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ABSTRACT 

A number of amidine derivatives were synthesized by condensation of 2-cyanopyridine, 

4-cyanopyridine and 2-cyanopyrazine with amines in the presence of sodium methoxide. 

All the compounds, that is, III(a-f), IV(a-g), and V(a—d) were purified by crystallization 

or by column chromatography. Structures of all the synthesized and purified compounds 

are supported by correct IR, 'H NMR and mass spectral data reported in Table 1, 2, 3. 
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Introduction: 

Compounds classified as heterocyclic probably constitute the largest and most varied 

family of organic compounds. After all, every carbocyclic compound, regardless of 

structure and functionality, may in principle be converted into a collection of heterocyclic 

analogs by replacing one or more of the ring carbon atoms with a different element. Even 

if we restrict our consideration to oxygen, nitrogen and sulphur (the most common 

heterocyclic elements), the permutations and combinations of such a replacement are 

numerous. 

Cyclic compounds containing one or more heteroatoms (usually 0, N, S etc) are 
called heterocyclic compounds. Some simplest heterocyclic compounds as shown 
below: 

 

0 
Furan 	Pyrrole 
1 	2 

Thiophene Pyridine 
3 	4 

(

N

1 	 NH 
N 

pyrazine 1,7a-dihydro-2H-isoindole 

5 	 6 
Numerous heterocyclic compounds have been synthesized which show biological 

activities. Compounds with anti-inflammatory, analgesic, antidegenerative, anticancer, 

antimicrobial activities had already seen, reported in literature. Most of the drugs 

heterocyclic compounds are biologically active. Acridine [1], amidines and hydrazones 

[2,3], pyrimidines and bispyrimidine derivatives [4-8] with anti-inflammatory and 

analgesic activities are reported in literature. In addition to above-mentioned activities, 

pyrimidine derivatives possessing antitumour [9], antimicrobial [10], antibacterial [11], 

antifungal [12] and antiinfective [13] activities have been reported in literature. 

Hydrazone derivative possesing anti-inflammatory, analgesic [14,15] antipyratic [16], 



C F3 

HN, R2 

R1 = H 
R2 = 2-CF3C6H4 
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and antibacterial activities [17]. 

It is also well known that amides, amidines and combinations of both are present in a 

variety of antimicrobial, antiparasitic, antihelmintic, antiviral and antitumoural agents. 

The amidine functionality has been found in many natural products and amidine-

containing molecules are found to be a critical part of many biological processes. The 

amidine moiety is an important pharmacophore in medicinal chemistry and had been 

intensively investigated. A number of pharmaceutical products for example the 

fibrinogen receptor antagonist lamifiban, which is currently in clinical development as an 

injectable antithrombic. 

Amidine is a functional group or type of chemical compound that has two amine 

groups attached to the same carbon atom with one carbon nitrogen double bond 

HN=CR'-NI-1(2 

The configuration and molecular dynamics of the compounds with amidine group N=C-N 

are widely investigated [18]. Amidines contain two different nitrogen atoms: amine (N1) 

and imine (N2) type, however, because of conjugation between the N2=C double bond 

2 
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and the lone electron pair at N1  both carbon-nitrogen bonds exhibit a partial double bond 
character. 

	

.CH3 	 e  ® 
N2 N1 

R1 	 CH3 	 Rr 
N2 	

CH3 

	

R 	 R 

	

10 	 11 
A few amidine derivatives i.e. 12-19 are mentioned below: 

15 	 R1  = H, propyl, benzyl 16 
R2  = isopropyl, H 

H3C 

CH3  

  

R1  =Et, Bn 	18 

NH 

H02 

NH2  

Many amidine derivatives possess useful biological activities, which are due to the 

resemblance of the amidine functionality to the biologically important pyrimidines and 

3 
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purines systems. Formamidines feature in the biochemical pathways associated with the 

biosynthesis of imidazoles, purines, and in the catabolism of histidine. 

Amidine derivatives possessing anti-degenerative [19], anticancer [20, 21], anti-

platelet [22] and antimicrobial [23] activities have been reported in the literature. 

Amidine derivatives also acting as serine protease inhibitors [24] and nitric oxide 

synthase inhibitors [25] reported in the literature. Amidines, the nitrogen analogues of 

carboxylic acids, are structural parts of numerous compounds of biological interest 

including important medical and biochemical agents. Amidines are also versatile building 

blocks for the synthesis of various heterocyclic compounds. 

The wide-ranging biological activity includes, for example, antiviral activity of 

some naturally occurring amidines [26] interfering with the reverse transcription process. 

Distamycin derivatives have also been examined for reverse transcription inhibitory 

properties. Antibacterial [27], antifungal [28], and antiprotozoal activity have been shown 

for benzamidine derivatives. 	HNC 
R2 

X=NH, Y=NH anthranilic amidine 
X=NH, Y=0 salicylic amidine 

R3 

20 

 

This series benzamidines and benzamides 20 were synthesized as selective inhibitors of 

vascular endothelial growth factor receptor (VEGFR) tyrosine kinases, and tested for 

inhibitory activity toward autophosphorylation by the enzyme assay. Selective inhibition 

of VEGFR-2 tyrosine kinase was observed in the salicylic amide and the anthranilic 

amidine [29]. 

Pentamidine 21 and berenil 22 are used in the treatment of pneumonia due to 

Pneumocystis carinii. This is a serious disease in patients receiving immunosuppressive 

therapy for leukaemia, lymphoma, or transplant rejection. N-substituted heteroaromatic 

cyanoamidines possess good vasodilating and antibypertensive activity [30] by opening 

the potassium channel. Pentamidine has been used in leishmaniasis therapy, a dangerous 

tropical disease'', in substitution of arsenic derivatives and in combating collateral 

infections in AIDS treatment. 

4 
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H2N NH2  

NH 	
Pentamidine 
	NH 

21 

H2N NH2  

NH 
	

NH 

Berenil 

22 

Some amidines are used in the synthesis of various drugs. The structure containing 

amidine moiety is also used as a drug. Triarylamidines 23 were tested for their ability to 

inhibit the replication of HIV cells. 

X=OCH3, CH3, H, Br, CI and NO2 

Chlorambucil is an alkylating agent commonly used in pharmacotherapy of chronic 

lymphatic leukaemia, lymphomas as well as ovarian and breast carcinomas. The amidine 

analogue of chlorambucil 24 evokes stronger cytotoxicity on breast cancer than does the 

parent drug, chlorambucil [31]. First of all, this analogue appeared to be a more potent 

inhibitor of collagen synthesis than chlorambucil. Moreover, showed a higher than 

Chlorambucil potency to inhibit the activity of prolidase, which represents an important 

factor in the regulation of collagen biosynthesis and cell growth. 

5 
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NH2  
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24 

It was shown a surface coating with anticoagulant characteristics showing significantly 

reduced coagulation activation. The synthesis of a monomeric conjugate containing a 

benzamidine moiety 25 was carried out and its inhibitory activity against human 

thrombin, the key enzyme of the blood coagulation cascade, was determined using a 

chromogenic assay. Based on that, low thrombogenic interfaces were prepared by 

covalent attachment of this low-molecular weight thrombin inhibitor on poly 

(octadecenealt-maleic anhydride) copolymer thin films and characterized using 

ellipsometry, XPS and dynamic contact angle measurements. The invitro 

hemocompatibility tests using freshly drawn human whole blood showed, in agreement 

with the SEM images, that a PO-MA film modified with a benzamidine moiety using a 

PEG spacer decreased the activation of coagulation, platelets and the complement' 

system. The decreased protein adsorption, in addition to the specific inhibition of 

thrombin, effectively enhanced the short-term hemocompatibility characteristics [32]. 
0 
I I 

H2N—(1-12C)--C—HN 
11 

25 
	• HCI 

Pharmacological modulation of nitric oxide synthase activity has been achieved using 

structural analogs of arginine 28. In the present studies, it was demonstrated that the 

minimal amidine structure required for enzymatic inhibition is formamidine 26 [33]. 

26 	 27 
	 28 
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Introduction 

Cyclic amidines represent a heterocyclic core of wide pharmacological interest. Among 

them, dihydroimidazoles and tetrahydropyrimidines are found in many biologically active 
compounds [34]. 

