and stirred at reflux temperature for 3 days. 

After completion of reaction, reaction mixture was cooled to room temperature 

and basified with 25% aq. NaOH. Aqueous layer was then extracted with DCM (4X 50 

ml). dried over anhy. Na2SO4 and concentrated under reduced pressure. Crude product 

thus obtained was crystallized from IPA to give 1.44 g (76% yield) of the title compound 

64n as a light yellow solid. Purity by HPLC: 97.43% AUC. 

ESI/MS (m/z) : 247.1 (M+H)+. Mol. Wt. = 246.0 g. 
1H NMR (400 MHz, CDCl3):  7.89 (d, 2H, J = 5.0 Hz), 8.63 (d, 2H, J = 5.0 Hz). 9.41 (s, 

1H). 

 

5.1.24. Procedure for the synthesis of 7-Chloro-3-methyl-4H-pyrimido[1,2-

b]pyridazin-4-one (64o) 
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Step a: 6-Chloropyridazin-3-amine (76) 

N
NCl

NH2

76  

3,6-Dichloropyridazine 75 (33.5 mmol) was placed in an autoclave of 300 ml capacity. 

To it charged ethanol (50 ml) and liquor NH3 (100 ml, 20 vol. by wt. of starting material) 

and the clear solution formed was heated to 130 °C. Reaction mixture was stirred at 

same temperature for 48h under 10bar pressure. After completion, Crystals precipitated 

in the reaction mixture were filtered and washed with cold ethanol (2X20 ml). Filtrate was 

concentrated to a volume of 40 ml under reduced pressure, solid precipitated from 

filtrate was filtered and washed with ethanol (2X10 ml). Combined solid was dried well 

under reduced pressure till constant weight to give 3.37 g (78% Yield) of 6-

chloropyridazin-3-amine 76 as an off white crystalline solid. Mp: 226-2280C, Purity by 

HPLC: 96.43% AUC. 

ESI/MS (m/z) : 130.4 (M+H)+. Mol. Wt. = 129.5 g. 
1H NMR (400 MHz, DMSO-d6):  6.61 (bs, 2H), 6.83 (d, 1H, J = 9.2 Hz), 7.36 (d, 1H, J = 

9.2 Hz). 7.81 (bs, 2H). 

 

Step b: 7-Chloro-3-methyl-4H-pyrimido[1,2-b]pyridazin-4-one (64o) 

 

7-Chloro-3-methyl-4H-pyrimido[1,2-b]pyridazin-4-one 64o was prepared by optimizing a 

route reported by Avellana et al [272]. To a stirred solution of 6-chloropyridazin-3-amine 

76 (3.0 g, 23.1 mmol) in benzyl alcohol (15 ml) was added ethyl acetoacetate (4.41 ml, 

34.65 mmol). The resulting solution was refluxed for 24 h then evaporated in vacuo to 

yield a crude solid which was purified by flash chromatography (230-400 mesh silica gel, 

0 to 80% ethyl acetate/hexanes gradient) to give 7-chloro-3-methyl-4H-pyrimido[1,2-

b]pyridazin-4-one 64o as a light yellow crystalline solid. Mp: 193-1960C dec., Purity by 

HPLC: 98.27% AUC. 

ESI/MS (m/z) : 196.3 (M+H)+. Mol. Wt. = 195.6 g. 
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1H NMR (400 MHz, DMSO-d6):  2.38 (s, 3H), 6.84 (d, 1H, J = 8.2 Hz), 7.06 (d, 1H, J = 

8.2 Hz). 7.68 (s, 1H). 

 

5.1.25. procedure for the synthesis of 6-Iodo-2,7-dimethylpyrazolo[1,5-

a]pyrimidine (64r) 

 

 

Step a: 3-Bromo-4-(dimethylamino)but-3-en-2-one (78) 

O

N

Br
78  

To an ice cold solution of (E)-4-(dimethylamino)but-3-en-2-one  (5.0 g, 44.25 mmol) in 

DCM (50 ml) was added dropwise Bromine (2.71 ml, 48.67 mmol) via an addition funnel. 

The reaction mixture was stirred at 0 °C for 0.5 h and then Triethylamine (7.4 ml, 48.67 

mmol) in 10 ml of ether was added dropwise. The mixture was stirred at 0 °C for 1 h and 

allowed to warm up to room temperature. A light yellow solid precipitated from the 

solution, and it was filtered. The filtrate was then concentrated to give 7.05 g (82% Yield) 

of 3-Bromo-4-(dimethylamino)but-3-en-2-one 78 as a yellow solid. The product was used 

in the next reaction without any further purification. Mp: 89-930C, Purity by HPLC: 

93.47% AUC. 

ESI/MS (m/z) : 193.0 (M+H)+. Mol. Wt. = 192.1 g. 
1H NMR (400 MHz, CDCl3):  2.31 (s, 3H), 2.93 (s, 6H), 7.32 (s, 1H). 
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Step b: 5-Methyl-1H-pyrazol-3-amine (80) 

 

3-Aminocrotonnitrile 79 (5.0 g, 61 mmol) was dissolved in ethanol (25 ml) at room 

temperature and 85% hydrazine-hydrate (80 ml) was added there to, followed by stirring 

the mixture at room temperature. The mixture was heated to an internal temperature of 

65 °C and stirring was conducted for 12 hours. After cooling the mixture to room 

temperature, the solvent was distilled off under reduced pressure to obtain 4.55 g (77% 

Yield) of 5-methyl-1H-pyrazol-3-amine 80 as a brown oily compound. The product was 

used in the next reaction without further purification. Purity by HPLC: 95.28% AUC. 

ESI/MS (m/z) : 98.3 (M+H)+. Mol. Wt. = 97.1 g. 
1H NMR (400 MHz, CDCl3):  2.20 (3H, s), 5.42 (1H, s). 

 

Step c: 6-Bromo-2,7-dimethylpyrazolo[1,5-a]pyrimidine (81) 

 

To a solution of 3-bromo-4-(dimethylamino)but-3-en-2-one 78 (4.0 g, 20.8 mmol) and 5-

methyl-1H-pyrazol-3-amine 80 (2.02 g, 20.8 mmol) in ethanol (50 ml) was added 33% 

HBr in acetic acid solution (2.6 ml, mmol) and the resulting mixture was heated at reflux 

for 3 h. The reaction mixture was cooled to room temperature and concentrated to give  

brown residue which was titurated with 30% ethyl acetate in hexane (100 ml) to give a 

precipitates which were filtered, and then washed with ethyl acetate (2X50 ml). The 

combined organic extracts were evaporated to give orange solid which was 

chromatographed (100-200 mesh silica gel, 0% to 10% ethyl acetate in DCM gradient) to 

give 2.64 g (57% Yield) of  6-bromo-2,7-dimethylpyrazolo[1,5-a]pyrimidine 81 as a 

yellow solid. Mp: 232-2340C, Purity by HPLC: 97.14% AUC. 

ESI/MS (m/z) : 227.0 (M+H)+. Mol. Wt. = 226.1 g. 
1H NMR (400 MHz, CDCl3):  2.23 (3H, s), 2.67 (s, 3H), 5.69 (1H, s), 8.52 (s, 1H). 
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Step d: 6-Iodo-2,7-dimethylpyrazolo[1,5-a]pyrimidine (64r) 

N

N NI

64r  

64r (1.6 g, 68%) was prepared by means of the general procedure described in 

experimental section 5.1.23. step-c as a yellow solid; Mp: 187-1890C, Purity by HPLC: 

97.36% AUC. 

ESI/MS (m/z) : 274.2 (M+H)+. Mol. Wt. = 273.1 g. 
1H NMR (400 MHz, CDCl3):  2.25 (3H, s), 2.68 (s, 3H), 5.69 (1H, s), 8.63 (s, 1H). 

 

5.1.26. Procedure for the synthesis of 6-Iodo-3-methyl-[1,2,4]triazolo[4,3-

b]pyridazine (64s) 

 

Step a: 6-Chloro-3-methyl-[1,2,4]triazolo[4,3-b]pyridazine (82a) 

 

To a stirred solution of 3,6-dichloropyridazine 75 (2.0 g, 13.4 mmol) in butanol (10 ml) 

was added 500 mg (6.7 mmol) of acetic hydrazide (1.0 g, 13.4 mmol) and the resulting 

solution was stirred under nitrogen at refluxed for 24 h. The reaction mixture was then 

cooled to ambient temperature, filtered, and the resulting precipitates were washed with 

ethyl acetate and methanol. The combined filtrate and washings were concentrated and 

dissolved in mixture of 10:1 chloroform/methanol (250 ml) then washed with brine 

solution (2X100 ml). The organic phase was then dried over anhy. Na2SO4, filtered, and 

evaporated in vacuo to yield a yellow solid. The crude material was purified by flash 

chromatography (230-400 mesh silica gel, 0 to 80% ethyl acetate/hexanes gradient) to 

give 1.56 g (69% Yield) of the title compound 82a as light yellow crystalline solid.. Mp: 

163-1650C, Purity by HPLC: 98.79% AUC. 
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ESI/MS (m/z) : 168.9 (M+H)+. Mol. Wt. = 168.6 g. 
1H NMR (400 MHz, DMSO-d6):  2.67 (3H, s), 7.24 (d, 1H, J = 9.6 Hz), 8.43 (d, 1H, J = 

9.6 Hz). 

 

Step b: 6-Iodo-3-methyl-[1,2,4]triazolo[4,3-b]pyridazine (64s) 

N
N

N
N

I

64s  

64s (1.2 g, 64%) was prepared by means of the general procedure described in 

experimental section 5.1.23. step-c as a light yellow solid; Mp: 194-1970C, Purity by 

HPLC: 96.62% AUC. 

ESI/MS (m/z) : 260.8 (M+H)+. Mol. Wt. = 260.0 g. 
1H NMR (400 MHz, DMSO-d6):  2.67 (3H, s), 7.26 (d, 1H, J = 9.8 Hz), 8.44 (d, 1H, J = 

9.8 Hz). 

 

5.1.27. Procedure for the synthesis of 6-Iodo-3-(trifluoromethyl)-[1,2,4]triazolo[4,3-

b]pyridazine (64t) 

 

 

Step a: 6-Chloro-3-(trifluoromethyl)-[1,2,4]triazolo[4,3-b]pyridazine (82b) 

N
N

N
N

Cl
CF3

82b  

82b (2.3 g, 64%) was prepared using 2,2,2-trifluoro acetic hydrazide by means of the 

general procedure described in experimental section 5.1.23. step-c as a white solid; 

Mp: 159-1610C, Purity by HPLC: 95.78% AUC. 