In literature it was also described the design and preparation of lecithin 

microemulsion gels containing the aromatic tetra-benzamidine (TAPP-Br, tetra-p-
amidinophenoxy neo-pentane) 29 and the antitumor evaluation of this topical formulation 

on nude mice xenografted with the highly tumorigenic cell line FHO6T 1- 1, in 

comparison to the antitumor activity of TAPP-Br administered by intraperitoneal 

injections (0.5 mg/injection). After (trans) dermal treatment with 0.1 ml lecithin gels 

incorporating TAPP-Br (0.2 mg/ml), a reduction of in vivo tumor cell growth was 

observed. These results could be of great interest with a view to developing a releasing 

system useful for experimental chemotherapy of tumor lesions occurring at cutaneous or 

subcutaneous level. The bromo-derivative (TAPP-Br) of tetra-p-amidinophenoxy neo-

pentane (TAPP-H) is very active on a variety of cell lines, including breast carcinoma, 

erythroleukemic, melanoma, B-lymphoid and colon carcinoma cell lines [35]. 

H2N NH 

R= H,(TAPP-H); Br,(TAPP-Br) 29 

In Synthesis: 
Amidines are much used in synthesis. In some cases for the preparation of acyclic 

compounds, but mostly for the synthesis of heterocyclic compounds such as aziridines 

[36], pyrroles [37], oxazoles, oxadiazoles and thiadiazoles, pyridines, pyrimidines [38], 

imidazoles[39], and triazines[40]. Accordingly, the condensation of amidines with oc-halo 

7 
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,OEt 
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ketones or oc-hydroxy ketones yields imidazole rings, while heating amidine salts with 

ethylene diamine yields dihydroimidazoles. Pyrimidine derivatives have also been 

prepared from amidines using a vast array of 13-dicarbonyl compounds, 13-dinitriles, 13- 

cyano esters, 13-keto nitriles as well as oc,B -unsaturated esters, nitriles and carbonyls. 

Substituted amidines are useful intermediates in the synthesis of many heterocyclic 

compounds like 13- lactum imidazole indole and pyrimidine. 

A series of polysubstituted pyrimidines were synthesized from in situ generated 

a,(3-unsaturated imines and the corresponding amidine or guanidine derivatives in a 

convenient one-pot procedure [41]. The described transformations proceed via the initial 

formation of a,13-unsaturated imines 30c that undergo nucleophilic attack by a bi-dentate 

nucleophile (amidine or guanidine). This step is then followed by elimination of 

ammonia and aromatization to yield the observed polysubstituted pyrimidines 31 

Optimized reaction conditions include application of dry THE or dioxane as solvents, as 

well as thorough temperature control of the reaction mixtures, especially at the earlier 

stages of reagent addition. This is attributed to the formation of unstable aza-Wittig 

species 30b that undergo smooth reaction with aldehydes to result in the reactive imine 

species 30c. Addition of polar solvents (DMF, NMP, N-methyl morpholine; 20-50 vol 

%) to better solubilize amidine or guanidine species did not affect the outcome of the 

reaction. Scheme 1.1 
OEt 

e 

Art—CN 0 Art  
TI-IF -78°C 

20 min 

30 

N 

0' 
,OEt 

OEt 

-50 C 

30a 
NH2  

R LNH2C1 

Hunig's base 
0°C to relux 2h. 

30c 

 

Scheme 1.1 
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The reaction of 2-alkylidenetetrahydrofurans 32 with amidines (NEt3, EtOH, reflux) 
afforded the 2-phenyl-, 2-methyl-, and 2-dimethylamino-4- (3-hydroxypropyl) 
pyrimidines 33, which are biologically active compounds [42] Scheme 1.2. 

32 
	

33 

R= alkyl aryl substituents 

Scheme 1.2 
Purines, xanthines, and other fused imidazoles 36 can be prepared from amidines or 
guanidines, with retrosynthetic disconnection at the ring fusion. Ring closure proceeds 

using Cu (I), with no special ligands required. The method allows for easy modification 

of the heterocyclic nucleus and is tolerant of functionality pendant to the ring system [43] 

Scheme 1.3. 

35 

Scheme 1.3 

The applicability of Heck methodology to the introduction of unprotected amidines and 

guanidines was investigated. These were coupled to various simple aryl iodides 37, and 

this methodology was then applied to a highly fictionalized 6-iodoquinazolinone 

substrate 37, providing an efficient synthesis of a new class of vitronectin receptor 

antagonists 39 [44] Scheme 1.4. 

N 	N Pd(OAc)2, (0-toly1)3P 
Ar—I 	 Ar N N 

HN,,/ Et3N ,MeCN, 80°C 	 HN 
37 	 38 	 39 

Scheme 1.4 

34 36 

9 



NaNHCN 

	

R1/ YRiNCS 	 
N, 
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NH2  

NEt3, EDC 

H H 
N N R2  

R1 

1‘1 	NH 
CN 

42 

H - + 
N S Na 

N 	R2 

NH2 
43 

R1 = phenyl, cyclohexyl, benzyl 

R2 = phenyl, 

H N CN + u 

H2NNFI2 
MeS SMe 

CI 

NaH, DMF 

benzene 

NH2  

N 

MeS N" NH2  

CI 

NC CN 

+ ANH •HCI 

MeS 	SMe H2N 	Ph 

47 	48 

NH2  

MeS N Ph 

49 

Na0Me,H20 
NC 

Introduction 

One-pot synthesis of N, 6-disubstituted-1, 3,5-triazine-2, 4- diamines derivatives 43 from 
isothiocyanates 40 sodium hydrogencyanamide, and with amidines in the presence of (1- 

(3-dimethylaminopropy1)-3-ethylcarbodiimide hydrochloride (EDC) is reported [45] 
Scheme 1.5. 

Scheme 1.5 

Amidines are also used for the synthesis of the pyrimidine derivative 46. The preparation 

of pyrimidine 46 from the ketenedithioacetal 44 (Scheme 1.6). The preparation of the 

cyanopyrimidine 48 from dicyanoketenedimethyldithioacetal 47 has also been reported 

[46]. 

44 
	

45 	 46 

Scheme 1.6 
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Introduction 

Substituted coumarin amidines are useful building blocks for the preparation of [1] 

benzopyrano [4,3-b] pyridin-5-one and [1] benzopyrano [4,3-d] pyrimidin-5-one 
derivatives. The synthesis of [1] benzopyrano [4,3-b] pyridin-5-ones 52 starting from 3- 
cyanocoumarin 50, N-functionalized amidines 51 was reported Scheme 1.7. The ring-
closure reaction mechanism, under basic or acidic media, was proposed. Furthermore, the 
reaction of 3-formylamidines 53 with ammonium acetate gave good yields of 2-
substituted [1] benzopyrano [4,3-d] pyrimidin-5-ones 56 [47] Scheme 1.8. 

0 

RI = C6H5, NR2  = morpholine,diethyl amine 	R1  

56 

Scheme 1.8 

11 



Introduction 

Here we report the synthesis of some amidines from nitriles. Direct reaction of nitriles 

with amines is difficult so we use sodium methoxide to activate the nitriles. These 

amidines are prepared by conventional method, refluxing the reaction content for 8 to 15 

hours. Some compounds are purified by column chromatography and then they are 

characterized by melting point, 1H NMR, IR, and GC-MS. 

12 





Literature Survey: 

The amidine functionality has been found in many natural products [48,49] and amidine 

containing molecules are found to be a critical part of many biological processes. 

Substituted amidines are useful intermediates in the synthesis of many heterocyclic 

compounds. Consequently, a plethora of methods have been developed for the 

preparation of amidines The most common methods of preparation are from amides, 

nitriles or thioamides An efficient one step preparation of an amidine by the direct 

nucleophilic addition of an amine to the parent nitrile is an extremely desirable 
transformation. 

Literature methods include the preparation of 

(i) N-monosubstituted amidines by 

(a)Addition of Grignard or organolithium reagents to carbodiimides or cyanoamides, 

followed by hydrolysis, and in this approach, a C-C bond is formed 

(b) Heating hydrazones in the presence of NaNH2. 
(c) Addition of the anions of urea and amines to nitriles. 