ESI/MS (m/z) : 223.2 (M+H)+. Mol. Wt. = 222.6 g. 
1H NMR (400 MHz, CDCl3):  7.38 (d, 1H, J = 9.8 Hz), 8.46 (d, 1H, J = 9.8 Hz). 
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Step b: 6-Iodo-3-(trifluoromethyl)-[1,2,4]triazolo[4,3-b]pyridazine (64t) 

 

64t (1.03 g, 67%) was prepared by means of the general procedure described in 

experimental section 5.1.23. step-c as a light yellow solid; Mp: 208-2100C, Purity by 

HPLC: 95.32% AUC. 

ESI/MS (m/z) : 314.9 (M+H)+. Mol. Wt. = 314.0 g. 
1H NMR (400 MHz, CDCl3):  7.39 (d, 1H, J = 9.8 Hz), 8.46 (d, 1H, J = 9.8 Hz). 

 

5.1.28. Procedure for the synthesis of 6-Iodo-2-(trifluoromethyl)-[1,2,4]triazolo[1,5-

b]pyridazine (64u) 

 

 

Step a: N-(6-Chloropyridazin-3-yl)-2,2,2-trifluoroacetamide (83) 

 

To a solution of 6-chloropyridazin-3-amine 76 (4 g, 30 mmol) and triethylamine (4.8 ml, 

34 mmol) in DCM (150 ml) at 0 0C was carefully added trifluoroacetic acid anhydride (4.2 

ml, 30 mmol). The resulting solution was allowed to warm to ambient temperature then 

concentrated in vacuo and dissolved in a mixture of 3: 1 chloroform/IPA (200 ml). The 

resulting solution was washed sequentially with saturated NaHCO3 solution and brine 

solution (200 ml each). The organic phase was then dried over anhy. Na2SO4 and 

evaporated in vacuo to yield a crude oil which was purified by column chromatography to 

give 6.2 g (89% yield) of N-(6-chloropyridazin-3-yl)-2,2,2-trifluoroacetamide 83 as a 

colourless oil; Purity by HPLC: 99.03% AUC. 

ESI/MS (m/z) : 242.9 (M+NH4)
+. Mol. Wt. = 225.6 g. 
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1H NMR (400 MHz, CDCl3):  7.63 (d, 1H, J = 9.6 Hz), 8.46 (d, 1H, J = 9.6 Hz), 9.16 (bs, 

1H). 

Step b: (Z)-N-(6-Chloropyridazin-3-yl)-2,2,2-trifluoroacetimidoyl chloride (84) 

 

A solution of N-(6-chloropyridazin-3-yl)-2,2,2-trifluoroacetamide 83 (3.8 g, 17 mmol) and 

phosphorous pentachloride  (4.2 g, 22 mmol) in dichloroethane (200 ml) was heated at 

reflux temperature under nitrogen. After 6 h the reaction was cooled to ambient 

temperature then concentrated in vacuo to give 3.87 g (95% yield) of (Z)-N-(6-

chloropyridazin-3-yl)-2,2,2-trifluoroacetimidoyl chloride 84 as a yellow oil. The product 

was used in the next reaction without any further purification.  

ESI/MS (m/z) : 244.7 (M+H)+. Mol. Wt. = 244.0 g. 

 

Step c: (E)-N-(6-Chloropyridazin-3-yl)-2,2,2-trifluoro-N'-hydroxyacetimidamide (85) 

N
H

N
N

Cl

CF3

N
OH

85  

To a solution of the crude product (Z)-N-(6-chloropyridazin-3-yl)-2,2,2-

trifluoroacetimidoyl chloride 84 (3.0 g, 12.3 mmol), in dry THF (150 ml) was carefully 

added hydroxylamine-hydrochloride (1.03 g, 14.7 mmol). The resulting solution was 

stirred under nitrogen at room temperature. After 1 h the solution was concentrated in 

vacuo then dissolved in 100 ml ethyl acetate and washed sequentially with saturated 

NaHCO3 solution and brine (100 ml each). The organic phase was then dried over anhy. 

Na2SO4 and evaporated in vacuo to give 2.63 g (89% Yield) of (E)-N-(6-chloropyridazin-

3-yl)-2,2,2-trifluoro-N'-hydroxyacetimidamide 85 as a white solid; Mp: 259-2610C, Purity 

by HPLC: 97.83% AUC. 

ESI/MS (m/z) : 241.0 (M+H)+. Mol. Wt. = 240.6 g. 
1H NMR (400 MHz, DMSO-d6):  7.11 (d, 1H, J = 9.2 Hz), 7.69 (d, 1H, J = 9.2 Hz), 9.78 

(bs, 1H), 12.32 (bs, 1H). 
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Step d: 6-Chloro-2-(trifluoromethyl)-[1,2,4]triazolo[1,5-b]pyridazine (86) 

 

To (E)-N-(6-Chloropyridazin-3-yl)-2,2,2-trifluoro-N'-hydroxyacetimidamide 85 (2.2 

g, 9.0 mmol) prepared in Step C was added concentrated polyphosphoric acid (2.0 ml) 

and the resulting mixture was stirred under nitrogen at 150 °C for 4 h. The reaction 

mixture was then cooled to 0 °C and quenched carefully with concentrated ammonium 

hydroxide solution until the solution was basic by pH paper. The resulting solution was 

then extracted with ethyl acetate (3X100 ml), and the organic phases combined and 

washed with brine solution (1X250 ml). The organic phase was then dried over anhy. 

Na2SO4, filtered, and evaporated in vacuum to yield a crude oil. The crude material was 

purified by flash chromatography (100-200 mesh silica gel, 0 to 80% ethyl 

acetate/Hexanes gradient) to give 1.59 g (78% Yield) of 6-chloro-2-(trifluoromethyl)-

[1,2,4]triazolo[1,5-b]pyridazine 86 as a yellow crystalline solid. Mp: 274-2760C, Purity by 

HPLC: 99.15% AUC. 

ESI/MS (m/z) : 247.0 (M+Na)+. Mol. Wt. = 222.6 g. 
1H NMR (400 MHz, DMSO-d6):  8.06 (d, 1H, J = 9.2 Hz), 8.70 (d, 1H, J = 9.2 Hz). 

 

Step e: 6-Iodo-2-(trifluoromethyl)-[1,2,4]triazolo[1,5-b]pyridazine (64u) 

 

64u (1.5 g, 67%) was prepared by means of the general procedure described in 

experimental section 5.1.23. step-c as a light yellow solid; Mp: 287-2930C dec., Purity 

by HPLC: 97.63% AUC. 

ESI/MS (m/z) : 314.5 (M+H)+. Mol. Wt. = 314.0 g. 
1H NMR (400 MHz, CDCl3):  8.07 (d, 1H, J = 9.2 Hz), 8.73 (d, 1H, J = 9.6 Hz). 

5.1.29. Procedure for the synthesis of 5-(2-Iodoethyl)benzo[d][1,3]dioxole (64v) 
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Step a: 2-(Benzo[d][1,3]dioxol-5-yl)ethanol (88) 

O

OHO

88  

2-(Benzo[d][1,3]dioxol-5-yl)acetic acid 87 (5.0 g, 27.8 mmol) was dissolved in dry 

THF (60 ml), cooled to 00C and LiAlH4 (2.3 g, 62.2 mmol) was added in portions under 

nitrogen atmosphere. Reaction mixture was stirred at same temperature for 1h then 

brought to room temperature and stirred for 4h. 

 After completion of reaction, reaction mixture was quenched with sat. Na2SO4 

solution (10 ml), diluted with DCM and was filtered through celite. Filtrate was 

evaporated to dryness to give 3.69 g (80% Yield) of 2-(benzo[d][1,3]dioxol-5-yl)ethanol 

88 as a colourless oil. Purity by HPLC; 94.89% AUC. 

ESI/MS (m/z) : 167.1 (M+H)+. Mol. Wt. = 166.2 g. 
1H NMR (400 MHz, CDCl3):  2.85 (t, 2H, J = 7.4Hz), 3.46 (t, 2H, J = 7.4Hz), 5.91 (s, 

2H), 6.33 (dd, 1H, J1 = 2.4Hz, J2 = 8.4Hz), 6.55 (d, 1H, J= 2.4Hz), 6.70 (d, 1H, J= 

8.4Hz). 

 

Step b: 5-(2-Bromoethyl)benzo[d][1,3]dioxole (89) 

 

To a solution of 2-(benzo[d][1,3]dioxol-5-yl)ethanol 88 (3.5 g, 21.08 mmol) and 

Triphenylphosphene (4.97 g, 18.97 mmol) in acetonitrile (42 ml) was added carbon 

tetrabromide (7.13 g, 21.5 mmol) in portions. Resulting solution was stirred at room 

temperature for 15h. After completion of the reaction, solvent of the reaction mixture was 

evaporated under reduced pressure and the residue obtained was purified by column 

chromatography (100-200 mesh silica gel, 0 to 30% ethyl acetate/hexanes gradient) to 

yield 3.96 g (82% Yield) of 5-(2-bromoethyl)benzo[d][1,3]dioxole 89 as a colourless oil. 

Purity by HPLC: 96.31% AUC. 

ESI/MS (m/z) : 228.4 (M+H)+. Mol. Wt. = 229.1 g. 
1H NMR (400 MHz, CDCl3):  3.05 (t, 2H, J = 7.4Hz), 3.51 (t, 2H, J = 7.4Hz), 5.93 (s, 

2H), 6.32 (dd, 1H, J1 = 2.4Hz, J2 = 8.4Hz), 6.57 (d, 1H, J= 2.4Hz), 6.71 (d, 1H, J= 

8.4Hz). 
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Step c: 5-(2-Iodoethyl)benzo[d][1,3]dioxole (64v) 

 

To a solution of 5-(2-bromoethyl)benzo[d][1,3]dioxole 89 (3.5 g, 15.3 mmol) in 

acetone (52.5 ml) was added sodium iodide (11.5 g, 76.5 mmol). Reaction content was 

refluxed for 12h when additional sodium iodide (5.575 g, 38.25 mmol) was added and 

refluxed for 24h. After completion of reaction, solvent of the reaction mixture was 

evaporated under reduced pressure and the residue obtained was purified by column 

chromatography (100-200 mesh silica gel, 0 to 30% ethyl acetate/hexanes gradient) to 

give 3.92 g (92% Yield) of 5-(2-iodoethyl)benzo[d][1,3]dioxole 64v as a colourless oil. 

Purity by HPLC: 97.86% AUC. 