(d) Addition of amines to nitriles in the presence of A1C13. 

(ii) N,N-disubstituted amidines by the reaction of secondary amines with imidic ester 

salts derived from nitriles in which one C-N bond is formed. 

(iii) N,N'-disubstituted amidines by the reaction of two moles of an amine with 

orthoesters, acetals, or thioesters, in which both the C-N bonds are formed, and 

(iv) N,N'-disubstituted and N,N,N'-trisubstituted amidines by imidoylation of amines 
with imidoyl chlorides. 

Some general methods reported in literature are discussed here from the different 

reactants. 



Literature Survey 

Amidines from Amides or Carboxylic acids:  

Secondary amides 57 can be converted to imidoyl chlorides 58 with phosphorous 
pentachloride, which can react with primary or secondary amines to yield amidines 59 
Scheme 2.1[50]. This method is generally poor for preparing unsubstituted amidines 

from primary amides but is an excellent general method for preparing di-and tri-

substituted amidines. Other reagents such as phosphorous oxychloride or thionyl chloride 

can be employed in the synthesis of the imidoyl chlorides but usually lower yields are 
obtained. 

0 	PC15 	CI 	R"R"NH 

R) NHR' 	eLNR1 	R NR"R" 

57 	 58 	 59 

Scheme 2.1 

Weintraub showed that secondary amides 60 were O-alkylated with triethyloxonium 

fluoroborate at ambient temperature to yield imidic ester fluoroborates 61 which can be 
converted to amidines 62 with amines [51]. 

0 	Et3OBF4, Et0H, 250
C 	OEt 	1 e 	R"NH2  

NR" 

R 	Wirt 
R=Ar, Me, Ph RLNHR' R'=H, Me  

60 	 61 	 62 

Scheme 2.2 

Kakimoto showed a novel direct synthesis of amidines 65 from carboxylic acids 63 and, 

amines via intermediate amides 64 using polyphosphoric acid trimethylsilyl ester (PPSE), 

generated in situ from phosphorous pentoxide and hexamethyldisiloxane, as the 

condensing agent [52]. 

R-CO 	
 0 

H 
Et3OBF4, EtOH, 25°C 

 A 	65-68% 	NR' 
2 	 , 11 

" \ PPSE, CH2Cl2, 40°C R 	NHR' 	R 	NHR' 

63 	R= alkyl, aryl 
R'=aryl 	 64 	 65 

Scheme 2.3 

Amidines from Nitrites: 

The classical Pinner Reaction, discovered by Klein Pinner in the late 1800s, is probably 

R"=H, Me 
BF4 71-90% R--'NHR' 

14 



Literature Survey 

the most commonly used method for the transformation of nitriles to amidines 68 [53] 

Nitriles 66 are activated to the intermediate imidic ester salts 67 in the presence of 

alcohol and hydrogen chloride under anhydrous conditions. Imidic ester salts 67 are then 

reacted with amines, either in situ or after isolation, to generate amidines 68 [54]. The 

Pinner protocol is the most widely used method for the formation of unsubstituted 

amidines. 

EtOH, HCI 
R—CN 

O 
NH2CI 

67 

Scheme 2.4 

R'R"NH NH 

NR'R"  

68 66 66 

OEt  

The direct synthesis of amidines from nitriles and amines can only be achieved if nitriles 

are substituted by electron-withdrawing groups [55]. Unreactive nitriles have been used 

to prepare amidines in the presence of Lewis acids such as A1C13 or ZnC12 at elevated 

temperatures of 150-200 °C [56]. It has been shown that alkylchloroaluminum amides are 

useful reagents for the conversion of nitriles to amidines under milder conditions. 

Garigipati found that addition of alkylchloroaluminum amides, generated conveniently 

from trimethyl aluminum and ammonium chlorides, to nitriles 69 in warm toluene 

efficiently afforded the desired amidines 71 in reasonable yields after hydrolysis of 

aluminum species 70 [57] Moss has demonstrated that reaction with 

methylchloroaluminum amide readily converted sterically hindered nitriles (72-75) to 

amidines 77 (Scheme 2.5) [58]. 

MeAl(CI)NR'R",PhMe, 80°C 	NAI(CI)Me 	H2O 	NH 

69 
	

70 	 71 

R—CN 	
 ).L 

MeAl(CI)NH2, PhMe, 80°C 
N AI(CI)M 

 
R NH2  

H2O NH 

R NH2  

  

72-75 
	

76 	 77 

R—CN 	  
60-96% 	 R NR'R" 
R=Ar, alkyl RA  NR'R" 

15 
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Me 	
Ph 

R = 	 

Ph 

72 	 73 	 74 	 75 
Scheme 2.5 

Capdevielle has reported a general preparation of amidines from unactivated nitriles [59]. 

Stoichiometric copper (I) chloride induced addition of various amines to nitriles 76 

provided amidines 77 in excellent yields. 

R—CN 

76 

R'R"NH, CuCI, Solvent 	NH • 
R=Me, Ph 

80-100% 	 R 	NR'R" 	 =H,alkyl 

77 

DMSO, Me0H 

Scheme 2.6 

Forsberg has shown catalytic use of Ln (III) ions in the presence of primary amines can 

be added to unactivated nitriles 78 to give intermediate mono-substituted amidines 79, 

which can react with another primary amine to yield di-substituted amidine 80 [60]. 

R'NH2,Ln(III),80°C 
R—CN 	  

R=Me, Ph 
R'=Ph,cyclohexyl 

NH 
R"NH2  

NHR' R"=Ph,alkyl R NHR' 

78 
	

79 	 80 
Scheme 2.7 

Judkins transformed benzonitriles 81 to intermediate benzamidoximes 82 that were then 

successfully reduced to benzamidines 83(Scheme 2.8) via palladium-catalyzed 

hydrogenolysis in acetic acid/acetic anhydride mixture [61]. Acetic anhydride was found 

to be a necessary acylating agent in providing useful reaction rates in the hydrogenolysis 

step. The usual preparation of amidines via thioimidates failed for his specific substrates. 

Dondoni employed iron pentacarbonyl to the conversion of amidoximes 84into amidines 

85(Scheme 2.9) via reductive cleavage of the N-0 bond [62]. 
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NH2OH.HCI, Na2CO3,Et0H, H20,H20,80°C 
CN 	 ► 

60-93% 
R=H,Me; R'=H,F,Me 
R"=H 2 OMe,Me,Et 

NOH 	Fe(CO)5, THF,65°C 	NH 

,r 
	  A 

RA  NHR' R=PhA R' 	 R NHR' R'=Ph, Ar,alkyl 

84 	 85 
Scheme 2.9 

Mioskowski prepared phenylthioimidates 87 from nitriles 86 in the presence of 

thiophenol and HBr [63] Phenylthioimidates 87 were readily converted to amidine salts 

88 in the presence of various amines. Schnur showed that additions of primary amines to 

ethylthioimidates 89 under acidic conditions provided amidines 90(Scheme 2.11)[64]. 

O O 	 e e 
PhSH, Et20,HBr,0°C 	NH2  Br 	R'R"NH,MeOH,25°C 	NH2  Br 

83-100% 	 Ph 	
-PhSH 57-100% 	R 	NR'R" 

R=aryl, Alkyl 

N(C16F133)2 
.2HCI 

89 
	

Scheme 2.11 	 90 
Reported recently was a mild method for the synthesis of amidines. Schafer employed the 

use of N-acetylcysteine 92 to transform nitriles 91 to thioimido intermediates 93, which 

R—CN 

R'R"=H,alkyl,arylamino acid 

86 	 87 	 88 
Scheme 2.10 

HN SEt 	 HN NHR 

RNH2,HOAc, CHCI3, 20°C 

60-90% 
N(C16H33)2  R=Ar,alkyl 

.2HCI 
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reacted with ammonia to give amidines salts 94(Scheme 2.12)[65]. The amidines are then 

isolated as their acetate salts via ion exchange. The author describes procedures for both 

stoichiometric and catalytic amounts of 92 to be used. This mild method allowed the 

synthesis of amidines in complex molecules containing acid labile groups, base-sensitive 

centers of asymmetry and functional groups sensitive to hydrogenation conditions. 
0 

 

HS 	OH 
HN.Ir 

92 0 

  

R—CN 

NH 	O 

R S OH 
HN 

0 

NH3 ►  
67% R Me0H 

R=amino acid 
alkyl 

  

91 	 93 
	

94 

Scheme 2.12 

Ohno reported an efficient synthesis of amidinoformic acids 99 using benzyl 

cyanoformate 95 as a synthon. Benzyl cyanoformate was converted to thioamide 96 in 

the presence of hydrogen sulfide [66]. Thioamide was S-alkylated with triethyloxonium 

tetrafluoroborate to afford thioamidate 97 . Addition of one equivalent of amines to 97 

furnished amidinoformic esters 98, which after hydrolysis with Dowex-1, provided 

amidinoformic acids 99(Scheme 2.13). 