ESI/MS (m/z) : 277.3 (M+H)+. Mol. Wt. = 276.1 g. 
1H NMR (400 MHz, CDCl3):  3.07 (t, 2H, J = 7.6Hz), 3.69 (t, 2H, J = 7.6Hz), 5.98 (s, 

2H), 6.32 (dd, 1H, J1 = 1.8Hz, J2 = 8.4Hz), 6.57 (d, 1H, J= 1.8Hz), 6.72 (d, 1H, J= 

8.4Hz). 

 

5.1.30. General procedure for the synthesis of compounds (68a-j, 68m-o, 68r-u, 

69b-d & 70b-d) 

 

Synthesis of amino-methyl pipyridones 68a-j, 68m-o, 68r-u, 69b-d & 70b-d was 

accomplished with Goldberg reaction reported by Klapars et al [264]. In a 50 ml 2-neck 

R. B. Flask placed compound 63a-c (5 mmol), respective halo-aromatics  64a-j, 64m-o 

or 64r-u (7.5 mmol), dry K2CO3 (10.5 mmol) and CuI (0.5 mmol) followed by addition of 

dry toluene (20 ml). Reaction mixture was purged with nitrogen and stirred for 30 min. at 

room temperature then N,N’-dimethyl ethylenediamine (1.0 mmol) was added and 

reaction mixture was purged again with nitrogen. Reaction mixture was then refluxed for 

15h. 
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After completion of the reaction mixture was diluted with D. M. water (50 ml) and 

extracted with ethyl acetate (3X50 ml). Combined organic extracts were washed with 1N 

HCl (1X50 ml), sat. NaHCO3 solution (1X50 ml) and brine (1X50 ml). Organic layer was 

dried over anhy. Na2SO4 and solvent was removed under reduced pressure to give 

amide -NH alkylated product with 65-80% yield. 

Crude product thus obtained was dissolved in ethyl acetate (45 ml) and 

concentrated HCl (15 ml) was added at -500C and the reaction mixture was stirred at 

same temperature for 2h. Temperature of the reaction mixture was then gradually 

increased to 0 °C and stirred for additional 1h at this temperature. After completion of 

reaction, reaction mixture was basified with sat. NaHCO3 solution till pH 9 and extracted 

with ethyl acetate (3X50 ml). Combined organic extracts were washed with water (1X100 

ml) and brine (1X100 ml). Organic layer was then dried over anhy. Na2SO4 and 

evaporated to dryness. 

Crude residue thus obtain was purified by preparative HPLC method using the 

procedure as described in experimental section 5.1.3.-Purification to give desired 

amino-methyl pipyridones 68a-j, 68m-o, 68r-u, 69b-d & 70b-d. 

 

5.1.30.1. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-phenylpiperidin-2-one 

(68a)  

 

68a (510 mg, 72%) was prepared by means of the general procedure as in section 

5.1.30. as a white solid. 179-182 °C; Purity by HPLC: 98.76% AUC, Chiral purity: 

97.2%ee AUC. 

ESI/MS (m/z) : 485.4 (M+H)+. Mol. Wt. = 484.5 g. 
1H NMR (400 MHz, Methanol-d4):   2.33-2.38 (m, 1H), 2.41-2.49 (m, 3H), 2.73-2.78 (m, 

1H), 3.25 (dd, J1 = 10Hz, J2 = 12Hz, 1H), 3.45-3.52 (m, 2H), 7.01-7.15 (m, 4H), 7.20 (dd, 

J1 = 3.6Hz, J2 = 8.2Hz, 1H), 7.22-7.25 (m, 2H), 7.28-7.31 (m, 1H). 
13C NMR (100 MHz, Methanol-d4):  36.5, 40.3, 41.2, 47.3, 52.1, 115.4 (d, J = 25.1Hz), 

117.7 (dd, J1 = 24.9Hz, J2 = 8.8Hz), 118.5 (dd, J1 = 24.1Hz, J2 = 9.0Hz), 119.3, 123.7, 

127.6, 128.2, 155.2 (d, J = 241.3Hz), 157.6 (d, J = 240.1Hz), 168.7. 
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Analysis :  Mol. Formula: C18H18F2N2O 

Calcd.: C 68.34, H 5.74, N 8.86. 

Found: C 68.30, H 5.77, N 8.83. 

 

5.1.30.2. 4-((4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-2-oxopiperidin-1-yl) 

benzonitrile (68b) 

CN

N

O

F

F

NH2

 

68b (524 mg, 78%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 166-168 °C; Purity by HPLC: 99.1% AUC, Chiral purity: 

97.7%ee AUC. 

ESI-MS: [M+H]+ = 342.1 m/z. Mol.Wt = 341.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.37 (m, 1H), 2.41-2.48 (m, 3H), 2.74-2.79 

(m, 1H), 3.25-3.30 (m, 1H), 3.47-3.54 (m, 2H), 7.22-7.27 (m, 2H), 7.29-7.33 (m, 1H), 

7.53 (d, J = 8.1Hz, 2H), 7.81 (d, J = 8.1Hz, 2H). 
13C NMR (100 MHz, Methanol-d4):  36.9, 40.4, 41.7, 47.9, 53.2, 111.3, 115.3 (d, J = 

24.9Hz), 117.9 (dd, J1 = 24.9Hz, J2 = 8.8Hz), 118.4 (dd, J1 = 24.3Hz, J2 = 8.8Hz), 118.7, 

122.7, 127.6, 128.2, 132.4, 155.6 (d, J = 240.8Hz), 157.9 (d, J = 240.3Hz), 169.8. 

Analysis :  Mol. Formula: C19H17F2N3O 

Calcd.: C 66.85, H 5.02, N 12.31. 

Found: C 66.86, H 5.07, N 12.34. 

 

5.1.30.3. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(4-fluorophenyl) 

piperidin-2-one (68c) 
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68c (563 mg, 87%) was prepared using general procedure described in section 5.1.30. 

as a white solid. 201-203 °C; Purity by HPLC: 98.6% AUC, Chiral purity: 98.7%ee AUC. 

ESI-MS: [M+H]+ = 335.5 m/z. Mol.Wt = 334.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.29-2.35 (m, 1H), 2.43-2.45 (m, 2H), 2.51-2.57 

(m, 1H), 2.75-2.79 (m, 1H), 3.27 (dd, J1 = 9.8Hz, J2 = 12.1Hz, 1H), 3.46-3.52 (m, 2H), 

7.22-7.25 (m, 2H), 7.28-7.31 (m, 3H), 7.39 (d, J = 7.8Hz, 2H). 
13C NMR (100 MHz, Methanol-d4):  36.6, 40.1, 41.2, 47.5, 53.4, 115.4 (d, J = 25.2Hz), 

115.7, 117.6 (dd, J1 = 24.9Hz, J2 = 9.0Hz), 118.6 (dd, J1 = 24.4Hz, J2 = 9.0Hz), 119.3, 

123.7, 135.4, 155.2 (d, J = 241.3Hz), 157.6 (d, J = 240.1Hz), 161.2 (d, 237.2Hz), 170.4.  

Analysis :  Mol. Formula: C18H17F3N2O 

Calcd.: C 64.66, H 5.13, N 8.38. 

Found: C 64.61, H 5.17, N 8.34. 

 

5.1.30.4. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(4-(trifluoromethyl)-

phenyl) piperidin-2-one (68d)  

 

 

 

68d (570 mg, 85%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 193-195 °C; Purity by HPLC: 97.7% AUC, Chiral purity: 

97.9%ee AUC. 

ESI-MS: [M+H]+ = 385.2 m/z. Mol.Wt = 384.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.34-2.39 (m, 1H), 2.41-2.47 (m, 3H), 2.72-2.78 

(m, 1H), 3.27 (dd, J1 = 10Hz, J2 = 11.8Hz, 1H), 3.45-3.52 (m, 2H), 7.13 (d, J = 7.6Hz, 

2H), 7.22-7.25 (m, 2H), 7.28-7.31 (m, 1H), 7.53 (2H, J = 7.6Hz, 2H). 
13C NMR (100 MHz, Methanol-d4):  36.9, 40.7, 41.3, 47.3, 53.2, 115.5 (d, J = 25.1Hz), 

117.7 (dd, J1 = 25.0Hz, J2 = 8.8Hz), 118.5 (dd, J1 = 24.3Hz, J2 = 9.0Hz), 123.8, 124.5, 

125.4, 127.6, 128.2, 132.6, 143.2, 155.2 (d, J = 241.3Hz), 157.6 (d, J = 240.1Hz), 170.7.  

Anal. Calcd. for C19H17F5N2O: C 59.37, H 4.46, N 7.29; Found: C 59.33, H 4.42, N 7.26. 
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Analysis :  Mol. Formula: C19H17F5N2O 

Calcd.: C 59.37, H 4.46, N 7.29. 

Found: C 59.33, H 4.42, N 7.26. 

 

5.1.30.5. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(4-methoxyphenyl) 

piperidin-2-one (68e) 

 

 

68e (538 mg, 83%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 175-178 °C; Purity by HPLC: 98.3% AUC, Chiral purity: 

97.1%ee AUC. 

ESI-MS: [M+H]+ = 347.5 m/z. Mol.Wt = 346.4 g.  
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.37 (m, 1H), 2.43-2.48 (m, 3H), 2.72-2.79 

(m, 1H), 3.25-3.29 (m, 1H), 3.47-3.54 (m, 2H), 3.81 (s, 3H), 7.11 (d, J = 8.2 Hz, 2H), 

7.22-7.27 (m, 2H), 7.29-7.39 (m, 3H). 
13C NMR (100 MHz, Methanol-d4):  36.7, 40.2, 41.6, 47.9, 53.3, 56.4, 114.8, 115.5 (d, 

J = 25.1Hz), 117.9 (dd, J1 = 25.0Hz, J2 = 9.0Hz), 118.7 (dd, J1 = 24.3Hz, J2 = 8.8Hz), 

122.7, 123.4, 128.2, 132.1, 155.6 (d, J = 239.8Hz), 157.4 (d, J = 240.1Hz), 159.2, 168.5. 

Analysis :  Mol. Formula: C19H20F2N2O2 

Calcd.: C 65.88, H 5.82, N 8.09. 

Found: C 65.85, H 5.79, N 8.07. 

5.1.30.6. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(4-(methylsulfonyl) 

phenyl) piperidin-2-one (68f)  
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68f (567 mg, 80%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 213-214 °C; Purity by HPLC: 99.2% AUC, Chiral purity: 

97.6%ee AUC. 

ESI-MS: [M+H]+ = 395.3 m/z. Mol.Wt = 394.5 g, 
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.37 (m, 1H), 2.43-2.48 (m, 3H), 2.72-2.79 

(m, 1H), 3.25-3.29 (m, 1H), 3.32 (s, 3H), 3.47-3.54 (m, 2H), 7.09 (d, J = 7.8 Hz, 2H), 

7.22-7.27 (m, 2H), 7.29-7.39 (m, 1H), 7.47 (d, J = 7.8 Hz, 2H). 
13C NMR (100 MHz, Methanol-d4):  36.8, 40.1, 41.6, 47.3, 47.9, 53.3, 115.5 (d, J = 

25.3Hz), 117.9 (dd, J1 = 25.2Hz, J2 = 9.0Hz), 118.6 (dd, J1 = 24.7Hz, J2 = 8.8Hz), 122.5, 

123.5, 128.4, 136.7, 146.3, 155.6 (d, J = 239.8Hz), 157.4 (d, J = 240.1Hz), 168.2. 

Anal. Calcd. for C19H20F2N2O3S: C 57.86, H 5.11, N 7.10, S 8.13; Found: C 57.85, H 

5.09, N 7.14, S 8.12. 

Analysis :  Mol. Formula: C19H20F2N2O3S 

Calcd.: C 57.86, H 5.11, N 7.10, S 8.13. 

Found: C 57.85, H 5.09, N 7.14, S 8.12. 

 

5.1.30.7. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(pyridin-3-yl)piperidin-2- 

one (68g) 

 

68g (610 mg, 73%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 168-170 °C; Purity by HPLC: 98.5% AUC, Chiral purity: 

98.4%ee AUC. 

ESI-MS: [M+H]+ = 318.5 m/z. Mol.Wt = 317.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.34-2.38 (m, 1H), 2.42-2.49 (m, 3H), 2.73-2.78 

(m, 1H), 3.27 (dd, J1 = 10Hz, J2 = 12Hz, 1H), 3.47-3.52 (m, 2H), 7.22-7.25 (m, 2H), 7.28-

7.31 (m, 1H), 7.42 (d, J = 5.2Hz, 1H), 8.27-8.34 (m, 2H), 8.89 (s, 1H).  
13C NMR (100 MHz, Methanol-d4):  36.8, 40.2, 41.2, 47.3, 52.1, 115.4 (d, J = 25.1Hz), 

117.7 (dd, J1 = 24.9Hz, J2 = 8.8Hz), 118.5 (dd, J1 = 24.1Hz, J2 = 9.0Hz), 123.4, 123.7, 

125.6, 141.6, 143.2, 150.8, 155.2 (d, J = 237.9Hz), 157.6 (d, J = 240.3Hz), 169.5.   
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Analysis :  Mol. Formula: C17H17F2N3O 

Calcd.: C 64.34, H 5.40, N 13.24. 

Found: C 64.38, H 5.42, N 13.21. 

 

5.1.30.8. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(6-methoxypyridin-3-yl) 

piperidin-2-one (68h) 

 
 

68h (515 mg, 73%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 174-176 °C; Purity by HPLC: 99.7% AUC, Chiral purity: 

98.6%ee AUC. 

ESI-MS: [M+H]+ = 348.5 m/z. Mol.Wt = 347.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.37 (m, 1H), 2.42-2.49 (m, 3H), 2.73-2.78 

(m, 1H), 3.25-3.29 (m, 1H), 3.47-3.52 (m, 2H), 3.81 (s, 3H), 7.11 (d, J = 6.4 Hz, 1H), 

7.22-7.25 (m, 3H), 7.28-7.31 (m, 1H), 8.15 (d, J = 6.4Hz, 1H);  
13C NMR (100 MHz, Methanol-d4):  36.8, 40.2, 41.2, 47.3, 52.1, 54.8, 11.6, 115.4, 

115.5, 115.9, 117.6 (dd, J1 = 23.9Hz, J2 = 8.8Hz), 118.5 (dd, J1 = 24.4Hz, J2 = 8.8Hz), 

123.4, 128.3, 139.6, 143.2, 150.8, 155.2 (d, J = 239.7Hz), 157.6 (d, J = 241.0Hz), 159.6, 

169.5;  

 

Analysis :  Mol. Formula: C18H19F2N3O2 

Calcd.: C 62.24, H 5.51, N 12.10. 

Found: C 62.28, H 5.54, N 12.14. 
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5.1.30.9. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(6-(trifluoromethyl) 

pyridin-3-yl)piperidin-2-one (68i) 

N

O
N CF3

F

F

NH2

 

68i (640 mg, 79%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 231-233 °C; Purity by HPLC: 99.4% AUC, Chiral purity: 

99.2%ee AUC. 

ESI-MS: [M+H]+ = 386.2 m/z. Mol.Wt = 385.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.39 (m, 1H), 2.42-2.49 (m, 3H), 2.73-2.78 

(m, 1H), 3.24-3.29 (m, 1H), 3.49-3.55 (m, 2H), 7.22-7.25 (m, 2H), 7.28-7.38 (m, 2H), 

8.01 (d, J = 5.6 Hz, 1H), 8.12 (s, 1H);  
13C NMR (100 MHz, Methanol-d4):  36.4, 40.3, 41.2, 47.4, 51.9, 115.4 (d, J = 25.0Hz), 

117.7 (dd, J1 = 25.1Hz, J2 = 8.9Hz), 118.5 (dd, J1 = 24.8Hz, J2 = 9.0Hz), 119.8, 123.4, 

124.7, 125.6, 126.9, 137.8, 139.4, 155.2 (d, J = 241.5Hz), 157.6 (d, J = 240.8Hz), 170.2;    

 

Analysis :  Mol. Formula: C18H16F5N3O 

Calcd.: C 56.11, H 4.19, N 10.90. 

Found: C 56.08, H 4.17, N 10.93. 

 

5.1.30.10. 5-((4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-2-oxopiperidin-1-yl) 

picolinonitrile (68j) 

N

CN

N

O

F

F

NH2

 

68j (610 mg, 81%) was prepared by means of the general procedure described in 

section 5.1.30. as a white solid. 123-125 °C; Purity by HPLC: 97.8% AUC, Chiral purity: 

98.7%ee AUC. 

ESI-MS: [M+H]+ = 343.5 m/z. Mol.Wt = 342.4 g. 
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1H NMR (400 MHz, Methanol-d4):  = 2.34-2.39 (m, 1H), 2.41-2.49 (m, 3H), 2.73-2.78 

(m, 1H), 3.27 (dd, J1 = 9.8Hz, J2 = 12Hz, 1H), 3.47-3.53 (m, 2H), 7.23-7.25 (m, 2H), 

7.27-7.38 (m, 2H), 7.74 (d, J = 6.4Hz, 1H), 8.41 (d, J =6.4 Hz, 1H), 8.47 (s, 1H). 
13C NMR (100 MHz, Methanol-d4):  36.9, 40.4, 41.6, 47.3, 51.7, 115.6 (d, J = 24.8Hz), 

117.4, 117.8 (dd, J1 = 25.3Hz, J2 = 9.0Hz), 118.5 (dd, J1 = 24.8Hz, J2 = 9.0Hz), 123.4, 

127.9, 128.4, 129.4, 133.8, 141.5, 156.1 (d, J = 240.5Hz), 158.2 (d, J = 241.3Hz), 168.6. 

Analysis :  Mol. Formula: C18H16F2N4O 

Calcd.: C 63.15, H 4.71, N 16.37. 

Found: C 63.18, H 4.74, N 16.39. 

 

5.1.30.11. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(quinolin-2-yl) 

piperidin-2-one (68m) 

 

68m (570 mg, 81%) was prepared by means of the general procedure described in 

section 5.1.30. as a thick oil. Purity by HPLC: 97.2% AUC, Chiral purity: 97.0%ee AUC. 

ESI-MS: [M+H]+ = 368.3 m/z. Mol.Wt = 367.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.34-2.39 (m, 1H), 2.43-2.47 (m, 3H), 2.71-2.76 

(m, 1H), 3.25-3.29 (m, 1H), 3.47-3.53 (m, 2H), 7.23-7.27 (m, 2H), 7.29-7.34 (m, 1H), 

7.43-7.79 (m, 4H), 7.98 (d, J = 6.8Hz, 1H), 8.09 (d, J= 7.6Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  36.7, 40.1, 41.9, 47.2, 51.7, 112.1, 115.4 (d, J = 

25.1Hz), 117.6 (dd, J1 = 24.8Hz, J2 = 8.8Hz), 118.7 (dd, J1 = 25.2Hz, J2 = 9.0Hz), 121.4, 

122.3, 123.4, 125.8, 126.6, 129.6, 137.5, 146.8, 156.3 (d, J = 237.5Hz), 157.6 (d, J = 

239.6Hz), 165.3, 169.4.  

Analysis :  Mol. Formula: C21H19F2N3O 

Calcd.: C 68.65, H 5.21, N 11.44. 

Found: C 68.61, H 5.23, N 11.40. 
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5.1.30.12. (4S,5S)-1-([1,2,4]Triazolo[4,3-a]pyrazin-8-yl)-5-(aminomethyl)-4- 

(2,5-difluorophenyl)piperidin-2-one (68n) 

 

 

68n (680 mg, 94%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 196-197 °C. Purity by HPLC: 99.1% AUC, Chiral 

purity: 98.4%ee AUC. 

ESI-MS: [M+H]+ = 359.4 m/z. Mol.Wt = 358.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.39 (m, 1H), 2.43-2.48 (m, 3H), 2.73-2.79 

(m, 1H), 3.24-3.29 (m, 1H), 3.47-3.53 (m, 2H), 7.23-7.27 (m, 2H), 7.29-7.34 (m, 1H), 

7.89 (d, J = 7.6Hz, 1H), 8.07 (d, J = 7.6Hz, 1H), 9.01 (s, 1H). 
13C NMR (100 MHz, Methanol-d4):  36.8, 40.6, 41.9, 47.4, 52.3, 114.8, 115.6 (d, J = 

25.0Hz), 117.6 (dd, J1 = 24.9Hz, J2 = 9.0Hz), 118.7 (dd, J1 = 25.0Hz, J2 = 8.6Hz), 123.4, 

126.6, 137.2, 146.9, 147.3, 156.5 (d, J = 241.5Hz), 157.6 (d, J = 242.1Hz), 169.7. 

Analysis :  Mol. Formula: C17H16F2N6O 

Calcd.: C 56.98, H 4.50, N 23.45. 

Found: C 57.01, H 4.53, N 23.42. 