98 
	

99 

Cyclic Amidines: 
	 Scheme 2.13 

Cyclic optically active amidines are strongly basic compounds, which can serve as 
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auxiliary compounds for NMR analysis of enantiomeric mixtures of weakly acid 

compounds or as ligands in catalysts for enantioselective synthesis. Buddrus synthesized 
enantiopure C2-chiral amidines 102 from diamines 100 with D2-oxazolinium salts 101 or 
imidic ester salts [67] Wynberg synthesized cyclic amidine 104 from diamines 103 with 
trimethylorthoformate and formic acid [68]. 

X' 
R NH2  

R ''NH2  

100 

Me ee Me, 1‘, Ar I 
1. Mel\_P 101 

O e 
N112C1 

ArA0Et 83-97% 
2. 5% Na2CO3  ,EtOH,25°C, 4h 

102 

R 
,MeCN, 25°C,2h 	—\_ Ar 	• 

R "" N 

Scheme 2.15 
A potent mannosidase amidine inhibitor 106 was prepared from D-mannose based lactam 
105 via the intermediate thiolactam, which was reacted with benzylamine [69]. Williams 

converted thionolactam 107 to amidines 108 in the presence of methanolic ammonia and 

mercuric oxide [70]. Similarly, Ganem prepared amidines 110(Scheme 2.18), derivatives 
of D-glucose, from thiolactam 109 as part of a study of inhibiting glycosidases [71]. 

1. Lawesson's Reagent, C5H5N, 
PhH,80°C(70%) NHBr 
2. BnNH2, CH2Cl2(68%) 

 

105 
	

106 

Scheme 216 
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NR2  

109 	 110 R=H or Me 

Scheme 2.18 

A one-flask synthesis of 2-dialkylamino 3-oxo-3H-indoles 113 via 3-oxo-3H-indole 112 
from oxygen copper-catalyzed oxidation of indole 111 has been reported. 

  

0 

 

0 

 

    

02,CuCI, Et2NH 

 

NEt2  
MeCN,3ANS 50% 

111 	 112 
	

113 

Scheme 2.19 

2-Aminobenzothiazoles, 2-aminopyrazine, 1-aminoisoquinoline, 2-cuninonaphthyridines 

all undergo reaction with formaldehyde and electron rich alkenes such as styrenes, 

cyclopenta diene, cyclohexadiene and indene to give cyclic amidines (Scheme 2.20), or 

in the case of the benzothiazoles, cyclic isothioureas. The relationship of the diverse 

series of skeletons, which are easily prepared, to compounds of known biological activity 

is emphasized [72]. 
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118 
	

119 
	

120 

   

  

  

NH2  

 

121 	 122 
	

123 

Scheme 2.20 

The synthesis of the tetrahydropyrimidine derivatives 126(Scheme 2.21) was envisioned 
by reaction of a benzimidate 124 with a suitable 1,3-diamine building block 125, the 

pyrimidinone derivative should be prepared by condensation with the appropriate b-

alanine equivalent [48]. 

Bicyclic amidines: 

The enantiopure bicyclic amidine bases 132 were synthesized from alcohol, v/a 

alkylation of the appropriate nitriles [73]. In synthesis of 132 planned to use the pyrrolyl 
substituent in 127 as a masked amino group, compatible with a nucleofugal leaving group 
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even under strongly basic conditions. The synthetic pathway to 132 is summarised in 
(Scheme 2.22). After conversion of 127 to iodide 128 the latter was used to bisalkylate 
phenylsulphonylacetonitrile, employing the hindered guanidine 7-methy1-1,5,7- 
triazabicyclo[4.4.0]dec- 5-ene (MTBD) as base. Deprotection of the product 130 gave 
diamine 131 in 40% overall yield from 127 and 131 might cyclise spontaneously under 
the deprotection conditions. Although this did not occur, treatment of 131 with lanthanum 
triflate in methanol gave 132 in an acceptable yield of 65%. 

Scheme 2.22 

To access enantiopure bicyclic amidines without the electron-withdrawing sulphonyl 
group, the methodology was extended in two respects. Firstly, as shown in Scheme 2.23, 
the guanidine-catalysed alkylation on ethyl cyanoacetate, giving an intermediate 133 
which could be deethoxycarbonylated to nitrile 134. Unmasking of the amino groups and 
bicyclisation, as in (Scheme 2.22), gave amidine 137. Secondly, the bis-alkylation of 
phenylacetonitrile using LDA [74] as base led to nitrile 135, Scheme 2.23, which was 
transformed as before into bicyclic amidine 136. 
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Amidines from esters:  

The conversion of esters to amidines with 1-5 equiv. methylchloroaluminium amide 
followed by hydrolysis of the aluminium complexes with methanol Scheme 2.24 is 
reported in literarure. The quenching conditions seem to be crucial for the isolation of 
amidines or amides, the amides would then be the hydrolysis products of the amidines. 
This method is useful for the preparation of aromatic, heteroaromatic, and benzylic and 
aliphatic amidinium hydrochlorides in moderate to high yields [75]. 
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144 	CN 
	

CN 145 
Scheme 2.24 

Even nitriles as further substituents are tolerated 144, in contrast to previous studies, 
which described the selective transformation of nitriles to amidines in the presence of 
esters [76]. 

Miscellaneous Amidine Formations:  

Some amidines derivatives have also been prepared from 1- cyano —D-glactal 146. With 
ethylenediamine, the imidazoline 148 crystallised from the reaction mixture. 1,2 
phenylenediamine did not react with 147 but its dihydrochloride gave the benzimidazole 
149(Scheme 2.25). This reaction, performed under essentially neutral conditions [77]. 

reflux, 0.5h. 
R=Ac, H 

OH 
OH 

149 

Scheme 2.25 
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The synthesis of amidines was also achieved by the addition of amines to amides that 

were previously activated with trifluoromethanesulfonic anhydride (triflic anhydride) and 

pyridine (Scheme 2.26). Various disubstituted and trisubstituted amidines were prepared 

in yields up to 84% [78]. Secondary and tertiary amides can be activated with 

trifluoromethanesulfonic anhydride (triflic anhydride) to generate the corresponding 

iminium salts which can further react with ethanol, hydrogen sulfide, 180-labeled water, 

aminothiols or 1,1,1 tris(hydroxymethyl)ethane to give the corresponding ethyl esters, 

thioamides, 180-labeled amides, thiazolines and cyclic orthoesters, respectively. Dossena 

and co-workers have also reported similar results using triflic anhydride and 2,6-di-tert-

butylpyridine for the activation of simple amides (usually DMF and N,N-

dimethylacetamide) and their subsequent conversion into thioimidates, esters and 0-alkyl 

thioesters. They also reported the formation of amidine salts when an amine was added, 

but only two examples were reported and the yields were moderate (57% and 59%). Then 

a general protocol is developed to access amidines in high yields from both secondary 

and tertiary amides based previous findings and using pyridine as the base. The addition 

of triflic anhydride to a secondary or tertiary amide and pyridine would generate the 

iminium triflate that should be converted into the amidine upon addition of the 

appropriate amine. 