 

5.1.30.13. 7-((4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-2-oxopiperidin-1-yl)-2-

methyl-4H-pyrimido[1,2-b]pyridazin-4-one (68o) 

 

 

68o (520 mg, 75%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 165-167 °C. Purity by HPLC: 97.0% AUC, Chiral 

purity: 97.6%ee AUC. 
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ESI-MS: [M+H]+ = 400.2 m/z. Mol.Wt = 399.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.29 (s, 3H), 2.34-2.39 (m, 1H), 2.45-2.52 (m, 

3H), 2.71-2.77 (m, 1H), 3.25-3.29 (m, 1H), 3.47-3.53 (m, 2H), 6.19 (s, 1H), 6.32 (s, 2H), 

7.23-7.28 (m, 2H), 7.29-7.34 (m, 1H). 
13C NMR (100 MHz, Methanol-d4):  28.3, 36.6, 40.3, 41.7, 46.9, 52.3, 110.8, 115.6 (d, 

J = 25.2Hz), 117.6 (dd, J1 = 24.8Hz, J2 = 9.1Hz), 118.6 (dd, J1 = 24.9Hz, J2 = 9.0Hz), 

123.4, 130.2, 135.8, 148.9, 153.8, 156.5 (d, J = 241.5Hz), 158.2, 157.6 (d, J = 242.1Hz), 

164.6, 168.8. 

Analysis :  Mol. Formula: C20H19F2N5O2 

Calcd.: C 60.14, H 4.79, N 17.53. 

Found: C 60.10, H 4.82, N 17.50. 

5.1.30.14. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(2,7-dimethylpyrazolo 

[1,5-a]pyrimidin-6-yl)piperidin-2-one (68r) 

 

 

68r (575 mg, 73%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 187-188 °C. Purity by HPLC: 99.7% AUC, Chiral 

purity: 98.8%ee AUC. 

ESI-MS: [M+H]+ = 386.5 m/z. Mol.Wt = 385.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.27 (s, 3H), 2.32 (s, 3H), 2.34-2.39 (m, 1H), 

2.43-2.48 (m, 3H), 2.71-2.79 (m, 1H), 3.24-3.29 (m, 1H), 3.47-3.52 (m, 2H), 6.71 (s, 1H), 

7.23-7.27 (m, 2H), 7.29-7.32 (m, 1H), 9.13 (s, 1H). 
13C NMR (100 MHz, Methanol-d4):  16.7, 19.2, 37.9, 41.4, 41.7, 47.4, 52.3, 98.8, 115.4 

(d, J = 24.3Hz), 117.6 (dd, J1 = 25.3Hz, J2 = 8.8Hz), 118.6 (dd, J1 = 24.3Hz, J2 = 8.8Hz), 

123.4, 125.9, 148.9, 150.6, 155.3, 156.7 (d, J = 242.4Hz), 157.2, 157.8 (d, J = 242.7Hz), 

169.9. 

Analysis :  Mol. Formula: for C20H21F2N5O 

Calcd.: C 62.33, H 5.49, N 18.17. 

Found: C 62.33, H 5.49, N 18.17. 



  Experimental 
 

189 
 

5.1.30.15. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(3-methyl-[1,2,4] 

triazolo[4,3-b]pyridazin-6-yl)piperidin-2-one (68s) 

 

 

68s (612 mg, 79%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 148-151 °C. Purity by HPLC: 98.9% AUC, Chiral 

purity: 97.6%ee AUC. 

ESI-MS: [M+H]+ = 373.5 m/z. Mol.Wt = 372.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.39 (m, 1H), 2.41 (s, 3H), 2.43-2.47 (m, 

3H), 2.73-2.79 (m, 1H), 3.24-3.27 (m, 1H), 3.46-3.52 (m, 2H), 7.23-7.27 (m, 2H), 7.29-

7.32 (m, 1H), 8.71 (s, 1H), 9.01 (s, 1H). 
13C NMR (100 MHz, Methanol-d4):  14.3, 37.9, 41.2, 41.9, 47.4, 52.3, 115.6 (d, J = 

25.2Hz), 117.6 (dd, J1 = 25.3Hz, J2 = 8.9Hz), 118.6 (dd, J1 = 24.6Hz, J2 = 8.8Hz), 123.4, 

124.0, 124.6, 137.1, 143.9, 154.7, 156.7 (d, J = 241.0Hz), 157.6 (d, J = 241.3Hz), 169.5. 

Analysis :  Mol. Formula: for C18H18F2N6O 

Calcd.: C 58.06, H 4.87, N 22.57. 

Found: C 58.02, H 4.85, N 22.59. 

 

5.1.30.16. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(3-(trifluoromethyl)-

[1,2,4]triazolo[4,3-b]pyridazin-6-yl)piperidin-2-one (68t) 

 

 

68t (540 mg, 87%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 126-128 °C. Purity by HPLC: 97.6% AUC, Chiral 

purity: 97.5%ee AUC. 
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ESI-MS: [M+H]+ = 427.4 m/z. Mol.Wt = 426.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.38 (m, 1H), 2.43-2.48 (m, 3H), 2.74-2.81 

(m, 1H), 3.25-3.28 (m, 1H), 3.47-3.54 (m, 2H), 7.23-7.27 (m, 2H), 7.29-7.32 (m, 1H), 

8.64 (d, J = 6.4Hz, 1H), 9.01 (d, J = 6.4Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  37.8, 41.2, 41.6, 47.3, 52.7, 114.7, 115.6 (d, J = 

25.8Hz), 117.6 (dd, J1 = 24.6Hz, J2 = 9.0Hz), 118.6 (dd, J1 = 25.6Hz, J2 = 8.7Hz), 123.4, 

123.9, 124.7, 143.6, 154.6, 156.4 (d, J = 240.8Hz), 157.7 (d, J = 241.2Hz), 159.6, 169.8. 

Analysis :  Mol. Formula: for C18H15F5N6O 

Calcd.: C 50.71, H 3.55, N 19.71. 

Found: C 50.73, H 3.57, N 19.69. 

 

5.1.30.17. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(2-(trifluoromethyl)- 

[1,2,4] triazolo[1,5-b]pyridazin-6-yl)piperidin-2-one (68u) 

 

 

68u (630 mg, 95%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 186-187 °C. Purity by HPLC: 99.1% AUC, Chiral 

purity: 98.9%ee AUC. 

ESI-MS: [M+H]+ = 427.5 m/z. Mol.Wt = 426.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.39 (m, 1H), 2.41-2.47 (m, 3H), 2.72-2.78 

(m, 1H), 3.24-3.27 (m, 1H), 3.45-3.50 (m, 2H), 7.22-7.27 (m, 2H), 7.29-7.31 (m, 1H), 

8.57 (d, J = 6.8Hz, 1H), 8.78 (d, J = 6.8Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  37.9, 41.2, 41.7, 47.2, 52.7, 115.6 (d, J = 25.8Hz), 

117.6 (dd, J1 = 24.6Hz, J2 = 9.0Hz), 118.6 (dd, J1 = 25.6Hz, J2 = 8.7Hz), 123.4, 123.7, 

126.4, 144.6, 147.6, 154.3, 156.5 (d, J = 240.2Hz), 157.7 (d, J = 241.0Hz), 169.7. 

Analysis :  Mol. Formula: for C18H15F5N6O 

Calcd.: C 50.71, H 3.55, N 19.71. 

Found: C 50.74, H 3.56, N 19.67. 

 



  Experimental 
 

191 
 

5.1.30.18. (4S,5S)-5-(Aminomethyl)-1-(2,7-dimethylpyrazolo[1,5-a]pyrimidin-6-yl)-4-

(2,4,5-trifluorophenyl)piperidin-2-one (69b) 

 

69b (560 mg, 76%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 197-199 °C. Purity by HPLC: 99.6% AUC, Chiral 

purity: 97.6%ee AUC. 

ESI-MS: [M+H]+ = 404.5 m/z. Mol.Wt = 403.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.28 (s, 3H), 2.31 (s, 3H), 2.34-2.39 (m, 1H), 

2.43-2.48 (m, 3H), 2.71-2.79 (m, 1H), 3.24-3.29 (m, 1H), 3.47-3.52 (m, 2H), 6.74 (s, 1H), 

7.34-7.40 (m, 1H), 7.49-7.54 (m, 1H),  9.14 (s, 1H). 
13C NMR (100 MHz, Methanol-d4):  16.8, 19.2, 37.8, 41.2, 41.7, 47.4, 52.3, 101.2, 

105.6 (dd, J1 = 21.3Hz, J2 = 27.6Hz), 116.4 (dd, J1 = 19.9Hz, J2 = 5.8Hz), 123.2 (dt, J1= 

15.4Hz, J2 = 5.0Hz), 125.6, 145.9 (ddd, J1 = 246.4Hz, J2 = 12.5Hz, J3 = 3.8Hz), 149.6, 

150.2 (dt, J1 = 251.6Hz, J2 = 13.4Hz), 150.8, 154.4, 156.3 (ddd, J1 = 246.3Hz, J2 = 

10.3Hz, J3 = 3.0Hz), 157.3, 167.6. 

Analysis :  Mol. Formula: for C20H20F3N5O 

Calcd.: C 59.55, H 5.00, N 17.36. 

Found: C 59.57, H 5.03, N 17.33. 

 

5.1.30.19. (4S,5S)-5-(Aminomethyl)-1-(3-(trifluoromethyl)-[1,2,4]triazolo[4,3-

b]pyridazin-6-yl)-4-(2,4,5-trifluorophenyl)piperidin-2-one (69c) 

 

69c (586 mg, 87%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 212-215 °C. Purity by HPLC: 97.7% AUC, Chiral 

purity: 98.1%ee AUC. 



  Experimental 
 

192 
 

ESI-MS: [M+H]+ = 445.4 m/z. Mol.Wt = 444.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.37 (m, 1H), 2.43-2.47 (m, 3H), 2.73-2.79 

(m, 1H), 3.25-3.28 (m, 1H), 3.47-3.54 (m, 2H), 7.32-7.40 (m, 1H), 7.46-7.54 (m, 1H), 

8.62 (d, J = 6.2Hz, 1H), 8.95 (d, J = 6.2Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  37.8, 41.2, 41.7, 47.4, 52.3, 105.6 (dd, J1 = 

21.3Hz, J2 = 28.2Hz), 114.5, 116.4 (dd, J1 = 19.8Hz, J2 = 5.4Hz), 123.3 (dt, J1= 15.4Hz, 

J2 = 5.0Hz), 123.8, 124.6, 143.5, 146.2 (ddd, J1 = 246.4Hz, J2 = 12.5Hz, J3 = 3.8Hz), 

150.4 (dt, J1 = 251.6Hz, J2 = 13.4Hz), 154.3, 156.5 (ddd, J1 = 246.3Hz, J2 = 10.3Hz, J3 = 

3.0Hz), 159.8, 166.8. 

Anal. Calcd. for C18H14F6N6O: C 48.66, H 3.18, N 18.91; Found: C 48.63, H 3.15, N 

18.88. 

Analysis :  Mol. Formula: for C18H14F6N6O 

Calcd.: C 48.66, H 3.18, N 18.91. 

Found: C 48.63, H 3.15, N 18.88. 

 

5.1.30.20. (4S,5S)-5-(Aminomethyl)-1-(2-(trifluoromethyl)-[1,2,4]triazolo[1,5-

b]pyridazin-6-yl)-4-(2,4,5-trifluorophenyl)piperidin-2-one (69d) 

 

69d (670 mg, 93%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 137-139 °C. Purity by HPLC: 98.1% AUC, Chiral 

purity: 97.2%ee AUC. 

ESI-MS: [M+H]+ = 445.5 m/z. Mol.Wt = 444.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.39 (m, 1H), 2.41-2.47 (m, 3H), 2.72-2.78 

(m, 1H), 3.24-3.27 (m, 1H), 3.45-3.50 (m, 2H), 7.34-7.40 (m, 1H), 7.49-7.54 (m, 1H), 

8.57 (d, J = 6.4Hz, 1H), 8.77 (d, J = 6.4Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  37.9, 41.2, 41.8, 47.4, 52.7, 105.6 (dd, J1 = 

20.8Hz, J2 = 28.6Hz), 116.5 (dd, J1 = 20.4Hz, J2 = 5.4Hz), 119.7, 123.3 (dt, J1= 15.4Hz, 

J2 = 5.2Hz), 123.6, 126.4, 144.6, 146.3 (ddd, J1 = 246.4Hz, J2 = 12.7Hz, J3 = 3.8Hz), 
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147.7, 150.6 (dt, J1 = 251.4Hz, J2 = 13.4Hz), 154.3, 156.4 (ddd, J1 = 246.2Hz, J2 = 

10.3Hz, J3 = 2.8Hz), 167.3.  

Analysis :  Mol. Formula: for C18H14F6N6O 

Calcd.: C 48.66, H 3.18, N 18.91. 

Found: C 48.67, H 3.16, N 18.89. 

 

5.1.30.21. (4S,5S)-5-(Aminomethyl)-4-(2,4-dichlorophenyl)-1-(2,7-dimethylpyrazolo 

[1,5-a]pyrimidin-6-yl)piperidin-2-one (70b) 

 

 

70b (550 mg, 86%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 132-134 °C. Purity by HPLC: 98.2% AUC, Chiral 

purity: 97.8%ee AUC. 

ESI-MS: [M+H]+ = 418.9 m/z. Mol.Wt = 418.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.26 (s, 3H), 2.31 (s, 3H), 2.34-2.37 (m, 1H), 

2.43-2.48 (m, 3H), 2.71-2.79 (m, 1H), 3.25 (dd, J1 = 10Hz, J2 = 11.8Hz, 1H), 3.47-3.52 

(m, 2H), 6.74 (s, 1H), 7.38 (dd, J1 = 8.2Hz, J2 = 2.2Hz, 1H), 7.44 (d, J = 8.2Hz, 1H), 7.53 

(d, J = 2.2Hz, 1H), 9.14 (s, 1H). 
13C NMR (100 MHz, Methanol-d4):  16.8, 19.2, 37.8, 41.2, 41.7, 47.4, 52.3, 98.7, 

125.6, 126.4, 127.4, 130.1, 132.2, 132.7, 133.8, 149.6, 150.8, 154.4, 157.3, 167.6.   

Analysis :  Mol. Formula: for C20H21Cl2N5O 

Calcd.: C 57.42, H 5.06, N 16.74. 

Found: C 57.39, H 5.02, N 16.72. 

5.1.30.22. (4S,5S)-5-(Aminomethyl)-4-(2,4-dichlorophenyl)-1-(3-(trifluoromethyl)-

[1,2,4]triazolo[4,3-b]pyridazin-6-yl)piperidin-2-one (70c) 
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70c (620 mg, 75%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 109-111 °C. Purity by HPLC: 99.1% AUC, Chiral 

purity: 99.3%ee AUC. 

ESI-MS: [M+H]+ = 459.9 m/z. Mol.Wt = 459.2 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.33-2.37 (m, 1H), 2.43-2.47 (m, 3H), 2.73-2.78 

(m, 1H), 3.25-3.28 (m, 1H), 3.47-3.54 (m, 2H), 7.36 (dd, J1 = 8.4Hz, J2 = 1.8Hz, 1H), 

7.43 (d, J = 8.4Hz, 1H), 7.53 (d, J = 2.0Hz, 1H), 8.58 (d, J = 5.8Hz, 1H), 8.89 (d, J = 

5.8Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  37.9, 41.3, 41.7, 47.4, 52.3, 114.6, 123.8, 124.6, 

126.4, 127.2, 130.3, 132.3, 132.7, 133.6, 143.5, 154.4, 159.8, 167.5.  

Analysis :  Mol. Formula: for C18H15Cl2F3N6O 

Calcd.: C 47.07, H 3.29, N 18.30. 

Found: C 47.04, H 3.26, N 18.28. 

5.1.30.23. (4S,5S)-5-(Aminomethyl)-4-(2,4-dichlorophenyl)-1-(2-(trifluoromethyl)-

[1,2,4]triazolo[1,5-b]pyridazin-6-yl)piperidin-2-one (70d) 

 

 

70d (530 mg, 89%) was prepared by means of the general procedure described in 

section 5.1.30. as a White solid; mp: 164-166 °C. Purity by HPLC: 98.7% AUC, Chiral 

purity: 98.9%ee AUC. 

ESI-MS: [M+H]+ = 460.1 m/z. Mol.Wt = 459.2 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.31-2.36 (m, 1H), 2.41-2.46 (m, 3H), 2.72-2.78 

(m, 1H), 3.27 (dd, J1 = 10.4Hz, J2 = 12Hz, 1H), 3.45-3.50 (m, 2H), 7.34 (dd, J1 = 8.6Hz, 

J2 = 2.0Hz, 1H), 7.43 (d, J = 8.6Hz, 1H), 7.53 (d, J = 2.0Hz, 1H), 8.49 (d, J = 6.2Hz, 1H), 

8.72 (d, J = 6.2Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  37.9, 41.2, 41.8, 47.4, 52.7, 119.7, 123.6, 126.2, 

126.4, 127.7, 130.6, 132.3, 132.8, 133.8, 144.6, 147.6, 154.3, 167.3.   

Analysis :  Mol. Formula: for C18H15Cl2F3N6O 

Calcd.: C 47.07, H 3.29, N 18.30. 

Found: C 47.09, H 3.32, N 18.27. 
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5.1.31. General procedure for the synthesis of compounds (68k-l, 68p-q, 68v, 69a, 

69e, 70a & 70e) 

 

To  a solution of compound 63a-c (5 mmol) in dry DMF (25 ml) was added sodium 

hydride (6 mmol) in portions at 00C. After all the sodium hydride was added to the 

reaction mixture, the reaction was brought to room temperature gradually and stirred for 

2h at same temperature. Reaction was cooled again to 0 °C and a solution of halo-

aromatics of the interest 64k-l, 64p-q or 64v dissolved in DMF (5 ml) was added 

dropwise over a period of 15min. Reaction was stirred at same temperature for 1h and 

then at room temperature for 2h. 

 After completion of the reaction, reaction mixture was poured in cold D. M. water 

(100 ml) and extracted with ethyl acetate (3X100 ml). Combined organic extracts were 

washed with water (2X100 ml) and brine (1X100 ml). Organic layer was then dried over 

anhy. Na2SO4 and evaporated under reduced pressure to give amide -NH alkylated 

product with 65-80% yield.  

Crude product thus obtain was dissolved in ethyl acetate (45 ml), and 

concentrated HCl (15 ml) was added at -500C and the reaction mixture was stirred at the 

same temperature for 2h. Temperature of the reaction mixture was then gradually 

increased to 00C and stirred for additional 1h at this temperature. After completion of the 

reaction, reaction mixture was basified with sat. NaHCO3 solution till pH 9 and extracted 

with Ethyl acetate (3X50 ml). Combined organic extracts were washed with water 

(1X100 ml) and brine (1X100 ml). Organic layer was then dried over anhy. Na2SO4 and 

evaporated to dryness. 

Crude residue thus obtained was purified by preparative HPLC method using the 

procedure as illustrated in experimental section 5.1.3.-Purification to give desired 

amino-methyl pipyridones 68k-l, 68p-q, 68v, 69a, 69e, 70a & 70e. 
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5.1.31.1. (4S,5S)-5-(Aminomethyl)-1-benzyl-4-(2,5-difluorophenyl)piperidin-2-one 

(68k) 

 

68k (640 mg, 93%) was prepared by means of the general procedure described in 

section 5.1.31. as a white solid. 119-121 °C; Purity by HPLC: 98.2% AUC, Chiral purity: 

98.3%ee AUC. 

ESI/MS (m/z) : 331.2 (M+H)+. Mol. Wt. = 330.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.34-2.39 (m, 1H), 2.43-2.47 (m, 3H), 2.71-2.76 

(m, 1H), 3.23 (dd, J1 = 10.2Hz, J2 = 11.8Hz, 1H), 3.47-3.53 (m, 2H), 4.82 (s, 2H), 7.21-

7.27 (m, 4H), 7.29-7.41 (m, 4H). 
13C NMR (100 MHz, Methanol-d4):  36.9, 40.2, 41.6, 47.2, 51.7, 52.6, 115.6 (d, J = 

24.9Hz), 117.8 (dd, J1 = 25.3Hz, J2 = 8.8Hz), 118.7 (dd, J1 = 24.9Hz, J2 = 9.0Hz), 123.4, 

127.2, 127.9, 128.8, 136.5, 156.3 (d, J = 237.5Hz), 157.6 (d, J = 240.1Hz), 169.2. 

Analysis :  Mol. Formula: C19H20F2N2O 

Calcd.: C 69.07, H 6.10, N 8.48. 

Found: C 69.09, H 6.13, N 8.45. 

 

5.1.31.2. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(4-(trifluoromethyl) 

benzyl) piperidin-2-one (68l) 

 

68l (580 mg, 85%) was prepared by means of the general procedure described in 

section 5.1.31. as a white solid. 147-149 °C; Purity by HPLC: 97.7% AUC, Chiral purity: 

97.5%ee AUC. 