0 	 OTf 	OTf 
RA N , R2 	 R3NH2 

R1 	 R1 

Amines 

150 Me2NH Ri = R2=Me 

151 EtNH2  R1 =H, R2=Et 

152 BnNH2 R1 =H, R2=Bn 

Scheme 2.26 

R3 'N 

R LN'R2  
R1  

Debenzylation of 5-benzyloxy-1,2,4-oxadiazole 153 would give the corresponding 1,2,4- 

oxadiazolin-5-one which, under the reaction conditions employed should reduce further 

to the required amidine 154 (Scheme 2.27) [79]. 
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Results and Discussion 

2-Cyanopyridine, 4-cyanopyridine and 2-cyanopyrazine on refluxing with amines in 
methanol do not give condensation product (III, Scheme 3.1). 2-Cyanopyridine, 4-
cyanopyridine and 2-cyanopyrazine when first treated with catalytic amount of sodium 

methoxide in dry methanol at room temperature for 3-4 h and then adding amine and, 

allowing the reaction contents to reflux for 8-16 hours, gave condensation products in 

good yields. Direct condensation of cyanopyridine or cyanopyrazine with amine is an 

addition reaction, which does not take place, however, in the presence of sodium 

methoxide an intermediate (I' Scheme 3.1) will be formed in situ, which can easily 

undergo substitution reaction with amine to give condensation products in good yields. 
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The synthesis of amidines was also achieved by the addition of amines to amides that 

were previously activated with trifluoromethanesulfonic anhydride (triflic anhydride) and 

pyridine (Scheme 2.26). Various disubstituted and trisubstituted amidines were prepared 

in yields up to 84% [78]. Secondary and tertiary amides can be activated with 

trifluoromethanesulfonic anhydride (triflic anhydride) to generate the corresponding 

iminium salts which can further react with ethanol, hydrogen sulfide, 180-labeled water, 
aminothiols or 1,1,1 tris(hydroxymethyl)ethane to give the corresponding ethyl esters, 
thioamides, 180-labeled amides, thiazolines and cyclic orthoesters, respectively. Dossena 

and co-workers have also reported similar results using triflic anhydride and 2,6-di-tert-

butylpyridine for the activation of simple amides (usually DMF and N,N-
dimethylacetamide) and their subsequent conversion into thioimidates, esters and 0-alkyl 

thioesters. They also reported the formation of amidine salts when an amine was added, 

but only two examples were reported and the yields were moderate (57% and 59%). Then 

a general protocol is developed to access amidines in high yields from both secondary 

and tertiary amides based previous findings and using pyridine as the base. The addition 

of triflic anhydride to a secondary or tertiary amide and pyridine would generate the 

iminium triflate that should be converted into the amidine upon addition of the 
appropriate amine. 
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Scheme 2.26 

Debenzylation of 5-benzyloxy-I,2,4-oxadiazole 153 would give the corresponding 1,2,4- 

oxadiazolin-5-one which, under the reaction conditions employed should reduce further 

to the required amidine 154 (Scheme 2.27) [79]. 
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NR' 
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Scheme 2.28 
Microwave enhanced synthesis of amidines:  

A simple and efficient microwave based protocol for the synthesis of heterocyclic 

amidines by PPE promoted cyclodehydration of N-aryl-N-acylalkylenediamines is 

reported(Scheme 2.29). The method is general for five- to eight-membered heterocycles 

and affords high yields of the desired products in remarkably short reaction times. 

Cyclocondensation is one of the most important methods for the synthesis of 

heterocycles. These reactions usually require long reaction times, high temperatures. 

Previously polyphosphoric acid esters PPE (ethyl polyphosphate) and PPSE 

(trimethylsilylpolyphosphate) were used as mild dehydrating agents for the preparation of 

tetrahydropyrimidines [34]. The main limitation of this procedure is long reaction times 

resulting in lower yields of the products in some cases. Recently, reactions performed 

under microwave irradiation proceed in general faster, more cleanly and with better 

yields than under conventional heating [81,82]. 

0 
PPE , Ar■N N 
MW (( 4̀jr) 

2 	 159 	 160 
Ar =4-CIC6H4, C6H5, 4-CH2C6H4  

R = C6H5, C2H5, C(CH3)3  

Scheme 2.29 

R = CH3, Ph, PhCH2 
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Microwave reactions of primary and secondary amines with imidoylbenzotriazoles gave 

diversely substituted amidines in 76-94% yields. Different type of amidines can be 

prepared by this method N-monosubstituted amidines N, N-disubstituted amidines N,N'- 

disubstituted Amidines N,N'-disubstituted and N,N,/V'-trisubstituted amidines(Scheme 
2.30)[83]. 

2  
N' MWI* 

4. 	I  
Bt 	R1  R3- 

N 

 

 

 

R4  

161 	162 

Bn = benzotriazole R1  = Me, Ph, Bn, 2-fury)  

163 

R2  = Ph, Bn, p-tolyl, cyclohexyl 

R3  = Et, Bn, p-tolyl, cyclohexyl 

R4  = Et, H, Me 

Different reaction conditions have been used there for the preparation of different kind of 

amidines. 

Reaction conditions: 1) solvent, HOAc; MW, 120 W; temperature, 120 °C; reaction 

Time, 10 min. 

2)A1C13  (catalytic amount); solvent, CHC13; MW, 80 W; 

Temperature, 80°C; reaction time, 10 min 

3) HC1 salt of amine used; 

4)CHC13; MW, 80 W; temperature, 80 °C; reaction time, 10 min 

Scheme 2.30 

However there are few reports on the synthesis of fluorinated arylamidines. In the past 

few years' organofluorine chemistry has returned as an expanding and productive area of 

research. Furthermore, organofluorine chemicals have found a wide range of applications 

in medicine and agriculture due, in part, to the unique biological properties imparted by 

the fluorine. A series of a-fluoro subustituted amidines were synthesized from 

corresponding fluorinated imidoyl chlorides in good to excellent yields. Different kind of 

amines have been used to expand this reaction. In these cases the nucleophilic 

substitution reaction proceeded smoothly to give the corresponding disubstituted 
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amidines in good to excellent yields. It was interesting to find that different kind of amine 

had dramatically different reactivity in this transformation. Strong electron-withdrawing 

groups in N-aryl of imidoyl chlorides would promote the reactions rates, and short 

reaction time was needed. On the other side, nucleophilic reagent with strong electron-

withdrawing groups (NO2) would prolong the reaction time and the catalyst PdC12(PPh3)2 

was needed. Usually, the reactions of aliphatic amine and ammonia with imidoyl 

chlorides can proceed quickly under room temperature and the reaction could be 

completed within 5— 30 min while the substitution reactions of aromatic amines needed 
heating to 80°C to obtain desired results. Generally speeking, an addition—elimination 

route was involved in the active amine (Scheme 2.31). But for unreactive amine, a 

palladium promoted coupling mechanism is more reasonabl [84]. 
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N 	

Ar 
N 

▪ R —NH2  
Rf 	CI 	 Rf 	NHR 

164 	165 	 166 
Ar 	 Arm 

N • NH2  
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Rf  NHR NH 

164" 
Ar = 3,4-2F-C6H3, 4-CH3O-C6H4  

Rf  = BrF2C, F3C, 

R = 4-CH3O-C6H4, C6H6, NH3  

Scheme 2.31 

Amidoximes are also of biological interest, as they serve as prodrugs for amidines and 

certain acyl derivatives are highly active against cytomegalovirus. As an important class 

of N-substituted derivatives, N-aryl amidines possess potent activity as well against nitric 

oxide synthase and various microbial diseases. N-Aryl amidines are typically prepared 

from anilines, either by direct reaction with a thioimidate or, under more forcing 

conditions with a nitrile. O-Benzyl-N-arylamidoximes 167 have been regioselectively 
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N 
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deprotected to provide either N-aryl amidines 168 or amidoximes 169(Scheme 2.32). As 
a result, the targeted compounds can now be prepared using palladium-catalyzed N-
arylation chemistry [85]. 