ESI/MS (m/z) : 399.2 (M+H)+. Mol. Wt. = 398.4 g. 
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1H NMR (400 MHz, Methanol-d4):  = 2.32-2.37 (m, 1H), 2.42-2.47 (m, 3H), 2.73-2.78 

(m, 1H), 3.23 (dd, J1 = 10Hz, J2 = 11.8Hz, 1H), 3.47-3.53 (m, 2H), 4.83 (s, 2H), 7.09 (d, J 

= 8.2Hz, 2H), 7.21-7.27 (m, 2H), 7.29-7.34 (m, 1H),7.47 (d, J = 8.2Hz, 2H). 
13C NMR (100 MHz, Methanol-d4):  36.9, 40.2, 41.6, 47.2, 51.7, 52.7, 115.6 (d, J = 

24.9Hz), 117.8 (dd, J1 = 25.3Hz, J2 = 8.8Hz), 118.7 (dd, J1 = 24.9Hz, J2 = 9.0Hz), 123.4, 

124.3, 124.8, 129.3, 129.8, 139.5, 156.3 (d, J = 237.5Hz), 157.6 (d, J = 240.1Hz), 169.2.  

Analysis :  Mol. Formula: C20H19F5N2O 

Calcd.: C 60.30, H 4.81, N 5.02. 

Found: C 60.33, H 4.85, N 5.06. 

 

5.1.31.3. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-phenethylpiperidin- 

2-one (68p) 

 

 

68p (648 mg, 93%) was prepared by means of the general procedure described in 

section 5.1.31. as a White solid; mp: 197-198 °C. Purity by HPLC: 99.5% AUC, Chiral 

purity: 98.7%ee AUC. 

ESI-MS: [M+H]+ = 345.3 m/z. Mol.Wt = 344.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.37 (m, 1H), 2.43-2.48 (m, 3H), 2.72-2.85 

(m, 3H), 3.24-3.27 (m, 1H), 3.47-3.53 (m, 2H), 3.63 (t, J = 9.6Hz, 2H), 7.23-7.27 (m, 3H), 

7.29-7.32 (m, 4H), 7.43 (m, 1H). 
13C NMR (100 MHz, Methanol-d4):  34.3, 37.3, 41.2, 41.9, 46.9, 49.8, 52.3, 115.6 (d, J 

= 25.2Hz), 117.6 (dd, J1 = 23.8Hz, J2 = 7.8Hz), 118.6 (dd, J1 = 24.3Hz, J2 = 8.4Hz), 

123.4, 125.6, 127.9, 128.4, 138.9, 156.5 (d, J = 240.3Hz), 157.6 (d, J = 240.1Hz),  

170.1. 

Analysis :  Mol. Formula: C20H22F2N2O 

Calcd.: C 69.75, H 6.44, N 8.13. 

Found: C 69.77, H 6.47, N 8.10. 
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5.1.31.4. (4S,5S)-5-(Aminomethyl)-4-(2,5-difluorophenyl)-1-(2-(pyridin-4-yl)ethyl) 

piperidin-2-one (68q) 

 

 

68q (544 mg, 88%) was prepared by means of the general procedure described in 

section 5.1.31. as a White solid; mp: 167-169 °C. Purity by HPLC: 97.3% AUC, Chiral 

purity: 97.2%ee AUC. 

ESI-MS: [M+H]+ = 346.5 m/z. Mol.Wt = 345.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.29-2.35 (m, 1H), 2.41-2.46 (m, 3H), 2.71-2.79 

(m, 3H), 3.25-3.29 (m, 1H), 3.47-3.52 (m, 2H), 3.59 (t, J = 8.8Hz, 2H), 7.18 (d, J = 5.6Hz, 

2H), 7.23-7.27 (m, 2H), 7.29-7.32 (m, 1H), 8.49 (d, J = 5.6Hz, 2H).  
13C NMR (100 MHz, Methanol-d4):  34.2, 38.3, 41.2, 41.9, 47.4, 49.4, 52.3, 115.4 (d, J 

= 24.8Hz), 117.7 (dd, J1 = 25.3Hz, J2 = 8.8Hz), 118.6 (dd, J1 = 24.3Hz, J2 = 8.4Hz), 

123.4, 124.1, 148.3, 149.6, 156.7 (d, J = 242.4Hz), 157.8 (d, J = 242.7Hz), 169.7. 

Analysis :  Mol. Formula: C19H21F2N3O 

Calcd.: C 66.07, H 6.13, N 12.17. 

Found: C 66.09, H 6.10, N 12.14. 

 

5.1.31.5. (4S,5S)-5-(Aminomethyl)-1-(2-(benzo[d][1,3]dioxol-5-yl)ethyl)-4-(2,5-

difluorophenyl)piperidin-2-one (68v) 

 

 

68v (524 mg, 85%) was prepared by means of the general procedure described in 

section 5.1.31. as a White solid; mp: 177-179 °C. Purity by HPLC: 99.6% AUC, Chiral 

purity: 99.1%ee AUC. 
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ESI-MS: [M+H]+ = 389.5 m/z. Mol.Wt = 388.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.37 (m, 1H), 2.43-2.47 (m, 3H), 2.72-2.87 

(m, 3H), 3.25-3.29 (m, 1H), 3.47-3.53 (m, 2H), 3.64 (t, J = 9.6Hz, 2H), 5.97 (s, 2H), 6.63-

6.72 (m, 3H), 7.23-7.27 (m, 2H), 7.29-7.32 (m, 1H). 
13C NMR (100 MHz, Methanol-d4):  34.5, 37.9, 41.3, 41.7, 46.9, 49.7, 52.2, 101.4, 

107.6, 109.4, 115.6 (d, J = 25.2Hz), 117.6 (dd, J1 = 23.8Hz, J2 = 7.8Hz), 118.6 (dd, J1 = 

24.3Hz, J2 = 8.4Hz), 122.8, 123.4, 130.9, 146.4, 148.8, 156.5 (d, J = 240.3Hz), 157.6 (d, 

J = 240.1Hz),  170.2.  

 

Analysis :  Mol. Formula: C21H22F2N2O3 

Calcd.: C 64.94, H 5.71, N 7.21. 

Found: C 64.98, H 5.74, N 7.18. 

 

5.1.31.6. (4S,5S)-5-(Aminomethyl)-1-(2-(pyridin-4-yl)ethyl)-4-(2,4,5-trifluorophenyl) 

piperidin-2-one (69a) 

 

 

69a (510 mg, 80%) was prepared by means of the general procedure described in 

section 5.1.31. as a White solid; mp: 169-171 °C. Purity by HPLC: 98.8% AUC, Chiral 

purity: 98.3%ee AUC. 

ESI-MS: [M+H]+ = 364.5 m/z. Mol.Wt = 363.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.37 (m, 1H), 2.41-2.46 (m, 3H), 2.71-2.83 

(m, 3H), 3.25-3.29 (m, 1H), 3.47-3.52 (m, 2H), 3.59 (t, J = 8.8Hz, 2H), 7.21 (d, J = 6.8Hz, 

2H), 7.34-7.40 (m, 1H), 7.49-7.54 (m, 1H), 8.47 (d, J = 6.8Hz, 2H). 
13C NMR (100 MHz, Methanol-d4):  34.2, 39.3, 42.2, 43.5, 47.4, 49.4, 52.7, 105.6 (dd, 

J1 = 21.1Hz, J2 = 28.3Hz), 116.4 (dd, J1 = 19.9Hz, J2 = 5.8Hz), 123.2 (dt, J1= 15.6Hz, J2 

= 5.2Hz), 123.8, 145.9 (ddd, J1 = 246.2Hz, J2 = 12.5Hz, J3 = 3.8Hz), 148.4, 149.5, 150.2 

(dt, J1 = 251.3Hz, J2 = 13.6Hz), 156.3 (ddd, J1 = 245.1Hz, J2 = 10.3Hz, J3 = 2.7Hz), 

167.8. 
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Analysis :  Mol. Formula: C19H20F3N3O 

Calcd.: C 62.80, H 5.55, N 11.56. 

Found: C 62.83, H 5.57, N 11.53. 

 

5.1.31.7. (4S,5S)-5-(Aminomethyl)-1-(2-(benzo[d][1,3]dioxol-5-yl)ethyl)-4-(2,4,5-

trifluorophenyl)piperidin-2-one (69e) 

 

69e (524 mg, 74%) was prepared by means of the general procedure described in 

section 5.1.31. as a White solid; mp: 121-123 °C. Purity by HPLC: 97.2% AUC, Chiral 

purity: 98.5%ee AUC. 

ESI-MS: [M+H]+ = 407.5 m/z. Mol.Wt = 406.4 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.38 (m, 1H), 2.43-2.47 (m, 3H), 2.72-2.87 

(m, 3H), 3.25-3.29 (m, 1H), 3.47-3.53 (m, 2H), 3.62 (t, J = 10.2Hz, 2H), 5.96 (s, 2H), 

6.63-6.72 (m, 3H), 7.37-7.52 (m, 2H). 
13C NMR (100 MHz, Methanol-d4):  34.4, 37.9, 41.3, 41.7, 46.9, 49.7, 52.2, 101.4, 

107.6, 109.4, 105.4 (dd, J1 = 21.2Hz, J2 = 28.2Hz), 116.4 (dd, J1 = 19.9Hz, J2 = 5.8Hz), 

122.6, 123.2 (dt, J1= 18.6Hz, J2 = 5.2Hz), 130.4, 145.9 (ddd, J1 = 246.2Hz, J2 = 12.5Hz, 

J3 = 3.8Hz), 146.6, 148.3, 150.2 (dt, J1 = 251.3Hz, J2 = 13.6Hz), 156.4 (ddd, J1 = 

245.4Hz, J2 = 10.4Hz, J3 = 2.7Hz), 168.3. 

Analysis :  Mol. Formula: C21H21F3N2O3 

Calcd.: C 62.06, H 5.21, N 6.89. 

Found: 62.02, H 5.18, N 6.92. 

 

5.1.31.8. (4S,5S)-5-(Aminomethyl)-4-(2,4-dichlorophenyl)-1-(2-(pyridin-4-yl)ethyl) 

piperidin-2-one (70a) 

N

O N

Cl

Cl

NH2
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70a (530mg, 79%) was prepared by means of the general procedure described in 

section 5.1.31. as a White solid; mp: 94-96 °C. Purity by HPLC: 98.6% AUC, Chiral 

purity: 98.3%ee AUC. 