R = H, 4-CF3, 4-C6H5, 3-OCH3  (for amidines) 

R= H, 4-CN, 4-NO2, 4-C6H5, 4-CI (for amidoxims) 
Scheme 2.32 

Amidines from aryl halides are also reported in literature. Palladium-catalysed reaction of 
an aryl bromide 170 with sodium phenoxide and cyclohexyl- or n-butyl-isocyanide in 

dioxane at 98°C for 4 h followed by addition of an amine (5 equiv.) and acetic acid (3 

equiv.) and heating for a further 3 h gave the amidines 173 in excellent overall yields. 

This procedure for the synthesis of amidines via the corresponding imitates 172', 

overcomes the isocyanide component limitations of the direct amidine synthesis. The 

developed methodologies should find application in the synthesis of valuable 

intermediates as well as in pharmaceutical discovery [86]. 
5mol%PdC12  

ArBr 	PhONa + R1NC 	
10mol% dppf 	NRi 

dioxane,98°C 	Ar 	OPh 
170 	171 	172 
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NRi 	NHR2R3, AcOH 

173  Ar)LNR2R3 	dioxane,98°C 

ArX = C6H5Br, p-MeCOC6H4Br, 3-Bromopyridine 

R2, R3  = Ph, H; PhCH2,H 

R1 NC = BuNC, CyNC 
Scheme 2.33 
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1,1-bis (- diphenylphosphino) ferrocene (dppf, 10 mol%) 

A method was developed for novel amidine synthesis that allows the preparation of 

heterocyclic amidines that were previously unknown and difficult to prepare by published 

methods. The route involves the lithiation of heterocycles by the action of n-BuLi 

followed by reaction with carbon disulfide and trapping with methyl iodide, yielding a 

dithioate ester. The latter, when heated in 20% methanolic ammonia at 80°C in a sealed 

tube provides the heterocyclic amidines directly, in good yield. The products are isolated 

by crystallization of the respective hydrochloride salts (Scheme 2.34)[87]. 
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174 	 175 	 176 
Scheme 2.34 

Wenext synthesized the anthranilic and salicylic amidines. The anthranilic amidines 179 
(Scheme 2.35) were synthesized from2-aminobenzonitrile 177 or 4,5-dimethoxy1-2 
aminobenzonitrile. Reductive amination 177 with 4-pyridinecarboxaldehyde proceeded in 

the presence of NaCNBH3, giving the corresponding benzonitriles 178 in 41% yields. 

Amidine formation with various amines was promoted by trimethylaluminum to afford 

the corresponding anthranilic amidines. 

Salicylic amidines 182 were also synthesized from 2-hydroxybenzonitrile 180 and 4,5- 

dimethoxy1-2-hydroxybenzonitrile [29]. 
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R1  = H, OMe 
R2  = 2-CF3C6H4, 4-CIC6H4, 2CIC6H4  

Scheme 2.36 

General synthesis of substituted amidines has been also worked out starting from a nitrile 

compound, an alkyl halide, a Lewis acid and an amine. In this method four steps are 

involved (1) Formation of a nitrile-Lewis acid complex 184. 

(2) N-Alkylation of this complex 184 with an alkyl halide and formation of a nitrilium 

salt 185. 

(3) Aminolysis of the nitrilium salt 185 with ammonia, a primary or a secondary aliphatic 

or aromatic amine to get the amidinium salt 186. 

(4) Neutralization of the amidinium salt with a base yielding the substituted amidine 187. 

In practice, the amidine 187(Scheme 2.37) is obtained in a one-pot synthesis and none of 

the intermediates needs to be isolated. 

A number of aliphatic or aromatic mono-, di- or tri-substituted amidines containing 

aliphatic, cycloaliphatic or aromatic substituents shows the generality of the method. The 

very mild reaction conditions make this process particularly useful for the synthesis of 

thermal sensitive amidines [88]. 

RCN 
R1 CI 	O. RC:-=-NR1FeC14 

0 

R2R3NH 

e 
FeCI4  
186 

+ FeCI3  

183 

RCN-0- FeCI3 

184 

NR1  
RC\  

185 

H20/base NR1H 

187 	NR2R3 
RG6 

NR2R3  

Scheme 2.37 

Derivative of 5- amidie indole displays competitive kinetics for the inhibition of human 

a-thrombin. Two different synthetic strategies were employed to prepare either the 2- 
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188 190 
N 

IFI 	191 
c X = H. o-Me 

R = Me, Et 

NH 	a 	 Br 
NH2 0 

189 

Literature Survey 

phenyl or the 2-benzyl analogs. The former analogs were prepared as outlined in 

(Scheme 2.38) Hydrazones 190 were prepared from the condensation of hydrazine 188 

with the corresponding ketone 189 in refluxing methanol. Polyphosphoric acid was 

employed to fashion the indole skeleton to give 191. The nitrile functionality was 

introduced using cuprous cyanide/quinoline in a sealed tube at 230 °C. The amidine 

moiety was prepared from the corresponding nitrile via a two-step procedure. The 

intermediate imidoester was prepared by treatment with hydrochloric acid/ethanol, the 

solvent was removed and the resulting solids treated with saturated ammonia/ethanol to 
give 193 [89]. 

NC 
d,e,f 

  

H 
192 

a) Me0H, reflux,10h; b)polyphosphoric acid 120°C 3h.; c) CaCN/quinoline 230°C 1h. 

d) HCI/EtOH 0°C to rt, 10h.; e) NH3/EtOH in a sealed tube, 80°C 24h.; f) preparative HPLC 
purifucation (CH3CN/H20 with 1% TFA 

Scheme 2.38 
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Results and Discussion 

X Y Z R' 
IIIa CH N N 	 
Hth CH N N -CH2CH2OH 

Hic  CH N N —H2C 
0 

Ind CH N N -H2CH2CH2C-N 

Me N CH CH >— 

Ulf N CH CH — CH2CH2OH 

Scheme 3.1 

2-cyanopyrazine Ia and Me0Na was taken in abs. Methanol and the reaction mixture was 
stirred at room temperature leads to the formation of intermediate I'a, after 3-4 hour of 
stirring, to this in situ generated intermediate, cyclopropyl amine was added. The 

reaction mixture was refluxed in dry methanol. Crude product obtained was purified by 
crystallization to give pure product, which was then fully characterized by IR, 'H NMR, 
and mass spectral data. 

N 	 N Me0H(abs.) 
( 	+ Me0Na 	1. ( 

OMe 
N CN 	 N 
Ia 	 NH I'a 

Me0H .6, 
8-10h 

Nr
NH—< 

NH 
Ina 

Compounds III(b-d) were similarly prepared and had been confirmed by spectral data 
reported in Table-1 

NH2  
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Results and Discussion 

Table 1: Spectral data and physical constant of compound III(a-n 

Comp. 

No. 
Solvent of 

Crystallization 
Yield 
(%) 

m.p. 
(°C) 

Spectral Data 

Ma Diethyl ether 

+ethyl acetate 
35 130(d) IR (KBr) vmax: 3464(NH), 1621 (C=N), 

1568 and 1409(Ar) cm-1. 

'I-I NMR(60MHz, DMSO-d6) 8: 4.0(s, 

5H), 8.3(s, 21-1, Py), 8.9(s, 1H, Py). 
Mb Diethyl ether 32 101 IR(KBr)vmax:3446(NH), 1635 (C=N), 

1556 and 1401(Ar) cm-1  
GC-MS m/z 148(M+-H2O, 78%), 147 
(C7H7N4+, 34%), 120 (C51141\14±, 21%), 
119(C5H3N4+, 81%), 79(C4H3N2+, 100%) 

Mc Diethyl ether + 

ethyl acetate 
52 150(d) IR (KBr) v.: 3433 (NH), 1632 (C=N), 

1564 and 1418 (Ar) cm 1. 

1HNMR(60MHz, DMSO-d6) 8: 4.6(s, 

21-I), 8.0(s, 2H), 8.9(br signal, 21-I), 9.4(s, 
24). 

Ind Diethyl ether 39 65 IR (KBr) v.: 3433 (NH), 1650 (C=N), 

1464 and 1421 (Ar) cm-1. 
GC-MS m/z 149(C7H9N4+, 100%), 135 
(C6H7N4+, 58%), 119(C5H3N4+, 23%), 98 
(C5H8N0+, 39%), 79(C4H3N2+, 38%). 

1HNMR(60MHz, DMSO-d6) 8: 2.3(m, 

6f1), 3.4(m, 6H), 8.7(d, 2H, Py), 9.4(s, 

1H, Py) 	 i 
Me Diethyl ether + 

ethyl acetate 

31 160 IR (KBr) vmax: 3443(NH), 1630 (C=N), 

1555 and 1414(Ar) cm-1  

1HNMR(60MHz, DMSO-d6) 8: 3.6(s, 
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Results and Discussion 

5H), 8.0(br signal, 3H), 8.7(br signal, 1H). 

IIIf Diethyl ether 29 115 IR (103r) vmax: 345 l(NH), 1600 (C=N), 

1556 and 1457(Ar) cm-1. 

GC-MS m/z 147(M+-H20, 41%), 146 
(C8H9N3+, 30), 119(C6H5N+, 12%), 118 

(C6H4N3+, 100%), 78(C5H4N+, 29%). 

1H NMR(60MHz, DMSO-d6) 8: 3.9(s, 

4H), 7.9(d, 2H), 8.7(d, 2H). 

Further when the reactions are carried out with diamines (Scheme 3.2), five and six 

membered products are obtained by the elimination of ammonia molecule. 

X Y Z A 

IVa CH N N -(CH2)2_ 

IVb CH N N -(CH2)3- 

IVc CH N N -H2C-C-CH3  

IVd N CH CH -(CH2)2_ 

IVe N CH CH  -(CH2)3_ 

H 
IVf N CH CH -H2C-C-CH3 

IVg CH N CH -(CH2)2 _ 

Scheme 3.2 
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When 2-cyano pyrazine (Ia) and Sodium methoxide was taken in dry methanol, stirred at 

room temperature to give intermediate (I'a) to this in situ generated intermediate 1,2- 

diamino ethane was added and this reaction mixture was refluxed in dry methanol. Crude 

product obtained was purified by crystallization to give pure product (IVa, Scheme 3.2), 
which was fully characterized by IR, NMR and mass spectral data. 

N- 
IVa 

compounds 4(a-g) were similarly prepared and have been confirmed by spectral data 

reported in Table 2 

Table 2: Spectral data and physical constant of compound IV(a-g ) 

Comp. 

No. 

Solvent of 

crystallization/ 

Elution 

Yield (%) m.p. 

(°C) 

Spectral data 

IVa Ethyl acetate + 

methanol (8:2)* 

35 170 IR (KBr) vmax:  3422(NH), 1627 (C=N), 

1559 and 1421(Ar) cm -I  

GC-MS: m/z 148(Mf, 19%), 147(M+-

H', 62%), 120(C5H4N4+, 4%), 119 

(C5H3N4+' 13%), 79(C4H3N2+, 100%). 

IVb Ethyl acetate + 

methanol (7:3)* 

45 97 IR (KBr) vmax:  3414 and 336 l(NH), 

1627(C=N), 1567 and 1405(Ar) cm-1. 

1H NMR (500 MHz, CDC13) 5: 1.88(m, 

2H, -CH2-), 3.53(t, 4H, -CH2-NH + - 

CH2-N), 8.45(s, 1H Pyr), 8.61(d, 1H 

Pyr), 9.4(s, 1H Pyr). 
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Results and Discussion 

GC-MS m/z 162(M+, 88%), 161(M+-

H', 100%), 134(C6H6N4+, 10%), 120 

(C5H4N4+, 8%), 79(C4H3N2+, 81%). 
IVc Ethyl acetate + 

methanol (8:2)* 

33 Hygro- 
scopic 

IR (KBr) vmax: 3432(NH), 1566 and 

1426(Ar) cm-I . 

IHNMR (500 MHz, DMSO-d6), 5: 

.51(d, 3H, -CH3-), 2.59(s, 1H, -CH), 

3.15(d, 1H, -CH), 3.35(d, 1H, -CH), 

8.01(d, 1H Pyr), 8.06(d, 1H Pyr), 

8.51(d, 1H Pyr). 

GC-MS m/z 162(M+, 43%), 147 

(C7H7N4+,100%), 119(C5H3N4+, 35%), 
79(C4H3N2+, 80%). 

IVd Ethyl acetate + 

diethyl ether 

55 98 IR (KBr) vmax: 3482(NH), 1634 (C=N), 

1548 and 1401(Ar) cm -I  

GC-MS m/z 147(M+, 43%), 146(MtH., 

25%), 119(C6H5N3+, 12%), 118 

(C6H4N3+, 100%), 78(C5H4N+, 38%). 
IVe Ethyl acetate 57 85 IR (KBr) vmax: 3416(NH), 1624 (C=N), 

1562 and 1417(Ar) cm-I  

IHNMR (500 MHz, DMSO-d6), 8: 

1.68(m, 2H, -CH2-), 3.29(t, 4H, -CH2- 

NH + -CH2-N), 7.56(d, 2H, Py), 8.53(d, 

2H, Py). 

GC-MS m/z 161(\e, 34%), 160(M+-

H', 100% ), 133(C7H7N3+,10%), 118 

(C6H4N3+  ,8%), 78(C5H4N+, 37%). 	. 
IVf Ethyl acetate + 

methanol (8:2)* 

38 Hygro- 

scopic 

IR (KBr) vmax:  34167 (NH), 1648 

(C=N), 1551 and 1415 (Ar) ctn-I • 

GC-MS m/z 161(M+, 30%), 160(M+-H , 
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Results and Discussion 

8%), 146(C8H8N3+, 100%), 132 
(C8H8N2+, 28%), 118(C6H4N3+, 84%), 
78(C5H4N+, 41%). 

'H NMR(60MHz, CDC13) 8:1.3(broad 
signal, 4H), 3.3(broad signal, 2H), 7.9(d, 
2H, Pyr), 8.8(d, 2H, Pyr). 

IVg Ethyl acetate + 

methanol (8:2)* 
30 Hygro- 

scopic 
IR (KBr) v.: 3438(NH), 1617 (C=N), 

1568 and 1433(Ar) cm-1  

GC-MS mh 147(M+, 68%), 146(M+41., 
28%), 119(C6H5N3+, 15%), 118 
(C6H4N3+, 53%), 92(C5H4N2+, 28%), 
78(C5H4N+, 100%). 
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1 13-15h H2N—A—NH2 
A Me0H 

Va CH N N -(CH2)4 _ 

Vb CH N 	N — (H2c). N 	N—(CH2)3— 
\__/ 

0 0 
Vc CH N N fu 

	

-‘112■•/3 \ 	~(CH3)3- 0_I 0 

Vd 	N 	CH 	CH 	- (CH2)4-- 

Scheme 3.3 

When the reactions of cyano pyrazine and cyano pyridine were carried out with 1,4- 

diamino butane, it leads to the formation of dimeric product rather than giving the seven 

membered ring, which is quite unstable as compared to five and six membered ring. 

=N CNH2 Me0Na/Me0H CN 
NH2 	A 	I 

N 	
NHcH2cH2cH2cH2NH 

NH 
Va 
	 NH 

The reactions were also carried out with more bulky amines, also in that case dimeric 

products are obtained. Compounds V(a-d) are similarly prepared and fully characterized 

by spectral data, which is reported in Table 3. 
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Results and Discussion 

Table 3: Spectral data and physical constant of compound V(a-d) 

Comp. 

No. 

Solvent of 

crystallization 

Yield (%) m.p. 

(°C) 

Spectral data 

Va Methanol 42 180 IR (KBr) vmax: 3396 and 3305(NH), 

1638(C=N), 1596 and 1470(Ar) cm-1  

1H NMR (500 MHz, DMSO-d6), 8: 1.75 

(s, 4H, 2X-CH2-NH), 3.26(s, 4H, -CH2- 

CH2-), 6.51(br s, 2H, 2X -NH, exch.), 

8.62(s, 2H, Pyr), 8.70(s, 2H, Pyr) 9.32(s, 

2H Pyr). 

GC-MS m/z 175(C9HiiN4+, 85%), 147 
(C7H7N4+, 38%), 121(C5H5N4+,11%), 

119(C5H3N4+, 98%),79(C4H3N2+,100%). 
Vb Ethyl acetate 83 165 IR (KBr) vmax: 3445(NH), 1644 (C=N), 

1413(Ar) cm 1. 