ESI-MS: [M+H]+ = 378.5 m/z. Mol.Wt = 378.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.32-2.37 (m, 1H), 2.41-2.46 (m, 3H), 2.71-2.83 

(m, 3H), 3.25-3.29 (m, 1H), 3.47-3.52 (m, 2H), 3.59 (t, J = 8.8Hz, 2H), 7.24 (d, J = 6.8Hz, 

2H), 7.37 (dd, J1 = 8.2Hz, J2 = 2.0Hz, 1H), 7.44 (d, J = 8.2Hz, 1H), 7.53 (d, J = 2.0Hz, 

1H), 8.44 (d, J = 6.8Hz, 2H);  
13C NMR (100 MHz, Methanol-d4):  34.2, 38.4, 41.6, 42.3, 46.9, 49.8, 52.6, 123.4, 

126.3, 127.8, 130.4, 132.2, 132.6, 133.9, 148.3, 149.2, 166.7;  

Analysis :  Mol. Formula: C19H21Cl2N3O2 

Calcd.: C 60.32, H 5.60, N 11.11. 

Found: C 60.36, H 5.63, N 11.10. 

5.1.31.9. (4S,5S)-5-(Aminomethyl)-1-(2-(benzo[d][1,3]dioxol-5-yl)ethyl)-4-(2,4-

dichlorophenyl)piperidin-2-one (70e) 

 

70e (610mg, 83%) was prepared by means of the general procedure described in 

section 5.1.31. as a White solid; mp: 132-134 °C. Purity by HPLC: 98.5% AUC, Chiral 

purity: 97.1%ee AUC. 

ESI-MS: [M+H]+ = 421.4 m/z. Mol.Wt = 421.3 g. 
1H NMR (400 MHz, Methanol-d4):  = 2.29-2.35 (m, 1H), 2.41-2.45 (m, 3H), 2.72-2.84 

(m, 3H), 3.25-3.29 (m, 1H), 3.47-3.53 (m, 2H), 3.62 (t, J = 9.8Hz, 2H), 5.98 (s, 2H), 6.64-

6.72 (m, 3H), 7.38 (dd, J1 = 8.4Hz, J2 = 2.0Hz, 1H), 7.44 (d, J = 8.4Hz, 1H), 7.53 (d, J = 

2.0Hz, 1H). 
13C NMR (100 MHz, Methanol-d4):  34.4, 38.4, 41.6, 42.3, 46.9, 49.8, 52.6, 101.3, 

107.6, 109.4, 122.6, 126.3, 127.8, 130.4, 132.2, 132.6, 133.9, 146.6, 148.3, 168.9.  

Analysis :  Mol. Formula: C21H22Cl2N2O3 

Calcd.: C 59.87, H 5.26, N 6.65. 

Found: C 59.89, H 5.24, N 6.68. 
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5.2. Biology 

 

5.2.1. DPP-IV inhibitory activity and selectivity over other serine protease (in vitro) 

Enzyme activity was determined by a fluorescence-based assay, adapted from 

the work of Blackmon et al [242]. H-Glycine-Proline-7-amino-4-methyl coumarin (Gly-

Pro-AMC, 200 μM) (Bachem, PA) was used as substrate (which is cleaved by the 

enzyme to release the fluorescent aminomethylcoumarin (AMC)), and soluble human 

protein (DPP-IV enzyme) produced in a baculovirus expression system (Bac-To-Bac; 

Life Technologies), was used as the enzyme source. H-Gly-Pro-AMC (200 μM) was 

incubated with DPP-IV enzyme in the presence of various concentrations of test 

compounds. Reaction was carried out at pH 7.8 (HEPES buffer 25 mM containing 1.0% 

BSA, 140 mM NaCl, 16 mM MgCl2, 2.8% DMSO) in a total volume of 100 μl at 25°C for 

30 min., in the dark. Reaction was terminated with acetic acid (25 μl of 25% solution). 

Activity (fluorescence) was measured (expressed as fluorescent units (FU)) in a Spectra 

Max fluorometer (Molecular Devices, Sunnyvale CA) by exciting at 380 nm, and 

measuring emission at 460 nm. IC50 values were determined for test compounds using 

Graph Pad prism software. 

DPP8. 

Compounds were tested against human DPP8 (baculovirus) in a continuous fluorescent 

assay in 50 mmol/l sodium phosphate buffer, pH 8.0, and 0.1 mg/ml BSA, using Ala-Pro-

7-amino-4-trifluormethylcoumarin as substrate at 100 µmol/l at 37°C for 15 min 

(excitation/emission: 400/505 nm).  

DPP9. 

Compounds were tested against human DPP9 (baculovirus) in a continuous fluorescent 

assay in 100 mmol/l Tris/HCl buffer, pH 7.4, and 0.1 mg/ml BSA, using Gly-Pro-AMC as 

substrate at 100 µmol/l at 37°C for 30 min (excitation/emission: 360/460 nm).  

QPP/DPP2. 

Compounds were tested against human QPP (baculovirus) in a continuous fluorescent 

assay in 100 mmol/l cacodylate buffer, pH 5.5, and 0.1 mg/ml BSA, using Nle-Pro-AMC 

as substrate at 5 µmol/l at 37°C for 15 min (excitation/emission: 360/460 nm).  

Data analysis: 

To measure the inhibition constants, serial dilutions of inhibitor were added to reactions 

containing enzyme and substrate. IC50
 values were determined by a fit of the reaction 

rates to a three-parameter Hill equation by nonlinear regression. The data are reported 



  Experimental 
 

203 
 

as percentage inhibition calculated as follows: %Inhibition = 100 (1 – (Vt/Vc)), where Vt is 

the rate of reaction of treated sample and Vc is the rate of reaction of control sample. 

 

5.2.2. CYP inhibition study (in vitro) 

For CYP1A2, CYP2C8, CYP2C9, CYP2D6, CYP2C19 and CYP3A4 inhibition 

studies, Human liver microsomes (0.2 mg/ml), Testosterone (50 µM) / 

Dextromethorphan (5 µM) respectively, as probe substrates, potassium phosphate buffer 

(0.1 M; pH 7.4) and NADPH (1mM) were incubated with different concentrations of test 

compounds (@1, 10 and 100 μM concentrations) at 37oC for 10 min., enzyme activity (% 

of control) was determined and IC50 values were calculated [262]. 

 

5.2.3. Pharmacodinemic study (Antidiabetic activity) (in vivo) 

The in- vivo glucose lowering properties of some of the test compounds and 

standards were evaluated in db/db animal models as described below. Study was 

conducted in male C57BL/6J (using IPGTT protocol) or without glucose load, in db/db 

mice (age 8-12weeks). All animal experiments were conducted according to the 

internationally valid guidelines following approval by the ‘Zydus Research Center Animal 

Ethical Committee’. Two days prior to the study, the animals were randomized and 

divided into 2 groups (n = 6), based upon their fed glucose levels. Animals were left for 2 

days under acclimatization and maintained on a standard diet. On the day of experiment, 

food was withdrawn from all the cages, water was given ad-libitum and were kept for 

overnight fasting. Briefly, in IPGTT protocol (C57 mice) overnight fasted mice were 

dosed orally (p.o.) with the test compounds (x mg/kg), 0.5 h prior to the intraperitoneal 

(i.p.) glucose load (1.5 g/kg), while in db/db mice, fed mice were dosed orally (p.o.) with 

the test compounds (x mg/kg) and the blood samples were collected at various time 

points. Blood samples were centrifuged and the separated serum was immediately 

subjected for the glucose estimation. The glucose estimation was carried out with 

DPEC-GOD/POD method (Ranbaxy Fine Chemicals Limited, Diagnostic division, India), 

using Spectramax-190, in 96-microwell plate reader (Molecular devices Corporation, 

Sunnyvale, California). Mean values of duplicate samples were calculated using 

Microsoft excel and the Graph Pad Prism software (Ver 4.0) was used to plot an area 

under the curve (0-240 min AUC). The AUC obtained from graphs were analyzed for 

two-way ANOVA, followed by Bonferroni post test, using Graph Pad prism software 

[243-244]. 
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5.3. Pharmacokinetic study (PK study) 

Briefly, for single dose PK study, test compounds were administered orally / iv on 

a body weight basis (x mg/kg) to overnight fasted male C57BL/6J mice. Serial blood 

samples were collected in micro-centrifuge tubes containing EDTA at pre-dose, 0.15, 

0.3, 0.5, 0.75, 1, 2, 4, 6, 8, 24, 36 and 48h post-dose after compounds administration. 

Approximately 0.2 ml of blood was collected at each time point and centrifuged at 4 °C. 

The obtained plasma was frozen, stored at -70 °C and the concentrations of compounds 

in plasma were determined by the LC-MS/MS (Shimadzu LC10AD, USA), using YMC 

hydrosphere C18 (2.0 x 50 mm, 3 m) column (YMC Inc., USA). The pharmacokinetic 

parameters, such as Tmax, t1/2, Cmax, AUC and %F were calculated using a non-

compartmental model of WinNonlin software version 5.2.1. 

 

5.4. Docking study 

The molecular docking analysis of potent compounds from all the three series 

and standard compounds was carried out using extra precision (XP) Glide docking 

method, to understand its critical interactions with all the three binding sites (S1, S2 and 

S3) of DPP-IV enzyme. The crystal structure of the DPP-IV enzyme (PDB ID: 2I03/ 

2AJL/2OQI) was obtained from the protein data bank and the protein structure was 

prepared using protein preparation wizard module of Schrödinger. After protein structure 

was prepared, the bound ligand of receptor was defined as grid binding box.  

For docking experiments all the compounds were geometry optimized using the 

Optimized Potentials for Liquid Simulations-all atom (OPLS-AA) force field [288] with the 

steepest descent followed by a truncated Newton conjugate gradient protocol as 

implemented in Macromodel. DPP-IV was optimized for docking using the protein 

preparation wizard provided by Schrodinger LLC [246]. Partial atomic charges for 

compounds as well as protein were assigned according to the OPLS-AA force field. The 

extra precision (XP) Glide docking method  was then used to dock all compounds into 

the catalytic site of DPP-IV [245]. Grids for Glide docking were calculated using the 

bound inhibitor as the reference of catalytic site in the DPP-IV. Upon completion of each 

docking calculation, 50 poses per ligand were allowed to generate. The top-scored pose 

was chosen using a Glidescore (Gscore) function [289]. The docking method was further 

validated by docking NVP-DPP728 and the binding mode was found similar as reported 

earlier.  

 





  

 
 
 
 
 
 
 
 
 
 
 

Spectral data 
 
 
 
 
 
 

 

 

 

 

“To kill an error is as good a service as, and sometimes even 

better than, the establishing of a new truth or fact.”  

- Charles Darwin 
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6.  Spectral Data 
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