1H NMR(60MHz, DMSO-d6) 8: 2.6(br 

signal, 8H), 3.4(br signal, 12H), 8.2(s, 

2H), 8.7(br signal, 2H), 9.4(br sig, 2H). 
Vc Ethyl acetate 85 135 IR (KBr) vmax:  3450 (NH), 1633 (C=N), 

1560 and 1466(Ar) cm-1  

Vd Ethyl acetate 40 96 IR (KBr) vmax:  3415 (NH), 1610 (C=N), 

1563 and 1418(Ar) cm-1  

11-1 NMR (500 MHz, DMSO-d6), 8: 

1.70(s, 4H, 2X-CH2-NH), 3.15(s, 4H, 

2X-CH2-), 7.70(D, 4H, Py), 8.57(t, 4H, 

Py). 

GC-MS m/z 174(CioHi2N3+, 70%), 160 

(C9H10N3+, 10%), 146(C8H8N3+, 13%), 

118(C6H4N3+, 100%). 
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Experimental section: 

4.1 CHEMICALS AND SUPPLIERS: 

S No. Chemicals Suppliers 

I. 2-cyanopyrazine Aldrich 

2.  4 -cyanopyrid ine Aldrich 

3.  2-cyanopyridine Aldrich 

4.  1,2-diamino ethane Aldrich 

5.  1,3-diamino propane Aldrich 

6.  1,2-diamino propane Aldrich 

7.  1,4-diamino butane Aldrich 

8.  2-amino ethanol Aldrich 

9.  Cyclopropyl amine Aldrich 

10.  2-thiophene methyl amine Aldrich 

11.  1,4-Bis(3-aminopropyl)piperazine Aldrich 

12.  1-(3-aminopropyl)pyrrolidin-2-one Aldrich 

13.  Diethyl ether Merck 

14.  Ethyl actetate Qual igens 

15.  Methanol Rankem 

16.  Chloroform Rankem 

17.  Petroleum ether Merck 

18. Silica Gel (60-120 mesh) 	 Qualigen 

19 	2,4,8,10-tetraoxaspro[5,5]- 	Aldrich 

undecane-3,9-dipropaneamine 



Experimental Section 

the residue left behind was scratched with diethyl ether and the solid separated out was 

filtered, give crude product, which was purified by column chromatography over silica 

gel. Elution with ethyl acetate: chloroform (8:2) removed side products and further 

elution with ethyl acetate: methanol (8:2) gave pure condensed product. 

Other compounds IVa, IV(c-g) were similarly prepared. Yield, melting point, solvents of 
crystallization are reported in Table 2. 

4.3.3 N-(4-(pyrazine-2-carboxamidino)butyl)pyrazine-2-carboxamidine (Va):  

Sodium metal 23 mg was dissolved in 20 ml absolute methanol and was labeled as 

sodium methoxide solution in methanol. 2-Cyanopyrazine (0.210g; 2 mmol) was 

dissolved in absolute methanol (8 ml) and to it was added sodium methoxide solution 

(2.5 ml) prepared above, the reaction contents were stirred at room temperature for 4 h 

and then 1,4-diamino butane (0.088 g; 1 mmol) was added to it. The reaction content was 

refluxed for 15h. After the completion of the reaction solvent was removed under reduced 

pressure and to the residue left behind was scratched with ethyl acetate, the solid 

separated out was filtered, give pure condensed product. 

Other compounds V(b-d) were similarly prepared. Yield, melting point, solvents of 

crystallization are reported in Table 3. 
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Experimental Section 

Table 4:  

S.No. Amine Amidines 

1 >-- NH2  

N 

(
N 

N-cyclopropylpyrazine-2-carboxam 

NH—‹ 

 

NH 	Ma 

id ine 

2 H2NCH2CH2OH 

N 

C Ni 

N-(2-hydroxyethyl)pyrazine-2 

NHCH2CH2OH 

NH 	 Mb 

carboxam id ine 

3 s 	CH2NH2 
r 

/ 
N 

carboxam 

N-(thiophen-2-ylmethyl)pyrazine-2 

NHCH2_k 
S 

NH 	 Inc 

id ine 

4 N 	0 
1 
CH2CH2CH2NH2 

r N 

N-(3-(2-oxopyrro 

2-carboxamidine 

0 

NHCH2CH2CH2 —N)'\-..-  
II 	 \---- 
NH 

I idin- l -yl)propyl)pyrazine- 

Ind 

5 >—• NH2 

N 
/ 

Me 

N-cyclopropylisonicotinamidine 

H 

NH 

6 H2NCH2CH2OH 
N 

I 

N-(2-hydroxyethyl)isonicotinamidine: 

NHCH2CH2OH 

NH 	 Illf 

46 



Experimental Section 

7 NH2CH2CH2NH2 

H 
N 	N 

( 	D 
IVa 

pyrazine 2-(4,5-dihydro-1H-imidazol-2-y1) 

N 	N 

8 NH NH2 	2 
IVb 

id in-2-y1) pyrazine 

\--='N 	HN 

2-(1,4,5,6-tetrahydropyrim 

9 

H2N 
NH 

H 
iN 
	

N„ 

N IVC 

2-(4-methy1-4,5-dihydro-1H-imidazol-2-y1) 

i 	..„.. 
N 	N 

pyrazine 

10 NH2CH2CH2NH2  

H 

IVd 

pyridine 4-(4,5-dihydro-1H-imidazol-2-y1) 

N 
N 	/ 	\ D 

N 

11 NH2NNFI2 
IVe 

id ine 2-(pyridin-4-y1)-1,4,5,6-tetrahydropyrim 

\ 
N
// 

\- HN 

12 

H2N 
NH2 

H 

IVf 

4-(4-methyl-4,5-dihydro-1H-imidazol-2-y1) 

N/--- 	....., 
N 

/ 	\ 
N .---X 

pyridine 

13 NH2CH2CH2NH2 

H 
N 	N 

IVg 

idazol-2-y 1)pyridine 

\ NJ  
2-(4,5-dihydro-1H-im 
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14 NH2   

NH2  

N 	 N 

NHoH2OH2OH2oH2NH 	I 

NH 	 NH 

Va 

N-(4-(pyrazine-2-carboxamidino) butyl) 

pyrazine-2-carboxamidine 

15 /--\ 
H2N(H2C)3—N 	N—(CH2)3N1-1;  

\____i 

N 	 N 
/---\ 

HN(H2C)3 - N\__/ N — (CH2)3NH 	I 

NH 	 NH 

Vb 

N-(3-(4-(3-(pyrazine-2-carboxamidino) 

propyl)piperazin- 1 -yl)propyl)pyrazine-2- 

carboxamidine 

16 o 	o 
H2N(H2C)3—( 	)— (CH2)3NH2 

0 	0 

N 	 N 

II. 	HN(H2C)3—(
o 	0 

X 	)— (CH2)3NH 	
N N 	 0 	0 

NH 	 NH 

VC 

dimeric amidine of 2,4,8,10-tetraoxaspro 

[5,5]-undecane-3,9-dipropaneamine 

17 NH2 

NH2  

• 

	

N 	
I 	

N 

	

1 	NHcH2cH2cH2cH2 NH 	./ 

NH 	 NH 

Vd 

N-(4-(isonicotinamidino)butyl) isonicotin 

amidine 
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Conclusion: 

As we have seen that amidine derivatives show biological activity and are also used in 

the synthesis of heterocyclic compounds, which also show biological activity. We have 

synthesized some amidine derivatives starting from nitriles and amines. Direct reaction of 

nitrile with amine was not possible so we used sodium methoxide in absolute methanol to 

carry out the reaction for the synthesis of amidines. We have synthesized some 

monomeric amidines III(a-f) using monoamines, some cyclized amidines IV(a-g), and 

some dimeric amidines V(a-d) using nitriles with diamines. These are purified by column 

chromatography or by crystallization. These all synthesized and purified products are 
characterized by melting point, IR, 'H NMR, GC-MS. 
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